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Tone Generating Method and Device The present invention relates to a tone
dgenerating nethod and device which permt a tone.to be forped by a
gener al - purpose processor having a conputing §nit é?P ese
igvention also relates to a:tone generating mgt hocizlq V\hl%@O?#E%Jg oneél’él
wavef orm by executing a tone generating program DébcRptiBh 0 gi el 65 6] é’gaut—kng

unit such as a CPU or, DSP. Cenventionallys knoyg/ ygen t.i mEg-devi ces
general 10 corrprl se'a M DI *(Musi cal Instrung é!% §>ﬁt al S%Qiéfdérfag% ageg b
j%ﬁ

performance input section !for receiving. ePT‘?&F‘or nat'e eagedr. oma
keyboard or sequencer,” a t one gener ator sect,i k@framornpmda Qm:epaged .......
waveform and a m croprocesgor or central protessihg--unit—LCRL) . for
controlling the tone 15 génerator section in acdordance with the I nput
per f or mance, i nf o ?ﬁe generator driver

Device

processi ng (perf- R Lengratdag Mo assighnment of each tone to a
sel ect ed channel (channel assi gnnent) and paraneter conversion in
accordance with the i nput perfornmance 20 i nformati on, and supplies the

converted par aneigfes gi‘ésén’i:o%x%‘r{‘@{&{' DQ1bReld UELT o' RARS- gé‘néfgﬂi‘h

t he channel assigned the tone generator.section. The tone generator
section is peRheBEHRY AQ¥vaéBechBlidONbérfitCl ttSnEhtas v EStmégange scal e

Integrated Circuit) and fornms a tone waveform on
general—purpose processor having a computlng unit.

5 The present invention also relates to a tone generating
method which .forms a tone waveform by executing a <tone
generatiné program on a programmable computing unit such as
a CPU or DSP.

Conventionally known tone generating devices in general

10 compfiée a MIDI (Musical Instrument Digital Interface), a
performance input éecxion for receiving performance
information from a keyboard or sequencer, a tone generator
section for forming a tone waveform, and a microprocessor or
central processing unit (CPU) for controlling the tone

15 generator section in accordance with the input performance
information. The CPU performs tone generator driver
processing (performance processing) such as assignment of each

tone to a selected channel (channel assignment) and parameter
conversion in accordance with the input performance

20 information, and supplies the converted parameters and a tone
generating instruction (note-on signal) to the channel
assigned by the tone generator section. The tone generator
section is implemented by an electrohic circuit such as an LSI

(Large Scale Integrated Circuit) and forms a tone waveform on

25 the basis of the supplied parameters. . 3 B



25 the basis of the supplied paraneters. -2- However, the known

ttone generating devices were dedicated to tone generation purposes, and
it was absolutely necessary in the past to enploy such a dedicated tone
generating device in order to generate tones. 5 For a solution to
the problemy an inproved tone generating device has been proposed, in
whi ch the CPU executes a specific applicaiion programto generate tones on
the basis of the application program This tone generating device can be

i npl ement ed by a general - purpose conputing unit which can 10 performtone
generating and oHasseviednct iths bynexecuttong nefer@datimige tdexelgmserwérag
application program but al so other application prograns. A general-purpose
conput er sudeddsagegetootohecgeperetionnpbrpesptoyandaitt Washabdohntedy
such a tone generating device, which executes a tone generator -15 program
for tone geREEaEEAFYoptRatthms Pasth thi semp}oya such c A | deddrplgde toRe

generator"” is provided by  the general - purpose conputer. In cases where
tone are geHEPSTa¥ipg ¢&Ei QWdQﬁpFFbéé?ﬁﬁaﬁﬁb RFSon a general - pur pose

device Baving & g, 5 golution to the problem, an improved tone

generating device has been proposed, in which the CPU executes

a specific application program to generate tones on the basis

of the application program. This tone generating device can

be implemented by a general-purpose computing unit which can

10 perform tone generating and other functions by executing not

only the tone generating application program but also other

application programs. A general-purpose computer such as a

personal computer can be employed as the hardware of such a

tone generating .device, which executes a tone generator

15 program for tone generating operations. In this way, a so-

call “"software tone generator" is provided by the general-
purpose computer.

In cases where tone are generated by executing an

application program on a general-purpose device having a

20 computing unit (CPU), it has been customary that tone waveform

samples are formed for individual tone generating channels

every sampling cycle (i.e., conversion timing of a D/A

converter employed). Thus, ﬁhen the CPU executes necessary

operations for each of the tone generating channels, some

25 preparatory operations are performed by the CPU, such as

reading, into the CPU registers, of various registers' values

used in the last calculations for the channel. Also, after

termination of tone generating proceSsiﬁg for the channel, it .,



20= conputing unit (CPU), it has been customary that tone waveform sanpl es

are forned fo

r

I ndi vi dual tone generating channels every sanpling cycle

(i.e., conversion timng of a DA converter enployed). Thus, when the CPU
execut es necessary operations for each of the tone generating channels,
sone 25 preparatory operations are performed by the CPU, such as reading,
into the CPU registers, of various registgrs' values used in the |ast

cal cul ations for the channel. Also, after term nation of tone generating
processing for the channel, it -3- is necessary to wite the CPU

regi sters' k8§ merasaarya teemedref §henCRYV weatstenn’ oralyrs pivee & megory
However, because the tone waveform sanple formng or calculating process is

performed s
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generator would present a problem that much of the CPU's
calculating time is spent on the preparatory operations rather
than the tone generating process (resulting in increased
overheads), so that the calculating efficiency and response
and tone forming speed of the tone generator would be
undesirably lowered. That is, in performing the tone waveform
sample forming process for the individual tone generating
channels every sampling cycle, it is necessary for the CPU to
cause the various data used in the last calculations for the
channels to be restored from the memory to the above-mentioned
registers and also, after termination of the waveform forming
calculations, cause the registers' stored contents to be saved
into the memory for next execution of the process. Thus,
much processing time is required for operations other than the
primary waveform forming calculations.

Further, in the known tone generating methods where the
CPU performs both the tone generator processing and the
performance processing, the "performance processing" is one
for creating control information for controlling tones to be
generated on the basis of input performance information, and
the "tone generator processing” is one for forming waveform
data on the basis of the created control information. For

example, the CPU normally executes the performance processing



sanple form ng process for the individual tone generating channels every
sanpling cycle, it is necessary for the CPU to cause the various data used
in the last calculations for the 15 channel s to be restored fromthe
menory to the above-nentioned registers and also, after term nation of the
wavef orm form ng cal cul ati ons, cause the registers' stored contents to be
saved into the nenory for next execution pf- the process. Thus, nuch
processing time is required for operations other than the 20 primary
waveform form ng cal cul ations. Further, in the known tone generating

met hods whesuchhasCGietectionmf depreassed barsgehtlatir exessdesi theatdnehe
performance processing, the "performance processing" is one for creating
control i nf SPREFPERTT BFOCETELNT i@V Ho RIRIG e C¥rle JidhFesRPYM tPe@Basi s

of input performance informtion, and the "tone gengrator processing”.is
one Tor for HGTHEPE oPhoRaLa on AHKEThadPEMBELERe O o NAVPIAHN  pta” 1s

or ocessi ng coRb3sBATROE onl Batetel S e SAEHBRANG, BREUREBIREE, the 1 e

processi ng S cti1on~of "dépress
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S|gnal. After ormation o veformadata’l s

The performange information (MIDI event information) is
generated by a player's performance operation or reproduction
of an event via a sequencer, and the generated performance
information is processed in the performance processing.

10 Namely, whenever such performance information is generated,
the CPU must execute the performance processing in addition
to the normal tone generator processing:; thus, non-periodic
generation of the performance information would lead to a
temporary increase in the calculating amounts. However,

15 according to the known tone generating methods which are not
arranged to properly deal with such a temporary increase in
the calculating amounts, the tone generator processing is
preferentially executed in a periodic fashion irrespective of
whether performance information has been input or not, so that

20 the performance processing would sometimes be delayed
appreciably.

The delay in the performance processing may be avoided
by raising the priority of the performance processing;
however, in such a case, the operation of the tone generator

25 processing would become instable, causing the number of
simultaneously generated tones to be temporarily reduced or

a tone waveform to be broken off.



canpl eted for one sanple in the tone generator processing, the 5 CPU
reverts to the perfornmance processing. The performance information (M DI
event information) is generated by a player' s performance operation or
reproduction of an event via a sequencer, and the generated performance
information is processed in the performance processing. 10 Nanel y,
whenever such performance information is generated, the CPU nust execute

t he perfornmance processing in addition to the normal tone generator
processi ng; thus, non-periodic generation of the performance information
woul d | ead to a it atheraforasani obtjketcafc uihst i prpsamunisventioneter ,
15 according to the known tone generating nethods which are not arranged
to properlypleside ahtenehgenerapingrnetmed cusk davide whdichubzei agpahbent s,
the tone generator processing is preferentially executed in a periodic
fashi on irr@fpaedugdng ayashaadsaf ¢ i el N oPAEEVBFS hESNB e gRPPRBGP T or
not, so that 20 the performance processing would sonetines be

del ayed appF@@FﬁﬂVy. The delay in the performance processing may be avoi ded

by raising the prjority of the perfornpnce processind. however. in such a
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increase in the amount of processing.

It is still another object of the present invention to
provide a tone generating method which can execute waveform

10 forming calculations in a stable manner, can output waveform
data promptly when a waveform reproduction section requests
a supply of the waveform data, and can also supply input
waveform data during a series of operations of a software tone
generator for a tone color controlling process.

15 It is still another object of the present invention to
permit stable tone generator processing even when the amount
of processing increases upon occurrence of performance
information.

It is still another object of the present invention to

20 minimize the amount of arithmetic operations necessary for
waveform formation.

In order to accomplish the above-mentioned objects, a
tone generating method according to a first aspect of the
present invention comprises a first step of issuing generation

25 instructions to generate a plurality of designated tones, a
second step of assigning the designated tones to respective
tone generating channels designated from among a plurality of

tone generating channels and writing controlling data for the



-5 It is therefore an object of the present invention to provide a tone
generating nethod and devi ce which are capabl e of reduci ng overheads of a

CPU in a software tone generator system 5 It is another object of
the present invention to provide a tone generating nethod which can prevent
a tenporary increase in the anmount of processing. It is still another

obj ect of the present invention to providg -a tone generating nethod which
can execute waveform 10 formng calculations in a stable manner, can

out put waveform data pronptly when a waveform reproducti on section requests
a supply of delsdgnateldoronis ainknd alwnrwls oregppters npdt Whee efespediive
during a series of operations of a software tone generator for a tone col or
control | i ngdgsd@aaded) tone generxating: chpnpabehdrrojteadst hRr9iRseft

i nvention to _permt stable tone generator processing even when the anount
of processi fGiFRcr 84€Bs ﬁ50n1§ﬁﬂiﬁgeﬂﬂﬂQQHlﬁﬁﬁFFB?ﬂﬁﬁgé ARESEHEEORS 1Bt s
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5 calculation-start instructions issued by the third step,
sequentially performing tone forming calculations for the
designated tone geﬁerating channels in response to the
calculation-start instructions issued by the third step so as
to arithmetically form waveform data for plural samples, for

10 each of the designated tone generating channels, on the basis
of the controlling data stored in the channel register of the
channel, a fifth step of, for each of the samples, mixing the
waveform data formed for the designated tone generating
channels by the fourth step so as to form mixed sample data,

15 and a sixth step of converting the mixed sample data for each
of the plural samples into an analog signal every sampling
cycle. In the tone forming calculations, the fourth step
performs, for each of the designated tone generating channels,
formation of the waveform data for the plural samples on the

20 basis of one readout of the controlling data from the channel
register and write of the controlling data into the channel
register after the formation of the waveform data.

The tone generating method may further comprises a
seventh step of issuing an on-the-way calculation-start

25 instruction in accordance with the generation instruction
issued by the first step for each of the designated tones, so
that in in response to the on-the-way calculation-start

instruction, the fourth step forms the waveform data for



waveform formation. In order to acconplish the above-nentioned objects, a
tone generating nmethod according to a first aspect of the present invention
conprises a first step of issuing generation 25 i nstructions to generate
azplurality of designated tones, a second step of assigning the designated
tones to respective tone generating channels designated from anong a
plurality of tone generating channels andzwiting controlling data for the
-6- designated tones into channel registers of the respective designated
tone generating channels for storage therein, a third step of issuing
cal cul ati onPduxel FABPLES: FBAt SPrPeeRerd iR e fagiian frem anr g0t ROIREp
of, in response ﬁo h; 5 calcul a ion-étart Jnstrucgéo&g iiﬁued bé t@e third
step, sequefiti & 9S%é PEPRENGRYSRR P o i h G PR HRE™s §PS HBRAER R ed
t one genera.%g %g%ggslisiQS%%%@p%ieﬁH%Ify;s ag% | ation-start instructions
thi Ste o ari

| ssued by the r pTsoas meti cal 'y T orm wavef orm data for
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comprises a first step of assigning designated tones to

respective tone generating channels designated from among a

plurality of tone generating channels and writing controlling

data for the designated tones into channel registers of the

10 designated tone generating channels for storage therein, a

second step of issuing calculation-start instructions at

predetermined intervals, a third step of, in response to the

calculation-start instructions issued by the second step,

arithmétically forming waveform data for plural samples for

15 each of the designated tone generating channels on the basis

of the controlling data stored in the channel register of the

channel, a fourth step of, for each of the plural samples,

mixing the waveform data formed for the designated tone

generating channels by the third step so as to form mixed

20 sample data for each of the plural samples, a fifth step of

converting the mixed sample data for the plural samples into

linto an analog signal every sampling cycle, and a sixth step

of issuing an to generate a plurality of tones utilizing idle

time during processing of the fifth step. The third step

25 performs arithmetic formation of the waveform data only for
the channel sounding a tone.

The tone generating method may further comprises a

seventh step of setting a predetermined limit period, and an



wavef orm data fornmed for the designated tone generating channels by the
feurth step so as to formm xed sanple data, 15 and a sixth step of
converting the m xed sanple data for each of the plural sanples into an
anal og signal every sanpling cycle. In the tone form ng cal cul ations, the
fourth step perforns, for each of the designated tone generating channels,
formation of the waveformdata for the plgiral sanples on the 20 basi s of
one readout of the controlling data fromthe channel register and wite of
the controlling data into the channel register after the formation of _the
wavef or m daedghthe step gehedattempimdnigodwheyhenr tdrkcwlaipianies t9Tseddht h
step of issuing an on-the-way cal cul ation-start 25 I nstruction in. _,
accordance viesignedegdevong generasingc charnpdsywdlhybepeoppleted; ¥hthip
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eighth step instructs that a tone should be deadened or
muffled in any of the tone generating channels.
Still another implementation of the tone generating
method according to the first aspect of the present invention
10 comprises a first step of issuing generation instructions to
generate a plurality of designated tones, a second step of
assigning the designated tones to respective tone generating
channels designated from among a plurality of tone generating
channels and writing controlling data for the designated tones
15 into channel registers of the respective designated tone
generating channels for storage therein, a third step of
determining calculation-processing order across the designated
tone generating channels in accordance wifh respective
importance of the tones to be generated in the designated tone
20 generating channels, a fourth step of issuing calculation-
start instructions at predetermined intervals, a fifth step
of arithmetically forming waveform data for plural samples on
the basis of the controlling data stored in the channel
registers of the designated tone generating channels in
25 response to the calculation-start instructions issued by the
fourth step, a sixth step of, for each of the plural sample,
mixing the wéveform data formed for the channels, so as to

form mixed sample data for the plural samples, and a seventh



5. according to the first aspect of the present invention conprises a
frrst step of assigning designated tones to respective tone generating
channel s designated fromanong a plurality of tone generating channels and
weiting controlling data for the designated tones into channel registers of
t he 10 desi gnated tone generating channels for storage therein, a second
step of issuing calculation-start instruagjions at predeterm ned intervals,
athird step of, in response to the calculation-start instructions issued
by the second step, arithnetically form ng waveform data for plural sanples
for 15 easltepf ¢ohecoaviegdingd thae ndaedr asample hdatel sfon tthe bpipsadf
the controlling data stored in the channel register of the channpel, a
fourth stepsemplesr ipgehintotse Frated STl £VaRYKSTPPLARGWSYELE  m TaBa
fornmed for the designated tone generating channels by the thir% ste 0 as
to form mi x&d£XD stermRBiINS W%Og?s fRE f)?{ﬂ”a‘ngs WayergI g?ﬁast ep
of converti the mxed s data for the plural sanples into inta.
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met hod may further conprises a seventh step of setting a predeterm ned

limt periogava#brNdata by the fifth step will not be completed within

a predetermined time and the analog signal converted by the

seventh step will be broken off, the calculations for forming

10 the waveform data are discontinued at a time point when they

are being performed on one of the channels in the calculation-

processing order so as to prevent the analog signal from being
broken off.

With the above-mentioned present invention according to

15 the first aspect, the preparations in each of the channels

need to be made only once for formation of a plurality of

waveform samples, thus achieving substantial reduction in

overheads. This enhances the quality of generated tones and

permits an increase in the number of channels capable of

20 simultaneously generating tones. Further, by controlling the

waveform sample calculations or arithmetic formation in such

a manner to take place each time a MIDI event is input, the

calculations can be performed in a dispersed manner and it is

possible to prevent the number of generated tones from being

25 undesirably reduced by the initial tone forming operations.

In addition, with +the arrangement that the performance

information input operation is executed at the time of

occurrence of the performance information, and tone control



-8- eighth step of determ ning whether calculations for all designated tone
generating channels will be conpleted within the predetermned limt

period. If it is determ ned that the calculations for all designated tone
generating channels will 5 not be conpleted within the predetermned |imt
périod, the eighth step instructs that a tone should be deadened or nuffled
in any of the tone generating channels._ $pill another inplenentation of the
tone generating nmethod according to the first aspect of the present

i nvention 10 conprises a first step of issuing generation instructions to
generate a plrureavefooh dfsrgabion tharsy] Ddrseddwed reeg-dh aperformgncae
desi gnated tones to respective tone generating channels designated from
among a pl udiafprpagionops gesdprdedndnchahnestenaderprutagd tnniddel tHgedat a
for the designated tones 15 into channel registers of the respective

desi gnat ed f8Rdnge IR IRRATAE MYy WHeRRed RYWeSSLNY PQuRt pabf
determ ni ng_ cal cul.ati on-processi ng_order, cros§.the desi gnat ed tone
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step of "issuing C
the processing amount can be avoided. Of the channels for

which the formation is being under way (i.e., sounding

channels), such a channel whose tone level (AEG waveform) has

sufficiently attenuated is excluded from further calculations
10 to become a non-sounding channel.

Still another implementation of the tone generating
method according to the first aspect of the present invention
comprises a supply step of supplying performance information,
a main step of arithmetically forming waveform data, an

15 interrupt step of, when the performance information is
supplied by the supply step, temporarily interrupting the main
step so as to perform a predetermined input operation for
receiving the supplied performance information, and wupon
completion of the input operation, resuming the main step at

20 a point where the main step is interrupted, and a step of, on
the basis of the waveform data formed by the main step,
generating a corresponding tone at timing later than a time
point when the waveform data is arithmetically formed by the
interrupt step. The the main step includes a performance

25 information processing step to create tone controlling data
on the basis of the performance information having undergone
the input operation, and a tone generator processing step to

arithmetically form the form waveform data on the basis of the



st:art instructions at predetermned intervals, a fifth step of
arithnetically form ng waveformdata for plural sanples on the basis of the
controlling data stored in the channel registers of the designated tone
generating channels in 25 response to the calculation-start instructions
I ssued by the fourth step, a sixth step of, for each of the plural sanple,
m xi ng the waveform data forned for the ghannels, so as to form m xed
sanple data for the plural sanples, and a seventh -9- step of converting
the m xed sanple data for the plural sanples into into an anal og signa
every sanpl itogec gondrofldngi fiekast cpepanser pf thecaraahgamengr thatnwhgnt he
waveform data for the designated tone generating channels in accordance
with 5 the &&ecpemfiosmancscdafiarpadian idermRhiad By tthe t suPBL¥: 85ePand
when it is likely that the cal culations for_form ng the wavef orm dat a ay
the fifth stt®f WP QPRGNSR REFIHGE LT TRTR VPR dthe nBUBRYPHe
anal og signag §onverted.g¥ %Qg seyenth. step mﬁ%% P%npapke% offf %metio
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cal cul ati on- processing order so as to prevent the analog signa rom bei ng
the main step executed in idle times during the input
operation, an increased processing amount at the time of
performance information occurrence can be dispersed within the
idle times, so that a temporary increase in the processing
10 amount can be avoided effectively.

A tone generating method for execution on a computing
unit according to a second aspect of the present invention
comprises a system step of executing a predetermined operating
system, a waveform formation step of arithmetically forming

15 waveform data for a predetermined number of samples every
predetermined period on the basis of an instruction from an
application program executed on the predetermined operating
system, an output step of outputting, every sampling cycle,
one sample of the waveform data arithmetically formed by the

20 waveform formation step, and a control step of, in response
to a request by the output step, performing a task switch
between the system step and the waveform formation step during
the predetermined period.

Another implementation of the tone generating method

25 according to the second aspect of the present invention
comprises an input step of inputting performance information,

a waveform formation step of, on the basis of the performance

information inputted during a predetermined period,



broken off. Wth the above-nentioned present invention according to 15
the first aspect, the preparations in each of the channels need to be nade
only once for formation of a plurality of waveform sanples, thus achieving
substantial reduction in overheads. This enhances the quality of generated
tones and permts an increase in the nunber of channels capable of 20

si mul t aneously generating tones. Furthelp by controlling the waveform
sanple calculations or arithnmetic formation in such a manner to take place
each time a MDI event is input, the calculations can be perfornmed in a

di spersed mami¢hmetdcihilys fousing ewavefpomerdatehecaurgepopdiggndiaat Ehe
tones frombeing 25 ~undesirably reduced by the initial taone forning
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i nformation input operation is executed aththe time o&ggccurrence of .t he

per f or mance SPAPSARG: FERLCantPE FRMRHA I The W_-al’@_-fot’ﬂ“ Bf 8???8?%??3%
based on the re@%: %ﬁé&%&ﬁg%ﬁe'é‘%ﬁﬁ@%bgpa'asvépocﬂn’f‘dﬁgﬂ@ | LI EP8 ¢

execut ed i n%Pdl I'on, 1 ncrease rocessi ng

amount sgat Lhe bR OfnBeE QAER Mg WiRhTBAS UhREAIK 83%8 £8PrB8ponding

to the predetermined period formed by the waveform formation

step, and a request step of detecting when output of the

waveform data by the output step has progressed so as to

request another supply of the waveform data from the waveform

10 data delivery step. The waveform data delivery step is

executed in response to a request by the request step and the

waveform formation step is executed after the waveform data
delivery step.

Still another implementation of the tone generating

15 method according to the second aspect of the present invention

comprises an input step of inputting performance information,

a waveform formation step of, on the basis of the performance

information inputted during a predetermined period,

arithmetically forming waveform data corresponding to the

20 predetermined period, a waveform synthesis step of inputting

external waveform data corresponding to the predetermined

period and combining the external waveform data and the

waveform data arithmetically formed by the waveform formation

step so as to form synthesized waveform data for the

25 predetermined period, a waveform processing step of applying

signal processing to the synthesized waveform data for the

predetermined period, and an output step of outputting, every

sampling cycle, one sample of the synthesized waveform data.



5. dispersed within idle tinmes, so that a tenporary increase in the
processi ng anount can be avoided. O the channels for which the formation
is being under way (i.e , sounding channels), such a channel whose tone

| evel (AEG waveform has sufficiently attenuated is excluded from further
calculations 10 to becone a non-sounding channel. Still another

i npl ement ation of the tone generating negjfod according to the first aspect
of the present invention conprises a supply step of supplying performance
information, a main step of arithnetically form ng waveform data, an 15
interrupt step Sdfill whsathée panflementatiomf ofnmathen tone sggperading t he
supply step, tenporarily interrupting the main step so as to performa

pr edet er ni n@g¢thpguaceprdingcie fidie secend agreqt af ke paesertoihugrELION

i nformati on, and upon conpletion of the input operation, resunin he main
step at 20 COHPFASRE @AReiBPYReSHRR (PLAEWY WBPF BF@GPGSnﬂngogﬁglﬁlBP; on

the basis of the vefarm data forned t he .main st ti

cor r espondi Ag¥EEREET ?Pﬁ?ﬁglPﬁt§£e?H% yéxfﬁﬂﬁa%@ﬁﬁ@g%ﬁeﬁggﬁégﬁgge?%Pﬁgdata
is arithmeti,cal | red kNt te he mai ;

I ncl udeg_ a 6%‘% cI)‘}r{l r?&%gge ZSPXI_)'%QF%(? mﬁ%gp%P%ceE%?%%Jst est|oeé ?d clrgg?gg?lgﬁgg
control i ng data12RibhAe Pasdsr of at heRerd O ARNCE sl Nfrgld ONsBavifd to

undergone the 1 nput operation, and a tone generator processing step to

ari t hnet i caklpy thaemithe 1K0rsrmaviaf sl datagl &bBep s iihpafttiig external
waveform data, and a step of inserting the inputted external
waveform data in one of the stages of the calculations.

10 The conventional software tone generators are provided
as an application program running on a general-purpose
operating system, and software such as a MIDI sequencer and
game software is also an application program running on a
general-purpose operating system. Under the control of a non-

15 complete (non-preemptive) multitask operating system, no new
task is executed ﬁnless a running task restores the control
to the operating system. Thus, the software tone generator
may sometimes be executed at predetermined time intervals,
with +the result that tone waveform samples can not be

20 outputted stably to a D/A converter every sampling cycle. In
contrast, the software tone generator according to the second
aspect of the present invention is caused to operate under the
control of a multitask management program rather than an
application program. This allows the software tone generator

25 to be reliably executed at such timé intervals necessary for
real-time processing, and also permits a general-purpose

operating system +to operate so as to execute thereon

processing of an application program in periods when the



tene controlling data. Because of the arrangenment that when the perfornmance
I nformation is supplied by the supply step, the input operation is
performed for receiving the supplied performance information and tone
control or waveformformation 5 based on the received performance
information is included in the main step executed in idle times during the
| nput operation, an increased processingiamunt at the tine of perfornmance
i nformati on occurrence can be dispersed within the idle tinmes, so that a
tenporary increase in the processing 10 anount can be avoi ded

ef f ecti vel ysofitwane {oner genpyaterhad hot pezformingoany poopessAgguni t
according to a second aspect of the present invention conprises a system
step of executi n§udthegdetict nFPEEWaPRr APPRy IQPATAHOLS vaNEh o fdieeep®n

tep of arithnetically formng 15 wavef orm data for a predeterm ned
ﬁunger of ;QﬁﬁP§§1§9e¥9 gﬁﬁdggﬁ?ﬁiﬁﬁaeﬁErV%ﬁr%ﬁw?ﬁ%f?%%i at? Lerimkirttion

from an apPhhggiLan BLO0'AN AXEOLEH A WG eIeter I ned, 0BG Al | NgeRyst oM

an out put step of outputting, every sanpling c ,
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and a control step of, in response to a request by the outpul step,

perform ng @ghéAsK waWdfdrm reproduction section (DAC) makes a request for
waveform formation, it is necessary to deliver the waveform
data promptly within a predetermined time. However, if, for
example, there occur a number of events at that time, the

10 waveform can not be delivered promptly and stable tone
generation becomes difficult. Such a problem can be overcome
by the improvement according to the second aspect. In
addition, many of the conventional general-purpose computers
such as personal computers are provided with an A/D converter,

15 digital waveform input board for inputting sounds, but they
can not perform a tone controlling processing function, of a
software tone generator, on the thus-input waveform data.
This problem can alsoc be overcome by the improvement according
to the second aspect.

20 Still another implementation of the tone generating
method according to the second aspect of the present invention
comprises a supply step of supplying performance information,
a formation step of arithmetically forming waveform data on
the basis of control information, an interrupt step of, when

25 the performance information is supplied by the supply step,
temporarily interrupting the formation step so as to execute

processing of the performance information and, upon completion

of the processing of the performance information, resuming the



bet ween the system step and the waveform formati on step during the
predeterm ned period. Another inplenentation of the tone generating nethod
25 according to the second aspect of the present invention conprises an

i nput step of inputting performance information, a waveform formation step
of, on the basis of the perfornance infornmation i nputted during a

pr edet er m ned peri od, - 12 - arithmggically form ng waveform data
corresponding to the predeterm ned period, an out put step of outputting,
every sanpling cycle, one sanple of the waveform data corresponding to the
pr edet er m néorpetion, stepvedbr @ dpoindr ywhere ofthd fogmmiiomgsttep omisput
step with the waveform data corresponding to the predeterm ned period
formed by tRetREFepdes f ncad Jieng generation afirpstott gn oﬂ;@ieb%%l-ﬁs ngfwhen
output of the waveform data by the output step has progressed so as to
rquest anoFﬁ@rW?Uﬁﬁpimoﬁaﬁﬁe¥R£W§ﬁopﬁlHBFafPFBﬁF%HB OBf ogANeDatingt a
delivery ste e waveform dat a deljveriaitep .S executed,in response to

. Th
a request bﬁgfﬁssPS&ﬂé-g*P s"f?fbe afty (HERE of BFRTT J i BATLRERORs Hxetlited
after the Wouehebmdatiadey R f3iRtion step.

A tone generating device according to the second aspect
of the present invention comprises a memory for storing a tone
generator processing program and a performance processing
program, a supply section for supplying performance

10 information, a register for storing control information, a
calculation section for executing the +tone generator
processing program and performance processing program. The
calculation section normally executes the +tone generator
processing program to form waveform data on the basis of the

15 control information. When the performance information is
supplied by the supply section, the calculation section
temporarily interrupts execution of the tone generator
processing program so as to execute the performance processing
program to thereby create control information corresponding

20 to the supplied performance information and store the created
control information in the register, and, upon completion of
the performance processing program, it resumes the tone
generator processing program at a point where the tone
generator processing program is interrupted. The devices also

25 comprises a tone output section for, on the basis of the
waveform data formed by the tone generator processing program,
generating a corresponding tone at timing later than formation

of the waveform data by the calculation section.



Still another inplenentation of the tone generating 15 met hod accordi ng
to the second aspect of the present invention conprises an input step of

i nputting performance information, a waveform formation step of, on the
basis of the performance information i nputted during a predeterm ned
period, arithmetically form ng waveform data corresponding to the 20
predeterm ned period, a waveform synthesjg step of inputting external
wavef orm data corresponding to the predeterm ned period and conbining the
external waveform data and the waveformdata arithnetically forned by the
wavef or m f or mat i grigfiepafothart oinipienentdtion zod wivef dlomedagenévating 25
predeterm ned period, a waveform processi ng step of applying signal
processi ng methbd agadbhdtngetb wheekecondasspéot ahdhe pyesenit hBvuepEiernd,
and an out put step of outputting, every sanpling cycle, one sanple of the
synt hesi zed cnmpafisem dasapply step of supplvimne RerIpxpeBRentafPEMatiorne

tone generating method according to the second t of t t
i nventi on c@mfPreedign SipEr okt é’p"li'ﬂ’“‘laﬁﬁﬁﬁlﬂﬁgfg%ﬁgggn’gﬁggggﬁgggﬁggi’ ofi® a
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supplied by the supply step, temporarily interrupting the
formation step so as to execute processing of the performance
information, and then, upon completion of the processing of
the performance information, resuming the formation step at

10 a point where the formation step is interrupted, and a tone
generation step of, on the basis of the waveform data formed
by the formation sfep, generating a corresponding tone at
timing later than formation of the waveform data by the
formation step. The formation step arithmetically forms the

15 waveform data on the basis of the performance information
processed bj the interrupt step.

Still another implementation of the tone generating
method according to the second aspect of the present invention
comprises a system step of executing a predetermined operating

20 system, a waveform formation step of arithmetically form
waveform data for a predetermined number of samples per
predetermined period on the basis of an instruction from an
application program executed on the predetermined operating
system, an output step of outputting, every sampling cycle,

25 one sample of the waveform data arithmetically formed by the
waveform formation step, and a control step of, in response
to a request by the output step, performing a task switch

between the system step and the waveform formation step during



calculations over a plurality of stages so as to arithmetically
formwaveformdata,a step of inputting external waveformdata, and a step
of inserting the inputted external waveformdata in one of the stages of

t ke cal cul ations. 10 The conventional software tone generators are
provi ded as an application programrunning on a general - purpose operating
system and software such as a M Dl sequepcer and gane software is al so an
application programrunning on a general -purpose operating system Under
the control of a non- 15 conplete@%non-preenptive) mul titask operating
system no tbe® tpsRdeterninededemieds a Mpeni wgveiokmr efepnatione step r ol
to the operating system Thus, the software_tone generator nmay sonetines be
execut ed at PRFEQEREr nPnedOPEePPRRBRYEF s, CM ERLTRENG esop@TRBEPNt ol an

wavef orm sapples ¢ npt _be. 20 outputted stably to a DA converter every
sanpl i ng cygﬁtermfﬁgﬁﬂﬁtF§§P}°Phe sof tware tone generator according to the

second aspect of ksl gasiilel MERHAIGGASe ! LPOLBNE USRI

control of a mul ask managene rogramrather than an appl 0

prograng Thisabl WS-d 8P dehe 58B6nd eé%e?é‘@ roﬁz The n%?eggn{: & A ¥ion

executed at such time intefvals necessary real -ti processi ng, and
al so per m t §oRpPLHEE 3hn PLHMOS 1L bR LAPutYShENpEPFOPRAREE HPESSmd Oisxecut e

t her eon processing of an application programin periods when the

a waveform formation step of, on the basis of the performance
information inputted during a predetermined period,
arithmetically forming waveform data corresponding to the
10 predetermined period, an output step of outputting, every
sampling cycle, one sample of the waveform data corresponding
to the predetermined period, a waveform data delivery step of
supplying the output step with the waveform data corresponding
to the predetermined period formed by the waveform formation
15 step, and a request step of detecting when output of the
waveform data by the output step has progressed so as to
request another supply of the waveform data from the waveform
data delivery step. The waveform formation step performs a
tone parameter calculating operation in an intermittent
20 fashion, the waveform data delivery step is executed in
response to a request by the request step, and the waveform

formation step is executed after the delivery step.
Still another implementation of the tone generating
method according to the second aspect of the present invention
25 comprises an input step of inputting performance information,
a waveform formation step of, on the basis of the performance

information inputted Aduring a predetermined period,

arithmetically form waveform data corresponding to the



-14- software tone generator is not perform ng any processing. Further, in
seftware tone generators such as the one according to the first aspect
where waveform data for plural sanples are arithnetically fornmed on a
waveform buffer 5 collectively in order to enhance the cal cul ating
efficiency, when a waveform reproduction section (DAC) nakes a request for
waveform formation, it is necessary to_dggiver the waveform data pronptly
within a predetermned tinme. However, if, for exanple, there occur a nunber
of events at that tine, the 10 waveformcan not be delivered pronptly and
st abl e t one pgedetairindnede perdod]i &f wawkeforBusiynghpsdbl skepanfbénputténge by
the i nprovenent according to the second aspect. In addition, many of _the

convent i onalexyeraredl -waveborn c dayat ccerresprnding §ondthe oppgaereryinged
provided with an A/ D converter,

[ 15 = digital waveforminput board for
i nput ti ng seeFded bardt IEPRIGH NG ther fHFHRERTbn¥TEHOTD) |‘is?l‘5apl’ad-E{ES§Pﬁg
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predetermined period, a waveform processing step of applying
signal processing to the synthesized waveform data for the
predetermined period, and an output step of outputting, every
sampling cycle, one sample of the synthesized waveform data.
10 The waveform formation step performs a tone parameter
calculating operation in an intermittent fashion.

According to the second aspect as mentioned above, the
performance processing is preferentially executed in response
to occurrence of performance information and the tone

15 generator processing is executed successively in idle times
during the performance processing. With this arrangement,
even where the tone generator processing can not be executed

. to a sufficient degree due to an increased amount of
processing responsive +to the occurrence 6f performance

20 information, the deficiency can be made up for at some other
time, and hence the tone generator processing can be executed
in a stabilized manner. Moreover, because of the arrangement
that when the performance information is supplied by the
supply step, the input operation is performed for receiving

25 the supplied performance information and tone control or
waveform formation based on the received performance

information is included in the main step executed in idle

times during the input operation, an increased processing



conprises a supply step of supplying performance information, a formation
step of arithnetically form ng waveform data on the basis of contro

i nformation, an interrupt step of, when 25 the performance information is
supplied by the supply step, tenporarily interrupting the formation step so .
as to execute processing of the performance information and, upon

conpl etion of the processing of the pecfggnance information, resumng the

- 15 - formation step at a point where the formation step is interrupted,
and a tone generation step of, on the basis of the waveform data fornmed by
t he fornati emosn&patgther &inagof perfespandeninfermation| aFAYTTaRe? €AAn
formation of the 5 waveform data by the formation step. A tone generating

devi ce ?ccobéi mispexsrd swddhdnasthet idie; HelpResefC i At Pont FTPEEs a
menory for storing a,tone generator processin ogram. gnd a_.perfornance
pr?cessing BREYPARE 1nathe RGPS iqm?uqymd%ng&88Fy?ﬁ§egp%$?%?gﬁﬁ%eylo
information, a register.for s | r ' ]lrsq;! C '
section for execdtin eFﬁgrtgﬂéggéﬁ§?§?§§‘%#3%g£g{ng p%%&rgﬁﬁgkdyééﬁ?ggﬁance

ProcesSENG OGN it bal SHbEhEAHn SeEhbODrATETRELY dhtRiuhid ot Obfie

gener at or
invention will be described in detail _hereinbelow with
reference to the accompanying drawings, in which:

Fig. 1 is a block diagram illustrating a hardware
structure of an embodiment of a tone generating device

10 according to a first aspect of the present invention;

Fig. 2 is a diagram illustrating a tone color data area
of a RAM shown.in Fig. 1;

Fig. 3 is a diagram illustrating an input buffer area of
the RAM of Fig. 1;

15 Fig. 4 is a diagram illustrating a channel register area
of the RAM of Fig. 1;

Fig. 5 is a diagram illustrating an output buffer area
of the RAM of Fig. 1;

Fig. 6 is a flowchart of a main routine carried out by

20 a CPU of Fig. 1;

Fig. 7 is a flowchart of a MIDI reception interrupt
process in tone generating processing according to the present
invention;

Fig. 8 is a flowchart illustrating a detail of a MIDI

25 process executed by the CPU in the main routine of Fig. 6;

Fig. 9A is a flowéhart of a note-on process executed by

the CPU in the MIDI process of Fig. 8 when received data is

note-on event data;



pr.ocessing programto formwaveformdata on the basis of the 15 control

I nformati on. When the performance information is supplied by the supply
section, the calculation section tenporarily interrupts execution of the
tene generator processing programso as to execute the perfornmance
processing programto thereby create control information corresponding 20
to the supplied performance information ggd_store the created control
information in the register, and, upon conpletion of the performance
processing program it resunes the tone generator processing programat a
poi nt where the Fage §8nésasoflpwchastiof pmodreanfifs protessupkedutéicby
devices also 25 —-conprises a tone output section for, on the basis of the
wavef or m datthef &FFed nbytheh MEgnhenpaessataf [rdcdd svhep pregetned géatralsng a
corresponding tone at timng later than formati on of the waveform data by
the cal cul aPPSR~-9&E: p¥RNt datafg - sti|| another inplenentation of the tone

generating nethod,.,according to the second aspect,of the present invention
conprises a supp%"gs’t e{) of SsuPpl G}‘f’éﬁ'ﬁé‘r ?‘rar"i’cet?’ﬁ?orgﬁé’ﬁr OT; PEPHEETon

step of gari LBl eal by ERLMoRg WY €Y Hadd Fouling ¥ Fig'Pl Step of . when
nror tronts

t he pertornmance i
Fig. 11 is a is a flowchart of a waveform forming

calculation process executed in the processes of Figs. 9A, 9B
and 10;
Fig. 12 is a timing chart explanatory of a second
10 embodiment of the present invention;

Fig. 13 is a block diagram illustrating a setup of
software modules according to a second embodiment of the
present invention;

Fig. 14 is a diagram illustrating how a specific task is

15 executed in the embodiment;

Fig. 15 is an equivalent circuit diagram illustrating
overall processing in a tone generator task of Fig. 13;

Fig. 16 is a diagram explanatory of processing timing of
various operations to generate tones;

20 Fig. 17 is a flowchart of the tone generator task; and

Figs. 18A and 18B are flowcharts of waveform forming
calculation process.

Fig. 19 is a block diagram illustrating an exemplary
hardware setup of a processing device on which the tone

25 generating method of the present invention is implemented;

Fig. 20 is a is a flowchart illustrating another

embodiment of the waveform forming calculation process;

Fig. 21 is a is a flowchart illustrating still another



supplied by the supply step, tenporarily interrupting the formation step so
as to execute processing of the perfornance information, and then, upon
conpl etion of the processing of the performance information, resumng the
formation step at 10 a point where the formation step is interrupted, and
a‘tone generation step of, on the basis of the waveformdata forned by the
formation step, generating a correspondipg tone at timng later than
formation of the waveformdata by the formation step. The formation step
arithmetically forms the 15 waveformdata on the basis of the perfornance
i nf or mat i onepbodément b¥ the wavefoum formingScalicudadirer PERFESFEnt ati on
of the tone generating nethod according to the second aspect of the present
i nventi on conpri ¥dg-a 2y sidnestigh df LaQWeherhg 1d Ipsddet Y %B%?%gPﬁg 20
system a waveform formation ste% of arithnetically formwaveformdata for
a predet er nAYEERGALERLEMLIEAPL: OPFERYIPBAet er ni ned period on the basis of

an instruction f&gg%ag Bﬁ#ggﬁéLq§$péﬁgﬁﬁgkﬁéﬁﬁH;te&ﬁS&Q%F?5§degerﬂ59§g

operating system putting, eveéry sanpling cycle, 2

one sanpl e %%ShﬁgﬁM%Mgﬁgﬁgpg%B@ei%%%?%%&E&%EhyCBQEﬁRQtaﬁgtB@e&%&ﬁhﬁﬁm

formati don s ac stéep~of, 1 n response to a request by the

output step, perfgri 1 4 agk i gWiat G RRiNAeeN NG BN L PrdDéiné hand
wavef orm formati on~step during
panning value interpolating operation; and

Figs. 25A and 25B are diagrams illustrating examples of

envelope and low-frequency-signal waveforms.

10 First, a description will be made about’ an embodiment
according to a first aspect of the present invention with
reference to Figs. 1 to 12, of which Fig. 1 is a block
diagram illustrating a hardware structure of an embodiment of
a tone generating device capéble. of implementing a tone

15 generating method of the present invention.

In Fig. 1, the tone generating device comprises: a
microprocessor (CPU) 1 that executes an application program
etc. to perform various control in formation of tone waveform
samples etc.; a read-on memory (ROM) having stored therein

20 preset tone color data etc.; a random access membry (RAM)
including a working memory area for use by the CPU 1, a tone
color data area, an input buffer area, a channel register
area, an output buffer area etc.; a timer 4 for counting time
and instructing timer interrupt timing to the CPU 1; a MIDI

25 interface via which MIDI event data are input and output to
and from the device; and a keyboard 6, similar to that of a

personal computer, including keys for entering English and



- .17 - the predeterm ned period. The waveform formation

step perforns

a-tone paraneter calculating operation in an intermttent fashion. Stil

anot her inplenentation of the tone generating 5 met hod according to the
second aspect of the present invention conprises an input step of inputting
pérformance information, a waveformformation step of, on the basis of the

performance i nformation I nputted ducipg -a predeterm ned
arithnetically form ng wavef orm data corresponding to the 10

peri od,

predet erm ned period, an output step of outputting, every sanpling cycle,
one sanpl e gapeheseawvdpbebetst anvmbesspondi symbelshe predet ermi ned peri od,

a waveform data delivery step of

supplying the qutput step with

wavef or m dat a cofhesjens generatidnd, AaEies nfHethefe I¢PF HieR £ bé/’tj%‘\%ay

waveform formation 15 t.ep, and.a request. step.of detectin
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The wavef or er cal cu

3 '5hg cEhg

another supgly,of, the &,“afgﬁvqg{) 0 981 80T (RTINS anel QlNLAld, I8bLY FEXLROEP:

perfor ne “paranme

ng operation

in ani gt er EEBES;&?% 20cn B2 ogl{)aﬁ'l? HHIP LAy CAE Indt ER Wlich

executed in“response to a request

y the request step, and the waveform
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15

20

25

are stored tone waveform data to be used for forming tone
waveform samples; a reproduction section (DMA: Direct Memory
Access) that, with no intervention of the CPU 1, reads out
tone waveform data stored in one of the areas of the RAM 3
designated by the CPU 1 and supply the read-out data to a D/A
converter (DAC) 10 at a predetermined sampling frequency
(e.g., 48 kHz); and a sound system 11 for audibly reproducing
or sounding analog tone signals from the D/A converter 10.

The above-mentioned components are similar to those of
a personal computer or work station and can be used to
implement the tone generating method of the present invention.

O0f the various data storage areas in the RAM 3, the tone
color data area is shown in Fig. 2, the input buffer area in
Fig. 3, the channel register area in Fig. 4, and the output
buffer area in Fig. 5.

In the tone color data area of Fig. 2, "PDl, PD2, ...,
PD16" represent 16 kinds of tone color data, and each of the
tone color data is comprised of data designating a waveform
of a given pitch range (pitch range waveform designating
data), data for controlling LFO (Low Frequency Oscillator) to
be used for imparting vibrato effect or the like,'data for
controlling generation of a filter envelope to provide a

controlled +tone color filter characteristic, data for



formation step is executed after the delivery step. Still another
I pl enment ati on of the tone generating nmethod according to the second aspect
of the present invention 25 conprises an input step of inputting
performance information, a waveform formation step of, on the basis of the
pérformance information I nputted during a predeterm ned peri od,
arithnetically formwaveform data correspgnding to the - 18 -
predet erm ned period, a waveform synthesis step of inputting external
wavef orm data corresponding to the predeterm ned period and conbining the
external wavehtrmlding gederhsianvefosm aapiitvdenaenteal 1ing cphEalenet he
wavef orm formation 5 ste as to form synthesized ma%e£orn1 dat a
p

for fhe pr§9§98rﬁPﬁ§H°5éFngag§aw§9EfBPﬁYﬁPSCEs 1aing 8Res? SppFoPACT

si gha rocessing to th t hesi f d f ] 1L hed
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perforns a ’a cal culating operation Inan infernmtten
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processing is preferentia executed I'n response
accordance with touch data, tone pitch data, etc. supplied

along with a tone generation instruction, in order to create
tone forming data to be used by a tone generator.
Further, "WD1l, WD2, ..., WDn" in Fig. 2 represent
10 waveform data, any of which is designated by the pitch range
waveform designating data of one of the tone color data PD1,
PD2, ..., PD16 in accordance with input tone pitch data.
MIDI event data ID1, ID2, ID3, ..., indicative of
various events such as note-on and note-off events and
15 received via the MIDI interface 5 are sequentially written
into the input buffer shown in Fig. 3. By reading out these
MIDI event data ID1, ID2, ID3, ..., an event process is
performed in the toﬁe generating device. Each of the MIDI
event data ID1, IDZ, ID3, ... is comprised of data indicative
20 of the contents of the MIDI event and time at which the event
data occurred (data occurrence time or event occurrence time).
The data occurrence time can be determined by reading current
time counted by the timer 4 when the MIDI event data is
received.
25 The area shown in Fig. 4 is used as a channel (CH)
register for storing data to control formation of individual
tones, and in the illustrated example, the channel register

area provides storage locations for a total of 32 channels.



to occurrence of performance information and the tone 15 gener at or
processing is executed successively in idle times during the performance
processing. Wth this arrangenent, even where the tone generator processing
can not be executed to a sufficient degree due to an increased anmount of
processi ng responsive to the occurrence of performance 20 i nfornmation,
the deficiency can be made up for at sanggother tine, and hence the tone
generator processing can be executed in a stabilized nmanner. Mboreover,
- because of the arrangenment that when the performance informationis
suppl i ed byEpgk Qﬁpﬁg‘? shapnedh stormge desadiions istqrast c;:lr mte dPUi?}é%@ Vi ng
25 the supplied perforpance, informati on _and tone control or waveform
f or mati on bgggﬁgﬁﬁﬁtH%@?%Q%@F%Rgrxgﬁ?ﬁﬂnmﬁﬁg i FPBEERALLAAg sdphet udeH ¥9F t he
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"nor ease 1 ot RGO BCERR T i e e KB St ol g Bl fotECPRLEHA,

under standi ggqobthBe aBeye aBdyebihens§ @atihsiny arda e HY GREMH Ayvantion,
the preferred enbodi nents of the
CPU 1 during execution of a program. The waveform designating
data, LFO controlling data, FEG controlling data and AEG
controlling data ih the channel register areé of Fig. 4 are
tone forming data obtained by processing the respective
10 original data of Fig. 2.

The area shown in Fig. 5 is for a plurality of output
buffers which are used in turn as tone waveform forming output
buffers X. Each time tone waveform sample data for individual
tone generating channels SD1, SD2, SD3, ... are formed by

15 arithmetic operations as will be later described, these data
are accumulated channel by channel and the resultant
accumulated data are stored into the output buffers. Two or
more of these output buffers are designated as the tone
waveform forming output buffers X and used in waveform

20 calculating operations. In the simplest form, two output
buffers X may be used to provide a double-buffer structure
such that while the data stored in one of the buffers X is
being reproduced by the reproduction section (DMA) 9, new
waveform sample data obtained through the waveform forming

25 operations is stored into the other buffer X.

The output buffers may be set to have any optional size,
such as 100, 500, 1K or 5K word size. If the output buffers

are set to a large size, there will occur an appreciable time



invention will be described in detail hereinbelow wth reference to the
acconpanyi ng drawi ngs, in which: Fig. 1 is a block diagramillustrating a
har dwar e structure of an enbodi nent of a tone generating device 10
according to a first aspect of the present invention; Fig. 2 is a diagram
iFlustrating a tone color data area of a RAMshown in Fig. 1; Fig. 3 is a
diagramillustrating an i nput buffer aregsof the RAM of Fig. 1; 15

Fig. 4 is a diagramillustrating a channel register area of the RAM of Fig.
1; Fig. 5is adiagramillustrating an output buffer area of the RAM of
Fig. 1. Fi gdedaysin foowehier of tonesn e oudaut B&fSGFSb?rgosetat‘e:Pu
of Fig. 1; Fig. 7.is . a flowhart of a M DI t|o erru % CEPS I n
t one generaP|ﬁﬂaﬁ}o§é§§vn§h§cEEWE|ﬂ@rgbntﬂé i eﬁ? ﬁ? n??%% aﬁ% is a

fl h | d, | f
e nwhiEh Feei e o5 B poor *sRbpnge; ppRhs Hipter yi%c‘éétge@#gg s
execut ed by, g,ﬁgeggg 50 e MiRur ¥ ssQAfnafdic Hphieh *cﬁfsew&%g%édés

not e-on even
5 Thus, for a sequencer performance or the like where no real-

time processing capability is required, the output buffer size
may be made large because the time delay in the tone
formation can be compensated by advancing the performance
timing. On the other hand,-for a keyboard performance or the

10 like where a real-time processing capability is required, it
is preferred that the output buffer size be set 100 to 200
words so as to prevent a time delay in the tone formation.
The above-proposed data sizes are preferable in cases where
the sampling frequency is 40 to 50 kHz. For a lower sampling

15 frequency, however, the output buffer size has to be smaller
in order to avoid a time delay in the tone formation.

Next, a description will be made hereinbelow about first
to fifth embodiments of the tone generating method of the
present invention, each of which embodiments can Dbe

20 implemented by use of the tone generating device shown in Fig.
1.

The tone generating method in accordance with the first
embodiment is characterized in that plural (e.g., 100) tone
waveform samples are formed collectively in a tone forming

25 process for each channel by means of the CPU 1 executing a
tone forming application program. Specifically, in the tone
forming process, tone waveform samples are fofmed

collectively, for each of the tone generating channels, in



-:20 - Fig. 9B is a flowhart of a note-off process executed by the CPU in
the M DI process of Fig. 8 when received data is note-off event data; Fig.
10 is a flowhart of a tone generator process 5 executed by the CPU in the
main routine of Fig. 8 Fig. 11is ais a flowhart of a waveform form ng
cal cul ati on process executed in the processes of Figs. 9A, 9B and 10; Fig.
12 is a timng chart explanatory of a seggnd 10 enbodi nent of the present
invention; Fig. 13 is a block diagramillustrating a setup of software
nodul es according to a second enbodi ment of the present invention; Fig. 14
i s a di agr anesponser toi h§Ohesamplipgcciciesasif thelb/A epawverderi A0t.he
enbodi ment; Fig. 15 is an equivalent circuit diagramillustrating overall
processing in a THBHE geher @By RRedetdrmHngd ralcplgting peintdi theakene
expl anat ory ocessing tjmng of various Qperations to_generate tones;

f pr
20 Ffé?mgl?*gi RTACPPBE G IRTHHE GV @ de1BPaFBRNPELR; WeeFegihe 18A
and 188 arena$8&§h%%t%ﬂg %%%ﬁgé”{gggrﬂgggform samples is "100", these

5 samples are sequentially accumulated as a channel-specific

accumulated value for 100 sampling cycles of the D/A converter

1 and stored into the above-mentioned output buffer. Once the

sample accumulation is completed for all the tone generating

channels, the tone waveform samples stored in the output

10 buffer are read out, one sample at each sampling cycle, by

the reproduction section (DMA) 9 and supplied through the D/A

converter 10 to the sound system 11 for audible reproduction.

The predetermined calculating point in this embodiment is

controlled to occur at intervals such that when the tone

15 forming process is performed by using the ocutput buffers in

turn, all the tone waveform samples can be read out and
reproduced completely without being dropped halfway.

According to the first embodiment of the tone generating

method, preparatory operations need to be performed, for each

20 of the channels, only once for the plural tone waveform

samples to be formed collectively, and hence it is allowed to

reduce the proportion of an arithmetic operating or

calculating time to be spent on the preparatory operations to

the entire calculating time, so that overheads are reduced

25 substantially. This can substantially enhance the quality of

the formed tone waveform samples and increase the number of

simultaneously generatable tones.

Each time section between the predetermined calculating



calculation process. Fig. 19 is a block diagramillustrating an exenplary
har dware setup of a processing device on which the tone 25 generati ng

met hod of the present invention is inplenented; Fig. 20 is ais a flowhart
i l.lustrating anot her enbodi nent of the waveform form ng cal cul ation

process; Fig. 21 is ais a flowhart illustrating still another - 21 -

enbodi nent of the waveform form ng cal euR@at+on process; Fig. 22 is ais a

flowchart illustrating an envel ope waveform cal cul ati ng operation; Fi g 23
is ais aflowhart illustrating a low 5  frequency-signal enyelo

wavef or m cabedh%si mpypdeat dbwidedg inte | $n3 jequpk | BAEKEr tS9| Itﬁ’?ttr aﬂ‘ﬁg a

vol ume and panni ng val ue i_nterpol ati ng operation; and Fi gs 2 A a 26B are
di agrans i | MYEESEMNg SEERS e %é’ﬂ/el ‘?ﬂ/ﬁ ‘? a¢

wavef or ims. J,n&e]r vals ESBE%FPSFQﬁg%rLAh%n ,,WI..I Lo maaq,‘e&1 Qﬁ%u{, ogggggbgent

according to esent |on W t ence to

r1gs. 110 Laeidbntiil )Fodmal rasd Buc Ea@hagiré{lb' beughbatbhg @abatdymr e

structure of an'e
5 samples completely calculated in the "n"th part.

Next, the tone generating method in accordance with the
second embodiment will be described, in which plural tone
waveform samples are formed collectively in the tone
generation process, for each channel, by the CPU 1 executing

10 the tone forming application program in a similar manner to
the first embodiment, and in addition, each time input
data (in this case, MIDI event data) is received through the
MIDI interface 5, waveform arithmetic operations or
calculations are performed for samples up to the time point.

15 At the predetermined calculating point, tone waveform sample
calculations are performed only on uncalculated ones of a
predetermined plurality of tone waveform samples (i.e.,
samples corresponding to the size of each of the output
buffers).

20 In the tone forming process where the waveform sample
calculations are performed for each of the tone generating
channels currently sounding tones, more arithmetic operations
are required in each of the channels where there is present
a key-on or key-off event involving a particular form of tone

25 generation varying in response to input data (pitch bend or
tone volume change), than in other channels where tone
generation is continued with no variation responsive to the

input data. In such a case, with the calculating points set



a.tone generating device capable of inplenenting a tone 15 generati ng
nmet hod of the present invention. In Fig. 1, the tone generating device
conprises: a mcroprocessor (CPU) 1 that executes an application program
et.c. to performvarious control in formation of tone waveform sanples etc.;
a“read-on nenory (ROM having stored therein 20 preset tone col or data
etc.; a random access nenory (RAM includgng a working nenory area for use
by the CPU 1, a tone color data area, an input buffer area, a channel
regi ster area, an output buffer area etc.; a timer 4 for counting tine_ and
i nstructi ngtol cecurnatriixed tintiemyals,t mecBPOf 1the apegiating pemdedf widlyi a
which M DI event data are input and output to and fromthe device;, and_a
keyboard 6, bei pccupied byathefchapeeksntpvebying & chandeudinfheeFormopt
entering English and - 22 - Japanese al phabet.s, nunﬁers apd s ?b | s. The
t one gener af gepezsa 'hyplé’ﬁ‘nﬁﬁ’fa?@é‘aégéﬁ TEARCEB AP BPTE?IV\%' cﬁone
enabl es a di al ogue .between a yser .and the device; a_har | sk_8.] Legh is
installed ad I%%ﬁ%ﬂ off nBFﬂ r afC&uch &?ga Egggrgﬁg ggaggne?g %ﬁg&?%ﬁes
and in ghich are.§toLed IONE AV dRAR 31 LR1RC et IRl cd&T TiRG. .t ONgn

particular, for each of the channels where tone generation is

to start, many initializing operations such as initialization

of an address counter and envelope generator and generation

of an "F" number are necessary, thus taking a long operating

10 time.

Fig. 12 is a timing chart explanatory of the second
embodiment, where first and second output buffers A and B are
provided as the above-mentioned double-buffer structure and
shown in the figure in part (e). Times required for

15 reproduction from the buffers A and B are shown by TA and TB,
respectively, and time TA is equivalent to TB in this
embodiment.

First, once two MIDI events are received by a MIDI
reception section at point Ta in a calculating time range from

20 point TO to point T1 that is allocated for the first output
buffer A as shown in part (a) of Fig. 12, a tone generator
(T. G.) driver section performs processing as shown in part
(b), and a tone generator (T. G.) section calculates tone
waveform samples Al corresponding to the input received during

25 a period from point tO to point ta.
The MIDI reception section includes the MIDI interface

5 through which each input MIDI event is received, and the

MIDI reception section writes, into the input buffer, the MIDI



wavef orm sanpl es; a reproduction section (DMA: Direct Menory Access) that,
with no intervention of the CPU 1, reads out tone waveformdata stored in
one of the areas of the RAM 3 10 designated by the CPU 1 and supply the
read-out data to a D/A converter (DAC) 10 at a predeternined sanpling
frequency (e.g., 48 kHz); and a sound system 11 for audibly reproducing or
soundi ng anal og tone signals fromthe B/ 29cenverter 10. The above-nenti oned
conponents are simlar to those of 15 a personal conputer or work station
and can be used to inplement the tone generating nethod of the present

i nvention. €Evenlie alangusitht Atst QayETansss tiene RBM SYOQ%eggBﬁEag‘Bfor

data area i h in Fig. 2, the i buf f ' 1 9.
register ar Ea?wéﬁ“ps'gq”t?é%me%ﬁ%ﬁ‘ & £36m Theriareh butd f4r Ay 2En"PRET
one color data area of Fig. .2, ."PDl D2, .., " Kj
é one col or 8&FEP ﬁdc‘é‘ﬁgﬂk% PR é;olagfs 1§5Fa ?%%:%érr%ﬁés%%alggt gﬂgs °
esi gnati ng wavef ar ' ' |
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desi gnati ng a or con ng LFO (Low Frequency Gscillator)

to be uged fc?hxﬂe?%?%i NG NPT 249181 £GCt pakahBeekike tolateok®r generatbing
generation of a filter envelope to provide a controlled tone color filter
charact eri ssGamddessf @ accordance with the input data. Further, the
tone generator section receives the tone generator parameters
and processes waveform data to form tone waveform samples that
are to be actually sounded. An LPF section removes aliasing
10 noise components from the formed tone waveform sample, and
output data from the LPF section is written into the first
and second output buffers A and B. The above-mentioned tone
generator driver, tone generator and LPF sections are
functions performed by the CPU 1 executing the application
15 program.

Then, once one MIDI event is received by the MIDI
reception section at point Tb, the tone generator driver
section performs processing as shown in part (b) similarly to
the above-mentioned, and the tone generator section calculates

20 tone waveform samples A2 corresponding to the input received
during a period from point ta to point tb. Then, upon
arrival at point tl, the tone generator section calculates
tone waveform samples A3 corresponding to the input received
during a period from point tb to point tl. In this case,

25 when key-on events are received at points ta and tb, tone
generating initialization and arithmetic operations are

‘performed at this point Tl. After that, the LPF performs a

filtering operation, and thus necessary tone waveform sample



- .23 - controlling generation of an anplitude-controlling envel ope, touch
controlling data for varying a rising speed of tone or the like in
accordance with a detected key-touch velocity, and other data. These data
st:ored in the tone color data area of 5 Fig. 2 are original data, which
wi'l |l be processed, in accordance with touch data, tone pitch data, etc.
supplied along with a tone generation i-ngpruction, in order to create tone
form ng data to be used by a tone generator. Further, "WD1, WD2, ...,
Wn" in Fig. 2 represent 10 waveformdata, any of which is designated by
.the pitch rfpgmapadent dsnconplgred forddhe Sirsie optpute buffercd-or data
PD1, PD2, ..., PD16 in accordance with input tone pitch data. M D event
data |1 D1, |D2, |Bben, Threg cHIPle SYeREFi AKL eREAIVEhDPYs HBee-¥hPLnd
note-of f events and 15 received via the MDL_ interface 5 are se ugntially
n +ﬁ§e

witten int FeCRRERPBUSATHOR ThAMPh EFgits?® B YBHAHPDRST B
event data |D1, .1D2, . ID3 . ... t ' |

gener at i ng B8IPEe Cexenbgtnr, 12\ ipte o8, pRiRatRn, foFTihe) fR6ohd blEphene
conpri sgd of,,¢gLa @(yscgé{o\éﬁ"x 2% pdie the) coteny s 03, t hedhide e¥RE! t8RM
time at which the event data occurred (data occurrence tinme or event
occurrence HedBratbhe §868i6%CUd eBGRrbhiRyCatalsulietBigl RehedYwhoatbif

current samples A3, the input event data are temporarily held in the
input buffer until a calculating time is allocated to the
data. Upon completion of the calculations of tone waveform

10 sampleé A3 by the tone generator section and the filtering
operation by the LPF section, the event data are read out
from the input buffer to be processed by the tone generator
driver section, and thus the tone generator section calculates
tone waveform samples Bl corresponding to the input received

15 during a period from point tl to point tc. Even if some time
delay occurs in the calculating operations, it does not
influence the tone generation timing because the occurrence
times of the input event data have also been written in the
input buffer.

20 After that, four MIDI events are received by the MIDI
reception section during the calculations of the tone waveform
samples Bl, and these event data are processed to calculate
corresponding tone waveform samples after the calculations of
the tone waveform samples Bl, similarly to the above-

25 mentioned.

In the same manner, tone waveform samples B2 are formed
as samples corresponding to the input received during during

a period from point tc to point td, tone waveform samples B3



ti.me counted by the tinmer 4 when the MDH event data is received. 25
The area shown in Fig. 4 is used as a channel (CH) register for storing

data to control formation of individual tones, and in the illustrated
exanpl e, the channel register area provides storage |ocations for a total
of 32 channel s. 24 - Each of the channel storage |ocations stores a note

nunber, wavef orm desi gnating data, LFO-cgmttolling data, filter envel ope
designating data (FEG controlling data), anplitude envel ope controlling
data (AEG controlling data), note-on data 5 and other data, as well as a
wor ki ng ar eareo fnrmekdady SERPlEBU CORRASRRPERE UEP ofNEf R logFaReiTAE
wavef orm desi gnating data, LFO controlling data, FEG con&r IIing data and
AEG controlﬂpﬁgnﬂaﬁapﬁﬁlpﬁefEﬁEnﬁ@P“Fe&Fs%@rpSFBH 5 FPES ﬁoﬁ?e ?gﬁgorm

Lo 19 dat 2 00V2LnEd O PIACSRE L LG PSRl das | 0 B R0BET.
o lSed | Nrkilyh SR SLILET FLH BULAK ULEP TRt Foh it o1
areSfor%Bﬂeb%aveform samples A5 are formed as samples corresponding
to the input received during a period from point t2 to point

t3.

As seen from the foregoing, every time input data
occurs, the second embodiment calculates waveform samples for

10 a period preceding the input data occurrence, and thus the
waveform sample calculations can be performed in a
substantially dispersed fashion. Thus, the amount of
operations performed 1in each <calculating period at
predetermined intervals is limited appropriately, so that even

15 when there occur many input data such as key-on event data
involving a variation in the form of tone generation, it is
possible to avoid inconveniences such as reduction in the
number of simultaneously generatable tones.

Next, the tone generating method in accordance with the

20 third embodiment will be described.

In order to generate tones successively in the case
where the calculating points are generated at predetermined
intervals and a predetermined number of tone waveform samples
are formed collectively in each calculating period through

25 arithmetic operations, the predetermined number of tone
waveform samples must be supplied before formation of the
preceding tone waveform samples is completed. But, if the

number of tone generating channels is relatively great and



15 arithmetic operations as will be | ater described, these data are
accunul at ed channel by channel and the resultant accunul ated data are
stored into the output buffers. Two or nore of these output buffers are
designated as the tone waveform form ng output buffers X and used in
waveform 20  cal cul ati ng operati ons. In the sinplest form two output
buffers X nmay be used to provide a doubl gzbuffer structure such that while
the data stored in one of the buffers X is being reproduced by the
reproduction section (DVA) 9, new waveform sanpl e data obtai ned t hrough the

wavef or m f ohenag 2%he opmewuntoref | yameficam | Fedletdnger OBEFRELORS THE
output buffers may be set to have any, optional size, such _as 100, 500, 1K
or 5K word SEEESSAVey hetRRESUIBGT i¥iSer8 RRojIeT Fg?f)e tsqnzee,w{aﬁgggrw | |
occur an appreciable fi - 25 - delay in formtion of .tones. if.the

out put buf f EPEPAPE ggla %I%’%’?’i‘iﬂ,stﬁgr‘t RIS ?g?ﬁgﬁlﬁgﬁbeu}e ﬁ{';‘%d
substanti al | which re Ny p n el ry

i ncrease in ta%oun %ﬁhégf#ﬁﬁg?igggﬁéra ﬁgﬁglpggbgkgggefié Q%ﬁggg %? a
sequencgr pepfacmance or the like where no real- tine processing capability
I's required, the output buffer size

The tone generating method in accordance with the third
embodiment is contemplated to provide a solution of such an
inconvenience. More specifically, the third embodiment
determines whether the predetermined number of tone waveform

10 samples can be supplied in time for the data conversion timing
of the D/A converter 10. If it is determined that the tone
waveform samples can be supplied in time for the data
conversion timing, one or more of the tone generating channels
are selected whose tone has a relatively low importance in all

15 the tones being generated at the present time. Then, for the
designated channel, the embodiment calculates, in a short
time, damping waveform samples which.correspondlto the initial
period of the waveform.

Because only the short-period damping waveform samples

20 are calculated for the designated tone generating channel, the
necessary calculating time for this channel can be reduced so
that the predetermined number of tone waveform samples as a
whole is supplied in time for the data conversion timing of
the D/A converter 10.

25 Generally, tones that are determined as "important" in
the third embodiment are:

(1) tone currently having a great volume;

(2) tone whose attack portion has just started to be



may be nmade | arge because the tinme delay in the tone formation can be
conpensat ed by advancing the performance timng. On the other hand, for a
keyboard perfornmance or the 10 | i ke where a real-tine processing
capability is required, it is preferred that the output buffer size be set
100 to 200 words so as to prevent a tine delay in the tone formation. The
above- proposed data sizes are preferabl-e38n-cases where the sanpling
frequency is 40 to 50 kHz. For a | ower sanpling 15 frequency, however,
t he out put buffer size has to be smaller in order to avoid a tinme delay in
;he tone foseunded; Next, a description will be made herei nbel ow about

irst to fifth enbodlnents of the tone generati t of the present

i nvention, each of WHlhlewestTRERR &2 ebépg§§¥3$§%Qa Ared lﬁ%?O?rthe

tone generating device shown.in Fig. 1.. The tone generating nmethod in
accor dance WPF% PREF PIE OR38S ﬁQ#Pd%g ‘characterized in that plural (e.g.

100) tone vavef orm oyl f3cALE! 81 BB ALGUE! KohBs? SONEWEOH Niose

process for each cha nean executing a tone formng

app|ICagI0an&Qgr%Eb gggagléayﬂdédl rdghe tone formng process, tone

wavef orm sanpl es are forned collectively, for each of the tone

generating channel s,(8 tone of a solo part when tones of two or more
parts are being sounded.

The third embodiment may be modified as follows. The
tone generating channels are placed in descending order of

10 importance of +tones to be generated therein before the
waveform sample calculations, in such a manner that the sample
calculations are effected sequentially from the most important
tone to the least important tone. If the waveform sample
calculations for all the channels can not be completed in

15 time, the calculations are broken off so that tones are
generated only with tone waveform samples having so far been
formed. Thus, in case there is a need to interrupt the
sample calculations, only a tone or tones will be deadened or
muffled which have a relatively low importance and hence have

20 a relatively small influence.

In the above-described third embodiment and modification
thereof, the waveform sample calculations may be performed
each time input data occurs. Alternatively, the waveform
sample calculations may be performed collectively for each

25 time section, rather than in response to occurrence of each
input data; in this case, a trigger signal may preferably be
generated to advance the calculating point in accordance with

the number of input data. In another modification, each time



- .26 - response to 100 sanpling cycles of the DJA converter 10. Thus, at
every predeterm ned cal cul ating point, the tone formng process is
performed for all the channels. Where the nunber of the formed tone
wavef orm sanples is "100", these 5 sanpl es are sequentially accumul at ed
as a channel -specific accunul ated value for 100 sanpling cycles of the DA
converter 1 and stored into the above-woegsioned output buffer. Once the
sanpl e accurmul ation is conpleted for all the tone generating channels, the
tone waveform sanples stored in the output 10 buffer are read out, one

sanpl e at eaehtianpbetyesyclthe mredaterapned G HisddnG PP BPante

T epFoduct | OALVIHEdp AR o Rl n@RUH GRRERE nGop oIS | RHEn SRS neREPLS
repr oducti of: pr erfin ' [ hi

controlled to OCﬁur,at i nt erval sug t?a? ¥Egn ihg ggé &g fqr 'ngL
proc$ss is EérFH ﬁﬁ&og? 3§Fn8efﬁ8rﬂﬁ plt BOFFEYS ?ncéurn? a??lﬁﬁe one.
wavef or m sappl,es_can be d : I L {,h |

Gr opped hal { By DAL 87Hq e PREEPHEERER LEBEICATEOART ¥, oy ToUha BLED

nEthOd’5pre%%P§tg&%ugpgkakhgn%Pﬂ@eﬂa%gfggmpQEEBEEEdcoﬁ?leﬁéﬂﬁ £8rme@f ihhe

channel s, nce~for the ural tone waveform sanples to be forned
col l ectivel yheamdrheneRrtt, is allowed to reduce the proportion of an

arithnetic operating or

In order to generate tones successively in the case
where the calculating points are generated at predetermined
intervals and a predetermined number of tone waveform samples

10 are formed collectively through arithmetic operations, the
- predetermined number of tone waveform samples must be supplied
before formation of the preceding tone waveform samples is
completed. But, if the number of tone generating channels is
relatively great and hence the amount of waveform calculating

15 operations is excessive, or if the predetermined number of
tone waveform samples can not be supplied in time e.g. because
too much time is spent on other processing than the tone
forming process (such as sequencer processing), one or more
tone waveform samples will be read out in the course of still

20 being processed, resulting in unwanted noise.

The tone generéting method in accordance with the fourth
embodiment is contemplated to provide a solution of such an
inconvenience. In the fourth embodiment, the CPU 1 instructs
the reproduction section (DMA) 9 to send the data stored in

25 either of the output registers, and addresses of the output
buffer itself for storing the predetermined number of the
formed tone waveform samples can be set in the reproduction

section 9 as one of readout sections or as a repetitive



calculating tine to be spent on the preparatory operations to the entire
calculating tine, so that overheads are reduced 25 substantially. This
can substantially enhance the quality of the fornmed tone waveform sanpl es
and increase the nunber of simnultaneously generatable tones. Each tine
séction between the predeterm ned cal cul ating - 27 - points may be
divided into "n" equal parts so that theggaveform sanple form ng
calculations are perforned at intervals corresponding to the "n" parts, and
t he reproduction section (DMA) 9 may read out each group of the tone

wavef orm 5 sesfpus seapiencfyom yhuighdeda arenko bgynepdqut. rRRREtEFRE- t one
generating nethod in accordance with the second enbodi nent %%H he
described, R afféRipnura readuyBeStdon Teapreatire ‘F%Y[}'Fd 8 &P PYEPy in

t he tone generation pr

the tone fofmi A EHHI | gg ghd%gégregﬁhi%‘gn% ﬁe%%ﬁﬁgﬁut éeteﬁg‘_g%?lr qu%o
eroeeLent AR, bR o SR AF SR BeR ih g pazen
?lrlrr:ahgglblntc dare’ %%O%in%r o‘iﬁjr%ﬂtiy W @lFgerformed for sanples up to the
| According to the fourth embodiment, the readout section
reservation allows the formed tone waveform samples to be
registered in the output buffer for the reservation purpose
and to be read out immediately following a specific waveform
10 being currently read out. In the event that the calculations
for the predetermined number of tone waveform samples have not
been completed in time, such a reserving registration is not
effected, and therefore it is possible to prevent occurrence
of noise which would otherwise be caused by sounding of any
15 of the tone waveform samples that is still in the course of
being processed. This will temporarily interrupt sounding of
a tone, but adverse effects resulting from the interruption
will be significantly reduced by limiting the interruption
time to only several sampling periods in the case where the
20 sampling frequency is for example 44.1 kHz. The limitation
of the interruption time may be effected by limiting the
number of channels generating tones, as mentioned earlier.
Once the calculations have been completed, the reserving
registration 1is carried out, so that the corresponding
25 waveform samples are sounded.
The waveform sample calculations may be performed
collectively for each time section, rather than in response

to occurrence of each input data. In such a case, a trigger



15 At the predeterm ned cal cul ati ng point, tone waveform sanple

cal cul ations are perforned only on uncal cul ated ones of a predeterm ned
plurality of tone waveform sanples (i.e., sanples corresponding to the size
of. each of the output buffers). 20 In the tone form ng process,
where the waveform sanpl e cal cul ations are perfornmed for each of the tone
generating channels currently sounding-tgges, nore arithnetic operations
are required in each of the channels where there is present a key-on or
key-of f event involving a particular formof tone 25 generati on_ varying

i N’ responsestignaipuaydprefépabln begenagrated teobdvencrathe) calaahatingt her
channel s where tone generation is continued with no variation responsive to
the input depant| ninyeecerdanee wWwikht fhe apuubari Rf pdPrus Qata. . 58 .
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at intervals corresponding to the "n" parts, and a reserving
registration may be made for sounding of tone waveform samples
for one time section that have been completely formed in the
last "n"th calculation.

10 As mentioned earlier, in order to generate tones
successively in the case where the calculating points are
generated at predetermined intervals and a predetermined
number of +tone waveform samples are formed collectively
through arithmetic operations, or where the waveform sample

15 calculations are executed in response to occurrence of each
input data, the predetermined number of tone waveform samples
must be supplied before formation of the preceding tone
waveform sample is completed.

As the calculating point for a specific tone waveform

20 sample, such a point is designated, on the basis of a time
point when formation of preceding tone waveform samples is
ended (end time point of the preceding tone waveform sample),
which is earlier than a prescribed end time point by the time
necessary for completing formation of a waveform. Because the

25 end time point is identified by the CPU 1 checking the
current state (flag) of the reproduction section (DMA) 9 to
thereby detect when the sample reproducing time section has

moved onto a next one, the actual end time point will be



te start, many initializing operations such as initialization of an address
counter and envel ope generator and generation of an "F" nunber are
necessary, thus taking a |long operating 10 time. Fig. 12 is a timng
chart explanatory of the second enbodi nent, where first and second out put
buffers A and B are provided as the above-nentioned doubl e-buffer structure
and shown in the figure in part (e).- 37isves required for 15
reproduction fromthe buffers A and B are shown by TA and TB, respectively,
and time TA is equivalent to TB in this enbodinent. First, once two M Dl
events are fetayedd untid vibe (Repli detests obhet chenge Tinj ¥hg state

calculating,tine.ra from 20 oint TOto point T1 that is allocated for
the first o&%?)ﬁg)bﬁgg‘g?eﬁ%r 9™ s&%‘i‘“’(”a)‘nyf\)Fgg. Hurthey o ReeRYR® at or
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the input buffer, the M DI
detection timing.

When the calculating points are generated on the basis
of such non-uniformly delayed end time point, correct
calculating points can not be obtained. 1In particular, if the

10 calculating points are generated on the basis of greatly
delayed timing, a total time length between the calculation
start and the supply of waveform data 4is substantially
shortened, so that the number of simultaneously generated
tones is temporarily reduced.

15 The tone generating method in accordance with the fifth
embodiment is contemplated to provide a solution of such an
inconvenience.

According to the fifth embodiment, the CPU 1 stores in
memory a plurality of time points when a change in the state

20 of the reproduction section (DMA) 9 was detected in the past,
and by averaging the stored time points, the CPU 1 predicts
a time point when such a change will be detected next. Since
the predicted time point corresponds to an average of time
delays from the prescribed end time point in the reproduction

25 section (DMA) 9, a point that is a predetermined time before
the predicted time point can be detected as a practically

correct end time point. Thus, the calculating point is

generated on the basis of the correct end time point. In



-:29 - event along with its occurrence tine. The tone generator driver
section receives data fromthe input buffer or fromthe personal conputer
keyboard 6, assigns the received data to one of a plurality of tone
generator channels and executes a 5 conversion fromvoicing paranmeters to
tone generator paraneters in accordance with the input data. Further, the
tone generator section receives the tore3generator paraneters and processes
wavef orm data to formtone wavef orm sanples that are to be actually

sounded. An LPF section renoves aliasing 10 _ noise conponents fromthe
formed t onethd§ efay m Segnsdetectrd Ad HimeaPRiPtsRrReaYRFagRdt t reduce

itt into the fi t .and d t put. buff A d B. Th .
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part (b) simlarly to the above-nmenti one the tone geherator section
cal cul ases glrfoine8 YAVES 8EEbSRIPLESmARNELL I esponding to the input

received during a period frompoint ta to point tb. Then, upon arrival at
point tl1l, the tomRegewaverofmsesanpheCatslt@l&bions may be performed
collectively for each time section, rather than in response
to occurrence of each input data. In such a case, a trigger
signal may preferably be generated to advance the calculating
10 point in accordance with +the number of input data. In
another modification, each time section between the
predetermined calculating points may be divided into "n" equal
parts so that the waveform forming calculation process is
performed at intervals corresponding to the "n" parts, and a
15 reserving registration may be made for sounding of tone
waveform samples for one time sectidn that have been
completely formed in the last "n"th calculation.

The essential operation of the tone generating device
and method as set forth above in connection with the first to

20 fifth embodiments will be described hereinbelow with reference
to flowcharts.

Fig. 6 is a flowchart of a main routine carried out by
the CPU 1. Upon start of the main routine, an initialization
process is executed at step S10, where the timer 4 and DMA 9

25 are set to respective initial states, all the tone generating
channels are cleared, and tone color data and waveform data,
etc. are prepared. Then, the CPU 1 moves to step S20 where

a keyboard process is executed to process input data from the



tone wavef orm sanpl es A3 corresponding to the input received during a
period frompoint tb to point t1. |In this case, 25 when key-on events
are received at points ta and tb, tone generating initialization and
arithmetic operations are perforned at this point Tl. After that, the LPF
perforns a filtering operation, and thus necessary tone waveform sanpl e

- 30 - formation is conpleted for the figgt-output buffer A Then, three

M D events are received by the MD reception section at point tc in a
calculating period frompoint tl to point t2 that is allocated for _the
second out pkeyboardubf er AB mexthevep iS8para MIDL procegs is. experigdefPRe
tone generator section is currently calculating tone vvaveforn‘k_sa | es A3,
thle i lnptlff emaﬁapﬁsﬁr’@r?mi“lgytﬁe?& LRPUReMIRLUEVEREL er Hﬁgft‘)?ra a
calculating tine is allocated to the data., Upon c | et,i0 f .
caljculhat}olné:"&ﬁ gBRETREOET BIRFesS 1§a‘?ﬁb‘?‘é‘§t%§ ag'y ﬁq{%’ ér?e%%n@%g 8F™s€2¢ i on
and the filtering operation t he LPE . Lan out
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correspondi r%zct’d Fhe Irnput recerved
After step S50, the routine loops back to step S20 to

repetitively perform the processes of steps S20 to S50 as

mentioned above in a constant loop. These processes may be

performed simultaneously with execution of another software
10 progfam by use of a multitask technique.

Fig. 7 is a flowchart of a MIDI reception interrupt
process carried out by the CPU 1, which is started by an
interrupt signal when MIDI event data is received via the MIDI
interface 5 from the outside. This MIDI reception interrupt

15 process is executed with priority over any other processes.
Upon start of the MIDI reception interrupt process, the MIDI
event data received through the interface 5 is read into the
tone generating device at step S100 and written at step S110
into +the above-described input buffer along with the

20 occurrence or reception time of the data, and then the CPU 1
returns to one of the processes in the main routine that was
being executed when the interrupt signal was given. In this
manner, each received MIDI event data is written into the
input buffer along with the reception time.

25 Fig. 8 is a flowchart illustrating a detail of the MIDI
process executed at step S30 in the main routine. First, the
CPU 1 checks the input buffer at step S200, and at step $210,

it ascertains whether the input buffer contains any received



15 during a period frompoint tl to point to. Even if sone tine del ay
occurs in the calculating operations, it does not influence the tone
generation timng because the occurrence tines of the input event data have
al-so been witten in the input buffer. 20 After that, four MD
events are received by the MDI reception section during the cal cul ations
of the tone waveform sanples Bl, and thege €vent data are processed to

cal cul ate correspondi ng tone waveform sanpl es after the cal cul ati ons of the
tone waveform sanples Bl, simlarly to the above- 25 nentioned. In the
sane nmanner datanstihlef BRRFeaREFEd BX avRCalpwkated: sanbf e$PeERr dsHoRB¥ ng
to the input received during during a period frompoint tc

tone:mavefoPﬁPE&ﬁHF€§eESre°e}V§§ da&PelPth@diQEugahﬂFE§rCB%?@éﬁ%ﬁ%?%%ato
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a periog fropupoiat 2 tRePPbBbived data is note-on event data, the CPU
1 goes to step $230 to execute a note-on process; if the
received data is note-off event data, the CPU 1 goes to step
S240 to execute a note-off process; and if the received data
is other data, the CPU 1 goes to step S250 to perform other

10 process. Upon completion of one of the processes at step
$220, the MIDI process ends. In the event that there is no
uncalculated received data in the input buffer as determined
at step $210, the MIDI process ends immediately without the
following operations being executed.

15 Fig. 9A is a flowchart of the note-on process executed
at step S$230 in the MIDI process when the received data is
note-on event data. First, as step S300, the note number,
velocity and occurrence time of the note-on event in the input
buffer are loaded into note number, velocity and occurrence

20 time registers as "NN", "VEL" and "TM". Then, at step S310,
the note number "ﬁN“ is assigned to one of the channels and
the channel number of the assigned channel is loaded into a
channel number register as "i".

Further, at step S320, tone control data corresponding

25 to the note number "NN" and velocity "VEL" are set in one of
the channel registers CH of Fig. 4 allocated for the channel

number "i". The thus-set tone control data are tone forming

data (other data of Fig. 4) derived by processing tone color



t3. As seen fromthe foregoing, every tinme input data occurs, the second

enbodi nent

cal cul at es waveform sanples for 10 a period preceding the

i nput data occurrence, and thus the waveform sanple cal culations can be
performed in a substantially dispersed fashion. Thus, the anount

oper ati ons

performed in each calculating period at predeterm ned

intervals is limted appropriately, so-thgat_-even 15 when t here occur
i nput data such as key-on event data involving a variation in the form of
tone generation, it is possible to avoid inconveniences such as reduction
in the nunbdetaf of nBLganéhustyryespendibye toorthe MERL, ghannednehaving

generati ng
descri bed.

predet er i n&f FRLAOTS TBRETAVEY or
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annel's relatively great an
tone color data of Fig. 2, corresponding to the note number

"NN", and the read-out designating data specifies any one of
waveform data WDl to WDn. After the setting of the tone
control data, a note-on flag for channel "i" is set or put up
at step S330.

Thereafter, the CPU 1 proceeds to step S340 to perform
the waveform forming calculation process. In this case, the
waveform forming calculation process is performed to calculate
samples for an uncalculated part of the waveform to be written
in the now-writable output buffer X, and the thus-calculated
partial waveform is written into the output buffer X. The
partial waveform corresponds to such a range of the waveform
that becomes capable of being calculated or formed at a time
point when the new received data is detected at step S210
(i.e., when reception of the data is confirmed). The partial
waveform to be formed here is uncalculated waveform samples
for a time period before the occurrence time TM of the
received note-on event, and a waveform that should start being
sounded in response to the note-on event is not included in
the current waveform but included in a waveform to be formed
later, as will be detailed later in relation to Fig. 11.

The operations at steps S340 and S350 correspond to the

waveform calculations of waveform samples Al, A2 or the like

n

the



- .32 - hence the amobunt of waveform cal cul ati ng operations is excessive,
there will arise a problemthat tone waveform sanples of all the channels
can not be supplied in tine, causing an undesirable interruption or break
of: generated 5 tones. The tone generating nmethod in accordance with the
third enbodi ment is contenplated to provide a solution of such an
I nconveni ence. More specifically, _thg third enbodiment determ nes
whet her the predeterm ned nunber of tone waveform 10 sanpl es can be
supplied in tinme for the data conversion timng of the DJA converter 10. If
it is deterdiesedibedl eardieondénwaredbtdions&opFag.ciR-beASuppbePe83PA. tthe for
the data conversion timng, one or nore of the tone generating channels are
Eelected whvoskinge axee 9% dha ichannelowegaaarker | they Fhagnel { pumberag
eing generated at the present tinme, Then, for the designated chapn t he
i?ﬁﬁ’e% hi ﬁﬂé

enbodi ment  C&l"cdisatisitializadhofer 1 FARS ESRBFAGIRAY oS AR
e et Rer %86, b SLE! 86 pBEr8HARoRE Nphter 1
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sanpl es as @nerein current values of address and various envelopes,
current status, current values of an LFO waveform and other
data necessary for forming a waveform of each of the channels.
The note-on process ends after completion of this tone
10 generating initialization process.. In the initialization
process, various initializing operations are performed such
as initial setting of a start address to the current waveform
read address, generation of an "F" number corresponding to the
note number NN, initial setting of the LFO, filter EG, tone
15 volume EG, interpolating operation and filter operation. This
initialization process takes a considerable calculating time
as mentioned earlier.
Fig. 9B is a flowchart of the note-off process executed
at step S240 in the MIDI process when the received data is
20 note-off event data. First, as step S400, the note number
and occurrence time of the note-off event stored in the input
buffer are loaded into the note number and occurrence time
registers as "NN" and "TM". Then, at step S410, one of the
tone generating channels CH currently sounding note number NN
25 is identified and the channel number of the identified channel
is loaded into the channel number register as "i"

After that, the note-on flag for the "i" channel is put

down or reset at step S420, and the waveform forming



whole is supplied in time for the data conversion timng of the DA

converter 10. 25 Cenerally, tones that are determined as "inportant”
in the third enbodiment are: (1) tone currently having a great volune; (2)
tene whose attack portion has just started to be - 33 - sounded; (3)

| owest -pitch tone (bass) when tones of two or nore parts are bei ng sounded;
(4) highest-pitch tone when tones of two,gr_nore 5 parts are being
sounded; and (5) tone of a solo part when tones of two or nore parts are
bei ng sounded. The third enbodi nent may be nodified as follows. The tone
gener ati ng chaonkdhsieneppbeesd g gesderthedy atr dleppfs43D, inm@rébntEapf
tones to be generated therein before the waveform sanple cal cul ations, in
such a nmanneanngzt to hthes alngive -oeindiloseidoatepr 8340 f dot eddseqtientabttiyate om
the nost inportant tone to the |east inportant tone. If the waveform
sanpl e cal cHPgpileHiatred WpvefaemcRanRLtes cRArkbel beavehfipre) cthah should

be formed before the occurrence time TM and write the thus-

5 calculated waveform samples into the output buffer X. The
note-off process ends after a release start operation for the

"i" channel at step S440. In the release start operation,
respective states of various envelopes for the "i" channel
contained in the working area are rewritten so as to change

10 the tone forming state in the channel into the release state.
Next, with reference to Fig. 10, a description will be

made about a detailed flowchart of the tone generator process
executed at step S40 in the main routine. First, at step
8500, the reproducing state of the reproduction section (DMA)

15 9 is checked at step S500. If the bMA 9 has advanced to a
next to-be-reproduced section, the CPU 1 goes to next step
8510, but if not, the CPU 1 jumps to step S520. The DMA 9
reads out waveform samples one by one, at a predetermined
sampling frequency, from a specific one of the areas of the

20 RAM 3 which is designated by the CPU 1 and supplies the read-
out samples to the DAC 10 for audible reproduction. While

thus reading the waveform samples from the designated area,

the DMA 9 accepts a reservation from the CPU 1 designating
another area to be reproduced. Once reproduction of the

25 preceding area has been completed, waveform samples of the
next area thus reserved are similarly read out one by one by

the DMA 9 and supplied to the DAC 10 for audible

reproduction. The advancement of the DMA 9 to a next to-be-



15 tine, the calculations are broken off so that tones are generated only
with tone waveform sanpl es having so far been forned. Thus, in case there
is a need to interrupt the sanple calculations, only a tone or tones wll
be deadened or nuffled which have a relatively | ow inportance and hence

have 20 a relatively small influence. In the above-described third
enbodi ment and nodi fication thereof, thequaveform sanple calculations may
be perforned each tinme input data occurs. Al ternatively, the waveform

sanpl e cal cul ations may be performed collectively for each_25 tine

section, rarkprotingedi rersiponmeans bereinetibatoPfEaENCPRBLetLaRa0%i Fhghi s
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order in which they were reserved.

Then, at step S510, time when such an advancement will
be detected next (next advancement detection time) is
predicted on the basis of the time of the current and

10 previous advancement detections, and a time point that is a
predetermined time before the predicted detection time is
designated as a next calculating point. The next advancement
detection time may be predicted such as by calculating an
approximate 'value_'with a small error through the "least

15 squares method" on the basis of a plurality of the advancement
detection times including the current and last ones, or by
using a quadratic function or the like to approximate a
variation in the detection times. Non-uniform time delays
occur in the DMA 9, during a period between the occurfence

20 and detection of the advancement, due to differences in.the
respective operating step positions and states, so that the
advancement detection times contain irregular non-uniformity.
Therefore, the calculations of the approximating function
involve an Operation to average the non-uniform detection

25 times.

The above-mentioned "predetermiﬂed time" before the

predicted detection time is a time allocated for forming a

tone waveform and depends on the amount of necessary



In order to generate tones successively in the case where the cal cul ating
points are generated at predeterm ned intervals and a predeterm ned nunber
of tone waveform sanpl es 10 are formed collectively through arithnetic
operations, the predeterm ned nunber of tone waveform sanpl es nust be
suppl i ed before formati on of the precedi ng tone wavef orm sanples is
conpleted. But, if the nunber of tone geaerating channels is relatively
great and hence the anount of waveform cal cul ating 15 operations is
excessive, or if the predeterm ned nunber of tone waveform sanpl es can _not

be suppl i ed aFdthpedis greratipne fofp thecHaveherpSfamakich as AefFeprieedsi ng
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running programs.
Then, at step S520, a comparison is made between the
next calculating point and the current time indicated by the
10 timer 4, in order to determine whether the current time has
arrived at the next calculating point. If the determination
is in the affirmative, the CPU 1 performs operations of steps
S530 to S580. First, at step S530, specific calculating order
is decided in which the currently sounding channels should
15 undergo the waveform sample calculations later at step S550
to form waveform data for a plurality of samples for each of
the currently sounding channels.
That is, at step S530, the calculating order is set in
such a manner that the waveform sample calculations are
20 performed sequentially from a musically significant tone or
tone which would present a significant musical inconvenience
if deadened or muffled at that moment. Then, at step S540,
it is ascertained whether the waveform sample calculations for
all the currently sounding channels can be completed within
25 a predetermined calculating time (i.e., the predetermined time
described in relation to step S510). If answered in the
negative, one or more tone generating channels where the

waveform sample calculations are to be performed last or later



- .35 - readout section fromwhich data are to be read out repeatedly. In
addition, a readout section reservation may be nmade in such a manner that
data at the addresses can be read out imrediately followi ng a particular
readout section fromwhich 5 data are being currently read out. According
to the fourth enbodi nent, the readout section reservation allows the forned
tone waveform sanples to be registered-i agthe output buffer for the
reservation purpose and to be read out inmmediately follow ng a specific
wavef orm 10 being currently read out. |In the event that _the cal cul ations
for the predbesr apvedthenbehantelsmradasionstadnmse shappelgovhgeentone
conpleted in tine, such a reserving registration is not effectsﬁiﬁang
therefore i &8 tpokei Kaadenas o(Eppe o 8LGRPEADE JFRaRR i BR ty the

ot herwi se be caused by saoundi.ng of any .15 of the tope wavef.orms | es
that is stiPmouRt pf (‘?‘Ed'rtg’ﬂ‘ed?l%oé?pr?gr cfbss%.mfﬁf%e i+ ?‘é‘ﬁ%o?a?lgfq}éeg
I nterrupt squndi of t dv C | r
interrupti o%g\ﬁ I qug’t‘)ae wsa%'g?rﬁ?ncan %/laer e%%%dﬁ%éfﬁﬁ% ftﬁgéit%gg?%tgg%%%ﬁr%%
time t050n!g0%SH§5§T éﬂ&JdKH'Hgkbdﬁ?iéfééaﬁftﬂﬂﬁrﬁhéhﬁr@@ete§ﬂﬂﬁéhn9
frequency is for exanple 44.1 kHz. Thelimtation of the Interruption tine
may be ef f egheduiuting tife.t MeniyPesceds Ghnaealat 188 pirate’Singnen, the
mentioned earlier.

above-mentioned third embodiment of the +tone generating

method.
At step S550, the waveform sample calculations are
10 actually performed. Specifically, uncalculated waveform
samples are calculated and written into the currently
available output buffer X so that the buffer X is filled with
the calculated waveform data and thus gets ready for tone
generation. This operation corresponds to the formation of
15 waveform A3 or the like as described earlier in relation to
Fig. 12.

Each sample written in the filled-up output buffer X is
then subjected to a low-pass filtering operation at step S560
so as to remove high frequency components therefrom.

20 Following this, the output buffer X storing the low-pass
filtered waveform is reserved at step 8570 as a specific
storage area for a waveform to be reproduced next, so that
this storage area is reproduced after completion of
reproduction of waveforms in the currently reproduced and

25 already reserved storage areas. Then, at step S580, another
output buffer than the one so far used as the buffer X is
cleared and newly set as the output buffer X for preparing a

waveform for the next to-be-reproduced section.



Once the cal cul ati ons have been conpleted, the reserving registration is
carried out, so that the corresponding 25 wavef orm sanpl es are sounded.
The wavef orm sanpl e cal cul ati ons may be performed collectively for each
ti.me section, rather than in response to occurrence of each input data. In
such a case, a trigger - 36 - signal may preferably be generated to
advance the cal cul ating point in accordaage-with the nunber of input data.
In another nodification, each tine section between the predeterm ned
calculating points may be divided into "n" equal 5 parts so that the
wavef orm sanpl e dd ciihet | cvErend p&imer nb@sat NPkt e¥9hl s2EBLVEdpoRli nPeo

the "n" parts, and a reserving registration may be nade souyndi ng_of
t one wavef oFRLSHAPLARIf oPOHRE t3%re d@é@t“l“&?ephagtha%'%e%ees{ﬂ%np?é el Y°PBr ned
in the last "n"th _calculation. 1 . As . nentioned earlier i n._qQrder
to generat @ePEFRESTs m%eFVQ?n withouts et%ef)ggfa fie TardUra I}Sngb%%)?ﬁt s
are generat ed %%r%E%Qeternined I ntervals and a predeterm ned nunber of tone
waveforn1sa?8fés are formed collectively through arithnetic operations, or

wher e tge wav ef OanfgS.arrﬁ!le is a flowchart of the waveform forming
calculation process performed in the note-on, note-off and
tone generator processes. For this process, a waveform
calculating time range is preset as previously mentioned.
Namely, where the present program flow is executed during the
10 MIDI data reception process such as the note-on process, the
waveform calculating time range corresponds to the above-
mentioned partial waveform, but where the present program flow
is executed during the tone generator process, the waveform
calculating time range corresponds to the waveform samples for
15 an uncalculated section in the buffer X. Because the
calculations are performed in the calculating order determined
by the preceding execution of the tone generator process, no
new calculating order across the channels is determined at the
time of MIDi data reception. Wﬁenever a new note-on event
20 occurs and is assigned to a specific one of the channels, the
" specific channel is placed first (given a first turn) in the
calculating order and the turn of each of the other channels

is moved down by one.
First, at step S600, calculating preparations are made
25 for a first waveform sample of the channel placed first in
the calculating order. The calculating preparations include
setting carious data such as a last read address, values and

states (attack, release, etc.) of various envelopes EG and



15 cal cul ations are executed in response to occurrence of each input

data, the predeterm ned nunber of tone waveform sanpl es nust be supplied
before formation of the preceding tone waveform sanple is conpleted. As the
cal culating point for a specific tone waveform 20 sanple, such a point is
designated, on the basis of a tine point when formation of preceding tone
wavef orm sanples is ended (end tine poi-na8of the precedi ng tone waveform
sanple), which is earlier than a prescribed end tinme point by the tine
necessary for conpleting fornmation of a waveform Because the 25 ng tinme
poi nt is idumiug of BYOt A epoessihdexFARGILELORE PRHAL 19?‘3%@9(15%‘33‘? 5? Bhe

i e sect | oRTRES THRAPAN BRELAERTS o, e CICl ubl 28Fd OPRRLAH LT | T,
oo baaLR ey oo ngL o e geRan (e ([ baghg'

on the tim agd,Wien LRgCRbd BLLRGHRehNOrAPENS" TRL OFPLaIet ectdid. thile
npl es W present non-uni form del ays depending on

the resgect iv\éq.qu[ eﬁéi,onstt_»i Ad9to form samples of LFO, FEG (filter

envelope) and AEG (amplitude envelope) waveforms. The LFO

waveform is added to the "F" number, FEG waveform and AEG

waveform necessary for calculations of the designated time

range, in order to modulate the respective data. For each of

10 the tone generating channels designated as tone deadening

channels, a damping AEG waveform is calculated as a tone

volume EG rapidly decaying within the time range.

Subsequently, at step S620, F number is repetitively

added to the last read address used as an initial value, so

15 as to generate read addresses for individual samples within

the time range. Also, waveform data are read out from the

waveform storage region WD in the tone color.data area on the

basis of the integer portion of the read addresses, and an

interpolation is made between the read-out waveform samples

20 on the basis of the decimal portion of the read addresses soO

as to form all interpolated samples within the. time range.

For example, if the timer range corresponds to a time for 100

samples, 100 samples are formed collectively by the operation

of this step. Because, in the operation for the plural

25 samples within the +time range, the F number addition

corresponding to the read address and interpolation are

performed as an integral series of operations, the read

address needs to be read into the CPU register only once, so



Wjen the cal cul ating points are generated on the basis of such

non-uni formy del ayed end tinme point, correct cal culating points can not be
obtained. In particular, if the 10 cal cul ating points are generated on
the basis of greatly delayed timng, a total time |ength between the
calculation start and the supply of waveformdata is substantially
shortened, so that the nunber of sinultaggously generated tones is
tenporarily reduced. 15 The tone generating nmethod i n accordance
with the fifth enbodinment is contenplated to provide a solution of such an
i nconveni enthatAdber dinupassing spdad earbdes newbstantigly 1inepeagednas
menory a plurality of tinme points when a change in the state 20 of the
reproducti o® sbdedieon (DVA) 9 was detected in the past, and by averaging the

stored time points, the CPU 1 predicts a tine point_whep such.a change wl|l
be det ect ed nextFQ§ﬁhﬁ¥¢rﬁ¥;ﬁ¥9§c§§§9¢iﬁ%epb?ﬁ?r F7te oﬁﬁ@P}ﬁsanﬁséPage
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point. IN porformed on the basis of the above-mentioned FEG waveform.
At next step S640, an amplitude controlling operation is
performed on the filtered samples so as to control the
amplitudes of the samples on the basis of the above-mentioned
10 AEG (amplitude envelope) and tone volume data, and then an
accumulative writing operation is performed to add the
resultant amplitude-controlled samples to the corresponding
samples stored in the output buffer X for the designated
channels. Because, in this process, the amplitude control, and
15 addition to the corresponding samples in the output buffer X
are performed successively, it is possible to minimize the
number of necessary sample loadings into the CPU register and
hence significantly increase the processing speed.
The sample forming operations of steps S620 to S640 are
20 performed basically to form all the samples within the
predetermined +time range, but those samples having
sufficiently lowered AEG waveform level and hence sufficiently
lowered tone volume as a result of the volume EG waveform
calculatibns of step S610 are excluded from the further
25 calculations, and accordingly +the amount of necessary
operations can be reduced. Particularly, sufficient decay may
often be attained halfway in the predetermined time range, in

the case of the tone generating channels having generated a



-.38 - this

non-uni formty thereof,

cal cul ating
form ng ope

rat her than
trigger sig

way, the detected end tine points are averaged to reduce

point is effectively uniform zed in such a manner that tone

rations are 5 perforned in a stabilized nmanner. The waveform
sanpl e cal cul ations nmay be perfornmed collectively for each tinme section,
I n response to occurrence af spach input data. In such a case,
nal may preferably be generated to advance the cal culating 10

poi nt in accordance wi th the nunmber of input data. | n_anot her
nodi fi cat i odampiagc AEG wavefoam iigh respopas tq hHeherderignathen el Gehti ng
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be divided into "n
cess is perforned at intervals corresponding to the

equal parts so that the waveform form ng
n nll

nmet as set above I n conneciion e first
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Fig. 6 1s a flowhart of a main routine carried out by

process is to be continued and whether the waveform sample
calculations should be discontinued. The timely supply of the

waveform within the time limit means herein that the DMA 9

currently reproducing previously formed waveform samples from

10

15

20

25

the specific storage area can prepare succeeding waveform
samples in a new area of the buffer X and reserve the new
area of the buffer X for subsequent reproduction before the
reproduction of the previously formed waveform samples from
the specific storage area is completed. If it is determined
at step S650 that the waveform will not be supplied in time
and the calculations should not be continued further, then the
waveform sample calculations are discontinued at step S670 and
the waveform calculating process ends.

If it is determined at step S650 that the calculations
may be continued, a further determination is made at step S660
as to whether the waveform sample calculations have been
completed for all of the designated channels. In answered in
the negative, a first waveform sample in the tone generating
channel placed next in the calculating order (given the next
calculating turn) is designated at step S680 and preparations
are made for calculating waveform samples in that next
channel. Upon completion of éuch preparations, the CPU 1

reverts to step S610 so as to repeat the operations of steps

and thus the operating period allocated for each

a



the CPU 1. Upon start of the main routine, an initialization

process is

executed at step S10, where the tiner 4 and DVA 9 25 are set to
respective initial states, all the tone generating channels are cleared,
and tone col or data and waveform data, etc. are prepared. Then, the CPU 1
nbves to step S20 where a keyboard process is executed to process input

data fromthe - 39 - keyboard 6. At _ngxt_step S30, a M DI
executed for operations corresponding to an input MDI event.

process is
Further, a

tone generator process is executed at step S40 for perform ng the waveform
sanpl e cal c8ba0i &os SHAOf diom ttdvat whesfrmIm sahpl Hxis way, , thedopehations

necessary processes are executed at step S50. After step S50,

the routine

| oops back of stepssgﬁlﬂotpeﬁéﬁﬂtavelyepetiﬁiﬁelﬁeP%Fﬁ@é@%@sf@¥ %l%thSZO
to S50 as nentioned above in a constant |oop. These processes e
per f or ned sﬂﬁﬁFSEREGGsIVOVﬁtrQQB&RﬁR¥Qﬂﬁ shaRR6LRer tRfeFyY ol roﬁ?%n1by

use of a nultitask techn
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accumulatively added at step S640 to the corresponding samples

stored in the buffer X.

When it is determined at step S660 that the waveform
sample calculations have been completed for all of the
designated channels, this waveform calculating process ends.
Thus, a predetermined number of accumulated values of the
formed waveform samples corresponding to the time range have
now been newly stored for all of the designated channels.

When the waveform sample calculations are discontinued
at step S670 on the basis of the affirmative determination at
step S650, the predetermined number of accumulated values of
the formed waveform samples corresponding to the time range
have now been newly stored for each of the designated
channels.

For each of the channels having the calculating turn
later than the discontinuation of the calculations, no
waveform sample formation is effected, and as the result, the
tone having been generated through the -channel will be
deadened. However, because those channels generating less
important tones are given later turns in the calculating order
at step §530, adverse effects occurring from the
discontinuation can be minimized. The channel register CH is

set at step S670 in such a manner that the channels thus

e 5



15 process is executed with priority over any other processes. Upon start
of the M DI reception interrupt process, the MD event data received
through the interface 5 is read into the tone generating device at step
S100 and witten at step S11 into the above-described i nput buffer al ong
with the 20 occurrence or reception tinme of the data, and then the CPU 1
returns to one of the processes in the_ngpn routine that was being executed
when the interrupt signal was given. In this manner, each received M DI
event data is witten into the input buffer along with the reception tine.
25 Fegcleded dromovidiearcaldtlaticns ngematint dnl tife tteneddbajenadss
executed at step S30 in the main routine. First, the CPU 1 checks the input
buf fer at stepdtbpon gHEnatinstansl SQ@IPI‘ | Rews c eReENsE ORh Ofhdthe Heaveferm
buffer contains, any recejved - data still unprocessed or

uncal cul at e§orming ?ﬂ%?%l?glaﬂypﬁﬂﬁﬁﬁﬁulated recei ved data in the input

buf f d 210, t di th
contont o of the TRCHPBLCRES] ECS J PHVT LR O oo Rrah Soabing,
hat 155 | fcbiiguigerlyegrdalas isnakgca@eav‘a@t s%a&,ass%e SF e 4050 18 St eP

S230 to execute a note-0On process;
process flowcharted in Fig. 934, the operatlon of step S350 is

performed upon termination of this process, and then the note-
on process ends. In the case where the above-described
waveform forming calculation process is executed at step S430

10 of the note-off process flowcharted in Fig. 9B, the operation
of step S440 is performed upon termination of this process,
and then the note-off process ends. Further, in the case
where the above-described waveform forming calculation process
is executed at step S550 of the note-off process flowcharted

15 in ‘Fig. 10, the operations of steps 8560 to S580 are
performed upon termination of this forming process, and then
the tone generator process ends.

These note-on, note-off and tone generator processes are
repeated cyclically in the constant loop of the main routine

20 of Fig. 6, so that waveform samples are formed sequentially
for subsequent audible reproduction.

It should be obvious that in the tone generating method
of the present invention, those steps processing data
independent from each other, such as the step of instructing

25 generation of a plurality of tones and the step of instructing
a start of waveform sample calculations at predetermined time
intervals, may be performed in any optional order rather than

in the above-described order.



received data is note-off event data, the CPU 1 goes to step S240 to
execute a note-off process; and if the received data is other data, the CPU
1 goes to step S250 to perform other 10 process. Upon conpletion of one
of the processes at step S220, the M DI process ends. In the event that
there is no uncal cul ated received data in the input buffer as determ ned at
step S210, the M DI process ends i medi-aggly w thout the follow ng
operations being executed. 15 Fig. 9Ais a flowhart of the note-on
process executed at step S230 in the M DI process when the received data is
not e-on event datPurthein,staceerding toadbe toae,gepexrariog, methodi oF 4he
occurrence tinme of the note-on event in the input buffer e loaded _[nto
not e number PTRSERE t yilnvembiens r eReTAFions eregyesteds JFomN 2POWRLT and

"TM'. Then, at ,step S310,_the note nunper "NN' is assigned.,t n f _the
channel s an@PPid ISQﬁﬁﬂﬁﬁewﬁlQ¢k9 dhe %aﬁﬂﬁ?g?g F8§5%88F9 8’ a

ggfpgg:o Oﬂgrﬁgyzg»%% %‘E{aﬁ%éd" {.\%ilf%%xége{ﬁ\?ttaln P 704 he E:B%Ef%%t EQkmiaL2

e note nu elocity L™ are set I'n

one of he elaunla il Shibcedd! Of 1 nfls abbgea! Ghd Gridie aBpnaehcaufber
[ The thus-set tone control data are tone formng data (other data of
Fig. 4) derigssdarePhagesst ikdnPite & ghme, communication or office work
processing software.

The tone generating method of the present invention has

been described above as a program executed by the tone
i0 generating device shown in Fig. 1. Alternatively, the tone
generating method of the present invention may be implemented
on a general-purpose computer based on an operating system
(0S) such as "Windows" commercially available from Microsoft
Corporation, U.S.A., as a single application program in
15 parallel with another application program.

With the present invention having been described so far,
the preparations in each channel need to be made only once
for formation of a plurality of waveform samples, thus
achieving substantial reduction in overheads. This enhances

20 the quality of generated tones and permits an increase in the
number of channels capable of simultaneously generating tones.

Further, by controlling the waveform sample calculations
to take place each time a MIDI event is input, the
"calculations can be performed in a dispersed manner and it is

25 possible to prevent the number of generated tones from being
undesirably reduced by the initial tone forming operations.

In addition, with the arrangement that the performance

information input or read-in operation is executed at the time



- .41 - data of Fig. 2, corresponding to the M DI channel having received
the note-on event data, in accordance with the val ues of the note nunber
"NN' and velocity "VEL". Here, waveform designating data in the tone
formng data is obtained by 5 reading out the pitch range waveform
designating data, of the tone color data of Fig. 2, corresponding to the
note nunber "NN', and the read-out desi-ggating data specifies any one of
wavef orm data WD1 to WDn. After the setting of the tone control data, a
note-on flag for channel "i" is set or put up 10 at step S330.
Ther eaf t er , ofhecGRurénpecetdde perfpepasgeoinfopaatbem and keper 6PREFeLni ng
cal cul ation process. In this case, the waveformform ng cal cul ati on process
i s perforne@rt0W§HP€9F&tefgﬁﬁﬁFégnfdPa%ﬁﬂuﬁEhléﬁth€&agéﬁP oPeFﬁQrWBSE?orm
to be witten 15 i.n the nowwritahl e outpu%ﬁbuffer X

[

t hus- cal cul PEQTPRH LR 1RadBrIHFeds 18 PRLB STERPE Fﬁ8°859§3gnﬁgg%8rt§?e?he
Capabie of BUPHgo. SPEuTaraqrs, et ERithy it Slsdd potle g HhBhntecEES

capabl e of edor Torne nme poi nt new recei ved

data.iSBdetQ%%ﬁdtahe§F%& aéégfggmanEE-einfwgﬁgtﬁgﬁepEEEHrQEnEQe daha be

confirned). e parti al veformto be fornmed here is uncal cul ated

wavef or m saglspe i RithiR PEI& Odimad 0l thatossmporare iridiabd ahn the
processing amounts can be effectively avoided.

Next, with reference to Figs. 13 to 25B, a description
will be made hereinbelow about an embodiment according to a

10 second aspect of the present invention.

In this embodiment, a general-purpose operating system,
on which application programs such as sequencer and game
software are operable, is caused to operate on a multitask
management program, and a software tone generator is caused

15 to operate under the control of the multitask management
program rather than an application program. By virtue of such
an arrangement, the software tone generator is allowed to
reliably work at time intervals necessary for real-time
processing, and while no processing is being executed in the

20 software tone generator, the general-purpose operating system
is allowed to operate so that the application program is
executed on the operating system.

In practicing the second-aspect embodiment, there may be
employed a tone generating device comprising a hardware setup

25 as shown in Fig. 1, or a tone generating device comprising a
hardware setup as shown in Fig. 19. In the following

description, the embodiment will be described on the

assumption that the tone generating device of Fig. 19 is



recei ved note-on event, and a waveformthat should start being sounded in

response to the note-on event is not included in 25 the current waveform
but included in a waveformto be forned |ater, as will be detailed |ater

relation to Fig.

11. The operations at steps S340 and S350 correspond to

in

t he waveform cal cul ati ons of waveform sanples A, A2 or the |ike - 42 -
described earlier inrelation to Fig. 1255At step S350, the working area of

t he channel
generation

regi ster for the channel nunber "i" is initialized for tone

on the basis of the tone control data having been set for the
channel nung®Ployeds at the above-nentioned step S320. This working area

stores therein current val uyes of addressd?nd vqii us .envel opes urrent
h&Y &%Fé %553%

status, current V& UEt9of 1dn ORHRARANGS

Rt §reape

forming & veyhormiol gachokhe SISl iR 0hs OhPLRRESpuRlfioRk.

conpl etion

| “on process.

initializatign proc in s%?r% I Qiti EﬁéZiﬁ}%ﬁ@r at | PEg Al e di such

as initial setting o t address to t current waveformread address,
generat 5on Qfs-amtif11YUARSFesaNCEPORILREL OF Iy Nal e nyhaer iMNinkDLAEa!
setting of the LFO filter EG tone

10

15
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an input terminal 34 attached to a CODEC device 32 for
inputting an external analog audio signal and that sound data
is exchanged via the CODEC device 32 between a bus 35 of the
CPU 1 and the sound system 11 or the input terminal 34. The
CODEC device 32 contains a D/A converter (DAC) or an A/D
converter (ADC). In response to each sampling clock pulse,
digital tone waveform data formed via processing by the CPU
1 is supplied to the D/A converter via the bus 35 so that the
supplied waveform data is converted into an analog signal to
be fed to the sound system 11. Analog audio signal is input
to the A/D converter via the input terminal 34 so that the
supplied audio signal is converted into digital data to be fed
to the bus 35. Such an analog audio signal inputting
function of the input terminal 34 and analog-to-digital
converting function are advantageously utilized when tone
generator waveform data is to be sampled from the outside and
stored in internal memory. The devices of Figs. 1 and 19 may
both be provided with an optional peripheral storage device
such as a floppy disk drive, CD-ROM drive or MO (Magneto
Optical Disk) drive. For example, a recording medium (such
as a floppy'disk or CD) storing programs for implementing the
embodiment of the present invention may be set in the

peripheral storage device so that any of the programs is read



15 volunme EG interpolating operation and filter operation. This
i-nitialization process takes a considerable calculating tinme as nentioned
earlier. Fig. 9B is a flowhart of the note-off process executed at step
S240 in the M D process when the received data is 20 not e- of f event
data. First, as step $S400, the note nunber and occurrence tinme of the
note-of f event stored in the input buffeggare | oaded into the note nunber
and occurrence tinme registers as "NN' and "TM'. Then, at step S410, one of
the tone generating channels CH currently soundi ng note nunber NN 25 S
identified ant bnd tramsfermedbsiaotthehbusddht itbi shechandeflisk Boanethent o
t he channel nunber register as "i". After that, the note-on flag_for t he
"i" channel RAM Bufogowmrosagdee $berginast efhsnzobyakhet RBUnAYEXSFHELBENTRE

43 - calculation process is perforned at step S430, in a simlar nner to
t he above- mPFCIER *s‘P@pPBSﬁgr,‘ti FypeREtoR cF%’glkteulpé:Pé’Wf’gl ¢ QFEB%VEFM m

sanples (Pl o'auelond) plitagloud i, LRS! Shlipiaecus sage. {1

buffer ¥ et B al 4 18 Fréfl 688 st 2bh18PBLRDoEA. OF

Fig. 13 is a block diagram illustrating a setup of

software modules in the embodiment, where for simplicity of

illustration, there are only shown sections relating to audio

signal processing that requires real-time data processing;

10 i.e., sections relating to processing of the software tone
generator and waveform data.

As shown, a group of application programs including tone

generator (T. G.) mixer controlling software 30, MIDI

sequencer software 31, game software or the like 13 and

15 waveform reproducing software 14 are situated in the top

layer. Below the application programs, there are situated a

group of system programs including: an interface 15 through

which the application programs can utilize various services

provided by the system program group; a tone generator (T. G.)

20 MIDI driver 16 functioning as a MIDI tone generator driver to

form a tone generator (T. G.) task 20 as will be later

described; a wave input/output driver 17 having a function to

open a wave input/output device; an interface between the tone

generator MIDI driver 16 and wave input/output driver 17 and

25 a kernel (Ring 0); and an external MIDI driver 25. These

programs are executed when a processor is in a user mode

(Ring 3).

The system software group further includes a task



"i-" channel at step S440. 1In the release start operation, respective
states of various envelopes for the "i" channel contained in the working
area are rewitten so as to change 10 the tone formng state in the
channel into the release state. Next, with reference to Fig. 10, a
description will be made about a detailed flowchart of the tone generator
process executed at step S40 in the mainsvouti ne. First, at step S500,

t he reproducing state of the reproduction section (DVA) 15 9 is checked
at step S50Q.. If the DVMA 9 has advanced to a next to-be-reproduced
section, th8iepatehgredds othextoreegensratop task 28t atwaveprtask| 2hpsato

.10 f I , at
o efiet or i NEARERMFRRS 1 £oqudhoy LT oL CORPEIGRE oPE: he a98a80 off he
| ' ' . U . | i t -0
carpl o6 to PHEERukEnfSr s8] bEGeBEnals Winchaln Qe e Tl fRke
vavef or m SagBhearkioN bherdeahinabagerlon bPCablPy % AGEED! StAokRSer YAk ON
d%C . ce

fromthe CPU 1 designating another area to be repro

reprodustioa CopHte dPived! 2a¢di NBhasEa pRAFYrAREN HUPLREEG tedB VMR Mhe
sanpl es of the next area thus reserved are simlarly read out one by one by

the DVA 9 apdoseappobreidlst dnt hekBAhelOmbae @Rdingl ©)reproduction. The
advancenent of the DVMA 9 to a next to-be- _

The task dispatcher 19 is a module for performing
control such that a task to be performed next is selected
from among a plurality of ready tasks (processes) and then

10 actually performed by the processor. In the present
invention, the task dispatcher 19 performs task scheduling
based on a so-called preemptive method (complete multitask
method).

As will be later described more fully, the tone

15 generator task 20 is created by the tone generator MIDI driver
16 and provides a waveform table synthesizing function and a
tone color control processing function for designated channels
(32 channels at the maximum) on the basis of tone controlling
parameters TGPARA supplied from the MIDI driver 16. Further,

20 the wave task 21 and mixer task 22 are created in
correspondence with a wave input/output device that is opened
by fhe wave input/output driver 17. Reference numeral 26
represents a CODEC circuit including A/D and D/A converters
for inputting and outputting waveform data, and 27 represents

25 a MIDI interface (MIDI I/0). Although not specifically shown,
the system program group further includes disk drivers, memory

managing program, file system, user interface, etc. which are

generally contained in a general-purpose operating system.



- .44 - reproduced section neans herein that after conpletion of the
r-eproducti on of a specific area designated |last as the to-be- reproduced
section, the DVMA 9 has noved to another specific area reserved as a next

t - be-reproduced section. 1In this 5 case, the specific areas of the RAM 3
are reproduced in the order in which they were reserved. Then, at step
S510, tinme when such an advancenent w Id sge-det ect ed next (next advancenent
detection tine) is predicted on the basis of the tinme of the current and 10
previ ous advancenent detections, and a tine point that is a predeterm ned
time before the piestctwithicreterence it Figdebtgnat d8sgsipgtient will be

cal cul ati ng point. The next advancenent detection tggi?na

b [ d
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the occyrrenne 2l 14NG defsshlon Ahddcaddvaneaemic due 4 oqdiliber engas in
the respective operating step positions and states, so that the advancenent
detection tidRpredNc N Withedpraldetetmificdor priiybsrity order, the task
dispatcher 19 selects one of the ready tasks from the queue
for which processing is to be initiated, and the selected task
is placed in a "running" state. In this state, once a time
10 slice interrupt is generated from a timer or the like, the
running task is interrupted and again placed in the "ready"
state and put in a queue. Then, the task dispatcher 19
selects one of the tasks from the queue for which processing
is to be initiated next, and controls such that the selected
15 task is executed. |
Therefore, even when a specific task is running, the
task is interrupted compulsorily by a time slice interrupt or
the like that is generated at a predetermined frequency. By
giving the tone generator task 20 higher priority, the tone
20 generator task 20 can be executed reliably at predetermined
time intervals. Other tasks such as the wave task 21
requiring real-time processing can be executed in a similar
manner on a general-purpose computer. In addition, whenever
no real-time processing is not being performed, a general-
25 purpose operating system can operate as a single task and thus -
an application program operating on the operating system can
be executed in parallel with the real-time processing.

Once an instruction awaiting occurrence of a particular



Therefore, the cal cul ations of the approximting function involve an
operation to average the non-uniformdetection 25 times. The
above-nentioned "predeternmined tinme" before the predicted detection tinme is
a-tinme allocated for formng a tone waveform and depends on the anmount of

necessary - 45 - arithnmetic operations for the waveform formation as
determ ned by a desired nunber of tones g be generated, desired quality of
the arithnetic operations, etc. The I ength of the "predetermned tine"

may be fixed, or may be variably set via 5 a user's selection on _the

keyboard 6 Gveak sweh &f |13 SHEDox RENPULNStRUGHHRR ¢bF sexeaubedt iBide

nore si mul taneously running prg&&gns. Then, at step, S520 rison is
[

made bet weef Fﬁ@khéﬂ:FﬂQQﬁRQn ﬁxﬁ?ﬁkeﬂﬁi?}ﬁp%%r+%n? ?PﬁggggaﬁcﬁFéﬁeby
Lhe 10, 5" Bl el A 4 £°REPHRUBHAC, Dbl sl bUFriBRaor
o T s, Bl ger e RGLELACT ot SLEPRATAL S0BA0 1T
soundi ng chanpgalsy»skeulkd and put in a queue. Subsequently, when an EXIT
or DELETE instruction is executed, the task is placed in a
"terminated" state.
With the above-mentioned arrangement, the tone generator
MIDI driver 16, tone generator task 20, CODEC driver 24 and
10 CODEC circuit 26 cooperate to realize the software +tone
generator of the present invention.
The tone generator MIDI driver 16 is activated when a
MIDI signal is input from the MIDI sequencer software 12 or
the like via the interface 15. Once activated, the tone
15 generator MIDI driQer 16 performs processing such as a note-on
process, note-off process, program change, control change,
system-exclusive process or the like, depending on the MIDI
signal input. In the case of a note-on event, the tone
generator MIDI driver 16 assigns a new tone to one of the
20 channels of the tone generator task 20 functioning as a tone
generator and prepares tone controlling parameters and note-on
data to be set in the assigned or designated channel. The
tone controlling parameters are parameters obtained by
processing parameters of tone colors, selected for individual
25 MIDI channels, ih accordance with a note number and
performance touch accompanying the note-on event. The

prepared tone controlling parameters are forwarded to tone

generator registers in the tone generator task 20 when the



15 undergo the waveform sanple calculations later at step S550 to form
waveformdata for a plurality of sanples for each of the currently soundi ng
channels. That is, at step S530, the calculating order is set in such a
manner that the maveforn1sanple cal cul ations are 20 per f or med
sequentially froma nusi cal Iy significant tone or tone which would present
a significant nusical inconvenience if _dggdened or nuffled at that nonent.
Then, at step Sb540, it is ascertained whet her the waveform sanpl e
calculations for all the currently soundi ng channel s can be conpl eted

within 25 task @fetier matdvadsdoul ating tine (i.e., the predeternined tine
described in relation to step S510). I f answered in the negative, one or
nore tone gener atihfy éﬁﬁﬁheﬁ§nﬂ¥§§9rthéaﬁkveﬂgrnpéﬁine vavetiram ofdbdee to

be perfornmed | | at er t han_any other _channel s are desi gnated
as channel s S¥fk %?‘?stl&ﬁé‘gl s %%‘%%adﬁ%d PP¥ne feadéni ng‘adﬁ};ﬁﬁ?el s 350 8t hat

e grount 9 RCHIMSLL, MRS BORGE LD & gR0stel Dot e

wavef or m sanp I ons e curren Ing C anhe S can

be conpket eqny thigh e 1F§ %Q%:ﬁfé%é@df&@'éét’:ﬁtffﬁné | 0Fme Tih SrB5P6HSS 8

detail ed processing in the
a waveform data request from an output device comprising the

CODEC driver 24 and CODEC circuit 26. The tone generator

task 20 receives an external audio input and executes a

reverberation process on the external audio input and waveform

10 table synthesizing data formed thereby, so as to provide a
resultant audio waveform to the output device.

Fig. 15 is an equivalent circuit diagram illustrating

overall processing in the tone generator task 20, where 41

represents a waveform table synthesizing process for any of

15 32 channels, broken-line block 42 represents an external-

stereo-audio-signal input process, and 43 represents a

reverberation process. Further, 44 represents a waveform data

memory, 50 an interpolation operation section, 51 and 65 data

converting sections, and 52, 53 and 54 multiplier sections.

20 55 represents a data converting section which receives stereo-

audio input signals expressed in integer data form and

converts the received data into data expressed in floating-

point form and then outputs left-channel signal L, right-

channel signal R and a signal indicative of the sum of the

25 left- and right-signals L + R. Further, 56, 57, 59 and 62

represent adder sections, 58 and 64 adder sections for

interleaving data, 60, 61, 63, 66 and 67 buffers, and 65 a

data converting section for converting data expressed in



above-nentioned third enbodi nrent of the tone generating nethod. At step
S550, the waveform sanpl e cal cul ations are 10 actual Iy perforned.
Specifically, wuncalcul ated waveform sanples are calculated and witten
into the currently avail abl e output buffer X so that the buffer X is filled
with the cal cul ated wavef orm data and thus gets ready for tone generation.
Thi s operation corresponds to the formatigan-of 15 waveform A3 or the |like
as described earlier in relation to Fig. 12. Each sanple witten in the
filled-up output buffer X is then subjected to a | owpass filtering

oper ati on atfladprgsaPint Ko ¥endvta heghressedehbyintagencAasat Koray-r om
20 Follow ng this, the ogutput buffer X storing the | owpass filtered

wavef or m i s T eFherearavdiy dppytassignabcitp; P&t sregtiaded s otha HaF8f orm
to b duced t t.hat _Lhi t i dyced aft, .
corp et  on SPHNEH GHL ERGFIGT RAVBFBI Sifete oog FEHEI Y10 SPEBLESToHIE 25

I d h t " t, Qutf
fhan the ondot e, Sae G, it Favford! BReTpdiodl Kl el 1, Y™
out put Buf f gheX flife RERAS ABgutvais M Lor the next to-be-reproduced

secti on.

Whereas the conventional hardware tone generators form
waveform data for each sample and subject it +to D/A
conversion, the software tone generator and audio input/output
of the present invention process waveform data frame by frame.
10 The term "frame” as used herein is a basic unit of a given
process, and the software tone generator and audio
input/output of the present invention allocate a buffer area
for a predetermined number of samples corresponding to a
reproduction period of about 5 ms and use it as a frame. The
15 size of this buffer depends on a waveform calculating
frequency (sampling frequency). In Fig. 15, each of the
buffers 60, 61, 63, 66 and 67 has a capacity of one frame.
Further, in Fig. 15, thick-line arrows each represent
32-bit da'ta expressed in floating-point form, while thin-line
20 arrows each represent 16-bit integer data. Each of the
buffers 60, 61, 63 denoted in a thick-line rectangular block
is provided for storing the 32-bit data expressed in floating-
point form, and each of the buffers 66 and 67 denoted in a
thin-line rectangular block is provided for storing the 16-bit
25 integral data. |
In the CPU employed in this system, floating-point
multiplications can be performed more rapidly than integer

multiplications, and thus signal processing is effected in



- 47 - If the current tinme has not yet arrived at the cal cul ating point as
determ ned at step S520, the tone generator process ends w thout the other

operations being perforned. 5 Fig. 11 is a flowhart of the
waveform formng cal cul ation process performed in the note-on, note-off
and tone generator processes. For this process, a waveform cal cul ating

time range i s preset as previously nenLj%BFg. Nanel y, where the present
program flow is executed during the 10 DI data reception process such
- as the note-on process, the waveform cal culating time range corresponds to
t he above- Mfwatimgdpoeimt formawbénever bpdsstisle. t Howavesenbepaageamokitow
I s executed during the tone generator process, the waveform cal cul ating

ti me range &dr ridwpomzeforn hdatvaystoradsanpltde fuavelform adatmcoenorwt 4
section in the buffer X Because the calculations are perforned in the
cal cul at i ng 3Fed& it SM9ARF Hrthe Prectubagrekatien opperathent saetion

ot or mi ned 20 PREeERRoRGE CRP LR R AR HC LB P B Ao as B 58 GAt8vent
20 noFBTS GBI SR 058 BBRGpLS MIS HloliRaehopictEtn speell e
the turn of 1636 @4 bR gl BBint"20BBesentation, in order to reduce
necessary execution time.
The waveform table synthesizing process 41 basically
comprises waveform interpolation and gain adjustment.
10 Waveform data read out from the waveform data memory 44 are
interpolated by the interpolation operation section 50 using
pitch information supplied from the tone generator'MiDI driver
16, and each of the resultant interpoiated data is converted
by the data converting section 51 into floating-point
15 representation. The output from the converting section 51 is
passed to three output channels, i.e., divided into left-
channel signal L, right-channel signal R and reverberation
input signal L + R, which are the delivered to the respecfive
multiplier sections 52, 53 and 54 +to be multiplied by volume
20 information supplied from the tone generator MIDI driver 16;
the volume information is data obtained by multiplying tone
volume envelope signal of the individual tone generating
channels by levels of the three output channels. The waveform
data output from the individual tone generating channels are
25 added together via the adder sections 56, 57 and 62 to which
are also supplied, from the data converting section 55, the
left-channel signal L, right-channel signal R and sum of the

left- and right-channel signals L + R of the external



I's nmoved down by one. First, at step S600, cal culating preparations are
made 25 for a first waveform sanple of the channel placed first in the
cal cul ating order. The cal cul ating preparations include setting carious
data such as a | ast read address, values and states (attack, release, etc.)

of various envel opes EG and - 48 - value of LFO in accessible conditions
and | oading these data into internal regiggters of the CPU 1 for immedi ate
use in calcul ations. Then, at step S610, waveform sanple

calculations are performed on the LFO, filter G and tone 5 volume EG so
as to formS¥@psIceausiio |imput Fslgnals) t sesprediypdy .-and'nEs (Bhel pddes
envel ope) wavefarns. The LFO waveformis added to the_ "F' nunber, FEG

wavef or m anPREGRE e?Or mide L aPy M= cEheuMAveHiaE o dath @&siahht &Beti me
Goner at i ng. CRERRES G o FSHET e ShERRS L ANRHS S Pk ng AEG
s ecancib Y88y AR08 HRLATSAEC AR ey 6 AR 5y gl

last regd ad@iRedy Y8l BRYBbUfHd) Fo YAHUSRYR Yegister 61, respectively,

and the output data from the adder section 62 is stored into

a reverberation (REV) buffer 63. The "L + R" data thus

stored in the reverberation buffer 63 is passed to the

reverberation process 43 for reverberation operations. The

10 resultant reverberated data (reverberated sound data) is

subjected to gain control independently for the left and right

channels L and R and then added to the data stored in the

buffers 60 and 61, respectively. After that, the reverberated

data is further converted by the data converting section 65

15 into integer form and supplied, as audio output data, to a

D/A converter of the CODEC circuit 26 via the buffers 66 and

67.

Processing timing of these operations will be explained

with reference to Fig. 16, where the horizontal axis is a

20 time axis, and [A] above the time axis represents processing

in the tone generator MIDI driver 16 while [B] below the

time axis represents processing in the tone generator task 20.

Further, in Fig. 16, first and second lines from the bottom

represent input/output audio data streams, and "audio input

25 device” is a waveform data input routine for receiving and

converting into digital form waveform data suppiied from the

CODEC circuit 26 while "audio output device” is a waveform

data output routine for converting into analog form and



15 as to generate read addresses for individual sanmples within the tine
range. Al so, waveform data are read out fromthe waveform storage regi on WD
in the tone color data area on the basis of the integer portion of the read
addresses, and an interpolation is made between the read-out waveform
sanpl es 20 on the basis of the decinmal portion of the read addresses so

as to formall interpolated sanples w thga the tine range. For exanple, if
the tinmer range corresponds to a tine for 100 sanples, 100 sanples are
formed collectively by the operation of this step. Because, in the

oper ati on f outpu&tingr wavegorms dapeedo (hehiCRPECheincudt 26ange, the F
nunber addition corresponding to the read address and interpol ation are
performed as an iTﬂeeg?ﬁgi§%rilE%°‘QﬁS%‘H{9r atPonthe t REesERY FHF ﬁé‘é’gjsb?o be
(o2 00 L1 SR 03t Rk OBTor marpptior, s P B B T8 e
R e e A e R L
perforngd op 4ReiRISiE he! BRoBRAKCHFERhEORBHFEENURYEEL MIDI driver 16
activated by a MIDI signal given as a time interrupt signal,
during which conversion from the MIDI signal into the tone
controlling parameters is executed. This process of the tone
generator MIDI driver 16 is, however, given the third or
10 lowest priority when the MIDI signal is received directly from
the application program rather than as a timer interrupt. The
second priority is given to the tone generator task 20, which
is activated by a READY message from an audio input/ocutput
buffer (i.e., an OUTPUT READY message generated from the audio
15 output device when it requests next data, or an INPUT READY
message generated from the audio input device when it is ready
to send data), a TG PARA RECEIVED message generated from the
tone generator MIDI driver 16 when sending new tone
controlling parameters message, or a WAVE LOAD REQUEST message
20 generated from the tone generator MIDI driver 16 when loading
waveform data. The MIDI sequencer software and other
application programs are given the lowest priority.
In processing [B] in the tone generator task 20 of Fig.
16, data processing for one frame comprises operations for:
25 (1) reading input audio data; (2) processing tone controlling
parameters; (3) forming waveforms for 32 channels; (4)

effecting compulsory damping if necessary; (5) sending a tone

generator status; (6) performing reverberation calculations;



At- next step S640, an anplitude controlling operation is perforned on the
ftltered sanples so as to control the anplitudes of the sanples on the
basi s of the above-nentioned 10 AEG (anplitude envel ope) and tone vol une
data, and then an accumul ative witing operation is perforned to add the
resul tant anplitude-controlled sanples to the correspondi ng sanpl es stored
in the output buffer X for the designhategshannels. Because, in this
process, the anplitude control and 15 addition to the correspondi ng
sanples in the output buffer X are perforned successively, it is possible
to minimze 8k h'ﬁgbeﬁo%faﬁi’éié&s@??as@@pl audbadiovwfputntdatae CF‘lﬁfr%ﬁar
and hence significantly increase the processing speed. The sa e formng
operati ons SPHBFLSH2EPLVTEAEOLP & UI%Q%PREHaE&QPCE?:f')ﬂ?&hPBPﬁ#&I I

t he sanpl es redetern@

navi ng. Sut 30 ey (2SR lfien,  FeotfORF aecen PR EPUnERY &
Lone £ D SR, S O U S AL bk B
accor di Bgl y nddafy s AP ¢l cudh t 108ECH3 A1 Yn8P B & I dsL RN ohE- frame
Particularly, sufficient decay nmay often be attained halfway 1n the
predet er m nggbrtiic® I ARYTiekwNoFhEheaseiof 14 N d S IR A PHE SHRA NS an
havi ng generated a
uncertain operation last of all the operations, and therefore
the present system is arranged to start the processing with
the item (5) operation rather than the item (1) operation.
10 The item (5) to item (7) operations are designed as a
series of operations which is activated by the OUTPUT READY
message from the audio output device. Once the OUTPUT READY
message is received and the tone generator task 20 is
activated, a tone generator status (TG STATUS) indicative of
15 an operational status of the task 20 is sent to the tone
generator MIDI driver 16 in the item (5) operation in order
to invoke a CALL BACK function of the MIDI driver 16. 1In the
CALL BACK function, the tone generator MIDI driver 16 reads
the TG STATUS and sets, into tone generator registers of the
20 tone generator task 20, tone forming parameters TG PARA
including tone controlling parameters and note-on signal
prepared for the task 20. Then, the tone generator task 20
initiates the reverberation calculations at item (6), where
reverberation calculations are performed using the waveform
25 data stored in the buffer 63 and the resultant calculated data
are added into the buffers 60 and 61 each having one-frame

capacity. After that, the tone generator task 20 initiates

the audio data output operation of item (7) above, where the



- -50 - danpi ng AEG waveformin response to the designation of step S540.
Then, at step S650, a determination is made as to whether or not the

waveformwi ||l be supplied to the DMA 9 5 wthinthe time limt if the
wavef orm form ng cal cul ati on process is to be continued and whet her the

wavef orm sanpl e cal cul ati ons shoul d be discontinued. The tinely supply of

the waveformwi thin the time |imt meansglgecein that the DVA 9 currently
reproduci ng previously forned wavef orm sanples from 10 the specific

storage area can prepare succeedi ng waveform sanples in a new area of the

buf fer X andaveferyedate searadeinotheBRBUfBUffer @) andh PRYRebuffer 61
reproduction before the reproduction of the previously fornmed waveform

sanpl es frofEhEosyested. 8ty gpe-frane|wa Btdata Yo be deldwesed tod 15

t st S65Q.that the waveformw. || not_be supplied_in tine and the
cal oul at on%hghgct}f?‘ﬁ%\tl\gﬁ:évﬁﬁht i TSR f u’flP‘heF‘?BEﬁ%n ofh EhfvapeF Rt Lanp| és

cal cul ation qu hé&pntinued at step S670 and the waveform cal cul ating
process end?é n%t I'S deternmined at step S650 that the cal cul ations 20

R s AR R et

desi gnat ed obemaelion bF dArwLI(@d ivhich is activated by the INPUT READY

message. Because, in effect, the input data has got ready

before the output data as shown in Fig. 16, the item (1)

operation is called following the item (7) operation. In the

10 audio input operation, one-frame input data are read in from
the audio input device or wave input/output driver 17.

Finally, the item (2) to item (4) operations are

performed as a series of operations which is activated by a

message acknowledging receipt of the tone forming parameters

15 TG PARA. Because, in effect, the tone forming parameters TG

PARA have been received prior to the item (6) operation, these

item (2) to item (4) operations are activated following the

item (1) operation. In the item (2) operation, the tone

forming parameters TG PARA including tone controlling

20 parameters and note-on signal stored in the tone generator

registers by the tone generator MIDI driver 16 are interpreted

and converted into waveform calculating data. Then, in the

item (3) operation, the waveform forming calculation process

is performed for any of the 32 channels. The waveform

25 forming calculation process is effected by, for each of the

designated channels, reading out the waveform data while

advancing the read address of the waveform data memory 44 at

a rate corresponding to the pitch of tone to be generated,

t he



the negative, a first waveformsanple in the tone generating channel placed
next in the calculating order (given the next 25 calculating turn) is
designated at step S680 and preparations are made for cal cul ating waveform
sdnpl es in that next channel. Upon conpl etion of such preparations, the
CPU 1 reverts to step S610 so as to repeat the operations of steps. - 51
- S610 to S640 for that channel. In thisgway, the operations of steps S610
to S660 are repetitively performed for all the designated tone generating
channel s, and every tinme the operations are perforned for one of .the
channel s, tHamnpedating betweeansabpe egdag-aute pampieerdated dndrethenge
are accurml atively added at step S640 to the correspondi ng sanpl es stored

in the buff &%CLuting, tepe; gO&B{ner GPAEECAtOR e Jevrennaka ek dateebor the

I | cul_at.i ons,. have been |l efed for_all of the 10 desi gnat ed
iﬁgﬁngl ga E’?’\ﬁa\f’eﬁ o‘F‘f‘r]re‘b“é‘F cﬁ?g?gﬁﬁtb?ﬁcﬁgg effs .8 TIRRS ¥o}rBecLBVRILARE

nunber of aq %@al at ff.ﬂev | ues of th formed wavef or sarrp es correspondl ng
ran

to the tine have nSVveb%%rﬁtﬁ% ° e (ﬁhea Bgdsitgnitght
channel . VgRnhRe W@Wﬁ&?rfé§éﬂﬂgfé€fﬁ§ugﬁghﬂgi irQ-qisqg éﬁéh&éntly of

each other, and the one-frame volume-controlled waveform data
for the three channels are added into the respective buffers
60, 61 and 63.
.The processing for the frame in question is terminated
10 by completion of the item (3) operation, and then the general-
purpose operating system is caused to operate until the next
OUTPUT READY message. As shown in part (b), even when the
next OUTPUT READY message is received, the waveform forming
calculation process is compulsorily discontinued if the item
15 (3) waveform formation is not completed, and at this time, the
compulsory damping is effected for uncalculated channels so
as to prevent occurrence of unwanted click noise. According
to the embodiment, the waveform calculating operation for any
of the 32 channels is performed sequentially for the
20 designated channels, starting with a specific one of the
channels which, for example, is currently sounding a tone of
relatively high level that will thus exert appreciable effects
if compulsorily discontinued in the above-mentioned manner.
When, during execution of the tone generator task 20, a
25 MIDI event is generated by a timer interrupt of higher
priority, the control is compulsorily shifted tp the tone
generator MIDI driver 16, and operations corresponding to the

MIDI event are performed as shown in part [A] of Fig. 16, in



15 at step S670 on the basis of the affirmative determ nation at step
$650, the predeterm ned nunber of accunul ated val ues of the fornmed waveform
sanpl es corresponding to the time range have now been newly stored for each
of the designated channels. 20 For each of the channels having the
Calculating turn later than the discontinuation of the calcul ations, no
waveform sanple formation is effected, -agpgl -as the result, the tone having

been generated through the channel will be deadened. However, because
t hose channel s generating less 25 inportant tones are given | ater turns
in the cal cohaehecenmeenge ofisgyersiyPI evenisr ig depicted bydempvard

from the discontinuation can be mnim zed. The channel register CHis set
at step S678°FA"Such a manner that the channels thus - 52 - excl uded
fromthe cal cul a%l,l gns_grenmi n_in, t he tqne- deadened, condi t Mely %venii?nal?%de

after next executlon %]?OY%Em%\%vJe R SRR naéxclgfgﬁPﬁt i 67° prc?_cesg _
Cose e, HiF bR Spdep e R Satiegd ol Bt g 0cer
operatign oigat 8RaS3BA.I S
First, this tone generator task 20 is generated at step
100 of Fig. 17, and the generated tone generator task 20 is
placed in a SLEEP state at step 101. The tone generator task
20 placed in the SLEEP state is awaken by occurrence of an
10 event, such as reception of a message, into a READY state,
and when thé task 20 in the READY state is dispatched by the
task dispatcher, the program proceeds to step 102 in order to
determine the event. That is, it is determined at step 102
whether the event is (a) a READY message from the audio
15 input/output device, (b) a WAVE LOAD request from fhe tone
generator MIDI driver 16, or (c) a acknowledging message of
the parameters TG PARA from the MIDI driver 16.
If the event is the READY message from the audio
input/output device as determined at step 102, the program
20 branches to step 103, where a further determination is made
as to whether the message is an OUTPUT READY from the audio
output device or an INPUT READY message from the audio input
device. If the message is the OUTPUT READY from the audio
output device, a trigger flag is set to "1", and a TG STATUS
25 is transmitted to the MIDI driver 16 at step 104 (item (5)
operation of Fig. 16) --the trigger flag is set to "O" when
the item (3) waveform forming calculations are terminated and

set to "1" when an OUTPUT READY message is received--. Then,



performed upon term nation of this process, and then the note- on process
~ends. In the case where the above-descri bed waveform form ng cal cul ati on
process is executed at step S430 10 of the note-off process flowcharted
in Fig. 9B, the operation of step S440 is perfornmed upon termn nation of
this process, and then the note-off process ends. Further, in the case
where the above-descri bed waveform foraigg cal cul ati on process i s executed
at step S550 of the note-off process flowharted 15 in Fig. 10, the
operations of steps S560 to S580 are perfornmed upon term nation of this
form ng protbsstemA®o hdit inderrminet edhedy shessevprkerahian ebfecthn,

note-of f and tane generatorBErocesses are repeated cyclically in the

constant |ob® BN PRePdi-n rBhidpewered ir ghg sffirgatiye @& &G Ll es
f d tially f t I, bl ducti.on. Lt_sh b
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intervals, may be performed in any optional order rather than in the
above- descrybeRo@t Gérforming the operation of step 107. Audio data is
output at step 108 (item (7) operation of Fig. 16), and the
program reverts to step 101 to get back the SLEEP state.
If the event is the INPUT READY message from the audio
10 input device as determined at step 103, the program proceeds
to step 109 to ascertain the state of the trigger flag. If
the trigger flag is at "1", the program goes to step 110 to
read in the audio input data (item (1) operation of Fig. 16)
and then reverts to step 101 to get back the SLEEP state. If
15 the trigger flag is at "0" as determined at step 109, the
program reverts to step 101 to get back the SLEEP state. As
previously mentioned, the trigger flag is set to "0" when the
item (3) waveform forming calculations are terminated and set
to "1" when the OUTPUT READY message is received. Thus, by
20 ascertaining the cﬁrrent state of the trigger flag at step
'109, control can be made to prevent processing on the INPUT
READY message from being performed prior to processing on the
OUTPUT READY message. If the event is the WAVE LOAD request
from the tone generator MIDI driver 16 as determined at step
25 102, the program proceeds to step 111 to read in and store
the waveform data into memory and then reverts to step 101 to
get back the SLEEP state. The WAVE LOAD request is a message

generated from the MIDI driver 16 for initialization of the



- 53 - Further, according to the tone generating nethod of the present

| Aventi on, operations requested from another application software,
iicluding a tone formng instruction, may be perforned utilizing idle times
id the waveformformng 5 calcul ation process. In this case, the other

application software may for exanple be gane, communication or office work
processing software. The tone generatingagethod of the present invention
has been descri bed above as a program executed by the tone 10 generati ng
device shown in Fig. 1. Alternatively, the tone generating nethod of the
present i nvé?ﬂ‘}%rgerfﬁ?%"éni nﬁﬂ%ﬁéﬂ&Fo“Fﬁ% BdfRer al - pur pose conputer based on

an operating syst such as "W ndows" comercially available from
M crosoft Cor poraﬁno%,gs{l VRNt s, thag ackppyiedding messags | Pfisthe

[1el w | ely! ogram_Wth,th resent jnvention
Eg\r/?ngebe\gntd%é?é% gdg gef g?‘ﬁklt R B‘?%%%’-F‘%W% saFnsgzﬁg’he@ nn‘léﬁené’?ﬁgtrﬁmbe
d I t Lo ralj v S S, .thus,
Rhi eviny StroceRds Vel b28nbhed PHUL St F1dR UL PR e il S 10

ual i tysof grigicrmRE (R ahaNEbie! Sbhréin i r@@f&é{bw @Uﬁkﬁix gbt i
ghannel s capabl e of sinmultaneously generatirgl% ones. Furtaﬁer, y o
control | i ng tihiee tomeegenaratt ecgdlsterat b§N¥he MIDI driver 16 (item (1)

operation of Fig. 16). More specifically, tone generator

controlling parameters, such as waveform data memory address,

pitch information, EG (envelope) parameters, panning data and

10 LFO controlling data, are determined from the received tone

controlling parameters TG PARA. Then, the program moves to

step 113 to determine whether the current state is TG EXIT.

- With an affirmative determination, the task is terminated at

step 116; with a negative determination, the program goes to

15 step 114, where the waveform forming calculation process is

performed for the designated channels (32 channels at the

maximum) (item (3) operation of Fig. 16), as will be described

in more fully with reference to Figs. 18A and 18B. After the

waveform forming.calculation process of step 114, the program

20 proceeds to step 115 to reset the trigger flag to "O" and
then reverts to step 101 to get back the SLEEP state.

With reference to Figs. 18A and 18B, the waveform
forming calculation process performed at the above-mentioned
step 114 will be described hereinbelow in greater detail.

25 Upon start of the waveform forming calculation process at step
200, it is first determined at step 201 whether there has
occurred any new Key-on data. If there is new key-on data as

determined at step 201, the program goes to step 202 to



to take place each tine a M D event is input, the calcul ations can be
performed in a dispersed manner and it is 25 possi ble to prevent the
nunber of generated tones from being undesirably reduced by the initial
ton& forming operations. In addition, with the arrangenent that the
performance information input or read-in operation is executed at the tine
- 54 - of occurrence of the performance Lnjprimation, and tone control or
wavef orm formati on based on thée read-in performance information is included
in main steps executed in idle tinmes during the read-in operation,

i ncreased procedstegmimeurthe acabocuhatinge axfdeger 661 ribec etoneéorgansm@ting
occurrence can be dispersed within idle tinmes, so that tenporary increase
in the procesehagneh®unt Bhianipdegause  the calikriong uay gGanekiges dee
to Figs. 13 to 25B, a description will be made herei nbel Qqw about

enbodi nent  actHFEPRERELYE PR TR HAY alfedieshonsse preddift QHWBH%P&?FAQ%

t hi nbodi t | - at i t whi.ch | icaty
programs. sucH SEUSEh BR cBPP ARG B85t Phia B PEPSRe S S idienF (T
operate on a pULLILASK SROAGETEhRECHLID n3RH BohphElase peddre ey .2 oy 1 S

caused
the following description and in the figures, "C" represents

the number of tone generating channels counted by the channel
register.

After this step 202, or if there is no new key-on data

10 as defermined at the preceding step 201, the program proceeds

to step 203, where the counter i for counting the number of

the channels for which the waveform forming calculation

process has been performed is set to "0", and the smaller of

the number of the channels C and the number of channels R

15 permitted to simultaneously generate tones is set as a

variable_vNum. .The variable vNum is a variable indicating the

number of the channels for which the calculations are to be

performed. After that, the program proceeds to step 204 in

order to determine whether the counted value of the counter

20 i is smaller than the variable vNum. If answered in the

negative, i.e., if the counted wvalue of the counter i is

equivalent to or greater than the variable vNum, the waveform
forming calculation process is terminated at step 209.

If answered in the affirmative, i.e., if the counted

25 value of the counter i is smaller than the wvariable vNum as

determined at step 204, the program proceeds to step 205 to

- further determine whether there has occurred an OUTPUT READY

request. With an affirmative determination, the program goes



15~ to operate under the control of the multitask managenent program

rat her than an application program By virtue of such an arrangenent, the
sof fware tone generator is allowed to reliably work at time intervals
necessary for real-tinme processing, and while no processing is being
executed in the 20 software tone generator, the general-purpose operating
systemis allowed to operate so that the ggplication programis executed on
the operating system In practicing the second-aspect enbodi ment, there nmay
be enpl oyed a tone generating device conpr|3|ng a hardware setup 25 as
shown in Fig.tol sf@p 206orte ghfact ithe ¢ompud seah AasPA#da ORa tOREr élgé\lat}ﬁ as
shown in Fig. In the follow ng description, the enbodi ment

descri bed on Q%etlé%sﬁhﬁm"ﬁﬁ Fﬁ‘éf’-)t elﬁ‘he‘@)en@?ﬁ??ﬁbo’aeﬂfcglﬁ F]r%) 191|fs
- 55 - enpl oyed ments de ote t efer
charact ers a?nrsﬁ’q;letﬁf ’%‘hﬁgﬁ ?ﬁg éﬁ'ﬁ At f d?s(g%'e "ﬁc’f’?gﬁ °5§' ?ﬁgming
oot e 2 i Epcoal LS SODPUAIBY e Recshmmhe b £ denity
CODEC dey ce 5% fQlg will be described in detail with reference to Fig.
18B. After the compulsory damping of step 206 or the
waveform forming calculation process of step 207, the program
proceeds to step 208 to increment the number i and then
reverts to step 204 so as to répeat the operations of steps
10 204 to 208 for the next channel i + 1.
A detail of the waveform forming calculation process for
each chammel will be described with reference to Fig. 18B.
This waveform forming calculation process forms waveform data
for one sample for "i" channel through a series of operations
15 of steps 211 to 218. Thus, waveform data for a plurality of
samples are formed by repeating these operations. Upon start
of the waveform forming calculation process at step 210,
necessary waveform data for one interpolated sample are read
out from the waveform data memory in accordance with the
20 integer portion of the read addresses (readPtr) already
calculated at step 214 in the last execution of the waveform
forming calculation process, and interpolating calculations
are made between the read-out waveform data in accordance with
the decimal portions of the addresses, so that one
25 interpolated sample is formed. At next step 212, a
calculation is made of the volume levels of data to be added
into the DRYL buffer 60, DRYR buffer 61 and REV buffer 63.

This volume level calculation is effected by adding parameters



\}hputting an external analog audio signal and that sound data is exchanged
via the CODEC device 32 between a bus 35 of the CPU 1 and the sound system
11 or the input terminal 34, The 10 CODEC device 32 contains a DA
converter (DAC) or an A D-converter (ADC). In response to each sanpling

cl ock pul se, digital tone waveform data formed via processing by the CPU 1
I's supplied to the D/A converter via thggbus 35 so that the supplied

wavef or m dat a is/converted into an anal og signal to 15 be fed to the
sound system 11.” Analog audio signal is input to the A/D converter via the
i nput t er niafaltone yelumg: epwelongphEGd ‘@de'%hgﬂ%uvqls aedvdatden AW
digital data to be feg to the bus 35 nal o d|o s
i nputti ng PAES ¥PlMRe ?’FﬁSutancderm‘ﬁall%”f na'FIBg n?Gls

vaver o m s EfiEE: . i RE PR A {Fé‘?ﬁgesﬁﬁgﬁ%gagﬁﬁﬁe 18veir
memory. Thegleyhgegg i R lop%;cégﬂﬁa S Ch otk bpBRATRL onal

peri pheral 'storage eV|ce suc Ve 0

(Magnetso 25 ntdRd1Ged) ddda dr hNE- thEOhd@%%ﬁ@f%aﬁidﬂﬁ¥HéUIEb”Eﬂéu%héﬁUCh
as a floppy disk or CD) storing prograns for inplenenting the enbodi nent of
t he presentaddadEintd tHRY fespeRitive s feard .pheral storage device so that
any of the prograns is read

After that, the program proceeds to step 214 to create

a new read address readPtr for reading the waveform data
memory 44 by adding the "F" number (pitch information). By
10 thus incrementing the read address readPtr at a rate
corresponding to the F number, a waveform having a pitch
corresponding to the F number will be read out from the
waveform data memory (waveform table). In this case, if the
F number has a decimal portion, finer pitch control can be
15 achieved. Then, the program proceeds to step 215 to update
the tone volume envelope AEG. At next step 216, a
determinafion is made as to whether the updated tone wvolume
or amplitude envelope AEG is smaller than a predetermined key-
off level. If answered in the negative at step 216, the
20 prograin proceeds to step 217 to ﬁpdate the LFO and then goes
to step 218 to execute a smoothing operation on the tone
volume parameter VOL and panning parameter PAN (i.e.,
interpolating operation). Details of these steps 215, 217 and
218 will be described later. At next step 219, it is
25 determined whether there is still any other sample to be
formed, i.e., whether formation of one-frame waveform samples
for the channel in question has not yet been completed. With

an affirmative determination at step 219, i.e., if there is



=56 - out and transferred via the bus 35 to the hard disk 8 or the RAM 3
for storage therein. Then, by the CPU 1 executing the program the present
i nvention can be practlced in accordance with a desired program In the
il'lustrated exanples of Figs. 5 1 and 19, a CD-ROM drive 33 is provided for
this purpose. Fig. 13 is a block diagramillustrating a setup of software
nmodul es in the enbodi ment, where for si-nphicity of illustration, there are
only shown sections relating to audio signal processing that requires

real -tinme data Eroce53|ng, ., sections relating to processing of

the sof t war 8ttdhe 35¥n StREST Sé\ﬂll’l\lﬁam drem frEned,, ?st?mg%ﬁlgrwrﬁbﬁ to
[ [ t m xer contro
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utilize various services provid e syStem programgro ‘oné
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driver to forma tone generator (T. G) task 20 as w ater” descri bed;
a wave i npubfostgpt 207i ¥er tKehéhbﬁﬁei.funCtlon to

If, on the other hand, the updated tone volume value is
smaller than the predetermined key-off level as determined at
step 216, the program goes to step 220 so as to execute a
10 key-off process to place that channel in a tone deadening
state. At next step 221, the program terminates the waveform
forming calculation process of step 207 for the channel.
The above-mentioned envelope and LFO waveforms will be
explained with reference to Figs. 252 and 25B. Fig. 25A
15 shows a typical example of the envelope (EG) waveform which
comprises an attack, decay, sustain and release segments.
More specifically, once a key-on event occurs, the waveform
amplitude rises rapidly to a maximum level (EGMAXlevel) with
an attack rate (ATKrate) slope (attack segment), decrease from
20 the maximum level to a sustain 1eve1. with a decay rate
(DCrate) slope (decay segment), and then keeps a constant
sustain level (SUSlevel) for a given time (sustain segment).
Upon receipt of key-off event dada, the waveform amplitude
attenuates with a release rate (RLSrate) slope. Then, once
25 the amplitude reaches a key-off level inaudible to human ears,
it is attenuated rapidly at a damp rate (DMPrate) to prevent
unwanted click noise.

The LFO (Low Frequency Oscillator) waveform is used to

SBOTRs 5 nemp -,



open a wave input/output device; an interface between the tone generator

M DI driver 16 and wave input/output driver 17 and 25 a kernel (Ring 0);
and an external MD driver 25. These prograns are executed when a
processor is in a user node (Ring 3). The system software group further

I ncl udes a task - 57 - dispatcher 19, the tone generator task 20, a wave
task 21, a mxer task 22, a library 23_cpsnri sed of a group of subroutines
for perform ng mxing, division and sanple rate conversion or format
conversion of audio signal streans, and 5 a CODEC driver 24. These
prograns ar @bEréputtedvareforne fpﬁodm&atﬂsng naa tonenevavederf Ramg,0)in The
t ask dlspatcher 19 is a nodule for performng control such_ that a task to

be perfor ne@ERERE, |%ss%H§§ﬁ¥RP?h(ﬂﬁ%ﬁn&iy%ﬁgbpﬂr&Fpt936¥°¢e%%§e¥@$msd bY
o et o At od a0 P58 My PSSR0
2S00 013 8. FALASHRTEACTRASHS L SRIEL S S P o,
5 the necessary modulatlng waveform such as a sine wave can be
obtained.
These EG waveform and LFO waveform change much more
slowly than the tone waveform sampling cycle. Whereas, in the
waveform forming calculations shown in Fig. 18B for the "i"
10 channel, the amplitude EG and LFO are updated (steps 215 and
217) and interpolating operation of volume and panning values
are executed (step 218) for each sample, these calculations
may be performed once for every plurality of sampling cycles
rather than for each sampling cycle> because the EG waveform
15 and LFO waveform change much more slowly than the tone
waveform sampling cycle as mentioned. By so doing, it is
allowed to reduce the amount of necessary calculations for the
waveform formation.
In Fig. 20, there is shown a modified embodiment of the
20 waveform forming calculation process for the "i" channel,
which performs the above-mentioned amplitude EG and LFO
updating and volume and panning parameter interpolations once
for every eight samples. However, it should be understood
that the frequency of these operations need not necessarily
25 be performed once for every eight samples and any optimum
frequency may be selected depending on the processing speed

or load of the CPU. Upon start of the waveform forming

calculation process for the "i" channel at step 231 in Fig.



15 generator task 20 is created by the tone generator M DI driver 16 and
provi des a waveformtabl e synthesizing function and a tone color control
processing function for designated channels (32 channels at the maxi nun) on
t he basis of tone controlling paraneters TGPARA supplied fromthe M D
driver 16. Further, 20 the wave task 21 and mxer task 22 are
created in correspondence with a wave-ipput/ out put device that is opened
by the wave input/output driver 17. Reference nuneral 26 represents a
CODEC circuit including AAD and DJA converters for inputting and outputting
wavef or m da8; arePyrteridskon somting gamplest dsf sesetveol "7 @t stemough
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accordance with predeteriined priority order, the task

levels already calculated at step 250 in the last execution

of the calculation process are multiplied by the corresponding

interpolated data, and the multiplication results are added

into the buffers of the corresponding channels. After that,

10 the program proceeds to step 234 to create a new read address
for reading fhe waveform data memory.

Then, at step 235, a determination is made as to whether

the counted value of the counter SN is "O" or a multiple of

"8". If answered in the affirmative at step 235, it means

15 that the EG and LFO calculations are to be performed on the

current sample, and thus the program proceeds fo step 236 to

update the amplitude EG (AEG) and then to step 237. If, on

the other hand, the counted value of the counter SN is not

"0" or a multiple of "8", the program proceeds to step 237

20 without updating the AEG. At step 237, it 4is further

determined whether the current AEG value is smaller than the

key-off level. If answered in the negative, the program

proceeds to step 238 to further determine, similarly to step

235, whether the EG and LFO calculations are to be performed

25 on the current sample. If the determination is in the

affirmative at step 238, the LFO is updated at step 239 and

interpolating operation is performed on the volume and panning

parameters at step 240, and then the volume levels of the



di'spat cher 19 selects one of the ready tasks fromthe queue for which
processing is to be initiated, and the selected task is placed in a

runni ng" state. In this state, once a tinme 10 slice interrupt is
génerated froma tiner or the like, the running task is interrupted and
again placed in the "ready" state and put in a queue. Then, the task

di spatcher 19 selects one of the tasks_f#em the queue for which processing
is to be initiated next, and controls such that the selected 15 task is
executed. Therefore, even when a specific task is running, the task is

i nt er r upt eddabapolfs dhid ythneen chamneals care nupdatpd et sltepl i24d .t haThese
generated at a predeterm ned frquency. By giving the tone generator task
20 hi gher pPPBFatjonsheompletey theyamvetformt foxmatiennfhs &he pwerent
reliably at predeterm_ned tine intervals. O her tasks such as the wave
task 21 req8fPPHE- r 88F- thRePFPETERsPRES AR BEeBxéfdted in a sinilar nanner

| - [ . ddi t | | -1i
brocessing i s nok ToEPRUoRER brnbhe BeaakEra SEoH5E YRR AR E st em
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formation for the current sample has been completed, and the

program goes to step 242. At step 242, a determination is
made as to whether the waveform forming calculation process

10 has been completed for all the samples, i.e., whether there
is any other sample to be processed, the above-mentioned
operations at and after step 232 are repeated after
incrementing the sample counter SN by one.

If the current AEG value is smaller than the Kkey-off

15 level as determined at the above-mentioned step 237, the
program branches to a key-off process of step 244, where the
waveform amplitude is attenuated rapidly at a damp rate of
Fig. 25A so that the waveform forming process is completed for
the "i" channel.

20 According to the modified embodiment of Fig. 20, the AEG
and LFO updating operations of steps 236 and 239, volume and
panning value interpolating operation of step 240, and volume
level calculations of step 241 are executed once for every
eight samples, with the result that the calculating loads of

25 the CPU can be substantially lessened as compared to the
embodiment shown in Figs. 18A and 18B.

In Fig. 20, there is shown another modified embodiment

of the waveform forming calculation process for the "i"



-’59 - event such as a SLEEP or PEND instruction is executed while a task
S running, this task is placed in a "blocked" state and another task is
di. spat ched. Then, when the particular event occurs, the "bl ocked" task is
again placed in the 5 "ready" state and put in a queue. Subsequently,
when an EXIT or DELETE instruction is executed, the task is placed in a
"term nated" state. Wth the above-nmenti d8ed arrangenent, the tone
generator M DI driver 16, tone generator task 20, CODEC driver 24 and 10
CODEC circuit 26 cooperate to realize the software tone generator of the

present i nvEREPBRL, THReTS2PEERELGRB oM THeRE i3Ad tP5208 8EE| FhecBaWReRSa
M DI si | .[S I f he M DI f 1 the |ik [
the i nterrathose of SRe Hboveapentionas: srerts 25 ncm 228r 1n did 1 40r 16
f Lk - te-of f pr ogyr.am
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M DI driver 16 assigns a new tone to one of the 20 channel's o e tone

generatgr tasie?8sf YRSt 68 BBe 28b8vE ORENTESREA! 8L PNER D] ERd ESpdPA€ions

controlling paraneters and note-on data to be set 1n the assigned or

desi gnat ed ofiamtelps ThE to 273 are the same as those of the above-
mentioned steps 242 to 244. Thus, detailed contents of these
steps in Fig. 21 will not be described here to avoid
unnecessary duplication.

10 According to the modified embodiment of Fig. 21, if it
is determined at step 265 that the current sample is not to
be subjected to the EG and LFO calculations, the program jumps
to step 270 to further determine whether the current AEG value
is smaller than the key-off level. If, on the other hand,

15 the current sample is to be subjected to the EG and LFO
calculations as determined at step 265, AEG and LFO updating
operations of steps 266 and 267, volume and panning wvalue
interpolating operation of step 268, and volume level
calculations of step 269 are executed in secession.

20 That is, in contrast to the embodiment of Fig. 20 where
the AEG updating operation of step 236 is performed separately
from the LFO updating operation of step 239, wvolume and
panning parameter interpolating operation of step 240 and
volume level calculations of step 241 and it is determined

25 after the AEG updating operation whether the current AEG value
is smaller than the key-off level, the embodiment of Fig. 21

is arranged in such a manner that these operations are

performed collectively or successively and the AEG value



tone controlling paraneters are paraneters obtai ned by processing

paranmeters of tone colors, selected for individual 25 M DI channels, in
accordance with a note nunber and perfornmance touch acconpanying the
note-on event. The prepared tone controlling paranmeters are forwarded

to tone generator registers in the tone generator task 20 when the - 60

- task 20 is activated. The tone generatgg task 20 has a waveformtable
synt hesi zi ng function for any of 32 channels and a reverberation function
of nmonaural input/stereo output, and 5 the task 20 is activated for each
frane time fatessppationcfol hpwefthesel sucoesfiss opesationsyt pdithesuck
conprising the CODEC driver 24 and CODEC circuit 26. The tone generator
task 20 recBPvBETERIEREBIENahEU GRS UARENENd O8kEC Pe SMPUNSFe (AferEhe JFPU
process on AReLELlchRah.auk LR 208 SRNELOTAD LAl e St hest 100
cutput, ot Sanofhl, By, 1) SRULEhED Sho SnShaRart LB Shist ke
wavef orgn t afy ens¥ghhesie) NAR" ngfﬁh'{:i)t} %[Péaoger than in the Fig. 20
embodiment.

Whereas these embodiments are arranged to reduce the
calculating amounts by performing the updating operations of
the AEG, LFO, etc. once for each predetermined plurality of

10 samples, whether or not the EG calculation should be effected
or not may be determined depending on which of the waveform
segments the current sample belongs to. For example, the EG
calculation may be effected only for samples in the attack and
decay segments, and the EG calculation may be omitted for

15 samples in the sustain segment because the samples in the
sustain segment are in a constant state. By thus omitting
the EG calculation, the necessary calculating frequency can
also be lowered.

Next, a detail of the AEG updating operation (step 215

20 of Fig. 18B, step 236 of Fig. 20 and step 266 of step 21)
will be described with reference to Fig. 22. Upon start of
the AEG updating operation, EG parameter (EGPARA), current
value of the amplitude EG (aeg) and performance touch
information (TOUCH) are read in at step 301. This EG

25 controlling information typically comprises respective
durations and target values (EGMAXlevel and SUSlevel) of the

individual waveform segments and attack rate (ATKrate), decay

rate (DCrate) and release rate (RLSrate) of a tone to be



15 32 channel s, broken-line block 42 represents an external -

st er eo- audi o- si gnal input process, and 43 represents a reverberation
process. Further, 44 represents a waveform data nmenory, 50 an interpol ation
gperation section, 51 and 65 data converting sections, and 52, 53 and 54
mul tiplier sections. 20 55 represents a data converting section which
receives stereo- audio input signals expgessed in integer data form and
converts the received data into data expressed in floating- point formand
then outputs |left-channel signal L, right- channel signal R and a signal

i ndi cative generatednthbropgh she chappelain AMgRtiSPgnals L + R Further,

56, 57, 59 and 62, represent adder secgtions, 58 and 64 adder sections for
i nterl eavi ng dati?egﬂ, et §5eBn %@7tﬁﬁf%?sae§ﬁam6§eg(ﬂﬁ%¥4ﬁﬁnﬁﬁ?ing
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circuit 26 or one sent fromthe waveform reproduci hg software
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generators form
release segment. If the current state is a key-on state, the

control proceeds to step 304, where it is further determine
whether the current segment is other than a sustain segment.
If answered in the negative at step 304, i.e., if the current
10 segment is a sustain segment, it means that the AEG is in a
constant state, and thus the AEG updating operation is
terminated immediately. If, on the other hand, the current
segment is other than a sustain segment as determined at step
304, the program proceeds to step 305 to effect the AEG
15 updating.

Since the present invention treats the EG value as an
integral number although the EG parameter such as a rate value
of each individual EG segment is stored in a real number, the
AEG updating is performed in the following manner. Namely,

20 settings are made in the embodiment such that: if £ > 0, m =
n+1l, and k = RATE / (n + 1); and if £ = 0, m = n, and k =
RATE / n = 1, where RATE represents a rate value of the
current segment, and n and f represent the integral and
decimal portions, respectively, of the rate value . By
25 accumulating the value "k", and adding integer wvalue "m" to
the current AEG value (aeg) each time the accumulated value
exceeds "1", the AEG is updated. By so doing, decimal round-

up value "m" can be added with a probability of RATE/m, and



wavef orm data for each sanple and subject it to D/A conversion, the

sof tware tone generator and audi o i nput/output of the present invention
process waveform data frane by frame. 10 The term "frame" as used herein
is a basic unit of a given process, and the software tone generator
and audio input/output of the present invention allocate a buffer area for
a predeterm ned nunber of sanples corresgpnding to a reproduction period of
about 5 ns and use it as a frane. The 15 size of this buffer depends
on a waveform cal cul ating frequency (sanpling frequency). In Fig. 15
each of thethisfésse@divelensg3tothenAES7 vadsien bedpar iupdadfedivy fadddng
Further, in Fig. 15, thick-line arrows each represent 32-bit data expressed
in floating”B6i(MATE /mmnt IRATE ta i ¥he xpurrent ARG setue ereskbnt 16- bit

i nt eger dat a. Each of the buffers 60, 61, 63 denoted in a thick-line
rectangul ar bl ock9i $PpFosPdedthEr vaLyei nk" t he added (2t teR 3R kP jap
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and thus si§8gbrmiRees6hNds! Raflf&E1ES biflether the current value stored
in the fraction register AEGFRA has become greater than "1".
With a negative determination, the AEG updating operation ends
without updating the current AEG wvalue. Once the current
10 value in the fraction register AEGFRA exceeds "1" and the
determination becomes affirmative at step 306, the program
proceeds to step 307, where m = (integer portion n + 1 of the
rate value of the current segment) is added to the current
AEG value (aeg) to obtain a new AEG value (aeg) and the new
15 AEG value is multiplied by the performance touch information
TOUCH so as to obtain a updated AEG value.
At next step 308, the value in the fraction register
AEGFRA is decremented by one to prepare for next execution of
the "k" accumulation, and then it is determined at step 309
20 whether the AEG wvalue (aeg) has reached the target value
(EGMAXlevel in the case of the attack segment and SUSlevel in
the case of the decay segment). If answered in the
affirmative at step 309, the program shifts to a next waveform
segment at step 310; otherwise, the AEG updating operation
25 ends without performing the operation of step 310.
Next, a detail of the LFO updating operation (step 217
of Fig. 18B, step 239 of Fig. 20 and step 267 of step 21)

will be described with reference to Fig. 23. Since the



62 - floating-point formwhenever possible. However, because nost of the
wavef orm data stored in the waveformdata nenory 44 are 8-bit integer data,
the interpolation operation section 50 effects multiplications in integer
ﬂdrnl and then the data 5 converting section 51 converts the resultant
multiplied data into floating-point representation, in order to reduce
necessary execution tinme. The waveform_t gble synthesizing process 41
basically conprises waveforminterpol ation and gai n adjustnent. 10

Wavef orm data read out fromthe waveform data nmenory 44 are interpol ated by
t he i nt er popaesentopareantiors etréabs SGhesiRP ppacamebéor ast iaon Supedral
fromthe tone generator MDI driver 16, and each of the resultant
interpolate&uﬂgﬁai@#%kﬁﬂ@hté65b§stﬁ$Q%%%.é@nﬁ%r??ﬁésﬁﬁwb%h,SPN%nEFO

fl oati ng-point 15 representation. . The_ output fromthe convertingﬂsection

51 i s passedPHEtiAPelS RRHIATRIA AN Priobablldity; gedcrhpEirest S1RALAREY
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nultiplyingphggg Vghuge(gg5§boggesgggaligi the individual tone generating
After that, similarly to the EG value, settings are made
such that: if £ > 0, m = n + 1, and k = LFOrate / (n + 1);
and if £f = 0, m = n, and k = LFOrate / n = 1, where LFOrate
10 represents the read-out LFO rate value, and n and f represent
the integral and decimal portions, respectively, of the rate
value. By accumulating the wvalue "k", and adding integer
value "m" to the current LFO value (lfop) each time the
accumulated value exceeds "1", the LFO value is updated.
15 To this end, the value "k" is added at step 322 into an
ifop fraction register LFOFRA. At next step 323, a
determination is made as to whether the current value stored
in the fraction register LFOFRA has become greater than "1".
With a negative determination, the LFO updating operation ends
20 withouf updating the current LFO wvalue. Once the current
value in the fraction register LFOFRA exceeds "1" and the
determination becomes affirmative at step 323, the program
proceeds to step 324, where m = (integer portion n + 1 of
LFOrate) is added to the current LFO value (lfop) to obtain
25 a new LFO value (lfop).
At next step 325, the value in the fraction register
LFOFRA is decremented by one to prepare for next execution of

the operations, and then it is determined at step 326 whether



cHannel s by levels of the three output channels. The waveform data out put
fromthe individual tone generating channels are 25 added together via

t he adder sections 56, 57 and 62 to which are al so suppli ed,

fromthe data

converting section 55, the |eft-channel signal L, right-channel signal R
and sumof the left- and right-channel signals L + R of the external

63 - stereo-audi o input signals, respectggely. Thus, the adder sections
56, 57 and 62 m x the waveformdata of all the channels with the external
stereo-audi o i nput signals. The output data fromthe adder sections 56 and
57 are 5  $her EHTTRPS DROLVBARPef 160PaAnboBRYRaFhgfstetasgetreapueti vEfy,

and t he out
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further converted by the data convérting section
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waveform is obtained by referring to a table or calculations
on the basis of the current LFO phase value (lfop).

A description has been give above about a preferred
embodiment of the method where LFO values of a sawtooth
waveform as shown in Fig. 25B are generated to be used as a
modulating or various modulating waveforms are generated on
the basis of such sawtooth waveform LFO values.
Alternativély, LFO values of a desired modulating waveform may
be obtained through other direct arithmetic operations or by
just sequentially referring to a predetermined modulating
waveform table.

Next, a detail of the volume and panning value
interpolating operation (step 218 of Fig. 18B, step 240 of
Fig. 20 and step 268 of step 21) will be described with
reference to Fig. 24. The volume and panning information is
set through the user's operation. | At step 331, it is
determined whether the current value of the volume information
(vol) has not yet reached a user-set target value. If the
current volume information value (vol) has reached the user-
set target value, a negative determination results at step
331, and the program goes to step 333; if the current volume
information value (vol) has not reached the user-set target

value, an affirmative determination results at step 331, and

or
n
S



15 into integer formand supplied, as audio output data, to a DJA
converter of the CODEC circuit 26 via the buffers 66 and 67. Processing
timng of these operations will be explained with reference to Fig. 16,
where the horizontal axis is a 20 time axis, and [A] above the tine axis
represents processing in the tone generator M DI driver 16 while [B] bel ow
the time axis represents processing in-tBe tone generator task 20. Further,
in Fig. 16, first and second lines fromthe bottom represent input/output
audi o data streans, and "audi o i nput 25 device" is a waveform data input
routine for théc ATAGTRMmngoesnker t PP 388 dbFqi espcatemanavinbenpdbation
supplied fromthe CODEC circuit 26 while "audi o output device" is a

vva\egf or m daPREGAEAER PEUHPReVPHIARERVE Satg The dndeapedatsinfata as negs -
out putting %Xef QLD data to the CODEC circuit 26. The entire processing in
t he present sysfiem Can be divided into three major processes in ternms of

riori ty i o the Broceel Sp%ndt4nc Betathifsh fphthat, She WEREEs ietueny

M D signal ogi ¥88 anfihgMnfrflatdln JgEd has not reached a user-set
target value. If the current pan information value (vol) has
reached the user-set target value, a negative determination
results at step 333, and the program terminates the
operations; if the current panning information value (pan) has
10 not reached the user-set target wvalue, an affirmative
determination results at step 333, and the program goes to
step 334 to execute an interpolation operation of the panning

data to set the interpolated data as new pan data.
While the embodiment has been described above as
15 activating the tone generator task 20 in response to the
OUTPUT READY message generated at the end of the one-frame
reproduction by the output driver, it may of course be
arranged differently. For example, the tone generator task
20 may be activated at an intermediate point in the one-frame
20 reproduction because the item (5) to item (7) operations can
be completed in a shorter time +than the one-frame time.
Further, in stead of the tone generator task 20 being
activated for each frame having a constant time length, the
task 20 may be activated at a time point when it is detected
25 that the waveform data set in the output driver has decreased

below a predetermined quantity.

Furthermore, the waveform calculating method of the

present invention may be implemented in not only a software



during which conversion fromthe MDI signal into the tone controlling
paraneters is executed. This process of the tone generator M DI driver 16
is, however, given the third or 10 | owest priority when the MDI signa
is received directly fromthe application programrather than as a tiner
interrupt. The second priority is given to the tone generator task 20,
which is activated by a READY nessage fr@g an audi o i nput/output buffer (
i.e., an QUTPUT READY nessage generated fromthe audio 15 out put devi ce
when it requests next data, or an | NPUT READY nessage generated fromthe
audi o i nput t@B¢i @engratan hut raksg 8o deddigadeda)tone mmmm@mnzq;me
nessage generated fromjihe tone generator MDI _driver 16 en sendi ng new
t one gon? r oPFPP@gSQr ﬂ%%épsa fronic pugdgal SRSTREPEEST ABstagRoDse

generated f e oeRa LM DL driver 16 when | oadi ng waveform
dat a. ThrgghnﬂltBP o?@%ﬁgncerbig'ﬁs\ﬁg €' and other application prograns are

gi ven the | oWest vleolilry. ERePr965sLiled lndd SRR ANGA! QF 185k 20

of Fig. 16, data processing one frame conpris operations for:

(1) readi ngrbpRBl AHILPoEA! Aath2hnl 85E88hAY1LOPRPEONAPLELAH BRLATELRES;
(3) form ng wavefornms for 32 channels; (4) effecting conpulsory danping if

necessary; f(hpeg€n8hngof toHe OSPEEARAT1 St aldpiit ( @aveForar "HR%a in an
reverberation cal cul ati ons;
intermediate stage of the waveform forming calculation process
may also be applied not only to a software tone generator but
also to a dedicated tone generating device provided within an

10 electronic musical instrument.

Furthermore, while the embodiment has been described as
performing the item (5), (6), (7), (1), (2) and (3) operations
sequentially in the mentioned order, these operations may be
performed in any other order.

15 In addition, the above-described waveform calculating
operation at item (3) may be divided into a plurality of
sections to be performed dividedly, rather than successively
as in the above-described embodiment.

Moreover, while the preferred embodiments have been

20 described as collectively executing tone assignment and
setting of the tone generator registers in the MIDI event
interrupt process, only the tone assignment may be executed
in the interrupt process, or the interrupt process may only
perform the operation to read the occurred MIDI event into

25 buffers. In this case, the tone assignment and setting of
the tone generator registers may be performed in the tone

generator processing rather than in the MIDI event interrupt

process. Alternatively, they may be performed in a timer



- 65 - and (7) forwarding data as audi o output data. O these operations,
the wavef orm cal cul ating operation for 32 channels at item (3) above
i nvol ves a heaviest |oad on the CPU and a greatest fluctuation, and hence
it is very likely that the 5 necessary calculations will not be conpleted
within one-frame period. In view of this, it is reasonabl e to perform such
an uncertain operation last of all the_oggrations, and therefore the
present systemis arranged to start the processing with the item (5)
operation rather than the item (1) operation. 10 _ _The item (5) to
item (7) opéPAETEHBTREOCRES GRReradeafsen the gbaysementdenethMERIi event
activated by the OQUTPUT READY nessage fromthe audi o out put device. Once
t he OUTPUT BYrHRE SBEECPESr ecei ved and the tone generatorfti;k 20 is
activated, a ton eratqr status (TG STATUS) .indicative o an _
operational stat E?ggseirhe @%"‘T‘?“%’é‘?&m? L h’ét?ﬁﬁﬁﬁgﬁgfzﬁféﬁ LWEI IEF]FCH ;/ﬁr
16 in the i ti i rder to invoke a unction o e
M DI driverL§%¥&?ﬁe§ﬁ§6%AE§§BR lﬂﬁﬁﬁéé{mqﬂﬁ?t fﬂﬁﬁﬁ%ﬁ(ﬁr$ﬁ?§8%9928r
16 reads th T. ef Smid : el S4 0 1€,
tone g eﬁ er atﬁggﬁ?gsﬁggg ﬂg?%?\ ei ?‘glr {r:n&?\ gtéf) ggg?reg?%?és a%%%ﬁ cﬁ{rﬁ%l [ %\%é‘? one
control | i ngoperatedbess and note-on signal prepared for the task 20. Then,
t he tone generator task 20

In addition, the tone generating method of the present

invention should not be understood as being limited to the
waveform-memory-based method alone, but may be based on any

10 other principle such as the FM, physical mode or ADPCM.

With the present invention having been described so far,
the waveform forming calculations can be executed in a stable
manner in parallel with an optional general-purpose operating
system.

15 Further, the present invention advantageously permits
output waveform data to be output promptly in response to a
request from the waveform reproduction section.

Furthermore, with the present invention, the software
tone generator is allowed to execute a tone color controlling

20 process on externally input waveform data.

Furthermore, even where the tone generator process can
not be executed to a sufficient degree due to an increased
amount of processing responsive to occurrence of performance
information, the present invention can make up for the

25 deficiency at some other time, and hence the tone generator
processing can be effectively stabilized.

Moreover, increased processing amounts at the time of

performance information can be dispersed within idle times,



initiates the reverberation calculations at item (6), where reverberation
cal cul ations are perforned using the waveform 25 data stored in the
buyffer 63 and the resultant calculated data are added into the buffers 60
and 61 each having one-franme capacity. After that, the tone generator task
20 initiates the audi o data output operation of item (7) above, where the

- 66 - waveformdata stored in the DRYEL Buffer 60 and DRYR buffer 61 are
converted into one-frame waveformdata to be delivered to the output
driver. Then, the series of the operations is termnated. 5 Af ter
the item (7FP8pdrtits ohtcdiesPesilfi &oi miife israky ofveidi PentempOTRFEh i s

activated b Because, in effect, the input data

has got rea%ncggflg 1Ph§E§upﬁﬁFe§§rg‘5‘ga§ “in Fig. 16, the item (1)
operation is cal lpgd Hng\éaeng u{;e&;%xefrgl(l@n p%[\%t Il?éorsﬁle{]"i?ethoe 108“9?:;]%#8

i nput operation, one- rane a are |

device or Wéxﬁchﬂlale%ﬂgtPH{:eﬂﬁi%énéf EIE r;J:é(a.vsetnh;e S%}x £Qn! {’?5%'5
operatlons ar e perforned as a seriles %f ope atl1ons IS actil va %y a
messages ackenwl RdgesgargCceaPEuDhting &nOGEnts’ ffbﬁ%&@éf@ﬁﬁ €fSrmation and

thus effectively lessen the processing loads for the waveform

formation.



15 TG PARA. Bécause, in effect, the tone form ng paraneters TG PARA have
been received prior to the item (6) operation, these item(2) to item(4)
operations are activated following the item (1) operation. In the item

((2) operation, the tone fermng paraneters TG PARA in '
controlling 20" paraneters agd not e-on signal st oredmnmmmlﬂmmumurat or
regi sters by HhesnbsoHes Gr MD dri88r-16 are intérpfeted *and *
converted into IRl ati ng data. Then, in the item (3) operation,
t he waveformf mwum /& i on process_is perfornmed for any of the 32
channel s. Th verorm 25 form ng Eal‘_cﬁJ_glﬂaﬁ process is effected by,
for each of the designated channels, reading out the waveformdata while
advanci ng the read address of the waveform data nenory 44 at a rate
correspondi to,t he ni .one . - 67 - interpolating
bet ween theT?eadpott%?nga#%P'ggégégaahn%%pﬁgngg@gc%g%lgga'tone vol une control on
the interpol atedadafpr@p (hQPasies PhsyPhdMydidlr At R Oing¥tliceiofst 0RE
vol une envel ope (AEG . The tone control 1's nmade on the left channel L,
right 5 cgansehtR anglueuerker afi Agsehanseld komeB;i ndependently of each
ot her, and the one-frane vol une-control [ ed wavef orm data

5 a second step of assigning the designated tones to

respective tone generating channels designated from among a

plurality of tone generating channels, and writing controlling

data for the designated tones into channel registers of the

respective designated tone generating channels for storage
10 thereih;

a third step of issuing calculation-start instructions
at predetermined intervals:;

a fourth step of, in response to the calculation-start
instructions issued by said third step, sequentially

15 performing tone forming calculations for the designated tone
generating channels in response to the calculation-start
instructions issued by said third step, so as to
arithmetically form waveform data for plural samples for each
of the designated tone generating channels on the basis of the

20 controlling data stored in said channel register of said
channel;

a fifth step of; for each of the samples, mixing the
waveform data formed for the designated tone generating
channels by said fourth step so as to form mixed sample data;

25 and

a sixth step of converting the mixed sample data for

each of the plural samples into into an analog signal every



for the threechannels are added into the respective buffers 60, 61 and 63.
TFhe processlga for the frame in question is termnated 10 _Qy conpl etion

of the item eﬁelwmﬂ t hen the general - purpose ‘operating system
i s.caused to aﬂ he next OUTPUT READY rre part
(b) even wh UT READY nmessage i s rec "um ﬂﬁrgﬂn

form ng calculatlon process I s conpul soriglgy - dlscontlnue

(3) waveformformation is not conpleted, and at this tine, the conpulsory
danping is effected for uncal cul ated channels so as to prevent occurrence
of unwant ed SEIRIEN®HEIeccording to the enbodi ment, the waveform

cal cul ati ng operatlon for a of the 32 channels_is_perforned sequentlally
for the 20  desi'§ith n%%+§ tog?af?FﬂbnﬂnFﬁlﬁungE?PFc gpddofourth

channel s whi far l e, LS cur ent sou din n relat|
i an evel (TP Weﬁ‘rf#@ 2 oxErt Podie it Aeetihdred ol GErPrptint
di sconti nue ab n ¥g§g[ r.ng e o] he
tone generagg#ﬂias% 209¥gm§§96h g@%nﬁwls generg%t%' fS% ﬁ##%rgln%eérupt
of highgl pideigiles Il ScHPBdRs | £ COHIPULSREOLY SPI i:ﬁsdcaﬁtwil&ﬁ ®data
generator M DI “driver 16, and operations corresponding to the event
are perfor neEtoas sei@ehHahned! relgAlstelr Bnd wibtel Bf the controlllng data
into said channel register after the formation of the waveform

data.

2. A tone generating method as defined in claim 1 which
10 further comprises a seventh step of issuing an on-the-way
calculation-start instruction in accordance with the
generation instruction issued by said first step for each of
the designated tones, and wherein in response to the on-the-
way calculation-start instruction, said fourth step forms the
15 waveform data for plural samples that correspond to a section
from an end point of a last-formed waveform to a time point

when the generation instruction is issued by said first step.

3. A tone generating method comprising:
a first step of assigning designated tones to respective
20 tone generating channels designated from among a plurality of
tone generating channels and writing controlling data for the
designated tones into channel registers of the designated tone
generating channels for storage therein;
a second step of issuing calculation-start instructions
25 at predetermined intervals;

a third step of, in response to the calculation-start



- '68 - which occurrence of seven M Dl events is depicted by domnmard
arrows. The above-nentioned tone generator task 20 mAII _be further
described with reference to flowharts of Figs. 18A and 18B. Flrs,

this tone generator task 20 is generated at step 100mmm“lnum “ﬂﬂ“t he
generated tone generator task 20 is placed in a SLEE

The tone generator task 20 placed in the9gSLEEP state i's Swaken' by
occurrence of an 10 event, such as reception of a nessage, into a READY
state, and when the task 20 in _the READY state is dispatched by the task
di spat cher, inséTpesdenm pissueds by Said 1(?23q%dor§§ﬁptro el Ehehicahdy

event. That is, it is determ ned at_step.  102. whet her the event
READY nessa&é’rf"llﬁﬁt tfRvefnr data |fr%t£% t SaEpLes, ’%‘b‘ﬁ Ea%VI?{C%AW

measage of CRETGRPERE: oent GHRTAT a&%i%ﬁéﬂmsﬁﬂr@ Pl Bap SR s
the READY MBas3us;fual ddie audbgelnnill/ gt BUlcHigvide 29 QSBLEEMd1edadl a5t P

102, the program anches to step where a urt eterm nation
S nade5as taanhehher the nessage is an OQUTPUT READY fromthe audi o out put
device or an | NPUT READY nessage fromthe audi o i nput

a fourth step of, for each of the plural samples, mixing
the waveform data formed for the designated tone generating
channels by said third step, so as to form mixed sample data
for each of the plural samples:;

10 a fifth step of converting the mixed sample data for the
plural samples into into an analog signal every sampling
cycle; and

a sixth step of issuing an to generate a plurality of
tones utilizing idle time during processing of said fifth

15 step,

wherein said third step performs arithmetic formation of

the waveform data only for the channel sounding a tone.

4. A tone generating method as defined in claim 3 which
further comprises a seventh step of setting a predetermined
20 limit period, and an eighth step of determining whether
calculations for all designated tone generating channels will
be completed within the predetermined limit period, and, if
it is determined that the calculations for all designated tone
generating channels ﬁill not be completed within the
25 predetermined limit period, instructing that a tone should be

muffled in any of the tone generating channels.
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device. |If the message is the OQUTPUT READY fromthe audi o output device, a
trigger flag is set to "1", and a TG STATUS 25 is transmtted tothe MD

driver 16 atTisSheet Hignpeer °f5) operation of Fig. 16) --the tri 1 ag is
set to "O' wh i\ﬂ wavef orm form ng cal cul tm‘ﬂ\\muﬂﬂm\l\ t ed
and set to "1' READY nessage is recei\el\e\ | IR , s *- 69 -
at step 106, it Is determ ned whether theireverberation effect is ON or

not. If answered in the affirmative at step 106, the reverberation
calculations_ (item (6) operation of Fig. 16) is performed at step 107 and
then the progr ambriiedenerating mased orpyi$Ng he progr am proceeds
directly to step 108 w thout perform ng the operation of step 107. Audio

data is output at®stfdFstosstePeR% 7)15§Hé1“§ti8ﬁn%%’aﬁ©¥; PG)Stré%ﬁFJtCHES prﬁgbla_m
t 1Q1 t t kK th LEEP state. If the event is the

rREX%:(t ?retsga;geee'ferrc?%et H’g ‘glle}fﬁag'aig% °fn‘£§.ﬁ19}éf\‘sﬁe?e LR er i ned atts_tep 103,

th d t S e triqger

flag 1F the tri cherePPad ey ot 3RE6hANG, 1che ChabFgRarkd® tdidk®re,

in the gudi addpadtidal ddid dBddra ity AEhA MOl s Fidsidfat8IrE 8RN ahEug &S L0
step 101 to get back the SLEEP state.” If
plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the
respective designated tone generating channels for storage
therein;

10 a third step of determining calculation-processing order
across the designated tone generating channels in accordance
with respective importance of the tones to be generated in the
designated tone generating channels;

a fourth step of issuing calculation-start instructions

15 at predetermined intervals;

a fifth step of arithmetically forming waveform data for
plural samples on the basis of the controlling data stored in
the channel registers of the designated tone generating
channels, in response to the calculation-start instructions

20 issued by said fourth step;

a sixth step of, for each of the plural sample, mixing
the waveform data formed for the channels, so as to form
mixed sample data for the plural samples; and

a seventh step of converting the mixed sample data for

25 the plural samples into into an analog signal every sampling
cycle,

wherein said fifth step performs calculations for

forming the waveform data for the designated tone generating



15 the trigger flag is at "0" as determ ned at step 109, the program
reverts to step 101 to get back the SLEEP state As—ﬁﬁeviousLy ment i.oned,

the tri ggé‘h!SSﬂ aSBeeﬁR‘é e "O' when the ite or m for m ng

calculatlo ed and set to "1" mhen the age is

recei ved. scertaining the current st r flag
ca

at step 109 contro be nade to prevemt- processing on the INP READY
nmessage from being performed prior to processing on the OUTPUT READY
message. If the event is the WAVE LOAD request fromthe tone generator M DI
driver 16 asShaepelsi hedaetzostiepcesmtnothet%lwbgtamwmm@ exderi111
to read in and store_the waveformdata into pepory and then reverts to step
101 to get QﬁEﬁr{“hBe@LEEPSQ-%t*éhl%eSWE ardawhedgddsisi $ikefgsthat t

generated fro 16 far nltléﬂ | zat

Lot | ERIEh iSO LT o rifng Hnd Raetostl K chxoaféagthﬁgﬂeeé%\%e of
the par et g, TG BARK, G50 868" s 5L Pl AR AR OV TP CERe O

branches to's 12 where processing is pertorme € tone

control ki ngaﬁaiagegegﬁaIGcBﬁBér%eh by 128 o WRGRIC'RAY 0 BE Srdited he
M DI driver 16 (rtem(

off, the calculatlons for forming the waveform data are
discontinued at a time point when they are being performed on
one of the channels in the calculation-processing order, so

as to prevent the analog signal from being broken off.

10 6. A tone generating method for execution on a computing
unit, comprising:
a supply step of supplying performance information:;
a ﬁain step of arithmetically forming waveform data:
an interrupt step of, when the performance information
15 is supplied by said supply step, temporarily interrupting said
main step so as to perform a predetermined input operation for
receiving the supplied performance information, and upon
completion of the input operation, resuming said main step at
a point where said main step is interrupted; and
20 a tone generation step of, on the basis of the waveform
data formed by said main step, generating a corresponding tone
at timing later than a time point when the waveform data is
arithmetically formed by said interrupt step,
wherein said main step includes a performance
25 information processing step to create tone controlling data
on the basis of the performance information having undergone

the input operation, and a tone generator processing step to



operation of Fig. 16). More specifically, tone generator controlling

par anet er s,

(envel ope) paraﬁ@
determi ned fr om'?
program noves to
Wth an affirmative

such, as waveform data nenory address, pitchimnformatt+on; -EG

& Haped i} data and 10  LFO contr ' are
| e controlling paranet4 , .' ﬂ
et erm ne whet her the curren i .
e

a negative determ nation, the programgoes to 15 step 114, where the
waveform form ng cal cul ati on process is perforned for the designated

channel s (32%h

t he
I T.

lon, the tagk4ds termnated at step 116; with

Fically formbheuiprpi vavefoyn dadisonokhef basys a)theys

w |l be descyibed in , ful with reference to Figs. 18A and 18B. After
B fipd 43

t he wavef or ?Qﬁrﬁ?ﬂf

?process of step 114, the program 20

proceeds to step 115 to reset the trigger flag to "0" and then reverts to
get back the SLEEP state. Wth reference to Figs. 18A and 18B,

the wavef or m f o hNGctR) GURIALGY WP LT BRDeaL Lh°of DAY Sl 30
step 114 will be describgﬁihefggh elow I n greater ﬁg%éﬁﬁ.°§53 P ﬁh%tgft
of the wavefuaiig f Qfdﬁ};ﬂgié:ﬁ{%;lﬂ ation process at step 200, it is first

step 101 to

determ ned at step 201 whet

there i $ new key-ansgstemastig eofi exdcattisgeh 2ptedbéberii A88 ABpRIATitng

step 202 to

10

15

20

25

system;

a waveform formation step of arithmetically forming
waveform data for a predetermined number of samples every
predetermined period, on the basis of an instruction from an
application program executed on the predetermined operating
system;

an output step of outputting, every sampling cycle, one
sample of the waveform data arithmetically formed by said
waveform formation step; and

a control step of, in response to a request by said
output step, performing a task switch between said system step
and said waveform formation step during said predetermined

period.

8. A tone generating method for execution on a computing
unit, comprising:

an input step of inputting performance information;

a waveform formation step of, on the basis of the
performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to
the predetermined period;

an output step of outputting, every sampling cycle, one

er there has occurred any new key-on data. |f



- 71 - redeterm-ne-the calculating order of the tone generating channels.
This is because the_cal cu LQns may sonetines be di sconti nued-on the way
o

i n, response t &hig et DY request as nentioned earlier and hence the
cal cul ati ons fﬂ ﬂ hannel s nust have beenmmmﬂﬂﬂmuﬂm&mrand.
In the foll ow and in the figures, "C'RepHedE melilunber
of tone generating channels counted by the ¢channel register. Atter this
step 202, or if there is no new key-on data 10 as determ ned at the _
preceding step 201, the program proceeds to step 203, where the counter i
for counti nFiMRle@fhéheorayeforn dafa sorgiespondinghto ke tnedetenringd

cal cul ation process has been performed is set to "O', and the smaller of
t he nunber ‘f’rf%&'channel s C and the nunber of channels R 15 pernmtted to
si mul t aneousl y gener t one as_a variabl e vNum .The varjable vNum

is a variable indt c‘ﬁ%‘lt’ ﬁofﬂeaﬁﬁ%‘oég&&f’efﬁes RRnRE&| §“P8?YWC ﬁallﬁled °“ttput

[ ; rogqr [ s 1.0 e
504" 1 or der™ (o Yaey EnBPE R i ok 2Bbnoblint 80" AR Bt Gt 7P
is smaller than ddeeddidd by gﬂﬁﬂwavéfoﬁ@%r@ti&tgﬁeﬁegéﬁdve’ e, if

the counted value of the cdunter i 1s equivalent to or 'eater than the
variable vNum the v&y@d9t 'etep of detecting when output of the waveform

data by said output step has progressed, so as to request
another supply of the waveform data from said waveform data
delivery step, |

10 wherein said waveform data delivery step is executed in
response to a request by said request step and said waveform

formation step is executed after said delivery step.

g, A tone generating method for execution on a computing
unit, comprising:

15 an input step of inputting performance information;

a waveform formation step of, on the basis of the
performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to
the predetermined period;

20 a waveform synthesis step of inputting external waveform
data corresponding to the predetermined period, and combining
the external waveform data and +the waveform data
arithmetically formed by said waveform formation step so as
to form synthesized waveform data for the predetermined

25 period;

a waveform processing step of applying signal processing

to the synthesized waveform data for the predetermined period;



P
form ng cal cul ati on process ysat
afflrnatlve i.eTms$¢a lisa —gh

grn1nated at step 209. If answered in the
val ue of the counter i is smaller
ined at step 204, the program proceeds to
sbep 205 to furth

b IR et her there has occurgm ﬁ"
request. Wth dn 4d “|rnat|ve determ nation, the progr u , '1

step 206 to effect .the conpul sory danpthSOﬂ t one S|gnals oft t Me ehaﬂne
CH(i) (item (4) operatian of Fig. 16). |If answered in the negative at step
205, the waveform form ng cal culation process is perforned for the channel
CH(i) at st@BdS 207, as mnll be described in detail wth reference to Fig.

18B. After the co |n % 206_or _the m?vefor %ornln
cal cul ation pr005@b° é %8 P%%Fgﬂrp?X%E%d§a?B s?%pc§6
I ncr ement tggmgggbgg gh%n%B%QﬁgS§%§ forv5%0§hea a4 so as to repeat the

operations o next channel i + 1. A detail of
t he maveforn1forn1ng cal cul ation process for each channel will be descri bed
with reference to Fig. 18B. This waveform form ng cal cul ati on process forns

wavef or m datle.f or AOR®MAGErRfiing ‘metsietor e:aatghtfors abh €8 €bmpRELAFi ons
5 unit, comprising:

an input step of inputting performance information;

a waveform formation step of, on the basis of the
performance information inputted by said input .step,
performing calculations over a plurality of stages so as to

10 arithmetically form waveform data;
a step of inputting external waveform data; and
a step of inserting the inputted external waveform data

in one of the stages of the calculations.

11. A tone generating device comprising:
15 a memory for storing a tone generator processing program
and a performance processing program;
supply means for supplying performance information;
a register for storing control information;
calculation means for executing the +tone generator
20 processing program and performance processing program, said
| calculation means normally executing the tone generator
processing program to form waveform data on the basis of the
control information, wherein when the performance information
is supplied by said supply means, said calculation means
25 temporarily interrupts execution of the tone generator

processing program so as to execute the performance processing



15 of steps 211 to 218 Thus, waveformdata for a plurality of sanples
are fornmed-by réepeating th sg operations. Upon start of the waveform

form ng calc%hggk&nl B avat step 210, necessary waveform data one
i nt erpol ated 's out from the waveform “\ﬁm&\mﬂ \m
accordance wt eger portion of the rea m SR dbtr)
al ready cal cul at step 214 in the Lagd -execution*of °t he wavef orm
form ng cal cul ati on process, and interpolating cal cul ations are nmade
between the read-out waveformdata in accordance with the deci mal portions
of the addresegsamstot therghy greatenceniaiodt dnformgilien jcprrespanding At
next step 212, a calculation is made of the volune |evels of data to be
added i nt o ¥hetiRAURREHRS PoF foprercs fndprpatiny /Y stere tha craqted
volune level calculatjon is, effected by adding paraneters -. 73, - of tone
Vol ume. envePRREFAECTAGIA TS PO ALY onaaf WRER FIRPYEHERR B and
the | evels &]; ther or}[me%ccehagneIe% SENDLFVEILamTQ%”Sum%t %%lgp 2&3, tnhe tor
respective VOT dire 1 ever €SP PRESPAPE L TR &S SRl |p'F?e% go%/ T
cor 1 espondifigoded 8180 P Yibafl b 8Nt Ml T €RE! oS Yeriortond e
added into % réesplg%t ;Bve ufters. dp L&

processing program is interrupted; and

tone output means for, on the basis of the waveform data
formed by the tone generator processing program, generating
a corresponding tone at timing later than formation of the

10 waveform data by said calculation means.

12. A tone generating method for execution on a computing
unit, comprising:
a supply step of supplying performance information;
a formation step of arithmetically forming waveform
15 data;
an interrupt step of, when the performance information
is supplied by said supply step, temporérily interrupting said
formation step so as to execute processing of the performance
information, and then, upon completion of the processing of
20 the performance information, resuming said formation step at
a point where said formation step is interrupted; and
a tone generation step of, on the basis of the waveform
data formed by said formation step, generating a corresponding
tone at timing later than formation of the waveform data by
25 said formation step,
wherein said formatidn step arithmetically forms the

waveform data on the basis of the performance information



After that, the program proceeds to step 214 to create a new read address
readPtr for reading the vvaveform data nenory 44 by addi-ng_the "F" nunber

(pitch |nfornaTW ﬂ #us incrementing the read address
readPtr at a ding to the F nunber, J m,mm
pitch corre'spon unber wll be read out [’ mfn dat a

menory (mavefornttable) In this case, Lfgthe F nunber hds & décima
portion, finer pitch control can be 15 achi eved. Then, the program
proceeds to step 215 to update the tone volunme envelope AEG At

next step PRUessediherFiihtiRtersupdeteR- to whet her the updated tone
vol ume or anplitude envel ope AEGis smaller than a predeterm ned key- off

| evel . I f answered in the negative at step 216, the 20 program pr oceeds

t t 217 dt the LFO and th t te 18 to execute a,
s?mgt ﬁPng op atJ Po ﬁn?ﬁgef"c?ﬁg@ﬂ}?uﬁgtﬁogsgﬁ%t %f‘eBVé°nal%I‘ : pr‘l’&lng

par anet er (i ' pol ating operation). Details of these st eps
215, 217 andﬁyﬁ}' cﬁp%iﬁ(fg%crl bed | ater. At next step 219, it is 25

determ ned whethey Lbekem S&lp | braRketitehgS P fe&@t@fmiﬁéaegpérd%rn _
whet hér formati on of “one-franme waveform sanples Tor the channel “in question
has not et faetenconpl eted. Wth an affirmative determ nation at step 219,
i.e., if there is

a waveform formation step of arithmetically form

waveform data for a predetermined number of samples per
predetermined period, on the basis of an instruction from an
applicatidn program execﬁted on the predetermined operating
10 system;
an output step of outputting, every sampling cycle, one
sample of the waveform data arithmetically formed by said
waveform formation step; and
control step of, in response to a request by said output
15 step, performing a tesk switch between said system step and
said waveform formation step during said predetermined period,
wherein said waveform formation step performs a tone

parameter calculating operation in an intermittent fashion.

14. A tone generating method for execution on a computing
20 -unit, comprising:

an input step of inputting performance information;

a waveform formation step of, on the basis of the
performance information inputted during a predetermined
'period, arithmetically forming waveform data corresponding to

25 the predetermined period;

an output step of outputting, every sampling cycle, one



- 74 - still any other sanple to be forned, the programreverts-to step
211; if answered in the negative, it means that the waveformfor

cal cul ati on process has been conpleted for all the sa m\ mr\mnnel
and thus at step 221, the 5 programterm nates the ! ‘ﬁ

cal cul ati on process of step 207 for the channel. If, on the ot her hand t he
updat ed tone volune value is snaller thaggthe predetern1ned key- of f IeveI
as determ ned at step 216, the program goes to step 220 so as to execute a
10 key-of f process to place that channel in a tone deadeni st ate.

next step 282mpPifcchHridip ¥rvedorndata QWW‘&WMWT@Q’ et@eﬂw
process of steE 07 for the channel. The above-nentioned envel ope and LFO
wavef orns WPPF1BE7expl ained with reference to Figs. 25A and 25B. Fig. 25A

éﬁ attack, dechy ™ SOVERORML R Pyl ‘ési%%%ﬁé R PET B SR
ey " ek BB o, P OO g 10 Shi EeBe BN

decreasg frgay28q £bbReARNYTURY:HEVAVEBrA FHEhBAChEeLpW kRga decay rate
(DCrate) slope (decay segnent), and then keeps a constant sustain |evel

(SUSl evel ) for aagiregaekitnetepusEaldsteegingt when output of the waveform

data by said output step has progressed, so as to request
another supply of the waveform data from said waveform data
delivery step,

10 wherein said waveform formation step performs a tone
parameter calculating operation in an intermittent fashion,
said waveform data supply step is executed in response to a
request by said request step and said waveform formation step

is executed after said delivery step.

15 15. A tone generating method for execution on a computing
unit, comprising:

an input step of inputting performance information;

a waveform formation step of, on the basis of the
performance information inputted during a predetermined

20 period, arithmetically'fornlwavefornldata.corresponding to the
predetermined period;

a waveform synthesis step of inputting external waveform
data corresponding to the predetermined period, and combining
the external waveform data and the waveform data

25 arithmetically formed by said waveform formation step so as

to form synthesized waveform data for the predetermined

period;
This Sheet Has Been Replaced
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Upon recei pt of key-off event dada, the waveform anplitude attenuates with
a release rate (RLSrate) slope. Then, once 25 t he anpli tude—reaches a

key-of f | evel inaudible to human ears, it is attenua rapidly at a danp
rate (DWPrate) to prevent unwanted click noise. Thﬁﬂﬁ!ﬂﬂﬁ“‘ﬁ”ﬂﬂﬁ,ﬁy
Gscillator) waveformis used to -75 - obtain a ! ting a
tone waveformand, in effect, is a sawoajd wave having an LFO ptri‘od
determ ned by slope LFOrate as shown in Fig. 25B. By referring to a table
or performng arithnmetic operations using the LFO waveform 5 t he
necessary nodul atampvefcernmonaiessing stepnefwapplying igmbipratesiiaxe EG
wavef orm and LFO wavef orm change nuch nore si OV\AK than the tone_ waveform
sanpl i ng cyc¥e thghsyeibesigedhdavaiera dataforihe predetenmned @ariad:r g.
18B for the "i" 10 channel, the anplitude EG and LFO are updated (steps
215 and 217)a’é9|d I nt erpol ati ng operation of volunme and panning val ues are

executed (step 218) for each_sanple, these cal cul ations Y. be r f or ned
once for every pl a?‘i%@ugf sg%r?# n%mfg}gfs‘%lsm-?’aﬁve‘?rlf l?e?ﬁ"qr'rlglnge P]seamﬂnr%g
cycle, @Ca%ﬂf@ gpweéfﬁﬁ’lesized waveform data,

wherein said waveform formation step performs a tone

parameter calculating operation in an intermittent fashion.

16. A tone generation device comprising:
first means for issuing generation instructions to
10 generate a plurality of designated tones;
second means for assigning the designated tones -  to
respective tone generating channels designated from among a
plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the
15 respective designated tone generating channels for storage
therein;
third means for issuing calculation-start instructions
at predetermined intervals:;
fourth means for, in response to the calculation-start
20 instructions issued by said +third means, sequentially
performing tone forming calculations for the designated tone
generating channels in response to the calculation-start
instructions issued by said third means, so as to
arithmetically form waveform data for plural samples for each
25 of the designated tone generating channels on the basis of the

controlling data stored in said channel register of said

channel;
This Sheet Has Been Replaced
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15 and LFO wavef orm change nuch nore slowy than the tone waveform

sanpling cycle as nentioned. By so doing, it is allowed—to rediuce the

anount of negesgakMas@rbnReblaceions for the waveform format i = 20,
there is shgﬁﬁ\S nbodi ment of the 20 vvaummmwubmld”m
calculation p m "i" channel, which perfoRhe e-\menti oned

anpl i tude EG at1 ng and vol wmagond panni ng par anet er

i nterpol ati ons once for every eight sanples. However, it should be
understood that the frequency of these operations need not necessarily 25
be performed onc&ifgh agans cfeht farpleashamnf akhe osempiest r NI RS be
sel ect ed depending on_the processing speed or |oad of_ the CPU. Upon start
of the waveFBVREPERN FRER alfQimad ofOFr otRR s deFianaded » teRgnRENerating 231
in Fig. -. 76 -_20, a counter SN for counting_ s les_is r.es to "O' at
Step 231, afBPRPeRExPY Rt 330uREDe HEFAF WER RS, A affFls THHed AURLR
fromthe Waxg{:gtrr?gata menory and subjected to interpolation operations in
a sinmlar nannef to the above- 5 mentioned step 211. Then, at step 233,

;i:gﬁtcitso ‘r’]e vol ungikenelmefld CAdY e8hterdifg Ahe lRPxd®OshiplBe dA for

each of the plural samples into into an analog signal every
sampling cycle,

wherein in said tone forming calculations, said fourth

means, performs, for each of the designated tone generating

10 channels, formation of the waveform data for the plural

samples on the basis of one readout of the controlling data

from said channel register and write of the controlling data

into said channel register after the formation of the waveform

data.

15 17. A tone generation device as defined in claim 16 which
further comprises seventh means for issuing an on-the-way
calculation~-start instruction in accordance with the
generation instruction issued by said first means for each of
the designated tones, and wherein in response to the on-the-

20 way calculation-start instruction, said fourth means forms the
waveform data for plural samples that correspond to a section
from an end point of a last-formed waveform to a time point

when the generation instruction is issued by said first means.

18. A tone generation device comprising:
25 first means for assigning designated tones to

respective tone generating channels designated from among a



of. the cal eulati+oen—process are nultiplied by the correspondi ng interpolated
data, and the nu n results are added into the buffers of the

|tiplicati
cor r espondfiet }‘f er that, 10 the progr mﬁmnﬂmﬂ ep 234
te create a H ss for reading the wavef Jatl u Then, at
step 235, a ' is made as to whether the counted"vafue* of the

counter SNis "0" or a nultiple of "8"< 1pf answered in the affirmative at
step 235, it nmeans 15 that the EG and LFO cal cul ations are to be
perfornmed on the current sanple, and thus the program proceeds to step 236
to update thEurapity R teoq gEGpratd nghehanped sepn@ Writing gentroisiing
hand, the counted value of the counter SN is not "0" or a nultiple of "8",
the programidtdcERBsthg dpghopatedotongst Anke GhaRredg negdshess ofarthg op
237, it is furtheé %e%ernined m%gther %he CyLTent Gvalue is snaller
than the keJSTHIPTESY| tone | geuREREIRY FRePRRRf2T i TEOTR9R ﬁ?%ﬁ?éﬂ1proceeds
to step 238 to fu ' Sl Lar 2 o e EG and
LFO cal cul ati ons %1%@8{)(34@%&%‘%}%} %egﬂébg é%}l&?%%{%ﬁ?r%ﬁ r%%ué@ﬁr% he

determgatiop peehdcdhfi/bl! {HBLLVE14E Step 238, the LFO is updated at step
239 and interpolating operation 1s perfornmed on the volune and panni ng

paranmeters at stephif§, maadst ke, the velspIRseced xHY dd¥®ulation-start

instructions issued by said second means, arithmetically
forming waveform data for plural samples for each of the
designated tone generating channels on the basis of the
10 controlling data stored in said channel register of said
channel;
fourth means for, for each of the plural samples,
mixing the waveform data formed for the designated tone
generating channels by said third means, so as to form mixed
15 sample data for each of the plural samples; |
fifth means for converting the mixed sample data for
the plural samples into into an analog signal every sampling
cycle; and
sixth means for issuing an to generate a plurality of
20 tones utilizing idle time during processing of said fifth
means,
wherein said third means performs arithmetic formation

of the waveform data only for the channel sounding a tone.

19. A tone generation device as defined in claim 18 which
25 further comprises seventh means for setting a predetermined
limit period, and eighth means for determining whether

calculations for all designated tone generating channels will



- 77 - data of _the -three ehanmets are updated at step 241. These
oper ati ons conplete the vvavqf g&mformation for the current sanple, and the
program goes tThis§hesiias Been XA Lswered in the negative at the— :

abeve- nment i onedi} g-. ﬁlm it neans that the curr iIs not to be
AN 848t MY operation etc. and henﬁ !F@ Hi@lﬂw
formation for the current sanple has beempgosapl et ed, c r goes

subj ected to thg

to step 242. At step 242, a determination is nmade as to whether the
waveform formng cal cul ation process 10 has been conpleted for all the
sanpl es, i.&e ypmRirted Eithin hhe pradetezmpred: dimdtpperdoded andne if
above-nenti oned operatigns a{ﬂéggd after. step 232 are reﬁeat ed after

i ncrementing-t € S8HFRLIEEEN Sﬂll?)fadﬁé{laltfl_qq%feﬁr?ﬁ tdffii@%*ﬁ%_ﬁ%’ed
V- Of f , ternined _at ove-pgenti gne
gtmé:ol gg?f h? [%é%%o%lfe%n br%%%%rées %ge‘ﬁligy-g?? %8ce8§’“‘8 egfa?p Z’&A:TII‘EI\?nerté‘e: Eet
i L oS3 il ) a
e vavet of tddeteiiiild SR DA, LnlrAoTTiB, LALE € cid iR d Be

Accor di iy t G Wi i Ay %@oﬁmn@fggﬁ&a@&gt%@@.“d LFO updati ng
operations of steps 236 and 239, volunme and panning val ue I nterpol ating
operation of step 240, and vol une

20. A tone generation device comprising:

first means for issuing generation instructions to
generate a plurality of designated tones:

second means for assigning the designated tones to

10 respective tone generating channels designated from among a
plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the
respective designated tone generating channels for storage
therein;

15 third means for determining calculation-processing
order across the designated tone generating channels in
accordance with respective importance of the tones to be
generated in the designated tone generating channels;

fourth means for issuing calculation-start instructions

20 at predetermined intervals:;
fifth means for arithmetically forming waveform data
for plural samples on the basis of the controlling data stored
in the channel registers of the designated tone generating
channels, in response to the calculation-start instructions

25 issued by said fourth means;

sixth means for, for each of the plural sample, mixing

the waveform data formed for the channels, so as to form



| evel calcul ations of step 241 are executed once for every eight sanples,
‘Wi th the result that the calculating |oads of 25 the CPU can be
subst anti al | yrjiessenadBeasrorepared to t he enbodi nrent shown in Figs. 18A and

18B. In Fig. 2 pl wn anot her nodified e ' vef orm
form ng cal cul gmﬁﬂlwﬁum ' or the "i" - 78 - cwiag‘mm“m&mrmm?ations
of steps 261 t« sanme as thogggof the ab -@ent | onec stteps 231
to 236 in Fig. 20, operations of steps 267 to 269 are the sanme as those of

t he above-nenti oned steps 239 to 241, operation of step 270 is the 5 sane
as that of mixedpsaepherdabtaecfost the 2Biurahdsaprliest odRdof steps 271 to 273
are the sane as those of the abgve- nentioned steps, 242 to 244. Thus
det ai | ed cont ent sS8YeRfRsBe@PE pEOF (CoRYETbing; the fyixed spple sara to
avoi d unnecgssary duplicatjon., 10 According to the nodified..

erbodi mont ghe Artral Sfe1eS inth At Aot TR R RS Y S SRR e
sanple is qg%i§% be subjected to the EG and LFO cal cul ati ons, the program
junps to st © to further determ ne whether the current AEG value'is

smal | ers t han thewﬁéi‘é%f é@i’@l 'fﬂfth Oﬂ.e'é'ﬁ‘é Obgffoi]ﬁgdcalculations for

forming the waveform data for the designated tone generating

channels in accordance with the calculation-processing order
determined by said third means, and when it is likely that
the calculations for forming the waveform data by said fifth
10 means will not be completed within a predetermined time and
the analog signal converted by said seventh means will be
broken off, the calculations for forming the waveform data are
discontinued at a time point when they are being performed on
one of the channels in the calculation-processing order, so

15 as to prevent the analog signal from being broken off.

21. A tone generation device comprising:
supply means for supplying performance information;
main means for arithmetically forming waveform data;
interrupt means for, when the performance information
20 is supplied by said supply means, temporarily interrupting
said main means so as to perform a predetermined input
operation for receiving the supplied performance information,
and upon completion of the input operation, resuming said main
means at a point where said main means is interrupted; and
25 tone generation means for, on the basis of the waveform
data formed by said main means, generating a corresponding

tone at timing later than a time point when the waveform data



15 the current—sanpteis to be subjected to the EG and LFO cal cul ations
as determ ned at ste 2&5 céEG and LFO updating operations. of -steps 266 and

267, vol umeTinghe ue interpolating operation of ste
vel une | evel | ‘ f step 269 are executed in \“\mi“i B@“ “
That is, in enbodi nent of Fig. 20 mherx I*ng

operation of step 236 is perforned sepan#é44ely fromthe EFOcup ating
operation of step 239, volune and panni ng parameter interpolating operation
of step 240 and volune | evel calculations of step 241 and it is determ ned
25 after ifeaREEMIBHACRALYofEFALHoRYWABLHeINLRETHRE, BREDAEG val ue i s

smal l er than the key-of.f | evel, the, enbodi nent ,of _Fi.g. 21 is arranged in
such a manner thaf"%ﬁ&é‘é‘ ot | PRI e™BRRFor r‘rﬁ‘&lblggﬁectai veﬁ’?/r% Tinance

successt vel yuBBinbDPARCYBLUS g sedfo” tHLELILOAION LOLLOUPIINGSEora

successi ve operati ons. an_arrangenent, e ca oads™ or
anmount s of thefBU58iLhgse i L, 05 i e ﬁg‘g_ﬂg

substantially as coﬁp{ér ed tgﬂ?ﬂ%gggéﬁg%%géscjﬁﬁéﬂﬁ%odi ment %ﬁu&?%rgol%% 5
al t hough t hepealfpfiti BPbIrAtibAat ahdl Rdhd Jdrttdtidt prift<¥EioY Mddns to

arithmetically form the form waveform data on the basis of the

tone controlling data.

22, A tone generation device comprising:
a processor which executes a predetermined operating
10 system, forms waveform data for a predetermined number of
samples every predetermined period, in an arithmetic manner,
on the basis of an instruction from an application program
executed on the predetermined operating system, outputs each
of succesive samples of said formed waveform data at every
15 sample cycle, and controls a task switching operation between
execution of said operating system and execution of forming

.0of said waveform data during said predetermined period.

23. A tone generation device comprising:
input means for inputting performance information;

20 waveform formation means for, on the basis of the
performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to
the predetermined period:

output means for outputting, every sampling cycle, one
25 sample of the waveform data corresponding to the predetermined

period; -



Wier eas these enbadinents are arranged to reduce the cal cul ati ng anounts by
performng the updati ng operations of the AEG LFO etc. once _for each

pr.edet er m nedTb@SI echHastBeeroReplt@d ~ sanpl es, whet or not the EG cal cul ation
shoul d be effe Eﬁ be det er ni ned depend| m mm ml“ﬂg
wavef or m segrre sarrpl e beI ongs to. m‘m

cal cul ati on may be effected only f sami®s- i n the attackLanﬂ ecay

segnents, and the EG cal cul ati on nay be omtted for 15 sanples in the
sustai n segnent because the sa:geles in the sustain segnment are in a

constant state. B&a"[qm“brﬁiﬂfa} e neans| 80T ofuUPPheiRg c8aidr gutput
cal cul ati ng fre%uencgl:can | so be | owered.. Next, a detail of the AEG

updati ng op&eaf 20W3V61f°|E—‘F'g dpde 3?85“2%06‘? RIg. B atBestep
266 of step 2 be descr.i ref erence 150} 22. .Ubon_s Lart of
the AEG upamrehstssmRRd REEted Eolhed 7 R etant £rEnosTRE neefhe
anplitude E Qiaeg) and performance touch information (TOUCH) are read in
at step 301. This EG 25 controlling information typically conprises

respectigve durat ixQRgedtd deinideieortladde G hene budpdtSHE! exel ¥aobrbba
I ndi vi dual waveform segnents and attack rate (ATKrate), decay rate (DCrate)
and rel ease dadia€ HyRlSd A dutpuf helfist Babe progressed, so as to request
another supply of the waveform data from said waveform data
delivery means,
wherein said waveform data delivery means is executed in

10 response to a request by said request means and said waveform

formation means is executed after said delivery means.

24. A tone generation device comprising:
input means for inputting performance information;
waveform formation means for, on the basis of the
15 performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to
the predetermined period;
waveform synthesis means for inputting external
waveform data corresponding to the predetermined period, and
20 combining the external waveform data and the waveform data
arithmetically formed by said waveform formation means so as
to form synthesized waveform data for the predetermined
period;
waveform processing means for applying signal
25 processing to the synthesized waveform data for the
predetermined period; and

output means for outputting, every sampling cycle, one



- 80 - generated through the channel in question. Then, at next step 302,
it 1s determ ned, whet her the current state is a key-on state. |If answered

in,the negative $reans that the curr E y off 5
state, and the c Imﬁia step 303 to shift tonumm mg“m ﬁe
the current stat tate, the control proceeds to %tep 304,

where it is further deterntne whet her theoéurrent segnent is other than a

sust ai n segnent | f answered in the negative at step 304, i.e., if the
is a sustain segnent, it nmeans that the AEGis in a

current 10

constant st a?%m gjaﬁ‘uooﬁ htlae t fenpes Lped YA 6P 43 6R- i s terni nated

I medi ately. If, on the other hand, the current segnent is other than a
sustai n segnent as determ ned at step 304, the program proceeds to step 305

t ffect t AEG t he ept.invention treats the EG
vgl ﬁe gg an%\t egr&al ?\rﬁ%bggﬁéln?ﬁoﬂ 8%%10%68 ﬁﬁﬁt%ﬁ”such as a rate val ue
of each i ndi vi dual egﬁlfeﬂggﬂé férsiﬂﬁﬁﬁla ?apéggbngggggrin%ggméléﬁJdpdat| ng

is perforned in th | owm ng manner settings are e in the

enbodl ment such thgdvetdrh FdImadBiom ﬂieénsarﬂuk ~“oBATERd bRsisl)ofafbhd f f
=0, m=n, and k = RATE/ n = 1, where RATE represents a rate val ue of the

5 performance information inputted by said input means,

- performing calculations over a pluralify of stages so as to
arithmetically form waveform data;
means for inputting external waveform data; and
means for inserting the inputted external waveform data

10 in one of the stages of said calculations.

26. A tone generation device comprising:
supply means for supplying performance information;
formation means for arithmetically forming waveform
data;

15 interrupt means for, when the performance information
is supplied by said supply means, temporarily interrupting
said Aformation means so as to execute processing of the
performance information, and then, upon completion of the
processing of the performance information, resuming said

20 formation means at a point where said formation means is
interrupted; and

means for, on the basis of the waveform data formed by
said formation means, generating a corresponding tone at
timing later than formation of the waveform data by said

25 formation means,

wherein said formation means arithmetically forms the



cutrent segnent, and n and f represent the integral_and_decinal pou,ions,

respectively, ofThisSeeeridds Besn®eplRed By 25 accunul ati ng the val ue , and

addi ng i nteger val mmmmygumcurrent AEG val ue (;ﬂmmﬂﬁ%]lmu“
aceunul at ed val ue he AEG i s updat ed. mal
round- up value "nm" can be with a probability JOf RAT and - 81
- this is equivalent to the AEG val ue beiipy updated by adding "m (RATE /
m = RATE" to the current AEG value (aeg). To this end, the value "k" is
added at step 305 into an aeg fraction register AEGEFRA which is a register
for 5 accumNeferm dagavainethe" basigemt obesl. perfpryapgesdaformation
determ nation is made as to, whether the current value stored in the
fraction redPeRSTEERA Fatd pEREFETPEAR 2B han "1". Wth a negative
determ nation, the AEG updating operation ends w thout updating the current
AEG val ue. Once the current 10 value in the fraction regi ster AEGFRA

exceeds "1" d th)g g%%r%gg{\é\ﬁ oge&ggf? a{:&g% por .at step 306, the

pr ogram proceeds to s ere m ionn+ 1 of the rate

val ue of the curregt ,3egERALY Whiddfetkduid® SUDTEAL AR KRl SHeAeb1 dd

obtain a new AEG val ue (aeg) and the new
5 system, forms waveform data for a predetermined number of

samples every predetermined period, in an arithmetic manner,
on the basis of an instruction from an application program
executed on the predetermined operating system, outputs each
of succesive samples of said formed waveform data at every
10 sample cycle, and controls a task switching operation between
execution of said operating system and execution of forming

of said waveform data during said predetermined period,
wherein said processor performs a tone parameter
calculating operation in an intermittent fashion as forming

15 said waveform data.

28, A tone generation device comprising:
input means for inputting performance information:;
waveform formation means for, on the basis of the
performance information inputted during a predetermined
20 period, arithmetically forming waveform data corresponding to
the predetermined period;
output means for outputting, every sampling cycle, one
sample of the waveform data corresponding to the predetermined
period;
25 waveform data delivery means for supplying said output

means with the waveform data corresponding to ‘the



15 AEG val ue is nultiplied by the performance touch inforpat+en—TCOUCH so
s to obtain a upnam Ra}iecedAt next step 308, the value in the

et s 1 MBI . -,

execution of the

whet her the AEG val ue (aeg) has reached the target valu€ (E | evel in the
case of the attack segnent and SUS| evel 108 the case of the decay
segnent). If answered in the affirmative at step 309, the program

shifts to a next waveform segnent at ep _31Q; otherw se the AEG updating
oper ati on JBFSAEHEEHRONGERT FR FAFTeh BohEodHeP AT FERE T LATRREYAD RAERe”
detail of th LFO updati ng operation (step 217 of Fig. 18B, step 239 of
Fig. 20 and s?ep 267 of step 21) will be described with reference to Fig.

23.  Since the fteﬁuéét'mgéﬁé SFbr | AL Ty tw‘hl%%t SultPEtLEP O ARISFode an

integral nunber although it Is stored in aTeal nunber, the LFO updating is
performed WahBaPbgbablid SutpUt P Sas | Progrédséa, t B8 Bs W Uequddst

at step 321, the currently stored 5 LFO controlling data, i.e., LFOrate
(LFOrat®) aadother estiphbEp phathevabveforiodhtar €romddid waveform data
delivery means,
wherein said waveform formation means performs a tone
parameter calculating operation in an intermittent fashion,
said waveform data supply means is executed in response to a

10 request by said request means and said waveform formation

means is executed after said delivery means.

29. A tone generation device comprising:
input means for inputting performance information;
waveform formation means for, on the basis of the
15 performance information inputted during a predetermined
period, arithmetically form waveform data corresponding to the
predetermined period;
waveform synthesis means for inputting external
waveform data corresponding to the predetermined period, and
20 combining the external waveform data and the waveform data
arithmetically formed by said waveform formation means so as
to form synthesized waveform data for the predetermined
period;
waveform processing means for applying signal
25 processing to the synthesized waveform data for the
predetermined period; and

output means for outputting, every sampling cycle, one



After that, simlarly to-the EG value, settings are made such that: if f >
0m-n+1T1a§1§},e&H55Fate/(n+l) and if f =0, m=n, and k =
LFOrate / n = 'é’ 10 represents the read-out LFO rate val ue,
and n and f re egral and deci rral portions, respectiyv ﬁ\;

llml

the rate val ue: ng the value "k", and a m\m‘mﬂ
to the current LFO vaI ue (I fop) each tl_ngoghe accunul ‘ m

the LFO val ue i s updated. 15 To this end, the val de "k" "is added at
step 322 into an Ifo fraction register LFOFRA. At next step 323,
a det er mi natsample omdehessyntheeized waeetormedataal ue stored in the
fraction register LFOFRA has become greater than "1". Wth a negative

det ermi nation, t h@%ﬁ?—%p&ﬁﬁfing’a&&épéﬂ JiPTRRisiory meqRs hperfopust Bndanee

current LFO vaI ue. the current value_ in the fraction regi ster LFOFRA
exceeds " 1" BARARSEeT &%ﬁﬂ%ﬁ% OpErGHEOL AP ARt VR tReRD iqmas

pr ogram pr oc . £ r = (integer portion n + 1 of LFOrate)
| e SHE werdt B iy |

is added to ren P) to obtain 25 a new LFO val ue
(Ifop). At next step 325, the value in the fraction register LFOFRA is
decrenented by one to prepare for next execution of the operations, and

then it 5s dsgerm peaaRhitieePrefadeiMEdia containing instructions for

causing said machine to perform a method of generating a tone,
said method comprising:

a first step of issuing generation instructions to
generate a plurality of designated tones;

10 a second step of assigning the designated tones to
respective tone generating channels designated from among a
plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the
respective designated tone generating channels for storage

15 therein;

a third step of issuing calculation-start instructions
at predetermined intervals;

a fourth step of, in response to the calculation-start
instructions issued by said third step, sequentially

20 performing tone forming calculations for the designated tone
generating channels in response to the calculation-start
instructions issued by said third step, so as to
arithmetically form waveform data for plural samples for each
of the designated tone generating channels on the basis of the

25 controlling data stored in said channel register of said
channel;

a fifth step of, for each of the samples, mixing the



- 83 - the current LFO value (Ifop) has reached a target value. |f answered
bn the affirmati e, @lecfaEBeedREplacddne program resets the-current LFO val ue

(l.fop) to "0". LFO val ue of a sawtpoth waveformis fornmed
as- shown in Fig. %ﬂ“ﬂﬂ!ﬂﬁ‘mlmllat step 328, an anp ,wﬂﬁﬁmm, n
pr edet er mi ned LFO tained by referring I /mma!ﬂ
cal cul ations on the basis of the curreati1ld@ phase val ue (1f#p)s

description has been give above about a preferred enbodi nent of the nethod
where LFO values of a _sawtooth 10 waveformas shown_ in Fig. 25B are
gener at ed t ¥ayefgsad data rkermed i f@ror ther idvsigrakadt itepenagersratinge
generated on_the basis , of such sawt ooth wavefqorm_ LFO al ues.
A ternat | velhanpeds, By, seidr FaupEl| PEEP reRIAS G h FURN BRSEH RAPPRE SBES ned
t hrough ot h%rngdi rect arithnmetic operations or by 15 just sequentially
referring t predet er mi ned nodul ati ng waveform table. Next, a detail of

the volune and pgpning, a%lﬂg i r@@éi PERET QR gSts%?n 18 & {i r18B,
step 240 of Fi g.acizlo andﬂs epPZEJgeo stepﬁ%ﬁ) W!€| gee escri-bed W|1f 28
referenge t@4ehd of24he Pl %éﬁ%is P Nhid | &% "BLAPSg | Si§RA1T BLARgH
the user's operation. At step 331, it is determ ned whether the curtent
val ue of theawphyimg idycaeyation
wherein in said tone forming calculations, said fourth
step, performs, for each of the designated tone generating
channels, formation of the waveform data for the plural
10 samples on the basis of one readout of the controlling data
from said channel register and write of the controlling data

into said channel register after the formation of the waveform

data.

31. A machine readable media containing instructions for
15 causing said machine to perform a method of generating a tone,
said method comprising:

a first step of assigning designated tones to respective
tone generating channels designated from among a plurality of
tone generating channels and writing controlling data for the

20 designated tones into channel registers of the designated tone
generating channels for storage therein;

a second step of issuing calculation-~start instructions
at predetermined intervals:;

a third step of, in response to the calculation-start

25 instructions issued by said second step, arithmetically
forming waveform data for plural samples for each of the

designated tone generating channels on the basis of the



—_—

(vol) has not Yol Lea hed a user-set target value. If the current vol une

information val ui W Repgehed the user- 25  set target val ue, a

355 11 the cur 'ﬂ@' vt oh wat-ue ool - EHRTURR BRI "

333; if the curr
user-set target value, an affirmative determination res@lts at step 331,
and - 84 - the programgoes to step- 333 to execute an interpolation
operation of the vol data to set the interpolated data as new vol data. At
step 333, it is determ ned whether the current value 5 of the pannin

i nf or mat i oncepanrPlhingnsiataeastered ddersadd chapoelyaregistert g€ ceaidnt
pan i nformatjion value (vol) has reached the user-set target value, a
negative deFBERPRAfi on results at step 333, and the programterm nates the

ti c1f th t ' i nf ti I h 10 , t
UL S I S WL E C M

|t t ' d { 3 .
resul s 2 ShePEideoti b, DM AR LA ABE WS Ay

new pansdat @nafibh§ bPesaTAOLhIRA! B8P, PEENadCES" EORH APRYE S8uple data

for each of the plural samples;

a fifth step of converting the mixed sample data for the
plural samples into into an analog signal every sampling
cycle; and

10 a sixth step of issuing an to generate a plurality of
tones utilizing idle time during processing of said fifth
step,

wherein said third step performs arithmetic formation of

the waveform data only for the channel sounding a tone.

15 32. A machine readable media containing instructions for
causing said machine to perform a method of generating a tone,
said method comprising:

a first step of issuing generation instructions to
generate a plurality of designated tones;

20 a second step of assigning the designated tones to
respective tone generating channels designated from among a
plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the
respective designated tone generating channels for storage

25 therein;

a third step of determining calculation-processing order

across the designated tone generating channels in accordance



15 activating the tone generator task 20 in response to Lbe/eufﬁﬂf READY
ressage gener at'ggk siter hiiBetpREedt he one-frane reproduct Fon by tput

deiver, it may o anged differently. For one
generator t ask 2 ted at an internedi a
one-frame 20 re ause the item (5) to ¥) operatlons can

be conpleted in a shorter tinme than the jgme-frane tine. Further, in stead
of the tone generator task 20 being activated for each frane haV|ng a
constant tinme length, the task 20 nay be activated at a tinme point when it
i s det ect edw2sh respectiee imprdmiranatof the tonescabepgengrated hasthe
decr eased below/a gredetern1ned quantit Furthernore, the waveform

cal cul ating ﬁﬁ%ﬁﬂﬂ 8¢ Fﬁ@ep98§§ﬁFtFﬁ9eﬁ¥PBﬁeﬁﬁy be inplemented in not only

ft - tor but dedi cat ed_t ti
Gevi ce pr ovi ded i FAPFCAnSERBCPF ol FEUE, Calo TR T e Tart bR RBRELRD t he

QUTPUT READ ve bove-descri bed synthesization of the 5
formed wave opﬁiéaggermbhgate%ﬁgfyglshput wavef orm data, and insertion of

the extgrnal l'y igpgi rpRVEESS BEAYA tHheAically forming waveform data for

pPlural samples on the basis of the controlling data stored in

the channel registers of the designated tone generating
channels, in response to the calculation-start instructions
issued by said fourth step;

10 a sixth step of, for each of the plural sample, mixing
the waveform data formed for the channels, so as to form
mixed sample data for the plural samples; and

a seventh step of converting the mixed sample data for
the plural samples into into an analog signal every sampling

15 cycle,

wherein said fifth step performs calculations for
forming the waveform data for the designated tone generating
channels in accordance with the calculation-processing order
determined by said third step, and when it is likely that the

20 calculations for forming the waveform data by said fifth step
will not be completed within a predetermined time and the
analog signal converted by said seventh step will be broken
off, the calculations for forming the waveform data are
discontinued at a time point when they are being performed on

25 one of the channels in the calculation-processing order, so

as to prevent the analog signal from being broken off.

33. A machine readable media containing instructions for



intermedi ate stage of the waveform formng cal cul ati on process may al so be

applied not only ttgli&hes&%ﬂf&q{e&ﬁ&@ generator but also to a dedicated tone

generating device ﬁ H wm an 10 el ectroni ¢ nusical instrunent.
Furt hernore, while has been descri bed as hjiem
(5), (6), (7), (1), !E l M Lerat I ons sequentially Hmuﬁgﬂmmm‘elm

1 " S 4n

*

order, these operations may be perfornediz-any ot her order.

addition, the above-described waveform cal cul ati ng operation at item (3)
may be divided into a_plurality of sections to be perforned dividedly,

rat her thancayedegssaidymaching 1o PEFSPEMIB8sBeTRRY higsmeratinaver Eeber
whil e the preferred eﬁgodinents have been 20 descri bed as collectively-
executing t SREI2TETERIe FP™PIAFIDE i ng of the tone generator registers in

the M DI event i rét e ‘t?gél %EF%%te%Zf .sﬁ‘{bl%}rié’f}g‘% %%%?ggz&%ngﬁfo% e execut ed

in the interrupt pro h _ y performthe
operation to read tg 0GRUT &fF I 'tlﬁ‘éq{ltca!ﬂ %_}min?;“ija‘?{esforn{ adtd;s case,

the tone assignment and setting of the tone dgenerator registers nmay be
performgd in the ghong @RI Ytdl QLS Sitkh I hd epetPenaficé Nenbbbhatysnt

I nterrupt process. Alternatively, they may be perfornmed in a tiner
~is supplied by said supply step, temporarily interrupting said
main step so as to perform a predetermined input operation for
receiving the supplied performance information, and upon
completion of the input operation, resuming said main step at

10 a point where said main step is interrupted; and

a tone generation step of, on the basis of the waveform
data formed by said main step, generating a corresponding tone
at timing later than a time point when the waveform data is
arithmetically formed by said interrupt step,

15 wherein said main step includes a performance
information processing step to create tone controlling data
on the basis of the performance information having undergone
the input operation, and a tone generator processing step to
arithmetically form the form waveform data on the basis of the

20 tone controlling data.

34, A machine readable media containing instructions for
causing said machine to perform a method of generating a tone,
said method comprising:
a system step of executing a predetermined operating
25 system;
a waveform formation step of arithmetically forming

waveform data for a predetermined number of samples every



- .86 - |nterrupL,pLQGess—SEbérate fromthe above-nentioned M DI event _
< nterrupt process. fpadbove- menti oned |nterrupt‘ﬁT66€§s may be

performed for anyrhisgh ”f5 nce i nformation proces \ than
\‘ ! ;‘\ nt and read-in oper Mﬁg\ “m

being limted to t

the tone generatin R present invention s

under st ood as bei ng linited to the wawveflagm-nmenor y- based nethod alone but
may be based on any 10 ot her principle such as the FM physical node or
ADPCM W th the Eresent i nventi on having been described so far, the
wavef or m f oPHeAgterrEnedt PeRiodancpetba ceasty o4 %Ps&@ﬁﬁ%?¢ﬁ&9ﬂwf#qm an
parallel with apn optional general-purpgse operating syste

Furt her, th@PBH%% toPNDERITBR SFCTHERGe s IHPH anRdat %ﬁﬂ‘ﬂ’tﬁd v%R)"e"F%“F%H%Iata
to be outpu onptly in response to a request fromthe waveform
reproductloﬁygt%Tfon Furthernore, with the present I nvention, the software

Lone gener st o - SnebLBUEH LOefXBE bl 808 LI kel LhgLrtie, Rosgess
generater proggss o3 ME REvEXSEM! o é’r:@éﬁ:ﬁé&@e{!ﬂlﬂeﬂé%e&“%yt R-EL L]

i ncr eased

waveform formation step; and

a control step of, in response to a request by said
output step, performing a task switch between said system step
and said waveform formation step during said predetermined

10 period.

35. A machiné readable media containing instructions for
causing said machine to perform a method of generating a tone,
said method comprising:

an input step of inputting performance information;

15 a waveform formation step of, on the basis of the
performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to
the predetermined period;

an output step of outputting, every sampling cycle, one

20 sample of the waveform data corresponding to the predetermined
period;

a waveform data delivery step of supplying said output
step with the waveform data corresponding to the predetermined
period formed by said waveform formation step:; and

25 a request step of defecting when output of the waveform
data by said output step has progressed, so as to request

another supply of the waveform data from said waveform data



amount of processi-Ag—Fresponsive to occurrence of performance information,

i1 he present inventiaon ¢ ggﬂg%g;ﬂ&gdfor the 25 deficiency at sonme ot her
ti.me, and hence t r processing can be effectively

st-abi | i zed. Mor eoﬁﬂﬁ[ﬁﬁ%ﬂ%ﬁﬂ? ocessing anounts at mﬂ ' f

per f or nance i nf or spersed within idle m”m,m”ﬁwmknd

thus it is possible to effectively avoldis tenporary irfcr éase

processi ng amounts. Furthernore, by perform ng the EG waveform and LFO
calculations intermttently, the present invention can reduce 5 t he
necessary carddveryngtepounts for waveformformation and thus effectively
| essen the processing | oads for the waveform fornati

on. , 1. A tone
generati ng met ho¥hegkdn Sedg wavetpsm dptg gelivenyn tﬁ@nk?a??%HUteg in
i nstruct.ions _to generate a pluraljty of .designated. fones; . cond
step of assFSﬁPﬁgsﬁhgodgerﬁg?gg %’gygglfiorque& §eb8"SRa Said wavefolf

| n
formation step is executed after said delivery step.

5 36. A machine readable media containing instructions for
causing said machine to perform a method of generating a tone,
said method comprising:

an input step of inputting performance information;
a waveform formation step of, on the basis of the
10 performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to
the predetermined period;
a waveform synthesis step of inputting external waveform
data corresponding to the predetermined period, and combining
15 the external waveform data and +the waveform data
arithmetically formed by said waveform formation step so as
to form synthesized waveform data for the predetermined
period;
a waveform processing step of applying signal processing
20 to the synthesized waveform data for the predetermined period;
and
an output step of outputting, every sampling cycle, one

sample of the synthesized waveform data.

37. A machine readable media containing instructions for
25 causing said machine to perform a method of generating a tone,

said method comprising:



réspect ive tone- generating channels designated fromanong a plurality of
-t one generating channels, and witing controlling data for the\&\g\ﬂﬂnat ed

tones into chafne3hest Ha lagfd t he respective desi \ \ ating
channel's for st ein; athird step of i m\\“ S

cal cul ation-sta at predeterm ned intaMvales; ta Yourth step
of, in response to each said cal cul ati-oaiestart instruction issued by said
third step, sequentially 15. performng tone form ng cal cul ations for the
desi gnated tone generating channels, so. as to arithmetically form waveform

data for plural SBnpPRBYLf5FeRaLR IPPEREIREsPERAPENDERIBEREMAFLAR’ channel s
oni d channel: 20 wavetdn | eiimgRifnet SEE Ik Mo T BasiRl St it

th f d, he. [ t [

e o BB A0 e 5 TGP enghsh g
conver i ng {8 ke SABLE) 881 nd OpvaP o BIGRaTH YNBePLikglogSAPIAS gt O

an anal og signal every sanpling cyc rein i toné form ng
cal cul & i ongri eihét{i@MIiy form waveform data;

a step of inputting external waveform data; and
a step of inserting the inputted external waveform data

in one of the stages of the calculations.

38. A machine readable media containing instructions for

10 causing said machine to perform a method of generating a tone,
said method comprising:

a supply step of supplying performance information:;
a formation step of arithmetically forming waveform
data;

15 an interrupt step of, when the performance information
is supplied by said supply step, temporarily interrupting said
formation step so as to execute processing of the performance
information, and then, upon completion of the processing of
the performance information, resuming said formation step at

20 a point where said formation step is interrupted; and

a tone generation step of, on the basis of the waveform
data formed by said formation step, generating a corresponding
tone at timing later than formation of the waveform data by
said formation step,

25 wherein said formation step arithmetically forms the
waveform data on the basis of the performance information

processed by said interrupt step.



- 89 - step, forms;- for each of the designated tone generating channels,
the wavef orm da ' ihe plural sanples on the basis of one readout of the

. f.or
control | ing data"™f nRelaced | regi ster and wites iﬂ“data
into said channel ﬂtWer the formation of thHlmumamﬁuutl |2_

A tone generatin ined in claiml1 which futther ‘coftprfses a
seventh step of issuing an on-the-way cahkgwlation-start instruction in
accordance wth the generation instruction issued by said first step for
each of 10 the designated tones, and wherein in response to the on-the-
way cal cul at3%n- st & imagisinecreadable | vedbar cpntadpingr instruckivesofianiat a
for plural sanples that correspond to a section froman end point of a

| ast - f or ned SRNSIRG fals RachiRepbP ReTfeTm thasdrs: afi IpPeFREINg 17 JiPnes

| ssued by saidwiirst S A tone generating nmethod conprising: a

.15, 3.
first step dict s‘ﬁﬁﬂboci)g'%%‘?%ﬂ%’rpqmtructions to generate a plurality of
desi d : d L gni. | t [
coTonet % ones” o eacain sigp o SSALL PoLIRALERORE, N v

tone generating c 'S~ desI ura
gener atigg S and witing controlling data for the designated tones

into channel tegisters of the designated tone generating channels for
storage therein; a waveform formation step of arithmetically form

waveform data for a predetermined number  of samples per
predetermined period, on the basis of an instruction from an
application program executed on the predetermined operating
10 system;
an output step of outputting, every sampling cycle, one
sample of the waveform data arithmetically formed by said
waveform formation step; and
control step of, in response to a request by said output
15 step, performing a task switch between said system step and
said waveform formation steﬁ during said predetermined period,
wherein said waveform formation step performs a tone

parameter calculating operation in an intermittent fashion.

40. A machine readable media containing instructions for
20 causing said machine to perform a method of generating a tone,
said method comprising:
an input step of inputting performance information;
a waveform formation step of, on the basis of +the
performance information inputted during a predetermined
25 period, arithmetically forming waveform data corresponding to
the predetermined period;

an output step of outputting, every sampling cycle, one



a third step of issuing.calculation-start instructions at predeterm ned
knterval s; 25 a fourth step of, in response to each said

cat cul ati on- st arthis Shet Hasder: aeedyed by said third step, mm |yl
-,90 - form ng wav Lpl ural sanples for eacﬂ,mlm Hgﬂruelmad
tone generating ch t asis of the controlling datca storedsi n
sai d channel register of said channel; -5118 - a fifth step of, for each

of the plural sanples, mxing the waveformdata fornmed for the designated
so .as to form m xed sanple

tone generatin ha s by said fourth step, . |

dat a 19 or eac%a'%?f? r?«}n%h"&r‘ég‘@ ﬂﬁ?égét%ﬁﬂ’r&'eﬁﬂm‘?%eﬁoo?h%mﬁ%#w
m xed sanpl é@&g{jor the 10 plural sanples into an anal og signal every
sanpl i ng cy??e, ﬁ%@rein said fourth step perforns arithmetic formation of

h f dat ay i Lk g e I men Lt Od Vi
or for 11y (0 at | cheloGReont ThEecPanidelye iFRE BeSUobaMlb BhH tikhys ,

hi gher vol Ur@téﬂ‘@a‘iét&hvm%}%ﬁwavéfgﬁﬁ da e8lrrefpondfn8E R PAAL IR as

defined in claim
5 period formed by said waveform formation step; and

a request step of detecting when output of the waveform
data by said output step has progressed, so as to reguest
another supply of the waveform data from said waveform data
delivery step,

10 wherein said waveform formation step performs a tone
parameter calculating operation in an intermittent fashion,
said waveform data supply step is executed in response to a
request by said request step and said waveform formation step

is executed after said delivery step.

15 41, A machine readable media containing instructions for
causing said machine to perform a method of generating a tone,
said method comprising:

an input step of inputting performance information;
a waveform formation step of, on the basis of the

20 performance information inputted during a predetermined
period, arithmetically form waveform data corresponding to the
predetermined period;

a waveform synthesis step of inputting external waveform
data corresponding to the predetermined period, and combining

25 the external waveform data and +the waveform data
arithmetically formed by said waveform formation step so as

to form synthesized waveform data for the predetermined



furt her conprises a seventh step of setting a predetermned limt period,
and an ei ghth stap. Qfe gl eekd8a whether 20 calculations for all

designated tone g els will be conpleted within the
predeterm ned i mImEEIEMﬂmr if it is determ ne tions
for all designate ng channels will no I“ mul Hﬂn H Fhi n
the predetermined limt period, instructhpg that a tonec¢sheuld be 25
nmuffl ed in any of the tone generating channels. 5. A tone generating

met hod conprising: a first step of issuing generation instructions to
generate a pperiddiy of designated tones; a second step of assigning the
desi gnated tones to respective tone generating channels designated from
among a plurality2dfav % ARAGRS KNI FAeRpePE, apply ing t$igna muosidssings
data for the designat eg tgnes i nto_channel registers of the respective
desi gnat ed tGhéN§eREPEPRRZeAFmEeEoFR dakay) £o%cthe prade ternined pardpdsf
det er m ni ng cul ati on-processing order across the designated tone
generati ng hahnel s in accordance 10 with respective inportance of the

tones tg be genergf E‘éhfﬂhé k@té&?%@%‘&ﬂxéﬁr}? ,geert]leerr%} o p&r}.%ngn%ly%;le, one
sample of the synthesized waveform data,

wherein said waveform formation step performs a tone

parameter calculating operation in an intermittent fashion.



a-fourth step of issuing calculation-start instructions at predeterm ned
“intervals; a fifth step of arithnetically form ng waveformdata for 15
.plural sanples on the basis of the controlling data stored in the channel
Jegisters of the designated tone generating channels, in response to the
cal cul ation-start instructions issued by said fourth step; a sixth step of,
for each of the plural sanples, m xing 2@Q0 -t he waveform data forned for
the channels, so as to formm xed sanple data for the plural sanples; and a
seventh step of converting the m xed sanple data for the plural sanples
into into an anal og signal every saanéE%E&%ﬂé 25 wherein said
fifth step perforns calq%latl the veform1data for the

desi gnated tone generatlng 8H§n%8P§ra%1§€COF&§ vﬁge

| | t Sr t
Tikel'y that [ne FOE. g9 SiSRR IEbRET AL N1 °“Qhégm2ve R T
fifth step g‘érhﬂlé'oéa@é EBPPA%SHth&h#:B § BEL%Q«%&%EF‘ Bed ddnfl i34 da éanal og

signal convert'ed by said sevehth step wi |l “be broke
5 (e.g., 100 samples) are arlthmetlcally formed collectively.

Once performance information such as MIDI event data is
supplied to a tone generator MIDI driver (16) from an
application program such as a MIDI sequencer software (31),
the MIDI driver (16), in response to an input MIDI signal,

10 assigns new tone generation to a designated tone generating
channel of a tone generator task (20), and prepares tone
controlling parameters to be set in the designated channel.
The tone generator task (20) arithmetically forms tone
waveform data by use of the tone controlling parameters and

15 passes the tone waveform data to a CODEC circuit (26)
functioning as an A/D converter. The program and a general-
purpose operating system are sequenced and executed by a
preemptive multitask management program.

(Figure 13)
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of f1 the calculations for formng the waveformdata are 5 discon%'nued at
a time point when they are being perfornmed on one of the channel s#h t he
cal-cul ati on- processing order, so as to prevent the anal og signal from being
br oken off. 6. A tone generating nmethod for execution on a conputing
unit, conprising: 10 a supply step of supplying performance
information; a main step of arithnetically form ng waveform data for plural
sanpling periods in_a collective, successive fashion; an interrupt siep of ,
when t he perfornmancsg i nformati{on is suppti ed by iﬁid suppHﬁjstep, 1
tenporarily ipterrupting said(l QBN ep so as to perfyprma 2

pr edet er mi nedf kgyBodrp QP e B sRY f Pr RV | e—d [Wr=Ya

i nformation, pnd uporn cqgnpletioh o put mai n
step at a poi tt—wgtrere sard—xerT ste te , . & tion
step of, on the asis of th¢ waveform|20 datajfornmed by said main step,

generating a cornyespondi ng one at timpng laterythan a tine point when the
waveformdatalis arithnmetically fornmed ggy said main step, wherein said main
step i ncl udeslea—perfogimnce—inig i 28550 . L
controlling datal 25 Ton the bagis of the perfornance infdrmation Raving
under gone the Mut oferation, pnd a tone generatjpr procegsing stegd to
arithnetically forrp'I I br nfYRYETbr nfaaraon | .‘sis‘ O [co-rox

e 2 ET e 8 DRIVE

5 4

TONE COLOR DATA

PD1
— | PITCH RANGE WAVEFRORM
PD2 DESIGNATING DATA:
L FO CONTROLLING DATA;
FEG CONTROLLING DATA:
- AEG CONTROLLING DATA:
. TOUCH CONTROLLING DATA;
OTHER DATA
PD16
WD 1
WD 2 -
WD 3
WDn
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tdhe'controlling data. 7.

conputing unit, co

npri si ng:

A tone generating nethod for executiogzgn a
a system step of executing a predeter%

ned

operating 5 system a waveformfornmation step of arithnetically form ng

waveform data for a plurality of sanpling cycles,

on the basis of an

I nstruction froman application program executed an the predeterm ned
10 an out put step of outputting,

operating system
cycl e,

every sanpling
one sanple of the waveformdata arithnetically fornmed by said

wavef orm formati on st eB'PURAEFFERnerating a trigger signal to request a task

swi tching once for
step of, in respon

perform ng a task S
formati on step duripeg—se+d

met hod for executi
| nputting perform

aN‘Bﬁ#ﬂzEHFI toenPf [sanpl e cycles; and 15 a control
eto sadirrigder sig ut put step,
Wi t ch optiveen dai d sys| eonrTERT8 poFapidAdai d wavlef or m
—e—p+egetaryl ned pertTod— 8 74 LOIE nerating
n on d R&muting n} SCCURRENGH TIHENGE DAT4 dnbut step of
PR o
F 1 G, 3
CHANNEL REGISTER
1CH
— | notE No.
2CH WAVEFORM DESIGNATING DATA
L F O CONTROLLING DATA
3CH F E G CONTROLLING DATA
A E G CONTROLLING DATA
. NOTE-ON DATA
. OTHER DATA
WORKING AREA
32CH

OUTPUT BUFFER

F I G, 4

SD1

SD2

SD3

»

SD1

SD2

SD3

WAVEFORM SAMPLE DATA
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a waveform formation step of, on the basis of the performance- infgrgation
i nputted during a predeternlned period, arithnetically form ng waveform
data corresponding to 25 the predeterm ned period; an output step of
out putting, every sanpling cycle, one -94- sanple of the waveform data
corresponding to the predeterm ned period; a waveform data delivery step of
supplying said output step with the waveform data corresponding to the
predeterm ned 5 period formed by said waveform formation step; and a
request step of detecting wheyg Oﬂkﬂpkmﬁimihe wavef orm data by said out put
step has progressed, so as to\eg anot-het supply of the waveform data
fromsaid wavef orm dat a dellvery steg. wherei n said wavef orm dat a
uest by said request step and

delivery step is executed in
”?éfaldallvery step. 9. A

said waveform formati on step i

tone generating nethod for executlonﬂon a conputing unit, conprising: 15
an input step of inpgtting p tion;

KEYBOARD PROCESS ~— S20

|

MIDI PROCESS ~— S30

|

TONE GENERATOR PROCESS [~— S40

i

OTHER PROCESSES ~—— S50
i

F I G. ©6

( MIDI RECEPTION INTERRUPT PROCESQ

READ IN RECEIVED DATA |~~~ S100

i}

WRITE THE DATA INTO INPUT BUFFER [~~~ S110
ALONG WITH ITS OCCURRENCE TIME

RETURN

¥F 1 G. 7



a waveform formation step of, on the basis of the perfornmance infgmgation
inputted during a predeterm ned period, arithnmetically form ng waveform
data corresponding to the predeterm ned period, said waveform fornmation
step formng 20 pl ural successive sanples of said waveformdata; a
wavef orm synthesis step of inputting external waveform data correspondi ng
to the predeterm ned period, and conbining the external waveform data and
the waveformdata arithnetically formed by said waveform formati on step so
as 25 to form synthesized waveform data for the predeterm ned period: a
wavef orm processi ng step of applylng S|gnal processi ng - 95 - to the

synt hesi zed waveformdata fo - ed period, said waveform
processi ng step appl yi ng saild S|QHH]P%W5§eSS|'g to the plural sanples of
sai d synt hesi zed wavef orm data step of outputting, every
sanpling cycle, one 5 sanple_of the wavef orm data. 10. A tone

generating nmethod for exec JtlcqgcxomgaImmppmg HILL S Zopri si ng; an i nput
step of inputting perfor mahee—ir-orrattoahs

NO

ANY DATA ?

220
WHAT IS THE RECEIVED DATA ?
NOTE-ON NOTE-OFF OTHER DATA
JLE5£i;3() ALS:?A!:O | S250

NOTE-ON NOTE-OFF OTHER
PROCESS PROCESS PROCESS

F I G. 8



a waveform formation step of, on the basis of the 10 per formance

I nformation inputted by said inputting step, perform ng cal cul ati ggxgeo over a
plurality of stages so as to formwaveform data, said waveform formation
st€p form ng plural successive sanples of said waveformdata; a step of

I nputting external waveformdata; and 15 a stop of inserting the

I nputted external waveformdata in one of the stages of the cal cul ations.
11. A tone generating device conprising: a nmenory for storing a tone

gener ator processing progranland a performance proceSS|ng program 20

suppl y nmeans fot—stpp ey Or mance i nf prme er for storing
matNpERTON PRIGESS at i bn means f or ex@?ﬁthﬁd’RP(F?é t ofe generat or

control info
processi ng pr ogram ang per Of mance nf acessi Ng _program sard cagcgb%l on

nmeans nor ny, yore” gener ator 25 pMocessingyf 6gram t o
coIIectivelyN&pralmmmpﬁ@rn1data for plur hqganplmng}merlods oh the basis of
t he control] VE Lef QepgITYon, wherjei n when [tThe per 6GSURRENCE2 TIMBf of mation i s
suppl i ed by Eéid*sﬂéﬁmﬂﬁﬁéaﬂg daid cal c§l ati on neans tenporafily
interrupts lexecution of the tond generat ¢r
i /\/S 310 L /\/S 410
NOTE ASSIGNMENT IDENTIFY SOUNDING CH
i «< ASSIGNED CH i « IDENTIFIED CH
I ~/S320 Lj /\/8420
SET DATA INTOG CHANNEL RESET NOTE-ON FLAG
REGISTER FOR i CH FOR iCH
l S330 I _/S430
SET NOTE-ON FLAG WAVEFORM FORMING
FOR i CH CALCULATION: CALCULATE
SAMPLES OF UNCALCULATED
L _/S340 WAVEFORM THAT SHOULD BE
FORMED BEFORE TM, &
WAVEFORM FORMING ¥RITE SAMPLES
CALCULATION: CALCULATE INTO BUFFER X
SAMPLES OF UNCALCULATED
WAVEFORM THAT SHOULD BE l AJ{,\,1554L4L()
FORMED BEFORE TM, &
WRITE SAMPLES RELEASE START OPERATION
INTO BUFFER X FOR iCH
L /S350
TONE GENERATING
INITIALIZATION FOR i CH
ON THE BASIS OF DATA
IN CHANNEL REGISTER m

¥F I G. 9B
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precessing program so as to execute the performance processing 5g/20pr ogram
to thereby create control information corresponding to the supplied

pes formance information and store the created control information in said
regi ster, and, upon conpletion of the perfornmance processing program
resunmes the tone generator processing programat a point where the tone
generator 10 processing programis interrupted; and tone output neans
for, on the basis of the waveformdata foruoed by the tone generator
processing program gener afl %Nggﬁﬁgnmpmo@ggg one at timng later than
formati on of the waveform ata ¥ I on means. 15 12. A tone
generating nethod for execution on a orrputl ng unit, conprising: a
receiving step of receiving perforpefeednformation; a formation step of

form ng waveformdata for pluraf; aToIn od5|ﬁba col l ective,
successi ve fasgié? 2Q. Ah%}gﬁ g{;EX'Ftep . shen the perfornmance
information is & ved I QeI RO Sstep~Tenpofarily interrupting
said formation step so as to pe

‘ Qr m processi ng of thg performance
information, and then, upon conpletrogr of the process{ng of the perfornmance
i nformation, resum ng said 25

forma |08 step at a pofnt where said
formation step has beenfl\n_g

E gener gtion stop of, on the
basi s of the waveP POINT O THE BASIS OF
CURRENT TIME

S520

CALCULATING POINT ?

SET CALCULATING ORDER [~— S530

I

DESIGNATE CHANNEL WHERE TONE IS [~— S 540
TO BE DEADENED

|

WAVEFORM FORMING CALCULATION: ~— S550
CALCULATE UNPROCESSED WAVEFORM SAMPLES
& WRITE SAMPLES INTO BUFFER X

i

L PF OPERATION FOR [~ S560
BUFFER X

L

REGISTER WAVEFORM OF ~— S570
BUFFER X AS WAVEFORM TO
BE REPRODUCED NEXT

l

SET ANOTHER BUFFER X FOR FORMING |I~— S580
WAVEFORM OF NEXT SECTION

FI1&G. 10



by 'said formation step, generating a corresponding tone at tim ng7jater
than formation of the waveformdata by said formation step, wherein said
formation step fornms the waveformdata on 5 the basis of the performance
i nformati on processed by said interrupt step. 13. A tone generating

met hod for execution on a conputing unit, conprising: a systemstep of
executing a predeterm ned operating 10 system a waveform fornmation stop
of formng waveformdata for a pI urallty of sarrpl [ ng cycles, on the basis
of an instruction from an Qn the predetermn ned
operating system 15 every sanpling
cycle, one sanple of the waVve wavef orm formati on
step; and control step of, in resgonse t a request by sal d out put step,
performng a task switch betvve N QA ATINE PREPAR F1Q s N2 d waveform
formati on step during said predetrag TP AMHLEJFOLET MhEI’EI n sal wavef orm
formation stop perforns a tone

WAVEFORM CALCULATIONS FOR LF O, ~—S610
FILTER EG & YOLUME E G

L

WAVEFORM DATA READOUT & ~——S620
INTERPOLATION BASED ON GENERATED
ADDRESSES
FILTERING OPERATION -S630

|

VOLUME CONTROL & S 640
ACCUMULATIVE WRITE

S650
YES

TO BREAK OFF CALCULATIONS ?

DESIGNATE 1ST [~—S680
SAMPLE OF NEXT CH

NO HAVE CALCULATIONS BEEN BREAK OFF
COMPLETED FOR ALL CH’S CALCULATIONS
é YES ] é

S660 S670
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paraneter cal cul ating operation in an intermttent fashion. 14. Aglygne
generating nethod for execution on a conputing unit, conprising: 25

ar- i nput step of inputting performance information; a waveform formation
step of on the basis of the performance information inputted during a
predeterm ned period, arithnetically form ng waveform data corresponding to
the predeterm ned period: an output step of outputting, every sanpling
cycle, one 5 sanple of the waveform data corresponding to the predeterm ned
period; a waveform data delivery step of supplying said output step with

t he waveform data corresponding to the predetern ned period forned by said
waveform formation step; and 10 a raquas%st@p of detecting when

out put of the waveform data by said output]stpp hasprogressed, so as to
request anot her supply of the wavefor n ffon] said wavef orm dat a
delivery step, wherein said wavef gy af i oh sfep perforns a tone 15
paraneter cal cul ating op?ration i intefmjtept fashion, said waveform
data supply step .i-%.-.ex.ec. ited..in.r&8ibnse. t.ppa r

o
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request by said request step and said waveform formation step i s executed
after said delivery step. 15. A tone generating nethod for execution on a
corputing 20 unit, conprising: an input step of inputting perforgrfﬁ%ce

i nformation; a waveform formation step of, on the basis of the perfornmance
i nformation inputted during a predeterm ned period, arithnetically formng
pl ural successive sanples of 25 wavef orm data corresponding to the

predet erm ned perB@&; a wavef®am synt he${& step ofL4nputting external

wavef orm dat a corrgspondi ng tq’the predg@ erm ned périod, and conbi ni ng

t he external way al qnqpf he AvedoRiEL ! cal ly fornmed by

said waveform f e[ sEQUEREER! ks M@V ef orm data. for
the predetermn ;P | SOFT a pgwssi ng s{ep of applying
signal processing to the s jthesi zed fa for the gRPéMéONm ned
period; and an o i Sanmptg—Ty BRERAMSne sanpl e
of the synthesized waveform data, “10 whereirn saird waveformftormtion
step perforiﬁsa\tﬁ INTERFACE 25
16 ~4 T.6. MIDI 17 ~ WAVE DRIVER
DRIVER
18 4 INTERFACE
RING 3
19 20 21 22
% e ¢ EXTERNAL
MIDI
TASK T.6. TASK WAVE TASK MIXER DRIVER
DISPATCHER _ TASK
LIBRARY
24 —~ CODEC DRIVER 23
RING 0 jﬁ
SYSTEM
PROGRAMS
HARDWARE
jl RDWAR
26 CODEC 27 ~ MIDI 1 /0O
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>

paraneter cal cul ating operation in an intermttent fashion. 16. A tone
generation device conprising: first nmeans for issuing generation 10/20

i nstructions to generate a plurality of designated tones; 15 second
means for assigning the designated tones to respective tone generating
channel s designated fromanong a plurality of tone generating channels, and
writing controlling data for thg ::siEi]é?d tones into channel registers of

the respective designated tof&s~g ra hannel s for storage 20

therein; third neans for issd‘?ng calfu ation-start instructions at
predeterm ned intervals; fourth neank for, in response tolgach sai d

cal cul ation- start instructionyi ,qu by said third neans,”sequentially 25
perform ng tone form ng cal cul @i ¢ns&fof the designated tgge generating
channels, so as to arithnetically cgg% pvavef orm data for pIuraI sanpl es for

each of the desi gnat ed tone - B gienerati ng channel s on the basis of
the controlling data stored in sald hannel register of sdﬂd channel ; fifth
means for, for each of the sayp "“.ngqthe —
@’VIAI &
b
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wavef orm data fornmed for the designated tone generating 5 channel s by
said fourth neans so as to formm xed sanpl e data; and sixth neans figno
converting the m xed sanple data for each of the plural sanples into an
anal og signal every sanpling cycle, 10 wherein in said tone form ng
cal cul ations, said fourth neans, forns, for each of the designated tone
generating channels, the waveformdata for the plural sanples on the basis
of one readout of the controlling data fromsaid channel register and
wites the controkling data into said channel 15 register after the
formati on of the Eaveforn1data. 17. A tone generation device as defined
in claim16 mhichﬂJurther conpri ses seventh neans for issuing an on-the-way
calculation-start Jinstruction in accordance with the generation instruction
i ssued by said firjst neans for eachpof320_ _ the i tones, and

wherein in responde to the on-the- way C _Start] ifnsfruction, said
fourth nmeans forng the waveform data for | es at |correspond to
a section fromanjend point g& pim tof 4 tiine poi nt when
the generation ingtruction i meang.l 2% 18. © A
sound generatiﬁg-;pparatus devi cg {t hat Bxecutes
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pregrans; a nenory device that stores the prograns to be executed by the
processor device; an input device that inputs a generation instructipasto 5
generate a designated sound; a register. device that stores control data
fof controlling a sound to be generated in a sound generation channel, said
control data being stored separately in said register device for each of a
plurality of said sound 10 generation channels; and an output device that
out puts a generated sound waveform data every predeterm ned sanpling cycle.
wherein said processor device executes said first programwhich is
directed to a process of, in response to an 15 I nput of said generation
instruction via said input device, assigning the designated sound to one of
t he sound generation channels and storing said contorl data correspondi ng
to said designated sound into said register device ip.correspondence with

t he assi gned channel, and wherein said processor de ice& 2@ further
executes said second program whiclyis dirpeted—ts gsses of . issuing

cal cul ation-start instructions at =predetefm ned i
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intervals, in response to each said calculation-start instruction, ﬁﬁzo
perform ng sound form ng cal cul ations for said channels so as to
arithnetically formplural sanples of waveformdata for each of the
channel s on the basis of the control data stored in said register device,
within a tine shorter than a tine - 102 - corresponding to a total
nunber of sanpling cycles necessary for said plural sanples to be forned,
sai d sound form ng cal cul ati ons being performed in accordance with a
predet erm ned condition iving priority t Lat [Te€hst one of the 5 channels
currently generating a t th hi gher Mol'hne|that the ot her channel
and m xing, for eagh pre et eﬁn ﬁ sanpl e poi 1@ the sanples of the

wavef orm data forngd for ythe gy ndii dual ch LIS lse—as—te—Fey m m xed sanpl e
data for each sai dnsanpl ¢ poi 10 anflBvher ei n sai d put put device
out puts the m xed ganpl) t uccessiyve shnple points evpry sanpling
cycle as saig gene( at ed efjory d& . LO. A _sound pengration
apparatus as define Inj aim ] reln sfli d seconfl pfogran| exgcuked by
sai d process&r dejvicel | = ot _ N F
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15" is further directed to processes of setting a predetermn ned 1|4i£6t
period, and determ ning whether cal cul ations for all designated sodnd
generating channels will be conpleted within the predetermned limt

period, and, if it is determ ned that- the calculations for all designated
sound generating channels 20 w Il not be conpleted within the
predetermned limt period, instructing that a sound should be muffled in
any of the sound generating channels. 20. A tone generation device
conprising: first means. for issuing generation instructions to 25

generate a plurality of designated tones; second neans for assigning the
desi gnated tones to respective tone generating channels designated from
anong a plurality of tone generating channels, and witing controlling data
for the designated tones into channm re%o ctive

desi gnat ed tone generating channel s\{or D3P HE'TS ¢ hefel n,”third neans for
determ ni ng cal cul ati on-processi ng order acr@ss the designated tone
generating channegs i n accorgance witsh resped¢tdse i nportance of the tones
to be generated i@ t he desi g(hat ed torga gener ti{%g channel ?

KEYBOARD DISPLAY HARD CODEC SOUND CD-ROM
DISK SYSTEM DRIVE
BUS
MIDI TIMER CPU ROM RAM
5 4 1 2 3
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10- fourth nmeans for issuing calculation-start instructions at
predetermned intervals fifth means for arithnetically form ng waveform
data for plural sanples on the basis of the controlling data stor&¥2Pn the
channel registers of the designated tone generating 15 channels, in
response to the calculation-start instructions issued by said fourth neans;
sixth neans for, for each of the plural sanple, mxing the waveform data
formed for the channels, so as to formm xed sanple data for the plura
sanpl es; and 20 seventh neans for converting the m xed sanpl e data
for the plural sanples into an ang al g%gé sanpling cycle, wherein
said fifth neans perforns cal cul as for % t he wavef orm data for

t he desi gnated tone generating channells in accordance with the

cal cul ati on-processi ng order 2; dot-¥pm-red—by said third neans, and when
it is likely that the cal cul at { ons sf¥+ @ or m ng~@3savef orm data by said
edw tipt T a predetermned time and the

fifth means will not be conpl et
anal og signal conpertred by sala neans _wl| be - 104 - broken

off, the calculat]ons for fornghg yhRfopieyabe i daja ape3 o
INTERPOLATION (ONE SAMPLE)

&

MULIPLY LEVELS ~—233
& STORE TO BUFFER

L

CREATE NEW ADDRESS ~—234

235 | o
2 SN=0 OR MULTIPLE OF 8 ? >——

I YES

UPDATE AEG ~—-236

237 k

\z AEG< KET-OFF LEVEL >

238 | Yo .
\z SN=0 ORMULTIPLE OF 8 7 >

239 JLYES

SN(_TSN+1 UPDATE L F O v
KEY-OFF
243 240\ l
INTERPOLATE VOL & PAN 244

241 J‘

UPDATE THREE CH’ S LEVELS
( DRY L/R & REV )

YES t
———< NEXT SAMPLE ? >'\/242

Not
( rerur )'\/245
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di scontinued at a tine point when they are being perforned on one of the
channels in the cal cul ati on-processing order, so as to prevent the anal og
signal from being broken off. 5 21. A tone generation device 16/20
conprising: supply neans for supplying performance information; main neans
for arithmetically form ng waveformdata for plural sanpling periods in a
col l ective, successive fashion; interrupt neans for, when the performnce
I nformation 10 is supplied by said supply neans, tenporarily interrupting
said main neans so that said main neans perforns a predeterm ned input
operation insted of form ng the waveform data for receiving the supplied
performance i nformation, and upongZcopphet the i nput opration,
resum ng said main 15 means at erceléga(?d main neans i s
interrupted: and tone generation nmeang$ for, on the basis of the waveform
data forned by said mai n neansp—gerer&t+rg—ejcorrespondi ng tone at tining
| ater than a time point when the waWetdt m datfa~r<2 &% thnetical |y fornmed by
said interrupt nmeans, 20 wherdin sald main nmeans includes a
perf or mance inforEatlon tone controlling data on
e

the basis of the rformance i REy vaYEFORM MBRORY NG undergane x he i nput
operation, and tohe genelat ar INNERPORISON (ONRESAMRLEY 0 4rithnetically formthe
formwaveformdatp on th STS Uth145 tone control ling data.

MULIPLY LEVELS ~—263
& STORE TO BUFFER

A

CREATE NEW ADDRESS I~ 264
265 l
NO
SN=0 OR MULTIPOLE OF 8 ? >—-—-
lms
UPDATE A G E I~ 266
UPDATE L F O I~ 267
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72 UPDATE THREE CH’S LEVELS |~—269
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SN«SN+1 {270, k —
< AGE< KBY-OFF LEVEL ¢
273
271 <Jgo
YES \
NEXT SAMPLE ? > KEY-OFF
NO ]

RETURN 274
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22.7 A sound generation apparatus conpri sing: a processor devi cgl mbi ch
executes a predeterm ned operating system and plural prograns ex Z ed on
thé operating system said plural programs including an application
program a sound generating programand a task 5 control program a
menory device that stores the prograns to be executed by the processor

devi ce; and an out put device that outputs a generated sound wavef orm dat a
every predeterm ned sanpling cycle, 10 wherein said processor
device executes said sound NeE PpaTRRCINam which is directed to a
process of form ng waveformd erm ned nunber of sanples
every predeterm ned period, in an arifhnmetic manner, in response to an
instruction to generate a 9 f qati on 15 pr ogram execut ed
on the operating sy3QhmwHer ei nREARi ¥ BiPARMAIt deyi ce out puts each of

succesi ve sanpl es of said florned &% & T dat a4t every sanpling cycle, and
generates a trigger signal to requestja task switching once for a plurality
of the saming cycles, and 20 i ai gopr ocessor device further
executes said task 302 KEY-ON ? 303

YES
SHIFT TO RELEASE
SEGMENT

NO
304 ~—<_ OTHER THAN SUSTAIN SEGMENT ~>——)
J e

305 ™ AEGFRA— AEGFRA + k

4

NO
~
306 ,\< AEGFRAZ 1 > .
Js
307 ~— aeg aeg+m

A E G« aegXTOUCH

!

308 ~ AEGFRA«— AEGFRA — 1

L o
309 ,\< aeg HAS REACHED TARGET VALUE ?>—>J

310 SHIFT TO NEXT SEGMENT

| =
311/\{ RETURN )
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control programwhich is directed to a process of, in response tojgapd
trigger signal. controlling a task switching operation between execution of
sai d operating system and execution of said sound generating program during
sai"d predeterm ned 25 period. 23. A tone generation device conpri sing:

i nput means for inputting performance information; - 106 - waveform
formation nmeans for, on the basis of the perfornmance information inputted
during a predeterm ned period, arithnmetically form ng waveform data
corresponding to the predetermned period:. 5 out put nmeans for

out putting, every sanpling cl ep ooeumarmte gf the waveform data
correspondi ng to the predet eMs ef orm data delivery neans for
suppl ying said output nmeans with the veforn1data correspondlng to the 10
pr edet er mi ned period for Q% SEans; and request
means for detecting when gata Dy ‘sai d out put means
has progressed. so as to |

eqlest

LFOFRA+ LFOFRA + k ~—-322

NO —L
——< A Z1 >~—323

YESJ{

1fope— 1fop +m ~—324

LFOFRA « LFOFRA —1  [~—325
326 J ,
< 1fop> TARGET VALUE (MAXINON) S
YES
1fope«— 0 ~—327
OBTAIN L F O WAVERORM AMPLL.  |~—328

VALUE ON THE BASIS OF lfop

RETURN 329
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anot her supply of the waveformdata from said waveform data 15 @&bvery
means, wherein said waveform data delivery neans is executed in response to
a request by said request nmeans and said waveform formation nmeans is
exécuted after said delivery nmeans. 24. A sound generation apparatus
conprising: 20 a processor device that executes a sound generating
program a nenory device that stores the programto be executed by the
processor device; an input device that |nputs performance information; 25
and an out put device that out ] sound waveform data every
predeterm ned sanpling cyfle, wnﬂmrgqqmﬂwgaggmn syi d processor device
execut es said sound gener
on the basis of the perforywe
period, arithmetically formng mavefq
predet ermi ned period;_i¥ ]

wdtted during a predeternlned
data corresponding to the
pdatgcprresponding to the

vol INTERPOLATION 332

NO
< pan # TARGET VALE _>~—333

J{YES

PAN INTERPOLATION ~—334

( RETURN )’\/3 35

F I1G. 2 4




predeterm ned period; conbining the external waveform data and thggfkgrnmed
wavef orm data so as to obtain conbi ned waveformdata for the 10
predet erm ned period; and applying a predeterm ned sound processing to the
conbi ned wavef orm data for the predetermnined period, and wherein said _
out put device outputs, every sanpling cycle, one sanple of the conbined and
processed waveform data 15 as sai d generated sound waveform data. 25. A
sound generation apparatus conprising: a processor device that executes a
sound generating progrant a nenory device that stores the programto be
executed 20 by the processor device; an input device that inputs
performance i nformati on; and an out put device that outputs a generated
sound wavef orm dat a evarichredECATmMSUSHAIEANRALELE Bp¥f)e, wherein said
processor device executes said sound 25 generating programwhich is
directed to processe%ﬁof'on the basis of the perfarnmance i nformation

i nputted during a pr

EGMAXlevel
(100%)
~ + RLSrate
SUSlevel 4
: RN
N % DMPrate
REY-ON KEY—OFF "~ KEY-OFF LEVEL

EXAMPLE OF E G WAVEFORM
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~a plurality of stages so as to arithnetically  orgeMeN NN Gadfiisrs! NPYET T NG
external waveformdata; and inserting the inputh gsbs@agdRnn

.‘!:?ft&‘r;pﬂ} L2
.y n one of 5 the stages of said calculations. WCiaim(ﬁ t ang,QeReL at on; 162

" “device conprising a menory and a processor that : gr am'St o &d
in said nenory, said program causing said pr %%’gﬁg; &ge?’fé@) %5”@%% A
o

of : receivi gQf or mationy dd _ m ngp\%'a?fe -f??%i’a%‘i "t o
pl ur al sarrpmnmgm)luﬂmrmlm col | ective, successive fashion; wh __.Jr__r]s
performance i*nf érmati'n % s *recei ved by said si dPATE Q%MQEW--% %F-gﬁi |y
interrupting said step of form ng so @GsLt® P fDHrm processi ng of the
performance 15 information, and then. upon conpl et Tiig iPthd fepiacentet shast
of the performance information, resunming said step of form ng at a point
where said_step _of formng has been interrupted; and on the %?sis of the
wavef orm data f é Fofepgenaratingymethed  aomprisingy Doy a ¢ JUEPI998i ng

tone at tinming | atgigt{:]an 20 formati on of the wavefaogrmdata by said step
of forming, whefeiFiESFd 48R 8F (153MIRG 1 GPRRTRELON A MSIERCEALRSoNL? he

nterrupt i AEnerr e8I B RredeREr ar: ReRpmered omnny  cing: |

5 ) a second step of assigning the designated tones to

respective tone. generating channels designated from among a
plurality of t{one generating chaimels. and writing controlling -
data for the designated tomes into channel registers of the
respeétive designated tone generating channels for storage
10 therein; | |

a third step of issuing calculation-start instructions
at predetermined intervals; -

a fourth step of, in Tesponse to each said cglculation-

start instruction issued by sald third step, sequentially

15 performing tone forming calculations for the designated tone
generating channels_,_ 80 as to arithmetically form waveform
.ﬂata for plural samples for each of the designated tone
generating chanmnels on the basis of the controlling data
stored in sa:i.d channel register of said channel;

20 a fifth step of, for each of the samples, mixing the
waveform data formed for the designated tone generating
channels by said fourth step so as to form mixed sample dat:a;
and

a sixth sfep of converting the mixed sample data for

25 each of the plural samples into an analog signal every
sampling cycle,

L3

wherein in said tone foming' calculations, said fourth



=25 a&q.QWT &Wf" Th executes a predeterm ned operating system and
pl ural pradgr ut ed he operating system said plural prograns
.including fnt a i;ﬁ%w ptophram a sound generating program and a task
“control ‘prg a?ﬁo

nory dleyi ce that stores the p cut ed by
the proces$on,; : n output device that Wlﬁmﬁmed sound
wavef orm ddta every prede il ned sanpling cycle. ereln sal dsprecessor
executes s& €nerating program #Rith i s directed to a process of

form ng waveformdata for a predeterm ned nunber of sanples every
predeterm naggl0 £oPfis! 0t NedBnards NERk! CadPilifdted NtbRE P Yhiferat 13!

I nstruction to-gemerate a sound fromthe application program executed on

the oper at idHaellM thedwaberern datd FTorUihdleyiweaDuUsampiesash he
succesi ve sanpl es of Tard fornmed waveform data at every sanpling cycle, 15

and gener atbsis ofi gger readovt df theqoentroll ek datia Eromosald cHanned
plurality of the samling cycles, and wherein said processor further
execut es sategistar curd rwripesgthe wontimoliingr datad ingoa sgridc sdhmndiel i n

response to said trigger signal, controlling a task sw tching operation
register er the formation of the waveform data.

2. A tone generating method as defined in claim 1 which
further comprises a seventh step of issuing an on-the-way
calculation-start Instruction in accordance with the
generation instruction issued by said first step for each of
10 the designated tones, and wherein in response to the on-the-
way calculation-start instruction, said fourth step forms the
waveform data for plural samples thgt correspond to a section
from an end point of a last-formed waveform to a time point

when the generation instruction is issued by said first step.

15 3. A tone generating method comprising:

a first step of issuing generation instructions to

generate a plurality of designated tones:

a second step of assigning designated tones to
respective tone generating channels designated from among a
20 plurality of tone generating channels and writing controlling
data for the designated tones into channel registers of the
designated tone generating channels for storage therein:
a third step of issuing calculation-start instructions
at predetermined intervals:

25 a fourth step of, in response to each said calculation-

start instruction issued by said third step, arithmetically

!



ai d operating systemand execution of said sound

20  Dbet
generati siai d predetern ned period, and whereinm ~sai-d..
_processor ound generating program V\Aﬂm,“ r
*directed cal cul ati ng tone paranet mf’"ln !Ig’l
intermttaént I he process of form ng sai d wdvetorm M sai d

cal cul ate eing used for formng said wavef orm dat a.
110- 28. generati on device con Sing: input .neans for inputting
performance information: waveform formation neans for. on the basis of the

per f or MNC o rinihe’ WRivedbra "@4%4 € ¢ord Yiviar asag._rp%%t efsE Ngdch ofPefiOd-

arithmetically formng waveformdata Correspondi'ng to the predeterm ned
period; oulgeeligifated fmné)ubaubkhﬂﬂnﬂe\&fahn%aﬁmd»xilgtméd&sﬁ‘eoianﬂk@ of

t he waveform data corresponding to the predeterm ned period; 10

wavef or m debattellingy datansstoreduipl ysaigl schanmel pregistes Wit hsaie
wavef orm data corresponding to the predeterm ned period forned by said
wavef or m f chanmedn neans:

5 a fifth step of, for each of the plural samples, mixing
the waveform data formed for the designated tone generating
channels by said fourth step, so as to form mixed sample data
for each of the plural samples; and

a sixth step of converting the mixed sample data for the
10 plural samples into an analog signal every sampling cycle,
wherein said fourth step performs arithmetic formation

of the waveform data in accordance with a predetermined

condition giving priority to at least one of the channels

currently generating a tone with a higher volume than the

15 other channel.

4. A tone generating method as defined in claim 3 which
further comprises a seventh step of setting a predetermined
limit period‘. and an eighth step of determining whether
20 calculations for all designated tone generating channels will
be completed within the predetermined limit period, and, if
it is determined that the calculations for all designated tone
generating channels will not be completed within the
predetermined limit period, instructing that a tone should be
25 muffled in any of the tone generating channels.

5. A tone generating method comprising:

a first step of issuing generation instructions to



* and request rr‘ga.nsff—o'g{'ﬁécti ng when out put of the waveform 15 data by
sai d outgput Na odr essed, so as to request ~another-suppl y-of-t he

~ wavef or | dat - sai d eform data delivery nmean Hm ' ' vef orm

> formati ok nean fq¥9slal\t one paraneter cal cul ati3 %Bgﬂ“@ﬂ!ﬂm
intermit et2§s‘ﬁ¢%n, 201 \said waveform data supply's LSy din
response Y y sal d request ans and sai d waveform formation
nmeans i s BxeEcuted after =t delivery ans. 29. A sound generation
appar at us\co -sTT1Q. a processor device that executes a sound generating
25 pr ogigetiexate D plutality bifadesighatedhtopesgramto be executed by the

processor

devi ce; - 111 - an input device that inputs performance

i nformati on; aml sacomtipuitefevpfe admiigndmguthe gdesignadedoutnhemy&bo
data every predeterm ned sanpling cycle. wherein-said processor device
execut es FEspesiive Fone)gaenenating channelshdesignatipdefren amopgodesses

of :

10

15

20

25

plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the
respective designated tone generating channe]:s for storage
therein; _ ’

a third step of determining calculation-processing order
across the 'designated tone generating channels in accordance
with respective importance of the tones to be generated in the
designated tone generating channels;

a fourth step of issuing calculation-start instructions
at predetermined intervals;

a £fifth step of arithmetically forming waveform data for
plural samples on the basis of the'controlling data stored in
the channel registers of the deslignated tone generating
channels, in response to the calculation-start instructions
issued by siid fourth step:

a sixth step of, for each of the plural samples, mixing
the waveform. data formed for the channels, so as to form
mixed sample data fgr the plural éamples; and

o a seventh step of converting the mixed sample data for
the plural samples into into an analog signal every sampling
cycle,

wl;erein said fifth step pezforms cal?ulations for
forming the waveform data for the designated tone generating
channels in accoxrdance with the calculation-processing order

determined by said third step, and when it is likely that the

rm



“on the basis of, c® information inputted during a predeterm' ned
period, arit P@ng‘oﬁ‘ ﬂ wavef orm data correspondi-ng_ta.the.

_predeterm' ne perl od; cal cul t ng tons paraneters in an intermttent
‘fashion 10 jddri2g Jm_m f}sai d wavef orm dat a, Hm m,ﬂ"@mum
paranmeters b |qhg used for- fofning said waveform data nal
waveform dat § coOrr of t he predeterm ned peri od conbi™ni fig the

external wavgform data and the f or ned =192 "vvaveformdata so as to obtain
conbi ned waveform data for the predeterm ned perl od and applying a

pr edet er m QPG t t he

predet erm ned peri oﬁsg?giswlsg%&iﬁgs dq%lﬁgﬁé& deV| ?ﬁ%ﬁg@’eﬂ/q’

sanpl i ng 2Ge11LYAbE. b SohpIdtea0 wilthans @é}ﬂn fgﬁgm data
I ne-readabl e

as sai d generated sound waveform dat a. 30
cont ai ni ng dAnEldg gl feunvertdd bys Qiaﬂd’f%%%ﬂ%ht StBpr WM BeNBLBREROS
generating a tone, said method conprising: 25 a first step of
i Ssui ng gereffyt i thei nsaYetationst ofgendorinding pthe ahawfoi:mdamwa‘aed
tones; a second step of assigning the designated tones to

) 5 discontinued at a time point when they are being performed on

one of the channels in the calculation-processing order, so

as to prevent tlie analog signal from being broken off.

6. . A tone generating method for execution on a computing
unit, comprising: |
10 - a sup}_:ly step of supplying performance information;
a main step of arithmetically forming waveform data for

plural sampling periods :I.n' a collective, successive fashion;

an interrupt step of, when the performance information
is sui:plied by said supply step, temporarily interrupting said
15 main step so as to perform a predetermined input operation for
receiving the supplied performance information, and .upon
completion of the _u;put operation, resuming said main step at
a point where said main step is interrupted: and
a tone generation step of, on the basis of the waveform
20 data formed by said main step, generating a corresponding tone
at timing 1a.ter than a time point when the waveform data is
arithmetically formed by said main step,
wherein sald main step includes a performance
information prbcqssing step to create tone controlling data
25 on the basis of the performance information having undergone
the input operation, and a2 tone generator processing step to

arithmetically form the form waveform data on the basis of the



“-112 respectiy channel s designated fromanong a plurality
of tone generht witing controlling data for the '
designated tobpes into gisters of the respective designated tone
“generating chgn el 22f Orage|S therein; a thi rd step of issuing

cal cul ati on-stlar{t i nst s dt predeterm ned int step
of, in responge TO each sai d callcul ation- start msjlmummlgﬂuymty said
third. step, perform 83 tone formng <calcutatfons for the
desi gnated tone generating channels, so as to arithmetically form waveform
data for pI h of the designated tone generating channels
on the baS|snaeIf ‘fﬁi{ﬁiﬁtrgl Ing data stored in said channel register of
sai d channel; 15 afifth step of , for each of the sanples, mxing

t he wavef orm data forned for the designated tone generating channel s by

sai d fourtly stepaseons benheaﬂﬂbxe.dtﬁaapksrdakacue&!dnaoﬁl Al
converting the m xed sanpl'e data for each of the plural sanples’into

an anal og tingital comprrsdag:l i ng cycl e, _vvherel nin said tone formng
cal cul ations, said fourth
a system step of executing a predetermined operating

[7)]

5 system;
a waveform £formation step of arithmetically forming

waveform data for a plurality of sampling cycles, on the basis

of an instruction from an application program executed on the
predetermined bperatSng system;

10 an output step of outputting, every sampling cycle, one
sample of the waveform data arithmetically formed by said

waveform formation step, and generating a trigger signal to

request a task switching once for a plurality of 'sample

cycles; and’

is a control step of, in response to said trigger signal

generated by said output step, performing a task switch
between said system step and sald waveform formation step

during said predetermined period.

8. A toné generating method for execution on a computing
20 unit, comprising:

an input step of inputting performance information;

a waveform formation step of, on the basis of the
performance . information 1inputted during a predetermined
period, arithmetically :Eo:.;ming waveform'data corresponding to

25 the predetermined period;

an output s_tep. of outputting, every sampling cycle, one
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I nstructions fot causing.sal chine to performa nethod of generating a

tone, said netthod conprising: ajfirst -s®ép-of issuing generation
i nstructions tig. .5 geretate—a plurality of designated tones; a second step

of assigning desi d tones to _respective tone generating channels

desi gnat ed %’ﬁ%ﬁ%ﬁgﬁﬁ ‘[ﬁ‘tﬁgﬂzﬂ f ‘F?Jﬁ’éemqqﬁﬁ the ArRadetermined: | ng
controlli n%élajt_oaa.for t he designated tones into channel registers of the 10
desi gnat ed T one denerating channels for storage therein; a third step of

i ssuing cal cul atd apsSéAéfm! S%iqgéi tSﬂ(?efL%%d,B Sﬁ_# Qtr:l.lialoﬁ.;tgﬁtf ourth

step of, in response to eac cal cul at1 uction 1ssued by
sai d third si€pwithi theBkdv¥e¥dim data corresponding to the predetermined

5 period formed by' said waveform formation step; and
a requést step of detecting when output of the waveform
data by said output step has progresséd, so as to request
another supply of the waveform data from said wavefom data
delivery step.
10 wherein said waveform data delivery step is executed in
responsé to a request by said request step and said wavefom'

formation step is executed after said delivery step.

9. A 'tone generating method for execution on a computing
unit, comprising:
15 an input step of inputting performance information;
a waveform formation step of, on the basis of the
performance information inputted during a predetermined
period, arithmetically forming waveform data corresponding to

the predetermined period, said waveform formation step forming

20 plural successive samgles' of said waveform data;

a wavefom synthegis step of inputting external waveform
dat;a corresponding to the predetermined period, and combining
thé external waveform data and the waveform data
arithmetically formed by salid waveform formation step so as

25 to form synthesized wa;refom data for the predetermined

period:

'a waveform processing step of applying signal processing
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data for eagchi of the plural]{ ganples; and a sixth step of converting the
m xed sanpl uma for~the pl ural sarrpre%si'nto an anal og signal every
sanpling cygle, ein said fourth step performs arithnetic
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for causingesaind m&hamesmpmesfofnsmmméﬁiwmmadaeae anai d

met hod conprising. 5 aTiTSt Step 'SSul ng generatron tnstructions

to an output step of outputting, every sampling cycle, one

5 sample of the synthesized waveform data.

10. A tone generating method for execution on a computing
unit, comprising: _
an input stei: of inputting performance information;
a waveform formation step of, on the basis of the
10 performance information inputted by said inputting step,
performing calculations ov'er a plurality of stages so as to

form waveform data, said waveform formation step forming

glural successive samples of said waveform data;

a step of inputting external waveform data; and
15 a step of inserting the inputted external waveform data

in one of the stages of the calculations.

11. A tone generating device comprising:
a memoﬁ for sto:i-ing a tone generator processing program
and a performance processing program;
20 supply means for supplying performance information;
a register for storing control information;
"calculation means for executing the tone generator
processing program and performance processing program, said
calculation means normally executing the tone generator
25 processing program to collectively form waveform data for

plural sampling periods on the basis of the control




ed tones; a second step of assigning the
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ting channels, and writing controlling 10
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determ ning cal ng order across the dési§nated tdne”
generating channels in accordanfe 15 - @6th respective |Inportance of the
tones to be géamerared i n the designated tone generating channels; a fourth

step of issuing calculation-start instructions_ at predeterm ned intervals;
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S5 program to thereby create control information corresponding
to the supplied performance information and store the created
control information in said register, aﬁd, upon completion of
the performance processing program, resumes the tohe generator
processing program at a point where the tone generator
10 processing program is interrupted:; and
| tone output means for, on the basis of the waveform data
formed by the tone generator processing program, denerating

a corresponding tone at timing later than formation of the

waveform data by .said calculation means.

15 12. A tone generating method for execution on a computing
unit, comprising:
a receiving step of receiving performance information;

a formation step of forming waveform data for plural

samglingtgeriods.in a collective, succesgive fashion;

20. an interrupt step of, when the performance information
is received by sald receiving step, temporarily interrupting.
sald formation step so as to perform processing of the
performance information, and then, upon completion of the
processing of the performance information, resuming said

25. formation step at a point where said formation step has been
interrupted; and |

a tone generation step of, on the basis of the waveform
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col l ective, sucibeseim s$abdiHormfLion step fforms diheumavefopmoidatahen t he
performance information is supplied by said supply step, tenporarily
i nt er riupt i the shasisnPf $hep performapcpeinformatiendprecsshed bypsaid

operation for '
interrupt step.

13. A tone generating method for execution on a computing
unit, comprising: o
a system step of executing a predetermined operating
10 system:
a waveform formation step of forming waveform data for

a 'EuralitLof sampling cycles, on the basis of an instruction

from an application program executed on the predetermined
operating system;

15 _ an output steé of outputting, every sampling cycle, one
sample of the waveform data formed_ by said waveform formation
step; and

control step of, in response to a reguest by said output
step, performing a task switch between said systen{ step and

20 said waveform formation step during said predetermined period,

wherein said waveform formation step performs a tone

parameter calculating operation imn an intermittent fashion.

14. A tone generating method for execution on a computing
unit'. comprising:
25 an input step of inputting performance information;

a waveform formation step of, on the basis of the



" receiving the X nce ‘i nformati on, and upon conpl etion of the
I nput opera'ingL J—sai fl main step at 25 a potnt-where-sard—main
step i S intarrde . and a fjoje generation step of, o I j H e

" wavef orm datfa ¥ Qy*\ggm 0 in step, generating a m @mﬂ e
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arithnetical f ornee in step. wherein said main step.includes a

per formance i{nformati on ) i ng sCef®t® create tone controlling data 5
on the basis erformance i nformati on havi ng undergone the input

oper ati on 4 a3 egﬁ% ro | st $ 0 argt ' rmthe
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machine t0 performa method of generating a tons, said nethod conprising: a
syst em st ajhedprevaatidrmined pegdedsr m ned operating system a waveform
formation step of arithnetically formng 15 waveform data for a plurality
of sanpling cydresutput stepasfsoutputting, every sampling cycle, one

5 sample of the waveform data corresponding to the predetermined
period;

a waveform data delivery step of supplying said output
step with the waveform data corresponding to the predetermined
period_ formed by said waveform formation step; and

10 a request step of detecting when output of the waveform
data by said output step has progressed, so as to request
another supply of the waveform data from said waveform Qata
delivery step,

' wheréin sald waveform forx;lation step performs a tone

.15 parameter calculating operation in an intermittent fashion,
said waveform data supﬁly step is executed in response to a
reguest by saild request step and.said waveform formation step

is executed after said delivery step.

15. A tone generating method for execution on a computing
20 unit, comprising: _
an input step of inputting performance information;
a waveform formation step of, on the basis of the
performance information inputted during a predetermined

pertod, arithmetically forming plural successive samples of

25 waveform data corresponding to the predetermined period;
a waveform synthesis step of inputting external waveform

data corresponding to the predetermined period, and combining
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ri gger signal to ask switching
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generating a tone, sal od conprising: an I nput step of Tnputting
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basis of the performance information inputted during a predeterm ne

period, ari¢dnforfd syntRésised \aieeFotnloddts OrfieasPendi irddetiditined
predeterm ned period; an output step of outputting, every sanpling cycle,
one period; _
5 a waveform processing step of applying signal processing
to the synthesized waveform data for the predetermined péeriod;
and _
an output step of outputting, every sampling cycle, one
sample of the synthesized waveform data,

10 wherein said waveform formation step performs a tone

parameter calculating operation in an intermittent fashion.

16. . A tone generation device comprising:
first means for issuing generation instructions +to
generate a plurality of designate;i tones:

15 second means for assigning the designated tones to
respective tone generating channels designated from among a
plurality of tone geﬁerating channels, and writing controlling
data for the designated tones into channel registers of the
respective designated tone generating channels for storage

20 therein;

third means for issuing calculation-start instructions
' at predetermined intervals; |
fourth means for, in response to each said calculation-

start instruction issued by said third means, sequentially

25 performing tone forming calculations for the designated tone
generating channels_,_ s0 as to arithmetically form waveform

data for plural samples for each of the designated tone
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i nputting performance information; a wavef orm formation step of, on t he
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period, arithnetically form ng plural successive sanples of wave orm data
cor r espondivapeforie datadcformedecEqrer the; designatedn tyné haeEneratdngof
i nputting external waveform
5 channels by said fourth means so as to form mixed sample

data:; and

sixth means for converting the mixed sample data for
each of the plural samples into an analog signal every
sampling cycle,

10 wherein ‘in said tone forming calculations, said fourth
means, forms, for each of the designated tone generating
channels, the waveform data for the plural samples on the
basis of one readout of the controlling data from said channel

" register and writes the controiling data into said channel

15 register after the formation of the waveform data.

17. A tone generation device as defined in claim 16 which
further comprises seventh means for issuing an on-the-way
calculation-start instruction in accordance with ‘the
generation instruction issued by said first means for each of
20 the designated tones, and wherein in response to the on-the-
way calculation-start instruction, said fourth means forms the
waveform data for plura;l. samples that correspond to a section
from an ;nd point of a last-formed waveform to a time point

when the generation instruction is issued by said first means.

25 18. A sound generation apparatus comprising:

& processor device that executes first and second
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generate a designated sound;

a register. device that stores control -data <for

controlling a sound to begggnerated in a sound generation

channel, said control data being stored separately in said

register device for each of a Agluralitg' of said sound

genaration channels; and

an output device that outputs a generated sound waveform

data every predetermined sampling cycle,

wherein said processor device executes said first

program which 1s directed to a process of, in response to an

input of said generation instruction via said input device,

assigning the designated sound to one of the sound generation

channels and storing said contorl data corresponding to séid

designated sound into said register device in correspondence

r med

ai ni ng

f the
rm ng
pl ural
eform
in

with the assigned channel, and wherein said processor device

further executes said second program which is directed to

processes of:

issuing calculation-start instructions at predetermined
intervals,

in response to each said calculation-start instruction,

performing sound forming calculations for said channels so as

%o arithmetically form plural samples of waveform data for

each of the channels on the basis of the control data stored

in said register device, within a time shorter than a time
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5 channels currently generxating a tone with a higher volume that

the other channel, and

mixing, for each predetermined sample point, the samples

_c_i{ the waveform data formed for the individual channels so as

to form mixed sample data for each said sample point,

10 and wherein said output device outputs the mixed sample

data of successive sam_gle points every sampling cycle as said

generated sound waveform data.

19. A sound generation apparatus as defined in claim 18

wherein said second program executed by said processor device

15 is further directed to _Pprocesses of setting a predetermined

1limit period, and determining whether calculations for all
designated sound generating channels will be completed within
the predetermined limit period. and. if it is determined that
the calculations for all designated sound generating channels

20 will not be completed within the predetermined limit period,
instructing that a sound should be muffled in any of the
gound generating channels.

20. A tone generation device comprising:
first means. for issuing generation instructions to
25 generate a plurality of designated tones:

second means for assigning the designated tones to
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performance information inputted during a predeterm ned

respective designated tone generating channels for storage
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em -120 - an o
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5 therein;
third means for determining calculation-processing
order across the designated tone generating channels in
accordance with respective importance of the tones to be
generated in the designated tone generating chanﬁels:
10 fourth means for issuing calculation-start instructions
at predetermined intervals: '
gifth means for arithmetically forming waveform data
for plural samples on the basis of the controlling data stored
in the channel registers of the designated tone generating
15 channels, in response to the calculation-start instructions
issued by sald fourth means;
sixth means for, for each of the plural sample, mixing
the waveform data formed for the channels, so as to form
mixed sample data for the plural samples; and
20 seventh means for converting the mixed sample data for
the plural sampiesligzg.an analog signal every sampling cycle.
vherein said fifth means performs calculations for
forming the waveform data for the designated tone generating
channels in accordance with the calculation-processing order
25 determined by said third means., and when it is likely that
the calculations for forming the waveform data by said f£ifth
means will not be comﬁleted within a predetermined time and
the analog signal converted by said seventh means will be
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as to prevent the analog signal from being broken off.

5 21. A tone generation device comprising:
supply means for supplying performance information:
main means for arithmetically forming waveform data for

, glural samipiing geriods in a collective, successive fashion;

interrupt means for, when the performance information
10 is supplied by said supply means, temporarily intexrrupting

said main means so that said main means performs a

predetermined input operation insted of forming the waveform

data for receiving the si:pplied perférmance information, 'and
upon completion of the. ilnput operation, resuming said main

15 means at a point where said main means is interrupted; and

tone generation means for, on the basis of the waveform
data formed by said main means, generating a corresponding
tone at timing later than a time point when the waveform data
is arithmetically formed by said interrupt means .

20 wherein said main means includes a performance
information processing means to create tone controlling data
on the bgsis of the performance information having undergone
the input operation, and tone generator processing means to
arithmetically form the form waveform data on the basis of the

25 tone controlling data. |

22. A sound generation apparatus comprising:
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application program, a sound generating program and a task

5 control program;

a memory device that stores the programs to be executed

by the processor device; and

an output device that outputs a generated sound waveform

data every predetermined sampling cycle,

10 wherein said processor device executes said sound

generating program which is directed to a process of forming

waveform data for a predetermined number of samples every

predetermined period, in an arithmetic mannexr, in response to

an instruction to generate a sound from said application

15 program executed on the operating system,

wherein said output device outputs each of succesive

samples of said formed waveform data at every sampling cycle,

and generates a trigger signal to request a task switching

once for a plurality of the samling cycles, and

20 wherein said | processor device further executeg gaid task

control program which is directed to a _process of, in response

to said trigger signal, controlling a task switching operation

between execution of said operating system and execution of
said sound generating program during said predetermined

25 period.

23. A tone generation device comprising:

input means for inpt:gtting performance information:
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sample of the waveform data corresponding to the predetermined
period;

waveform data delivery means for supplying said.'output

means with the waveform data corresponding to the

predetermined period formed by said waveform formation means;

and

request means for detecting when output of the waveform
data by said output means has progressed, so as to request
another supply of the waveform data from said waveform data
del:l.\;e:y means,

wherein said waveform data delivery means is executed in
response to a request by said request means and said wavéform

formation means is executed after 'said delivery means.

24. A sound generation apparatus comprising:

a processor device that executes a sound generating

program;

a memory device that stores the program to be executed

by the processor device:;

an input device that inputs performance information;

an output device that outputs a generated sound waveform

data every predetermined sampling cycle,

of mance information; a waveform formation
per f or mance |nforrrat|on Lnputted in a
nmetijcql Iy form ng plural—sanpltes—of vvaveform

I n



a third step of j on-start instructions 123 at

pr edet er m ned step of, in response to each said
cal cul ati on- sta I et erform ng sound for—m*ng’éﬁl—é_u‘[_éﬂ‘ons for

‘sai d channel s
data for each
data stored in?}
correspondi ng t
pl ural sanples

ig¢ally form plural ef orm
cdl l ectively, on th Wﬂﬁ\ﬂ“\%\!“ﬂt r ol
w tthin a tinme shorter an a timnes

samlg?g cycl es necessary for said=

a fifth stop of mxing, for each

predet erm ned sa poi nt, the sanpl es of waveformdata fornmed for the

i ndi vi dual chan ein o saldl { Precesses sdsvicedaeRerwtes ajsaidmsionndoi nt ;
and a sixth step of seuentlally outputtlng the m xed sanple 15 dat a of
successi ve SSRRES ' A : pcted %9 pProcesses Pfie-readabl e

opl ement & ot (S %P Iihn e ﬁﬁéé‘éé%fgiﬁakﬁsf SEIRSIPE, AgPuRse
an input stge-fig a“BHL&éE'&'nPﬂéd’b@E%ﬁ,'ﬂﬂﬂééﬁEuy forming waveform
5 data corresponding to the predetermined period;
inputting external waveform data _corresponding to the
predetermined period;
combining 'the external waveform data and the formed

waveform data so as to obtain combined waveform data for the

10 predetermined period; and

ggplying a predetermined sound processing to the-

combined waveform data for the predetermined period, amd

wherein said output device outputs, every sampling

cycle, one sample of the combined and Jprocessed waveform data

15 as sald generated sound waveform data.

25. A sound generation apparatus comprising:

a processor device that executes a sound generating
program;

a memory device that stores the program to be executed

20 by the processor device;

an input device that iﬂauts performance information; and

an output device that outputs a gLieneré.ted sound waveform

data every predetermined sampling cycle,

. wherein said _brocessor device executes said sound

25 generating program which 1s directed to _processes of,

on fhe basis of the performance information inputted

during a predetermined geriod, performing calculations over




the basis of the performance information
od, arithnetically fmurm—_saml es

o the predeterm'n
qutti ng said pl ura " ”uﬂ
to the predeterm ne peruo ate of

bl i ng cycl e; and - 124 - a request step
of detecting yavef errpglat a by said output step has

progressed to 4 detesatred extent, so as to request anot her supply of the
wavef or m dat a: . whe, ernsrd waveformforrratron ste I.n response to a 5

‘a vvaveformformat_lon =¥a 0

inputted in afPE q\%@r“mméﬂﬁﬁér ‘

of vvaveformdt D a1 ng

wavef orm dat &
one sanpl e per

request by %RHF 951 852988, 52 a3 to parithmetioally foxm, PayefaTmor m
data and su |es the formed plural sanples to said output step. 45. A
machi ne- rea ft nedia containi ng a gr oup of instructions to cause

said machine to f@:‘:tﬂﬁj AeRer.at Lo @ sound, said method
conprising: a fréﬁg o?xr nputt i ng genera i“on I nstruction to generate
a desi gnat ed Souﬂﬂéerting the inputted external waveform data in one of

5 the stages of said calculations.

26. A tone generation device comprising a memory and a

processor that executes a program stored in said memory, said

program causing said processor to perform the si‘.egs of:

receiving performance information;

10 forming waveform data for glural sampling periods in a

collective, successive fashion:

when the performance information is received by said

step of receiving. temporarily interrupting said step of

forming so as  to perform processing of the performance
15 information, and then. upon completion of the processing of

the performance information, resuming said step of forming at

a point where said steL of forming has been interrupted: and

on the basis of the waveform data formed by said step of
forming, generating a corresponding tone at timing later than

20 formation of the waveform data by said step of forming,

wherein said step of forming forms the waveform data on

the basis of the performance information processed by said

step of interrupting.

27. A sound generation apparatus comprising:

25 a processor which executes a predetermined operating

system, and plural programs executed on the operating system,




ttio an input of said generation instruction,
ul o one 15 of plural sound generating
|ng cont,é%jl atta for the designated sound into a register
9i2 QULhE?8sdi dned channel ; a third step of issuing
cal cul ati on-st¥

fourth step of ) I nStSE)(l;nse to ecﬁrgg?ge(rzg} (r:]ﬁlda!t Ing(ra]rval Eluﬂﬂ"ul“umnﬁ“m

perform ng soufd for e tUl ati ons 409 said channels sb a%
arithmetically ¥orm plural sanples of waveform data for each of t he
channel s, collectively, on the basis of the control data stored in said
regi ster, &fidiplyursl pragrams:including an applicatiek LEAGRAThgat 8ownd ot al
nunber of sa pl i ng cycles neces ary for said p uraI sanples to be formed;
125 - a fiBLRSIALNH; PLPITAN \ ) ‘ :
sanpl es of wavefo 1t a.f | ndi, Vi ) .asform
m xed sanpl e daJ&'g S 2rogr ’

sequenti al py Qﬂgpbﬁ,hggsgge g],aed sarrpl e

5 an output device that outputs a generated sound waveform

'T‘g’?@gﬂfé

*a second step_o

in correspondd

data every predetermined sampling cycle,

wherein said processor executes said sound generating

program which is directed to a procéss of forming waveform

data for a predetermined number of samples every predetermined

10 period, in an arithmetic manner, in response to an instruction

to generate a sound from the application program executed on

the operat:.ng system,

and wherein said output device outputs each of succesive

‘samples of said formed waveform data at every sampling cycle,

1s and generates a trigger signal to request a task switching

once for a pluralifl of the samling cycles,

and wherein said processor further exacutes said task

control program which is directed to a process of, in response

to sald trigger signal, controlling a task switching operation

20 between execution of said operating system and execution of

said sound generating program during said predetermined
period, |

and wherein said processor executes said sound

generating program which is further directed to a process of

25 calculating tone parameters in an intermittent fashion during

the process of forming said waveform data. sald calculated

tone parameters being used for forming said waveform data.




"data of successive sanple points every sanpling cyele. 46. A tone _
generating nethod cofMmET¥hREkERE & Eef Istep of issuing generation

i nstructions to gene} af 3 ?gﬁlegn?ée?e;gngf\wmuml‘“mm‘m" ng
a

channel s desi gnat ed | fajity of tone gene I'ng ehahnel s,” and
writing controlling § desii ghat ed tones into channel registers of
t he respective desigfa I channel s for storage 15 . '
therein;, a third steg_of lssuing calc fati on-start instructions at
predeterm ned interval's: a fourth step of, in response to each said

cal cul ati o®8st ard tonergereration devige somprigibg:step, sequentially 20
perform ng tone formng cal culations for the designated tons generating

channel s, so as tbnERE{RAARS EPF 1BRRYEIRG BeFtormanger dpERrMALioRypl es for
h of the desi t t ti h | t basi f th :
Cont ol 11 ng dat o WebFaem, EokRptiRh s 26re, By ' B  tankancet " Sbe
fifth st I X} f d
for the dedreftomificeihimisiion Ihpktrell ‘afihy? 4T HdPiBRed] °

form mged S5apPb&, & fhmetically forming waveform data corresponding to

the predetermined period;

output means for outputting, every sampling cycle, one
sample of the waveform data corresponding to the predeterm'ined
period: '

10 waveform data delivery means for supply:l;ng sald output
means with the waveform data corresponding to the
predetermined period formed by said waveform formation means:
"and

. request means for detecting when output of the waveform

15 data by said output means has progressed, so as to request
another supply of the ;wavefom data from saiq waveform data
delivery means.

wherein said waveform formation means performs a tone
barameter calculating operation in an intermittent fashion,

20 said waveform data supply means is executed in response to a
request by said request means and said waveform formation

means is executed after said delivery means.

29. A sound generation apparatus comprising:

a processor device that executes a sound generating

25 program;

a2 memory device that stores the program to be executed

by the processor device:

-



1 AEPLAGEMENT oHit:

T - 126- a sixth €p of storinq the m xed sanple data for plural sanples in
a buffer nmenordy; ? F 4tep of converting the m xed sanple data for
each of the plijuria ﬂ% es I ntfojan anal og signal every 5 sanpling cycle,

" wherein in saild n“c ormmg-callcul ati ons, said fourth step, forns, for

each of the ddsignated tone gendgrating channels, the waveformdata for the
pl ural sanpl es™omTE bHasli s of one readout of the controlling data from

sai d channel 10 register and wites 11e controlling data into said
channel register after the formation of the waveformdata. 47. A sound
gener ati on appar at us co ISI%\%#Ba processor device that executes first and

second progr ansan1tpput EyiRpYtS peanfarmansecinfounatiep a@dnd o be

executed by the_processor, devic i pput _device tha generation
instructiontoﬁﬁﬂﬁﬁﬁ%&%&dﬂ o sfo

control data
generatlo

regi ster devi Cewﬁgi-efﬂc Q_{da ﬂ&gﬂéc&y 91 %d 39399135 said sound

5 generating program which is directed to processes of:

on the basis of the performance information inputted
during a predetermined period, arithmetically forming waveform
data corresponding to the predetermined period;

calculating tone parameters in an intermittent fashion

10 during forming of said waveform data, said calculated tone

parameters being used for forming said waveform data;

inputting external waveform data corresponding to the
predetermined period;
combining the external waveform data and the formed

15 waveform data so as to obtain combined waveform data for the

predetermined period; and
applying a predetermined sound processing to the

combined waveform data for the predetermined period, and

whereln said output device outputs, every sampling

20 cycle, one sample of .the combined and processed waveform data

as said generated sound waveform data.

30.. A machine-readable media containing instructions for
causing said machine to perform a method of generating a tome,
said method comprising:

25 a f£first step of issulng generation instructions to
generate a plurality of designated tones;

a second step of assigning the designated tones to



‘gener ation channel s; and _an_ouipwt device that outputs-a generated sound
wavef orm 25 de ; } I ned sanpling cycle, wherein said
processor devicg BS Y i st program which |Elmum rocess
of, in responselt( nput of said gener rlm ,ﬂﬂ ﬁm vi a
sai d i nput devi (e, j @ designated sound to on€ of tHe Sound
generation channells and. storingdsdi d contorl data corresponding to said

[ | Bt [ devihge in correspondence 5 wth the
assi gned channel } 0" processor device further executes said
second program 1s directed to processes of: issuing calculation-start
I nstructi onrespepmé.det domengeneratingl chatfels desigmatesd pfrome amorepch sai d
calculation-start instruction, perform ng sound form ng cal cul ati ons for
sai d channeP3uzglity:ef emnmsenﬁmtixygmnmlar.aﬁn%m goronkrelbing dat a
for each of _the channels on .the basis of the control_ data stored in said

regi ster de@Ata Ier: fbe desigpatrd, tepes inte chapnel registexs, phithetio a
tot aj nurrbeg:_egfpe%%%l | r}i%s(iy0|a%e %enses age\herating channels for storage

5 therein;

a third step of issuing calculation-start instructions
at predetermined intervals;
a fourth step of, in response to each said calculation-

start instruction issued by said third. step, sequentially

10 performing tone forming calculations fér the designated tone
generating channels, so as to arithmetically form waveform
data for plural samples for each of the designated tone
generating channels on the basis of the controlling data
stored in said .channel register of said channel;

15 a fifth step of, for each of the samples, mixing the
waveform data formed for the designated tone generating
channels by said fourth step so as to form mixed sample data;
and

a 8ixth step of converting the mixed sample data for

20 each of the plural samples into an amalog signal every

sampling cycle,

wherein in said tone forming calculations., said fourth
step, forms, for each of the designated tone generating
chaxmeis. formation of the waveform data for the plural

25 samples on the basis of one readout of the controlling data
from saild channel register and writes the controlling data
into said channel register after the formation of the waveform
data.



for said plurpe =4 or med; m xing. for each predetermned sanple
poi nt, the sg ormdata forned for-the-individual channel s

so as to fory n for each-said sanpl e pojnt.
or successive sanpl ‘ mnﬁg \l Wer
it devi ce outputs eve cycke, the

storing the
storage, and

m xed sanpl e} d& Of e ! e sanpl e points fformsaid buffer storage. as
sai d generat gd so data. 25 11$#8 A sound generation apparatus
as defined im¢ : ¥ sai d second program executed by said
processor device is further directed to a process of issuing on-the-way
cal cul ati on3ttart A paechineixgndable medialcontaining ingtppatdons dfexr
instruction inputted via said i nput device, '‘and wherein said process of
per f or ni ng FRRFANG | $piG MachdRe; o PRCEATM Roigblod A% generatiag gitone,
instructionﬁ?ghurathsgnﬁlgs of.5  waveformdata that correspond to a
section fro A % i APUBFLE Y%t - f or med waveformto a tine poi nt when

Lhe generati on | gstgticld OBdep | BPUUSAMER SEULeAPR (RKGRerdBns 10N
generating nmeth . —y-—Rg—oRe—e+—HBe—

gener atg on generate a plurality of designated tomes;

‘a second step of assigning designated tones to
respective tone generating channels designated from among a -
plurality of tone generating channels and writing controlling
data for the designated tones into channel registers of the

10 designateq tone generating channels for storage therein;
a third step of issuing calculation-start instructions
at predetermined intervals;
‘ a fourth step of, in response to each said calculation-

start instruction issued by said third step, arithmetically

15 - forming waveform data for plural samples for each of the
designated tone generating channels on the basis of the
controlling data stored in,said channel register of said
channel;

a fifth step of, for each of thé plural samples, mixing

20 the waveform data formed for the designated tone generating
channels by said fourth step, so as to form mixed sample data
for each of the plural samples: and

a sixth step of converting the mixed sample data for the
plural samples into an analog signal every sampling cycle,

25 wherein said fourth step performs arithmetic formation

of the waveform data in accordance with a predetermined

condition giving grioritx to at least one of the channels

currently generating a tone with a higher volume than the




10 instructions ft REBEATENMENS
of, in response td §

tones to respectiye jon nopng_a
Writing control datd fii‘mkﬂ%l

ngted tones into.c rsters
hd.respective tone generating chan ﬁl” "Wﬁgl‘ﬂd
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correspondi
desi gnat ed

cal cul ation-start

to each sa

val ue of waveform data for each of the tone generating channels varying
bet ween every one or nore of the 25 sanples; and a fifth step of, for

each of sali
respective
form m xed
49, which

1o

larality of tone generating channel s,

ng to
t ones

ave beeh.assigned a third step of

104 nore designated tones; a second step
fnstructions, assigning the desi-gnated

and"'

pquengg;-a fourth step of, in response

d calculation- 20 start instruction, form ng waveform data for
plural sanples f-or each of the tone generating channels on the basis of the
control dat @thesr ebapnedai d channel register of said channel, an envel ope
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said method comprising:

a first step of issuing generation instructions to
generate a plurality of designated tones;

a second step of assigning the designated tones to
resPeqtive tone generating channels designated from among a
plurality of tone generating channels, and writing controlling
data for the designated tones into channel registers of the

respective designated tone generating channels for storage

therein;

15

20

25

a third step of determining calculation-processing order
across the designated tone generating channels in accordance
with respective importance of the tones to be generated in the
designated tone generating channels;

a fourth step of issuing calculation-start instructions
at predetermined intervals:

a fifth step of arithmetically forming waveform data for
plural samples on the basis of the controlling data stored in
the channel rééisters of the designated tone generating
channels. in response to the calculation-étart instructions
1ssged by said fourth step:; |

a sixth step of, for each of the plural samples, mixing
the waveform data formed for the channels, so as to form
mixed sample data for the plural samples: and

a seventh step of converting the mixed sample data for



further conprises a sixth step of converti ng the m xed sanpl e-dat-a for each

of the pl ural...s.a-npl—e-s—-’r' s anal og si gnal every sanplin 51. A
t one gener dt iREGLAGEMET a%’i efflined in claim 49 vvhermlmHMc“ ﬂu ﬁm step
sequenti al | e oT NG e} form ng cal cul ati ons 4 e tone
generating o«mz tjofari thnetically form sai wavef orm data for the
plural 10 fmgeieéug' e jbgsis of the control data read out from said
channel reg| stersjpiior per f or m ngy ?gu_d tone form ng calculations. 52. A
tone generating rrethod as def'ned in claim51, wherein in said fourth step,

the control “gata~after—The Tormtion of 15 said waveformdata is witten
into sai dtbeapiural cgamples. i intwan gaadogt shgnaikt averyssaplingl i n
claim49, wherein said fourth step perfornms calculations to collectively
formwaveﬁBﬁ#Pdata for plural sanples for one of the tone generating
channel s and th E for cal cuI ations to 20 collectively formwaveform

data for plura® § 0 thep ofPeFﬁé’rP‘SnecﬁéﬁB}éﬁ-?@scr%ﬂﬁ\el s, to
the i nd ifﬁﬁéﬁﬁﬁéxgﬁﬁé%ﬁé% A5 Hi aRelaadarlnlrn bate sehtiRElg
accunyl at ghaGXETY £R'AESHCALLEY h The %%!E@koﬁé‘ﬂ%ééssmg order
determined by said third step, and when it is likely that the
calculations for forming the waveform data by said fifth step
will not be completed within a predetermined time and the
analog signal converted by said seventh step will be broken
10 off the calculations for forming the waveform data are
discontinued at a time poipt when they afe being performed on
one of the channels 1n. the cilculation-processing order, so

as to prevent the analog signal from being broken off.

33. A machine-readable mediz containing instructions for
15 causi:ig saild machine to perform a method of generating a tone,
said method comprising:
a supply step of supplying performance information:
a main step of arithmetically forming waveform data for

plural saggling periods in a collective, successive fashion;

20 an intexrupt step of, when the performance information
is supplied by said supply step, temporarily interrupting said
main step so as to perform a predetermined input operation for
receiving the supplied performance information, and upon
completion of the input operation, resuming said main step at

25 a2 point where said main step is interrupted; and

a tone generation step of, on the basis of the waveform

data formed by saiﬂ_ main step, generating a corresponding tone



* 130 - of the individual tone generating channels, sequentially fornmed by
said fourth stepjgg~ ;;; ation of a buffer capabl e _of buffering

the plural sanpl hat the ni xed sanpl e data is formed

W thin said buffdgr. LA tonegneratlng nmet hod as lﬁr
wherein said thi 2R J ﬁ'm §conpri ses issuing salﬂmu”ﬁﬁ“nl”ﬂ l art

I nstructions at d ngefval s. 55. A tone géneTati nd nét hbd
conprising: a fi ~of=Tecet ving _o{igg 0 nore generation 10
instructions to dener ate nere desrgnated tones; a second step of. in
response to said genera ron rnstructions, assigning the designated tones to
respecti ve ategsimingglatep! thahi &ytnﬁetpamgmttm wadwaforns dagted 2 i ting
control data for the designated tones into channel 15 regi sters

corr espondi agitbmehtcablycfoimed thy esafsh avadin rsg:e@hannel s to which said

desi gnated tones have been assigned; a third ste I Ssui ng

cal cul ati on- st art vhagednct Rﬂ@ | rﬂ%féqueﬁéép aiﬁiﬂﬂﬁsst @ derformangsonse

to each said cal cul ation- start instruction, form ng waveform data for

plural sanptBEoFmat %hl”ﬁ?"?ﬁ%"‘?%n%tﬁ%n’é? EFOREQ HEORR | ContFlidng datat the
control dat gns't:ﬁeegaél St cehapneq: oﬂn%% Ste&zfg:];:mg ign av. :En 'undergone

the input operation, and a tone generator processing step to

arithmetically fbrm the form waveform data on the basis of the

tone controlling data.

34. A machine-readable media containing instructions for
10 causing said machine to perform a method of generating a tone,
sald method comprising:
a system step of executing a predetermined operating
system; |
a waveform formation step of arithmetically forming

15 waveform data for a plurality of sampling cycles, on the basis

of an instruction from an application program executed on the
predetermined operating system: '

an output step of outputting, every sampling cycle, one
sample of the waveform data arithmetically formed by said

20 waveform formation step, und.wgeneratig* a trigger signal to

request a task switching once for a plurality of sample

cycles; and

.a control step of, in responge to said trigger signal
generated by said output step, performing a task switch
25 between said system step and said waveform formation step

during said predetermined period.



"a fifth step of, for each of said plural sanples, nixing the waveform data
formed for the respectlve tone generating 25 channel s by _saie fourth step

so as to formjmg .. and -131- a six step of,
h of the plural sanples |
¢tion of reproduction of veaﬁ'pl e

“of new m xed

said fifth st

data previ ously f@pe §l fifth step, executing cont r*oI to all ow
reproduction anpl e daltla, _56. A tone generatl ng net hod as
defined in clg NG ther conprises a seventh step of converting
the m xed sanple data for of the plural sanples into an anal og signal
every sanpl3sg cyal emach adableomeddan contangingt iadtaacdtbnsedorn

cl ai m 55, wherein said fourtﬁ step sequentially performs tone formng
cal cul at i orausing sadd wapghine ko perfoymne mathoy ofageneéxatinga tone,
arlthrretlcally formsaid wav eformdata for the plural sanples on the basis
of the cont§aid m@%ﬂmimm said 15 channel registers prior to

perform ng said tone formn cul ati ons.
input st o inputting performance information;

each

5 a waveform formation step of., on the basis of the
performance information inputted during a predetermined
period, arithmefically forming waveform data corresponding to
the predetermined period;

an output step of outputting, every sampling cycle, one

10 sample of the waveform data corresponding to the predetermined
period;

a wavefo_fm datat delivery step of suppljing said output
step with the waveform data corresponding to the predetermined
period formed by said waveform formation step; and

15 ' a request step of detecting when output of the waveform
data by said output step has progressed, so as to request
another supply of the waveform data from said waveform data
delivery step. |

wherein said waveform data delivery step is executed in

20 response to a reguest by said request step and said waveform

formation step is executed after said delivery step'.

36. A machine-readable media containing instructions for
causing said machine to perform a method of generating a tone,
sald method comprising: h
25 an input step of inputting performance informatio_n;
a wave!.'orm. formation step of, on the basis of the

performance information 4inputted during a predetermined



"58. A tone generating
step, the contr lR- o P ato B ¥ ormati on of said waveform-data are

_written into saf d.cORBRSETY St drs. 20 59. A tone generati as
defined in clai i d fourth step perfor msi\ml mi\ian!‘“)@\
col I ectivel yforjmhad JUko W99a if dr plural sanples for bA ne «

generating cha nq
wavef orm dat a ffor Es {f or _appg her 132 one of the tone
generating cha Sel.Q. thereby _dequentially performthe tone formng

cal cul ations sequentially for the individual tone generating channels, and
wher ei n saperiopdi harithmeticallyt fermimg yplurak spuccbsslve csaniplidse gff ur al
sanples 5 of .the individual tone generating channels, sequentrally forned
by said foWaveferapdata goxresponding i ithe giredeteirminedapeblodof

buffering the plural sanples in such a way that the nmixed sanple data is
formed within s Ea%??@.smh%i@oﬁasegeﬂérmn%m pESeEBalMavREPIIN cl ai m

55, wh [ 0 id third st furth [ [ [ i d .
cal cul at | ofte, S EeTRand iy 3oc Be Bredererninad Pentofs sPE2 GOmbINIAG one
gener ag' ngtﬂgt ho&fm St Qg*'vefom data and the waveform data

arithmetically formed by said waveform formation step so as

net hod.as defined in claim55, wherein in said fourth

to form syntneéized waveform data for the predetermined
period:
a waveform processing step of applying signal processing
10 to the synthesiz'ed waveform data for the predetermined period;
and
an output step of outputting, every sampling cycle, one

sample of the synthesized waveform data.

37. A machine-readable media containing instructions for
15 causing said machine to perform a method of generating a tone,
said method comprising:
~ an input step of inputting performance infofmation ;
a waveform formation step of, on the basis of the
performance ' information inputted by ' said input -Qtep,
20 . performihg calculations over a plurality of stages so as to

arithmetically form plural successive samples of waveform

data;
a step of inputting external waveférm data; and
a step of inserting the inputted external waveform data
25 in one of the stages of the calculations. .

- 38. A machine-readable media containing a program executable




a first step. phwdes Ag=BRe=QI NDre generation instructions to generate

one or nore deMﬂ 5 .a second...step-of; - in-response to
said generati a; P assi gning the desi gnat ed tones to respective
ones anmong a b benerating channel IM! U“B“ ﬁ?trol
data for the e| }ihto channel regi st to the
respective tophelgens . I ] channels to which sal deS| gnated tones
have been assfgned; p of issli®g calculation-start instructions

i n sequence,; =<4 n response to each said calculation- start
I nstruction, formn waveforrg@&hta fj&rq)gl u&g& sanpl es 25 ﬁch;@gach of the
t one generaﬁnﬁmt axak cSRldoPragram §iRgsa; d
channel register - 133 - ste ch of .said
plural sanpl es, Mmﬁeﬁ? o??nwc?"%c?mger é‘gggﬁ’f'ﬂié"?one
generating chann I fsgé,a{l; d 22&! gﬁ ;
and 5 a s?x step of f}éngﬁe—i\ 593%8% thﬁt £3 14 of

sai d plural sSAEPIRS PELLOAP A1 | I dd IRl @h%é%b@&.%nedsnion;

5 an interrupt step .of, when the performance information

is received by said receiving step, temporarily interrupting
said formation 'step. so as 1;0 perform processing of the
- performance information, and then, upon completion of the
processing of the . performance information, resuming said
10. formation step at a point where said formation step has been
nterrupted. and
a tone generation step of, on the basis of the waveform
data formed by said formation step, generating a corresponding
tone at timing later than formation of the waveform data by
15 sald formation step, .
‘'wherein said formation step forms the waveform data on
the basis of the performance information processed by said

interrupt step.

38. A macl';ine-readable _media containing instructions for
20 causing said machine to perform a method of generating a tone,
said method comprising:
a system step of executing a predetermined operating
system;
a waveform formation step of forming waveform data for

25 a pluralitl of sampling cycles, on the basis of an instruction

from an application program executed on the predetermined

opérating system:



effect. 62. A tnhoy tilibod as defined in claim61, which further
conprises a seveit k& step of converging the mxed 10 sanpl e data.for--each of
the plural sanpl és{i @R JUL B8R op kignal every sanplimg cycle. 63. A tone

‘gener ating netho m~,, lmalng] Sél C‘S’Pg{ Ie'ozs:l \ml‘lﬂﬂﬂu ﬂ‘fe t one

sequentially pe

generati ng chann sQ.lh as. lo.awithnmetically formsard wav@f ofm data for
the plural sanples on the basis of the &@Qtfol data readout from said
channel registers prior to performng said tone formng calculations. 64. A

tone generating nethod as defined in claim®61l, wherein in sajd fourth
st ep, gt he cont ?ofl‘dgf‘gp}}% gieph SRRt HiRdys VaTy PHh GEESCarRne

witten int I S

defined in gfﬁg 6§E %r%él:’ﬁ&éal d?gar?-gﬁgéoﬂ%er 0 uI apg'gﬁgl?%
col l ectivel y¢ gﬁr mehgveform data for plural sanples for one of the tone
-134- generatinhg channels and then perforns calculations to collectively

f orm wavef or m daicanit@o1Pktep! of 2Nl SesponsdNebherequest by said output

5 step, performing a task switch between said system step and
said waveform formation step during said predetermined period.
wherein said waveform formation step performs a tone

parameter calculating operation in an intermittent fashion.

40. A machine-readable media containing instructions for
10 catising said machine to perform a method of generating a tone,
said method comprisin.gz
an input step of inputting performance information;
a waveforﬁ formation step of, on the basis of the
performance .'_information inputted during a predetermined
15 period, arithmetically forming waveform data corresponding to
the predetermined period:
an output step of outputting, every sampling cycle, one
sample of the waveform data corresponding to the predetefmined
period; |
20 a waveform data delivery step of supplying said output
step with the waveform data corresponding to the predetermined
period formed by said waveform formation step; and
a request step of detecting when output of the waveform
data by said output step has progressed, so as to request
25 another supply of the waveform data from said waveform data
delivery step,

wherein-  said waveform formation step performs a tone



‘one of the tone generating channels, to thereby sequentially performthe
tone form ng Gad-en .tiaIIy for the 5 individual tone

‘corr espondi ng {o { sanpl es of the indi |ﬂmg ting
channel s, seqenti ¥ said fourth step, gtl mmﬂumm tion
ing the plural sanples ih such a®way 10  that
withip gp d buffer. 66. A tone generating
met hod conpriding: a first _sfep of recelving one or nore generation

i nstructions t% meTate one or nore designated tones; a second step of, in
response topavawetenccalculatitng opetraticn oirs,am st tprmid tend dashdiont,ed
tones to respective ones anong a plurality of tone generating channels, and
witing confabd wavefenn data (supplitakep oicﬁe@#qqlﬂe%nérmaesm@sg@sa
correspondi n% to the respective tone generati ng channels_to which said

desi gnat ed FeHResh ¥ gdd, reguegtogtenpad said yaygfopm tommation; shapy

cal culation;start ipstructions_j uence; .a fourth step of, in response
to each saiﬁscﬁﬁﬁ?g?#oﬂ&%’faﬁﬁi%fi‘? S0 FE%Por ni ng wavef orm data for
plural sanples for each of ‘the tone generating channels on the basis of the
25 control data stored in said channel register of said channel; and

5 41. A machipe-readable media containing instructions for

the m xed sa

causing said machine to perform a method of generating a tome,
said method comprising:
an input step of inputting performance information:;
' a waveform formation step .of, on the basis of the
10 perfonuance_ information inputted during a predetermined

period, arithmetically forming plural successive samples of

waveform data corresponding to the predetermined period:
a waveform synthesis step of inputting external waveform
data corresponding to the predetermined period. and combining
15 the external waveform data and the waveform data
arithmetically formed by said waveform formation step so as
to form synthesized waveform data for the predetermined |
period;
. a waveform processing step of applying signal processing
20 to the synthesized waveform data for the predetermined period;
and
an output step of outputting; every sampling cycle, one
sample of the synthesized waveform data,
wherein said waveform formation step performs a tone

25 parameter calculating operation in an intermittent fashion.:



a fifth step of obtaining at least a first tone si gnal 135 and a second
tone signal, gach tone.sigpa =fH0r med by m xing the waveformdata, formnmed
for tone genel cagsl GTERERIN &HS ! said fourth step, at levels controllable
i ndependent | y] f gi=eamet= +ret{ and second tone si grﬁﬂﬂl“ mﬂummllone
generating neth ' nj cl ai m 66, which furt i xth

I ng, | ohe} of the first and Second %t ofie §|gﬁal’s ot her

- adt bns geneld2imng nmethod as defined in claim
conprlses :

66, which 10 !urther

data for ea&m
cycle. 69. £

fourth stepe..g ug ﬂ;y performs t one formng 15 calculatlons for
t he respect&e—(g-eﬁe%ﬂ%agg—ng channels so as t.o arithnmetically formsaid

wavef orm data fogpt ﬂﬁpﬁf“éﬁépséﬁi@g@ﬁﬁﬁ‘gﬁﬁlﬂcé Eﬁf@%ﬁbﬂdat a read
out fromsaid c ' M ng

cal cul ati ons. a waveform formation step of, on the basis of the

s perfoi:mance information inputted in a predeterminetueriod,

arithmetically forming plural samples of waveform data

corresponding to the predetermined period;

an output step of sequentially outputting said plural

samgles of the waveform data correﬂ:onding to the

10 predetermined geriod. at a rate of one sample per

predetermined sampling cycle; and

a request step of detecting when output of the waveform

data by said. output step has progressed to apredetermined

extent, so as to request another supply of the waveform data;

15 . whereln said waveform formation step, in response to a

request by said request step, forms said plural samples of the

wavaeform data and supplies the formed plural samples to said '

output step.

43. A sound generating method comprising:

20 a first step of inputting a generation instruction to

generate a designated sound;

a second step of, in response to an input of said

generation instruction, assi'gning the designated sound to one

of plural sound generating channels and storing control data

25 for the designated sound into a register in .correspondence

with the assigned channel;

a third step of issuing calculation-start insti:uct-ions




witten into si g~tHanne regl 3

$tgrs. 71. A tone generating nmethod as -
‘defined in claijm§6é w
calculations t oI? C |ver

136 - said foD'r't"h St ep peforns

wavef orm dat a f for one
of the tone ge - nd then perfor mm,;mtmm
col l ectively fofm vvavef orm r pkur23 sanpl es @r one of
the tone genera , to thereby sequentially performthe tone
form ng cal cul ati gns sequegt lally for the individual tone generating
channel s, ammﬁéﬁﬁr.accuwl at es every corresponding one
of the plural sanpl.es_i Lndi vi h euentlally
10 forned by sm ' ko c apabl e
of bufferlngtg_gg arlf N xera oAl Sgdata is
formed wth : —e+Ag— 15
a first st eﬁaﬂa éﬁ&ﬁhdl@%@r}?s Gfo Wi%lﬂﬁ%&bﬁii9nfb9ﬁt§l'ﬁiiﬂn§mﬁﬂ&e:}§ ate
one or nore-gesTygrated tomes, a Secom——St

generatson waveform data for each of the channels, collectively. on the

basis of the control data stored in said register, within a

time shorter than a time corresponding: to a total number of

sampling cycles necessary for said plural samples to be
formed; ’

10 a fifth step of mixing, for each iredetemined sample

point, the samples of waveform data formed for the individual

channels so as to form mixed sample data for said 'sample

point; and

a sixth step of sequentially outputting the mixed sample

15 data of success:ivé sample points every saxgling gxcle.

44, A machine-readable xiledia containing a group of

instructions to cause said machine to imﬁglement a method of

generating a tone, said method comprising:

20 an input step of inputting performance information;

a waveform <formation step of, on the baslis of the

perxformance information ng_gutted in a predetermined _geriod,

arithmetically forming plural samples of waveform data

corresponding to the predetermined _pﬁex:iod:

25 an output step of sequentially ocutputting said plural

samples of the waveform data corresponding to the

predetermined period, at a rate of one sample per

predetermined sampling cycle; and




instructions, a55|gn|ng“th-AﬂM
plurality of tpene i

ek at gEethpnnel s, and 20  witing control data for :
i L Ossleqnel registers corresp u ective
sRannel s t o i dh sai d desi gnated tamulﬁmam ml WE. ghed;

j spu@ uuLcmul atli on-start instructions in seqtiente;*

a fourth step I'n responseit o each said calculation- start |nstructLon,
form ng wavefo eatd sanpl-eg2f40s each of the tone generating
channel s on th¢ basis ¢ et rol data stored in said echannel register

of said channel™™® - 137 - a flfth step for each of sald pIuraI
sanmpl es, m xi ng BhESHHISToBRPE : g, whe F !

channel s by _said fouff st e
a sixth st 4,84
ot her wavef g;‘%ﬂ@t I -.'. :

menory and &

progran1cau5|ng ﬁﬁb?eﬁhogﬁiapﬁa&@fefﬁcfﬁfmﬁgfoﬁt§9§p°f1n response to a

5 request by said request step, forms said plural samples of the

tone generati
athird step

wavaeform data and supplies the formed plural samples to said

ongnt step.

45, A machine-readable media containing a group of

instructions to cause said machine to implement a method of

10 generating a sound, said method comprising:

a first step of inputting a gemeration instruction to

generate a designated sound;

a second step of, in response to an input of said

generation instruction, assigning the designated sound to one

15 of plural sound generating channels and storing control data

for the designated sound into a register in correspondence

with the assigned channel;

a third step of issuing calculation-start instructions

agzgredetermined intervals;

20 a fourth step of, in response to each said calculation-

start instruction, performing sound forming calculations for

said channels so as to arithmetically form plural samples of

waveform data for each of the channels, collective}z; on the

basis of the cohtrol data stored 1ln sald register, within a

25 time shorter than a time corresponding to a total number of

sampling cycles necessary for said _plural samples to be

formed;



10 receiving one__or__nore generation instructions to generate

one or nore jdeshOFRENT QIREY: in response to said generation instructions,
assigning tH al-ood-b-oned t 0 respective ones-ampRg—a prurali+ty of tone
generati ng dha and wriftijng control data for the 15 designated tones.
i nto channel dsjondi ng to the resi I;l ﬁ}' W';Iﬂ!ﬂrati ng
channels to jwhi ch sai d _desidgndted tones have be S i ng

cal cul ation-fstart rnstructiong in seqy@sce; in response to each said

cal cul ation-starf instructigas 20 form ng waveformdata for plural sanples

for each of the tone generating channels on the basis of the_control data
stored in sai d ZtEkEkh stepsefr mixing, dfenannch papdeformiped,gpmplef
wavef orm data for_ each of the_tone generating channels varying between
every one Rdntpyr £hgr sampleg of wav gata °m9%rf%85|¥eoin Y4apal al

sanpl es, m xing.the wavefQ _ I ve. fone_generating
channel s lﬁﬁﬁﬂéﬂé_@l‘ﬁf_ﬂ 2258 S8 B2 amgfe_ 138 -
74. A tong e.ngngi ng device conprising a nenory and a processor that
runs a pregFastered in said nenory, said

5 a sixth step of sequentiallL outputting the mixed sample

data of successive sample points every sampling cycle.

46. A tone generating method comprising:

a first stgg of issuing generation instructions to

generate a plurality of designated tones;

10 a second step of assigning the designated tones to

respective tone generating channels designated from among a

plurality of tone generating channels, and writing controlling

data for the -designated tomes into channel registers of the

regspective designated tone generating chanunels for storage
15 . therein;

a8 third step of issuing calculation-start instructions

at_predetermined intervals:

a fourth steg of, in response to each said calculation-

gtart instruction 1issued bgyr said third step, seq_l_.}gntially

20 _gerformixlg tone forming calculations for the designated, tone

generating channels, so as to arithmetically form waveform

data for plural samples for each of the designated tone

generating channels on the basis of the controlling data

stored in said channel register of said channel;

25 a fifth step of, for each of the samples, mixing the '

waveform data formed for the designated tone generating

channels by said fourth step so as to form mixed sample data;




program causi ng said pr. , to execute the steps of: receiving one or
nor e gener atp b AT {o 5 generate one or nore designated tones;
response to | ] ; structions, assigning nes. to
Tespective O anong a pI uialiity of tone generati ngl 'lﬂ g"mmm "MI'[I ng’
control data Eﬂg [ I Skers cworrsespondi ng
to the 10 eppective tone lgenerating channels to mhlch sai d designated

t ones have bpeh—assigned; issuj ng cal cultggion-start instructions in
sequence; injresponse . to-eaech~Said cal culation-start instruction, formng

wavef orm data tor pluial sanples for each of the tone 15A generatlng

soashaMwmny%__, _da ' ,
sanpl e data for .eaef =he ses S :
g‘ré{/r‘gugrg g%ﬁr éﬁ:[@a@'ghﬁlr%@g'fﬂw“ arnheaﬂéﬁ %i%h& dé‘&é‘ry
reprodusti ogafp14ig ageralxed sanple data. 25 75. A tone generating
devi ce conprisTng a menory and a processor that runs a programstored in
said nenory, sai %herein in said tone forming calculations, said fourth

step, forms, for each of the desiggated tone generating

channels. the waveform data for the plural sagg;es on the

basis of one readout of the controlling data from said channel

1o register and writes the controlling data into said channel

register after the formation of the waveform data.

47. A sound generation apparatus comprising:

a processor device that executes first and second -
programs;

15 a memory device that stores the programs to be executed

Ezﬁthe processor device;

an input device that inputs a generatiom instruction to

generate a designated sound;

a register device that stores control data for

20 controlling a sound to be generated in a sound generation

channel, said control data being stored separately in said

register device for each of a plurality of said sound

genaration channels; and

an ouggpt device that ogEguts a ggnerated sound waveform

25 data every predetermined sampling cycle,

wherein said processor device executes said first

program which is directed to a process of, in response to an




‘progr am causi f)g "SaHU<HIRETBMET 40 execute the steps of: recei ving one or
nore generati ' ons yoigenerate one or ne%eudesrgﬂared t ones;

response to saic @QeJmt_ i fisfructi ons, assi gni n tones to
respective ongs anDng rajfijy of 5 tone genera “ﬂ | |
witing contrél kel dpsi gnated tones int

correspondi ngfto the respectivef tone generating channel's to mhlch sald
desi gnated tones have Deem—as ned; Lsgamnrg cal culation-start instructions

i n sequence: 10 in response to each said cal cul ation-start
i nstruction forn1ng maveforn1data for glural sanples for each of the tone
gener ati ng £hENheYS ¢ a2, . R o~ : ehannel

regi ster of _sajd cha
wavef or m 15222430
the step ofcﬁc
m xed sanpl-€

predetern1n&gsf; Sféd = C
and a. 20 -processt 2 = LS i COT Ll

5 with the asgigned channel. and wherein said;grocessor device

further executes said second program which 1s directed to

processes of:

issuing calculation-start instructions at predetermined

intervals;

10 in response to each said calculation-start instruction,

performing sound forming calculations for said channels so as

to arithmetically form plural'saggles of waveform data for

each of the channels on the basis of the control data stored

in said register device, within a time shorter than a time

15 corresponding to a total number of sampling cycles necessary

for saidgg;ural samgles to be formed;

mixing. for each predetermined sample point, the samples

of the waveform data formed for the individual channels so as

"to form mixed sample data for each said sample point; and

20 storigg;the mixed sample data for successive sample

points in a buffer storage,

and wherein said output device outputs every sampling

cycle, the mixed sample data of successive sample points fform

said buffer storage, as said generated sound waveform data.

25 48. A sound generation apparatus as defined in claim 47

wherein said second program executed by said processor device

is further 'directed to a process of issuing on-the-way




program causi ng S% gtWt execute the steps of: receiving one or
nore generation *Fh's il opFeEL Tt generate one or nore designated tones;

in response to gaifd generation §ngtructions, assi'gning 25 ~tThe designated

tones to respecti Ve 228R) ? lurality of tone el s, and
witing control jdata for the degi gnated tones I nt o”mﬁmlmﬁuﬂ gm
correspondi ng t spective t g icchannel

sai d designat edftones have been apsi gn.eq,'zal ssw ng cal cul ation-start
instructions in sequence;, T n response to each said calcul ation-start

I nstruction, 5 form ng waveformdata for plural sanples for each of the

t one gener aﬂﬂmﬁmﬁ heinggructfon heinon@csiordangest wikh i nthei d
channel register of said channel; and obtaining at |east a first tone

si gnal and WM&MBV fYiceqg end
wavef or m dat _r '
formng, at 1'5‘

{ne 51500 S g V155 T pifrdy Bl od e

5 waveform data that correspond to a section from an end point

of a last-formed waveform to a time point when the generation_

instruction is inputted via said input device.

49, A tone generating method conl_grisingz

a first step of receiving one or more generation

10 instructions to generate one or more designated tones;

a second step of, in response to said generatiori

instructions, assigning the designated tones to respective

ones among a plurnlitg of tone generating channels, and

writing control data for the designated tones into channel

15 registers corresponding to the respective tone generating-

channels to which sald designated tones have been assigned;

a third step of issuing calculation-start instructioms

in sequence;

a fourth step of, in response to each said calculation-

20 start instruction, forming waveform data foz;gplural samples

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel,

an envelope value of waveform data for each of the tone

generating channels va.ryigg between every one or more of the

25 samples; and

a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating




'processor t ha @&p@ggﬁﬁyﬁdﬁﬁﬂﬂsfored in said nenory, said 15 program
causing said g@r utie the steps of: rece|V|ng one or nore

.generation in CEIOBQLT erfergat e one or nore de
g ' i fstjructions, assignin ’mm ' Enﬁlwlltones to

response to saj

respecti ve one i tly of 20 tone generatfngL chranne
writing contro data for the desy gnated tones into channel registers
correspondi ng one ggy ating channel's to which said

desi gnated tones have been assigned; issuing calculation-start instructions

I n sequence; 25 In response to each said cal cul ation-start
i nst ruct i onchdmnel s dpy@adtdofouttthastep g9 asaltosfophenited sapleofdattiac t one
generating channels on the basis of the control data stored - I4T - in

sai d channel register of said channel; for each of said plural sanples,
m xi ng the waveform data forned for the respective_tone generatin %ggnnels

by the st erf&f_f_cﬁ_cwarta ng methed as defined in claim 49, w

adding. to { ol XehuaR] d°LaR IE) D L5val e0ag' ol tila W5l

data for each of the plural samples into an analog signal

5 every sampling cycle.

51. A tone generating method as defined in claim 49, wherein

said fourth step sequentially performs tone forming

calculations for the respective tone generating channels so

as_to arithmetically form said waveform data for the plural

10 samples on the basis of the control data read out from said

channel registers prior to performing sald tone forming

calculations.

"52. A tone generating method as defined in claim 51, wherein

in said fourth step, the control data after the formation of

15 said waveform data is written into sald channel registers.

53. A tone generating method as defined in claim 49, wherein

said fourth step performs calculations to collectively form

waveform data for plural samples for one of the tone

generating channels and then perfomms calculations to

20 collectively form waveform data for plural samples for another

one of the tonetgeneratiqgrchannels, to therepz»sgguentially

perform the tone forming calculations sequentially for the

individual tone generatiqg channels, and wherein said f£ifth

step accumulates every corresponding one of the plural samples




78. A mach Leadabet Jgiedi-um cont ai ning a group of instructions_ of a
program execut &b (=¥o ';‘Lf t&d of for generating a tane, %ard"?ogran1

! a first step of recej nor e
generatlon i ns§r @?e te one or nore desi mﬁl mmg\gm“m econd
step of, in regppnse to sa ration instructions tshe *
desi gnat ed tongs ' es anong a plurality of tone generating
channel s, "and weiting contrpl datajggr-the designated tones into
channel registers corresponding to the respective tone generating channel s
to which said designated tones have been assigned; a third step of issuing
cal cul ati onoft athe | jndiyjduads tonscgemerating channels.foseguestiplly, in
response to each said calculation- start instruction, formng waveform data
for plural £ewmeds bpr saadh founthe step. gakerat seleetedndpsationhefhaais of

the control _data stored_in sajd_channel reglster of sald channel an
envel ope vaPHELRr GAPaPLe,PH buffering P . o B

channel s varyin et ween ,ever n [ Ies flfth ste
of, for eacﬁiﬂﬁgﬁgﬁdﬂﬁﬁﬁEaEEQé 2 da 8 ﬁgn E 4" P e 3 (%f% P

5 54. A tone generating method as defined in claim 49, wherein

gen

said third step further comprises issulng said calculation-

start instructions at predetermined intervals.

55. A tone generating method comprising:

a €first steg of receiving one or more generation

10 instructions to generate one or more designated tones:

a second stegﬁ of, in response to said generation '

instructions, assigning the designated tones to respective

ones among ..a gluralitz of tone generating channels, and

writing control data for the designated tones into channel

15 registers corresponding to the :espective tone generating

channels to which said designated tones have been assigned:;

a third step of issuing calculation-start instructions

in sequence;

a fourth step of., in response to each said calculation-

20 start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel;

a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

25 channels bzﬁsaid fourth stgg s0 as to form mixed samg}g data;

and



- 142 - "the waveform=dal. ed for the respective tone generati ng
g T o, § to formmni xed sanple data:; 79. "~

CRaS

ééf

zy“ggng:zrmf e

s_ step of receiving one or noDre geheration

; ore designated tones; a second step of. in
: assi gni ng the designated tones to
respective 10& C Yol udal ity ]tone generating channels, and
writing control data for the dest gnat ed tones into channel registers
correspondi ng to & heix espariofs vinie HaiRitiion S hawalixeldo sahpll gaid

desi gnat ed tones Tfave Deen assigned, a tmrd Step or 1ssurng

cal cul ati on-famreachsofutheoplural samplegicix ecompIleoted hbgt saiaf £iffth
response to"€each salrd calculatron- start rnstructron, rormng waverorm data
for plural s=hep and aftea‘chomplettﬁonmémmt&gnchﬁnﬁm gnixed lsampdsi s of
the control data stored i n sald channel register of salid channel; 20

a fifth stefata mevionslyoformed byusaid Eifithssten «iekequtdng, gensraildat a

formed for the respective tone generating channels b aid fourth step so
he Lot o m it ALl Heprpdugtiol 0F the Rew mixed sapls data: P

56. A tone generating method as defined in claim 55, which

éxecutable by a}pro for

§t p

further comprises-a seventh step of converting the mixed

gample data for each of the plural samples into an analog

signal every sampling cycle.

10 57. A tone generating method as defined in claim 55, wherein

said fourth step sequentially performs tone forming

calculations for the respective tome generating channels so

as to arithmetically form said waveform data for the plural

samples on the basis of the control data read out from said

15 channel registers prior to performing said tone forming

calculations.

58. A tone generating method as defined in claim 55, wherein

in said fourth step, the control data after the formation of

said waveform data are written into said channel registers.

20 59. A tone generating method as defined in claim 55, wherein

sald fourth step performs calculations to collectively form

waveform data for plural samples for one of the tone

generating channels and then performs calculations to

collectively form waveform data for plural samples for another




a six step of, when for LQn of new m xed sanple data 25 for each of the

plural sangr; REHTP by said fifth step and“aiLﬁLhEQHEngion of
reproduct i Bi FN?%e wal sdgnpl e data previously formed by sard Tifth step.
executing gontrol -143-

2 2t 9%

execut abl e by

data. 80.
of a progrhm

to al | ow reproducti onigmﬂﬂm) sanpl e
ddabl e medi um cont ai ni mmm”(ﬂ tructions
af processor for generatinfy a-tdhes sal d program
conpri singgtl| ) ! a firglyastep of receiving one or nore
generationlinstruyctions.t.om-gknerate one or nore designated tones; a second
step of, in response to said generation instructions, assigning the

desi gnat ed bmnesftmheetpaetganenaetngneh@nn513xutdiuherebytsaqugnufahlyng
channel s, and 10 Witing control data for the deslgnated tones 1nto
channel regipsxfiormc dihe:steneli forming hcalculbations sequenfeimlly | for cthenel s
to which said de5|gnated t ones have been a55|gned a third step_of 1ssuing
cal cul at i on18d4 d Ne gene ; nelsy and whegeim pakdsfifthf |n

response 10 sach 52l ik Sl 4P conl Shbohdths Y 9 chS'yluHA1"BLaLELIY 01 2

5 of the individual tone generating channels, sequentially

formed by said@ fourth ste_p;. at a selected location of a

buffer capable ef buffering the plural samples in such a way

that the mixed sample ddta is formed within said buffer.

-60. A tone generating method as defined in claim 55, wherein

10 said third step further comprises issuing said calculation-

start instructions at_gredetermined intervals.

61. A tone generating method comprlsing:

a first step of receiving one or more generation

instructions to generate one or more designated tones;

15 .a_second step of, in response to said generation

instructions, assigning the designated tones to respective

ones among a plura.lig of tone gLenerating channels, and

writing control data for the designated tones into channel

registers correspondihg to the respective tone generating

20 channels to which sald designated tones have been assigned:;

a third step of issuing calculation-start instructions

in sequence:;

a fourth step of, in response to each said calculation-

start instruction, forming waveform data for plural samples

25  for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel:




for each of the tone generating channels on the basis of the control data
stored in said channel regi ster_of said channel'; a fifth step of, for each
of said plural geess PN t he wavef orm data forned-for -the

respective tond gerewabrig S ngls by said fourth step so as to form m xed
sanpl e data; afd{a Sixth step bf{buffering the mmﬂlﬁmmmmmﬂ each
of said plural nph &sy ngQVQp r{ing thereto a pr ef fect.

8l . A machiing- r eadabl e nmedifu cont §gRi ng a gr dup® of* f44*

i nstructions of prograrm execut dbl e by a processor for generatlng a tone,
sai d program co I sing._the epd of . a first step of receiving one or nore

generation instTe itk sbegeme: dloxr eachoof neabd gasirmglaisamplesesmiking

a second step of, in response to said generation [ NStructions, assigning
t he desi gnat weweform datpe formedofior thengespprtivei tonef generating
generati ng channel s, and Mﬁltlno contr ol data for the de5|gnated tones into
channel regFBfaRels by said FoNy gD BE

channels to ngch sai d desi ghated tones have been aSS|gned

5 a sixth step of buffering the mixed sample data for each

of saild plural samples and imgg;ting thereto a predetermined
effect. |

62. A tone generating method as defined in claim 61, which

further comprises a seventh step of converting the mixed

10 sample data for each of the plural samples into an analog

signal every sampling cycle.

63. A tone generating method as defined in claim 61, wherein

said fourth. step sequentially performs tone foxming

calculations for the respective tone generating channels so

15 as to arithmetically form said waveform data for the plural

samples on the basis of the control data readout from said

channel registers prior to performing said tone forming

calculations.

64. A tone generating method as defined in claim 61, wherein

20 in said fourth step., the control data after the formation of

sald waveform data are written into said channel registers.

65. A tone generating method as defined in claim 61, wherein

said fourth step performs calculations to collectively form

waveform data for g;ural samgles for one of the tone
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the wavef or m date~&kQL E bne genejgging channel's by said fourth st ep,
at levels controll abI e tepgndent |y for each of first and second tone
signals. 82. A machi ne-readabl e medi um contai ning a group of

i nstructi ongeperatinggr ghmbrelst abhd byhenpr peefemms f ocalSulatibomey attag a
tone, said programconprising the steps of: a first step of recelrving one
or nore gen@P&gﬁéﬁi'f’ﬁ%Yrm wyeformetataiforpiusal ganplass fgnaanethaemes;

- 145 - a second step of oonse to sald generatlon |nstruct|ons

assi gni ng tfBeJes P ogeneraty , YherebY e .

eneratin cha nel s an
9 g Eorm the q:one forming calculations sequentially for the-

-Gl ation-start instructions in sequence; a
esgopch said. calculation- start instruction,

t one

5 individual tone generating channels, and wherein said fifth

step accumilates every corresponding one of the plural samples

of the individﬁal tone generating channels, sequentially

formed by said fourth step, at a selected location of a

buffer capable of bufferingﬁ the plural samgles in such a way

10 that the mixed s'amgle data is formed within said buffer.

66. A tone generating method comprising_:

a first step of receiving one or more generation

instructions; to generate one or more designated tones:;

a second step of, in response to said generation

15 instructions, assigning the designated tones to respective

ones among a plurality of tone generating channels, and

writing control data for the designated tones into channel

registers corresponding to the respective tone ﬁggnerating

channels to which said designated tones have been assigned;

20 a third step of issuing calculation-start instructions

in sequence;

a fourth step of, in xesponse to each said calculation-

start instruction, forming waveform data' for plural samples

for each of the tone generating channels on the basis of the

25 control data stored in said channel register of said channel;

and

a fifth step of obtaining at least a first tome signal




witing contro
correspondi ng tc
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to each said chl & [ 599 stfart instruction, ta for
pl ural sanpl eg theftpne generating chaanm“BI nﬂm”ﬂug” of the
control data sto | i d Thanhel regjgker of said thahnel; Ma fifth step
of, for each of said pltnal_sanples, mXing the wavef orm data formed for
t he respective tone generating~l5 channels by said fourth step so as to
form i xed sadphe s¢goad &odeasigrah, seaphotonedshgnal ofoimedi by dnieing e
data fornmed by said fifth step, other waveform data sanpl es. 83. A tone
gener ati ng kBEneavetemn data;. fogmed for tone generatingiChamnels by sakd or
nore generation |nstruct|ons to oenerate ope or Ir e deS|gnated tones a
second stepf s ; ’ / Rpenge 2aghi of)
desi gnated tones to.res ecal e dneganpng a plurality of tone generating
channel s, ak&E2§_EﬂﬂLﬁEEBﬁ-cﬁﬂﬂqu_ﬂﬂéiéior the designated tones into
channel registers corresponding to the respective tone generating channels
to which said designated tones have been assi gned,

5 67. A tone generating method as defined in claim 66, which

further comprisés a sixth step of adding. to at lsast one of

the first and second tone signals, other waveform data

samples.

68. A tone generating method as defined in claim 66, which

10 further'cgggrises a sixth sggg of converting the mixed sample

data for each of the plural samples into an analog signal

every sampling cycle.

o .
*2

69. A tone generating method as defined in claim 66, wherein

said fourth step sequentially performs tone forming

15 calculations for the respective tone generating channels so

as to arithmetically form said waveform data for the plural

samples on the basis of the control data read out from said

channel registers prior to performing said tone forming

calculations.

20 70. A tone generating method as defined in claim 66, wherein

in said fourth step, the control data after the'formation of

sald waveform data are written into sald channel registers.

71. A tone generating method as defined in claim 66, wherein
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one of the tone generating channels, to therebg sequentially

perform the tone forming calculations sequentially for the

individual tone'generating channels, and wherein said fifth

step accumulates every corresponding one of the plural samples

of the individual tone generating channels, seguentially

formed by said fourth step, at a selected location of a

buffer capable of buffering the plural samples in such a ‘way

that the mixed sagple data is formed within said buffer.

72. A tone, generating method comprising:

a first step of receiving one or more generation

instructions to generate one or more designated tones:

a second step of, in response to said generation

instructions, assighing the designated tones to respective

ones among a gluralitg of tone gLenerating channels, and

20

writing control data for the designated tones into channel

registers corresponding to the respective tone generating '

channels to which said designated tones have been asslgned

25

a thlrd step of issuing calculation-start instructlons

in sequence;

a fourth steg of, in response to each said calculation-

start instruction, forming wavaférm data for plural samples

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel:

suing cal culation-start instructions at sel ected

cal cul ation periods responsive to said
correfigndlng ones of said selected tine
of said plural sanples, mxing

orms seapbelatichs &b colladtivalse el i Ng
Ising a nenory and a Ib  processor that runs a progranrstored

thea ot performs r gaiadatisans grtiong 20



and witing control data for the designated tones
~=>aLresponding to the respective tone generating
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i ssui ng cal cul at| 53 P temied ] EL ions at selected time points; in response
to each said qal ' i pstruction, 147 f orlig a
for plural sappltes. f mof tfne tone generat.i ng chélmummlmmmumfs of
the control o L _safdfchanne]l gggister of sai'd Chahnel', Said
wavef or m dat a ai d plura anpl es béi"ng fornmed during plura

calculation 5 periods T=® iye to said calculation-start instructions at
correspondi ng ones fEftlnisteptVECt Lolr teach PF Basd PDEraD sAfsTedf miﬁéiﬂg
plural sanples, mxing the waveform dat a T TTE or ' e
generating dihivavedorn (data dfomed diox rihes cespeat ifver rhonex génexariiagdat a.
10 85. A machi ne-readabl e medi um containing a group of T nstruactions
of a progr aEiiannaks, hye spjdEousth atep i agetor Eormgnixed rmampia dagasgr am
conpri si ng Eﬂﬁisteps of: a first step of receiving one or nore generation

tone generating
i nto channel regi B¢

5 a sixth steg of adding, to the mixed samgle data formed

by said fifth step, other waveform data samples.

73. A tone generating device comprising a memory and a

processor: that runs a program stored in said memory, said

program causing said processor to execute the steps of:

10 receiving one or more<_generation 1nstruétions to

generate one or more designated tones:

in response to said generation instructions, assigning

_the designated tones to respective ones among a plurality of

tone generating channels, and writing control data for the

15 designated tones into channel registers corresponding to the

respective tone generating channels to which said designated

tones have been assigned;

issuing calculation-start instructions in sequence;

in response to each said calculation-start instruction,

20 forming waveform data for plural samples for each of the tone

generating channels on the basis of the control data stored

in said channel register of said channel, an envelope value

of waveform data for each of the tone generating channels

varying between every one or more of the samples; and

25 for each of said plural samples, mixing the waveform

data formed for the respective tone generating channels by the

step of forming so as to form mixed sample data.
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step of, in respo~s=' oA goBReat i on i nstructi-ons,..assi nlng t he
. desi gnat ed t ones ‘ =QtYs fanong a pluralijt of tone generating
channels, and w/jtj ng ‘ or the desi gn?f annel
regi sters corregpondreg, gspective tone ge Oyaﬂghnels to
whi ch said desig jeen assigned; a th|rd $tep U|ng

FRHC t/selegggd_tinme points; a fourth step of.
in response to each said |_atfi on- start instruction, form ng waveform
data for plural sanples 25 fO~ each of the tone generating channel s on
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channel, sald waveformdata for said plural sanples belng formed during
148 pl ur al PERCESSeTr dMateTuRE: & cDFogTAme storedi dnc Aadd Jemory steatd

I nstructions at correspondrno ones of sard selected tinme pornts and a
fifth stepPRCITAN caYSing: sald PEPGRSS 0| execyte the st HoF

data fornmed for _the.respective tone eneratln% gha anneIs g¥us 1d fouéth step
so as to formrﬁfﬁ&ﬁégiﬁgLe_ﬂﬁLa~ re genera instruction

5 generate one or more designated tones:

in response to said generation instructions, assigning

the designated tones to respective ones among a plurality of

tone generating channels, and writing control data for the

designated tones into channel registers corresponding to the

10 respective tone generating channels to which said designated

tones have been assigned;

issuing calculation-start instructions in sequence;

in response to each said calculation-start instruction,

forming waveform data for plural samples for each of the tome

15 . generating channels on the basis of the control data stored

in said channel register of sald channel;

for each of said plural samples, mixing the waveform

data formed for the respective tone generating channels by the

step of forming so as to form mixed sample data; and

20 when formation of new mixed sample data for each of the

plural samples is completed by the step of mixing and after

completion of reproduction of the mixed samﬁp}e data presviously

formed by the step of mixing, executing control to allow

reproduction of the new mixed sample data.

25 75. A tone generating device comprising a memory and a

processor that runs a program stored in said memory, said

program causing said processor to execute the steps of:
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tone generating channels, and writing control data for the
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designated tones into channel registers corresponding to the

respective tone generating channels to which said designated

tones have been assigned;

issuing calculation-start instructions in sequence:

in response to each said calculation-start imstruction,

forming waveform data for plural samples for each of the tone

generating channels on the basis of the control data stored

in said channel register of saild chénnel;

for each of said plural saggles. mixing . the waveform

data formed for the respective tone generating channels by the

step of forming so as to form mixed sample data; and

buffering the mixed sample data for each of said plural

samples and imparting thereto a predetermined effect.

76. A tone generating device comprising a memory and a

processor that runs a program stored in said memory, said

Egpgram causing said processor to execute the steps of:

receiving one or more generation instructions to

generate one or more designated tones;

in response to said generation instructions, assigning

the designated tones to respective ones among a plurality of

tone_generating channels, and writing control data for the

designated tones into channel registers corresponding to the
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I nstruction, forfmfe iﬁ-fforntdata for plural sanples for each of the tone

generating chanfie] e Basi s of the control data stored in said channe
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of 1ssuing, one generating program one or nore gener
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5 forming waveform data for plural samples for each of the tone

generating channels on the basis of the control data stored

in said channel register of said channel; -and

obtaining at least a first tone signal and a second tone

signal, each tone signal formed by mixing the waveform data,

10 formed for tone generating channels by the step of forming,

at levels controllable independently for each of first and

second tone signals.

77. A tone generating device comprising a memory and. a

processor that runs a program stored in said memory. said

15 program causing said processor to execute the steps of:

receiving one or more generation instructions to

generate one or more designated tones;

in response to said generation instructions, assigning

the designeted tones to respective ones among a plurality of

20 tone generating channels, and writing control data for the

designated tones into channel registers corresponding to the

respective tone generating channels to which said designated

tones have been assigned;

issuing calculation-start instructions in sequence:

25 in response to each sald calculation-gtart instruction,

forming waveform data for plural samg}es for each of the tone

generating channels on the bdasis of the control data stored
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10  sanpl esflak@idS@hannel Ar&gebtaeL- 6£36a0d ccid@tiiey contai ning a group of
i nstructi onS of pPrograns executapt® Dy a processor for generating a tone,

sai d prograns i n€owdieacin gf vsaidpplurali Gamplegamiaihg tisecwgeetothi ng
program 15 sald applrcatron program conprising a step or 1ssulng,
to said t ondagantermedfqn theanespective tone generating channels by the

step of forming so as to form mixed sample data; and

5 adcl:i.ngtL to the mixed sample data formed by the step of

mixing, cthef waveform data samples.

78. A machine-readable medium containing a group of

instructions of a program executable by a processor for

generating a tone, said program comprising the steps of:

10 a first step of receiving one or more generation

instructions to generate one or more designated tones:

a second step of, in response to sald generation

instructions, assigning the designated tones to respective

ones among a plurality of tone generating channels, and

15 writing control data for the designated tones into channel

registers corresgonding to the respective tone generating

channels to which said designated tones have been assigned;

3 third step of issuing calculation-start instructions

in sequence;

20 a fourth step of, in response to each said calculation-

start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel,

an envelope value of waveform data for each of the tone

25 generating channels varying between every one or more of the

samples; and

a fifth step of, for each of said plural samples, mixing
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79. A machine-readable medium containing a group of

instructions of a program executable by a processor for

generating a tone. said program comprising the steps of:

a first step of receiving one or more generation

instructions to generate one or more designated tones;

a second step of, 1in response to said generation

instructions, assigning the designated tones to respective

ones among a plurality of tone generating channels, and

writing control data for the designated tones into channel

ragisters corresponding to the respective tone generating

channels to which said designated tones have been assigned;

a third steg of issuing calculation-start instructions

in sequence;

a fourth step of, in response to each said calculation-

start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel;

a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

channels by said fourth step so as to form mixed sample data;

Eﬂd

a six step of, when formation of new mixed sample data

for each of the plural samples is completed by said fifth

step and after completion of reproduction of the mixed sample

data previously formed by said f£ifth step., executing control

SO
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it ed by said processor in a pardlilal s
fashi on. 91. gf met hod conprising: a first step of
receiving one pr { i nst r_uihi_.,o_r_ls to- generate one or nore

desi gnated torfs; eg of, 1N Tesponse to said generation 20
instructions, assrgnrre=the.desifgnated tones to respective ones anobng a
plurality oftot aldogerepabingtibBnog| the anew \wmiked gsamplie datat a for the
desi gnated Tones Tnto channel registers corresponding to the respective
tone generating channels to which said designated tones have been assi gned,
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in sequence8%a four ¥ Bpchipe-repadable o padium ogentaiping o & |9xoupn-oft art

i nstruction, form ng wavef orm data for plural sanples for each of the tone
generati ng dRFAEUCLIORS; R 3. Program executable by a processor for

generating a tone, said program comprising the steps of:

5 a first step of receiving one or more generation

instructions to generate one or more designated tones;

a second step of, in response to said generation

instructions, assigning the designated tones to respective

ones among a plurality of tone generating channels,' and

10 writing control data for the designated tones into channel

registers corresponding to the respective tone generating

channels to which said degignated tones have been assigned;

a third step of issuing calculation-start instructions

in sequencs:;--

15 a fourth step of, in remnsé to each said calculation-

start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of the

. control data stored in said channel register of sald channel;

a fifth step of, for each of said plural samples, mixing

20 the waveform data formed for the respective tone generating

channels by said fourth step so as to form mixed sample data:

and

a sixth step of buffering the mixed sample data for each

of said plural samples and imparting thereto a predetermined

25 affect.

8l. A machine-readable medium containing a group of
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wavef orm dat@ IS TO not _be perrormed. 93, A tone generattng device
conprising a nena y findta ptepesedHr ddmmiivingcudbne compr agizan geneedtionsai d
menory, said 25 ~ program causing said processor to performihe steps of:
recei vi ng odastiruationg tor sengratasonaceronere degignated dienes: nore

desi gnatsed t ones;

a second step of, in response to said generation

instructions, ass:.gm.ng the designated tones to respect:.ve

ones among a plurality of tone generating channels and

writing control data for the designated tones into channel

registers corresponding to the respective tone generating

10 channels to which said designated tones have been assigned;

a third step of issuing calculation-start instructions

in sequence;

a fourth step of, in response to each said calculation-

start instruction, forming waveform data for plural samples

15 for each of ‘the tone generating channels on the basis of the

control data stored in said channel register of said channel:

and

a fifth step of obtainiﬂg at least a first tone signal

and a second tone signal, each tone signal formed by mixing

20 the waveform data, formed for tone generating channels by said

fourth step, at levels controllable independentl_y for each of

first and second tone signals.

82. A machine-readable medium containing a group of

instructions of a program executable by ‘a processor for

25 generating a tone, said program comprising the steps of:

a first step of receiving one or more generation

instructions to generate one or more designated tones;




- 153 - in resgongete.gai d generation instructions, assigning the

desi gnat ed tongs 53- G Y e L& Qnes among a plurality of Tone genéerating
channel s, and gw§ It r8fEse¥a for the designated

regi sters cory o h: respective tone generilmﬁ"m}:m mmﬂl

which sai d debi £ ¢ been assigned; issuing=*cakculat¥ or-start

instructionsfin St C esponse to each said cal culation-start
i nstruction, ata for EI‘FraI sanpl es for each of the tone
10  generating charms e’ basis o he control data stored in said

channel register of sai - Cha ; and for each of said plural sanples,
m xi ng the wavef @r msdabadf ost&s for, t ha r pespehsac wneaqanegaﬁeﬁatfmnnel S
by said step of mﬁm wher ei n
sai d step ofinbtroctdgonsyecfasigiing ithe |dakrigrmated pradesicter regpegtiiéch of
the tone generati ng channel s for which waveform data can be fornmed wthin a
particul ar ongs punonrgl aarplegkrkity b8 nkenengeneratingy ghanmedst.a and

performed only for each said determ ned tone generating 20 channel . 94.
A rachi ne- r ¥E3kBng Goutxel. data fior the) desigpated tonmes into channel

5 registers correspond:l.ngﬁ to the respective tone generating

channels to which said designated tones have been assigned;

a third step of issuing calculation-start instructions

in sequence;

a fourth step of, in response to each sald calculation-

10 start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel;

. a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

15 channels by said fourth step so as to form mixed sample data;

and

——

a8 sixth step of adding, to the mixed sample data formed

by said fifth step, other waveform data samples.

83. A tone generating method coggrising:

20 a first step of receiving one or more generation

instructions to generate one or more designated tones:

a second step of, in response to said generation

instructions, assigning the designated tones to respective

ones among a plurality of tone. generating channels, and

25 writing control data for the designated tones into channel

registers corresgonding to the respective tone generating

channels to which said designated tones have been assigned;
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cal cul ation-start instructions in sequence; a fourth step of, in response
to each said cal cal shinod- sﬁeﬁrbflﬂﬁiﬁiﬁélé&lcﬁl&ﬁmdﬁ}dﬁiiQfQh@hiﬁh%;ﬁngr
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formed for the redfourth qwénaraﬁgonhanmﬂ&ddy sadidd chdeulhtibap SO

as to forn1n1xed saqPIe data, 15 wherein said fourth step Tncludes a
step of detd® truction, forming waveform data for plural samples

5 for each of the tone generating channels on the basis of the

‘control data stored in said channel register of said channel,

said waveform data for said plural samples being formed during

plural calculation periods responsive to said calculation-

start instructions at corresponding ones of said selected time

10 goints; and

a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

channels by said fourth step so as to form mixed sample data.

B4. A tone generating device comprising a memory and a

15 processor that runs a program stored in saild memory, said

program causing said processor to execute the steps of:

. Tecelving one or more generation instructions to

generate one or more designated tones;

in response to said generation instructions, assigning

20 the designated tones to respective ones among a plurality of

tone generating channels, and writing control data for the

designated tones into channel registers corresponding to the

_respective tone generating channels to which said designated

tones have been assigned;

25 issuing calculation-start instructions at selected time

points;

in response to each said calculation-start instruction,
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for sald plural samples being formed during plural calculation

periods responsive to said calculation-start instructions at

corresponding ones of said selected time points; and

for each of said plural  samples, mixing the waveform

data formed for the respective tone generating channels by the

step of forming so as to form mixed sample data.

85. A machine-readable medium containing a group of

instructions of a program executable by a processor for

generating a tone, said program comprising the steps of:

a first step of receiving one or more generation

instructions to _generate one or more designated tones;

a second step of, in response to said generation

instructions, assigning the designated tones to respective

ones among a g;uralitl of tone generating channels, and

writing control data for the designated tones into channel

registers corresgonding to the regective tone generating

channels to which said designated tones have been assigned;

a third step of issuing calculation-start instructions

at selected time ;Loints:

a fourth step of, in response to each said calculation-

start instruction, forming waveform data for plural samglés

rehapngk a9aid weyeform datahe

for each of the tone generating channels on the basis of the

control data stored in said channel register of said channel,

said waveform data for said plural samples being formed during




f said channel; 10 a fifth step of, for each of-
Xi'ng the Waveformdata formed for the respective
said fourth step so as to. formmxed semple
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determ ned tHat the c’él[c at i for all desj gnated

channels will not be conpP&ted Mithin a predeternined t| nme period. 96.
tone generating nethod as defl fed in cFat4 95, 20 wherein said sixth step
includes a step of dete erm nArng whet her the cal cul ations for all desi gnat ed

torie gener atpmsﬁa&agb%% bpes9hRS CiradpdHESie 218" SASEEIIHINGA iq:g_ragi tion.
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as defined ipotat$ma&ay wherein said sixth step further conprises

di sconti nuing cal cul ati on of said waveform data for said at | east one of
t one generating ch FiEth step of, for each of said plural samples, mixing

channel registe
said plural sa
t.one generatin
data; and a si
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5 the waveform data formed for the respective tone generating

channels bz said fourth step so as to form mixed sample data.

86. A method of generating a tone by §rocessing a given

application software Pprogram and a tone generation software

program bg 8 processor, said method comprising:

10 a first process of issuing, to said tone generation

software program, one or more generation instructions to

generate one or more designated tones by executing said

application software program: and

a second process of generating waveform data of said

15 designated tones by executing said tone generation software

program in response to said generation instructions issued by

said first process,

said secong_grocess comprising:

a first step of, in response to said generation

20 instructions issued by said first process, assigning the

designated tones to respective ones among a plurality of tone

generating channels, and writing control data for the

designated tones into channel registers corresponding to the

respective tone generating channels to which said designated

25 tones have been assigned;

& second step of issuing calculation-start instructions

in ‘sequence;




5 99. CRIAm L0 device conprising a menmory and a processor
t hat executesfa Sl M gl~an said menory, said program causing said
processor to fperfgr, el pf: receiving one or- nore generation

instructionsftg nore desi gnated tones

response to f fngtructions, assigni ng mﬂ @EEI Hﬂ‘meones to
respective # =g c¢hgnnel s designated fro y of
tone generating than, ahd/witing control data for the designated tones
i nto channel regi st er s ~teL pondi ng to k% -respective tone generating 15

channel's to which said de5|g ated tones have been assi gned; issuing

cal cul ation-start,i [ ) h

cal cul ati on- st ar t—+fs¥ S 3 NaVERL _
data for pl e YRSl &a%_@m{@eﬁ@ﬁggﬁa«aﬁt fae ﬁ%&a&' Safip1khe
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nodi fy formation of waveformdata tor at [eaSt  one of the toné generation

channel $, wand | t is determned that the calculations for all desi gnat ed
tone

a_ fourth step of, for each of said plural samples,

mixing the waveform data formed for the respective tone

generating channels by sald third step so as to form mixed

sample data.

10 . 87. A tone generating device comprising a memory and a

processor that ‘runs programs stored in said memory, saild

programs including a given application program and a tone

generating program, ' wherein:

-saiad application program comprising instructions for

i5 causing'said processor to execute a step of issuing, to said

tone generating#progwram, one or more generation instructions

to generate one or more designated tones, and

said tone generating program comprising for causing said

pProcessor to execute:

20 a first step of, 1in response to said generation

instructions issued by said application program, assigning the

designated tones to respective ones among a plurality of tone

generating channels, and writing control data for the

designated tones into channel registers corresponding to the

25 respective tone generating channels to which sald designated

tones have been assigned:

a second step of .issuing calculation-start




period. 100. F CADppeTeqdabl e medi um contai ning a group of
i-nstructions of @ p s sale by a processor for 5 generating a
tone, said progrfan T TToR \’\~ gteps of: a first step of re one
or nore generatfoli S / o/ generate one or m\“\m‘ gﬂ}g“ nes;
second step of f i SQQ! gafd generation inst ng the
desi gnat ed tones™ v \ fton ener at i ng charinel s de5| ghat ed
fromanong a plurality=gQ neratTﬁg%cﬁannel s, and witing control
data for the designat ed tomes_i ffto channel regi sters corresponding to the
respective toistiffttold 1 Geyiadlea;t 0 Which sai d designated tones have
been assi gnéd; 15 a tnra step of issuing calculation-start

instructions in sequenge; thifdurdtept aff ,0f i N regpongee te eaabhsaggid
calculation- start instrucfron, performng carcutattrons 10 formrwavetror m
data for pl Mc@@ﬂﬂ@sﬂt@rteatnsbtuchmnpniognﬂngatwmgeﬂkm datanefsron
the basis of the control data stored in said channel regi.ster of said.
channel ; a B¥3gal-sagples for each) off theitpns genkrsting cchanriedimegn the

5 basis of the control data stored in said channel register of

said channel;: and

a fourth step of, for each of said plural samples,

mixing the waveform data formed for the respective tone

generating channels by said third step so as to form mixed

10 sample data.

88. A machine-readable medium containing a group of

instructions of programs executable by a processor for

generating a tone, said programs including a given application

program and a tone generating program,

15 sald application program comprising a step of issuing,

to said tone generating program, one or more generation

instructions to generate one or more designated tomes,

said tone generating program comprising:

a first step of, in response to said generation

20 instructions issued by said application program, assigning the

designated tones to respective ones among a Plurality of tone

generating channels. and writing control data for the

designated tomes into channel registers corresponding to the

respective tone generating channels to which said designated

25 tones have been assigned;

& second step of 1issuing calculation-start

instructions in sequence;
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dn RS ' | east
one of theftone GEmeTateg - 158 channel s, when ” H H t hat
the cal g R ut esi gnated tone generati ng t be
conpl et ¢fd fwi t hi tgrmned tine peri od 101. A tone generatl ng

met hod - a first steg 1 @ recei ving one or nore
generat RSt ructions tp generate one i rmre desi gnated tones; a second
step of, in response~ta.gai d generation instructions, assigning the

desi gnat ed tones to reapethix@ OS€span®rY aip! ui-@ép(;,ysé)f gd)neeﬁpersa‘;id'ng
channels, and 10 wiTing control_data forthe desrgmated—tones—+rte
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to which sai esi gnate ones have been assi
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generating channels; 15 a fourth step of rssuing calculatron-start

CnstructionPasis of the control data stored in said channel register of

5 said channel; and

a fourth step of, for each of said plural samples,

mixing the waveform data formed for' the respective tone

generating channels by said third step so as to form mixed

sa;:_ugle data.

10 89. A method as defined in claim 86 wherein said

application software program and said tone generation software

program are executed by said processor in a parallel fashion.

90. A tone generating device as defined in ‘claim 87 wherein

said application program and said tone generating program are

15 executed by said processor in a parallel fashion.

9l. A tone generating method comprising:

a first step of receiving one or more generation

instructions to generate one or more designated tones;

a second step of, in response to said generation

20  instructions. assigning the designated tones to respective

ones among a plurality of tone generating channels, and

writing control data for the designated tones into channel

registers corresponding to the respective tone generating

channels to which said designated tones have been assigned;

25 a third step of issuing calculation-start instructions




I n sequence;ma Jfifth step of, in response to each said cal cul ati on- start

' ' I § wal d fourth step, form ng waveform-dat.a for plural
F@ugal o plurality of 20 ton atlng channel s,
ance of the tones dete? |rd
rol data stored in sald* wﬁ@g

of said plural sanples, n1X|ng t"hes form
e tone gene£§5tpg 25 channel s by said fifth
Q. for pl e data. I A tone generating nmethod as
defined in clalm (O~ Y59 - Wherein said fifth step perforns
calculatlonsinnsequendance with a predetermned cal cul ation-processing
order across the tone generating channels, said cal cul ati on-processing
order being defi ndadfeseth dstep taf s dind Jg'el_sggﬂsente each hea1d resl duldtiion™ ned
by said third step, 103. A tone generating device conprising a nenory and a
processor t h§$a’5§9mm§t*ﬂ%qrmnﬂ gepveform dahanfior,

rformthe steps of: receiving one or nore

causing said roce sor t
generaglon |§L i éhéxione generating channels on the basis of the

5 control data stored in said channel register of said channel;

and

a fifth step of, for each of said plural samples, mixing

the waveform data formed for the resgective tone generating

channels by said foqrth step so as to form mixed sample data.

10 wherein said fourth step determines which of the tone

.generating channels for which waveform data can be formed

within a particular time period, and wherein formation of the

waveform data is performed only for each said determined tone

generating channel.
15

92. A tone generating method as defined in claim 91,

wherein said fourth stég, on the basis of volumes of tones

. being currently generated in the respective tone generating

channels, distinguishes between the tone generating channels

20 in which formation of the waveform data is to be performed

and the tone generating channels in which formation of the

waveform data is to not de performed.

23. A tone generating device éomprising a memory and a

processor that executes a program stored in said memory, said

25 brogram causing said processor to perform the steps of:

Tecelving one or more _generation instructions to

generate one or more designated tones;




qore designated tones; in response to said generation
fiRF A e=aesi ghat ed tones to respective ones- am)ng a

plurality off tpne 1 .a’;

annel s, and iting control dat a
desi gnat ed esPi \anmgl fregi sters corresponduw“ u HII uul
respective : m ¢h@innel s to which said have
been assig et g ni ortance of the tones to be generat ed in the

respective %-Qug Fgiclfannel s; 2§|ﬁng cal cul ation-start instructions
i n sequence: 20 ===l _regponse to e said cal cul ation-start

I nstruction issued by sairt=step of issuing, form ng waveform data for
plural sanples fdn asponBertoissii Cbéﬁdﬁaﬂi:.lohy 1&fst&&&ti@ﬁ§§r &bbmgnln
channel s, in accdrdance w Said | [

said step oﬂ:heeﬁesmgnaﬂtgsi tonesctbaxespedt e oxtdsaammgal plaraliter eﬂ in
sai d channel reg| sters .and for each of sard plural sanpl €s, mxing the
wavef or m dafts nads . \and ool ting reentrpk rdakr| Eopythe -

160- said step of formn SO astoformmxed sanpl e data. 104. A
machi ne- r cad8L90ARA YOPRS: Inkp ghanpel reghsters corresponding to the

5 respective tone generating channels to which said designated

tones have been assigned;

issuing calculation-start instructions in sequence:

in response to each said calculation-start instruction,

forming waveform data for plural samples for each of the tone

10 generating channels on the basis of the control data stored

in said channel register of said channel; and

for each of said plural 'samgles, mixing the waveform

data formed for the respective tone generat:‘v;r_xg channels by

sald step of forming so as to form mixed sample data,

15 wherein sald step of forming waveform data inclludes a

step of determining which of the tone generating channels for

which waveform data can be formed within a particular time

period, and wherein formation of the waveform data 1is

g'erformed only for each said determined tone generating

20 channel.

94. A machine-readable medium containing a group of

instructions of a program executable by a processor for

generating a tone, said program comprising the steps of:

a_ first step of receiving one or more deneration

25 instructions to generate one or.more designated tones;

a second step of, in response to said generation

.instructions, assigning the designated tones to respective
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s of : 5 a flrst_ step of reCE|V|ng

one or nore ‘ TSt 3t'ons to generate one or nore desiggated
tones;. a secg ponse to said gene ‘ “u“ %l ns,
assigning the St $ fo respective ones ; xy of tone

generating c iting control data for ‘t h& desi gnated tones
i nt o channel teLg _correspgndi ng tol%ge respective tone generating
channel s to which said O&s«gpat ed tones ve been assigned; a third step of
determ ning i nportance of the tones to be generated in the respective tone
generating ohésnaimung Sa plurald#yusdfh (YD génesatiny ehbAtbasi Otard art
instructionS Th sequence, a 11 Step N T esponse 1o

cal cul ati onwriting coatrodt data fouedths/ mxgn‘mdt Htoniesp , 1ot nehrennedy ef or m
data for plural sanmples tor any nunber of Ssaid plurality of 20 tone

gener ati ng Téghaters icorresponding Wa hthai gesppotivacdone tganamating
deternmined by said third step, on the basis of the control data stored in
sai d channcfhaaBedgctq: whhghasaididesigmatad toneschaveobesni assigned:
sanples, mxing th

eformdata formed f res ectlva t one generatin
25 channel s byaQ?rmr ﬁMs§Hm £8 g-PHEl-ﬂJ 1on- . @’91% ,%
t one generaihngegggngg.conprising.

a fourth étep of, in response to each said calculation-

start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of.the

10 control data stored in said channel register of said channel:

and

a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

channels by said fourth step so as to form mixed sample data,

15 wherein said fourth step includes a step of determining

which of the tone generating channels for which waveform data

can be formed within a particular time period, and wherein

formation of the waveform data i1s performed only for each said

determined tone generating channel.

20 95. A tone generating wmethod comprising:

a first step of receiving one or more generation

ingtructions to generate one or more designated tones;

a second step of, in response to said generation

‘instructions, assigning the designated tones to resgective

25 tone generating channels designated from among a pluralitgiof

tbne;generating channels, and writing control data for the

designated tones into channel registers corresponding to the




lng one or nore generation instructions to generate
gukilTes: a second step of, in responsé t o sai d—

#si gni ng the desi gnat ed ton
fone generating channel s, 3”“@;"'“@8 &EE?
*o es into channel registers correspon

) channel s to which said designated tones have

p of issuing ﬁghcul ation-start instructions 10

i n sequence,; . S5t¢p of, in respo to each said calculation- start

I nstruction, form ng waveformdata for plural sanples for each of the tone

generating crbweeltiventbhe ganefating ehamylltodahdcht eatd dessgnatédannel
regi ster of ~sara channel, 15 and a fifth step or, 1or eacn or sard plural
sanpl es, m tiomgst havea bekor asdignedor ned for the respectlve tone generating
channels by sard tourth step so as to form m xed sanple data, wherein said

fourth step perf.@ Ehixd ahen iqfhsigsuingm calmlmtnanrmsamvénetmmfam or

plural sanpl.es for each of the tone generating channels in accordance with
a predet er nifedOquence;

5 a fourth step of, in response to each said calculation-

'start instruction, perfoming calculations to form waveform

data for plural samples for each of the tone generating

charmels on the basis of the control data stored in said

channel register of said channel:

10 a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating .

channels by salid fourth step so as to form mixed sample data.a‘

and

a six step of issuing an instruction to modify formation

15 of waveform data for -‘at least one of the tone generation

channels, when it is determined that the calculations for all

designated tone generating channels will not be completed

within a predetermined time period.

96. A tone generating method as defined in claim 95,

20 wherein said sixth step includes a step of determining whether

the calculations for all designated tone generating channels

will be completed under a predetermined condition.

97. A tone generating method as defined in claim 95, wherein

said sixth step further comprises providing damped waveform

25 data for sald at least one of tone generating channels.
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5 99, A tone generating device comprising a memory and a

processor that executes a pri:ogr'am stored in said memory, said

program causing sald processor to perform the steps of:

receiving one or more generation instructions to

generate one or more designated tones;

10 in response to said generation instructions, assigning

the designated tones to respective tone generating channels

designated from among a plurality of tone gemerating channels,

and writing control data for the designated tones into channel

registers corresgonding_ to the respective tone generating

15 channels to which said designated tomnes have been assigned:

1ssuing calculation-start instructions in sequence;

in response to each said calculation-start instruction,

performing calculations to form waveform data for plural

samples for each of the tone generating channels on the basis

20 of the control data stored in said channel register of said

channel ;

for each of said plural samples, mixing the waveform

data formed for the respective tone generating channels by

‘said step of performing so as to form mixed sample data; and

25 issuing an instruction to modify formation of waveform

data for at least one of the tone generation channels, when

it is determined that the calculations for all designated tone




15 generating c r % the basis of the control data stored in said

channe

m xing the wav§g

generating channel s
cal cul ations for forni ng

| reg
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instructions of a _program executable by a processor for

generating a tone, sald program comprising the steps of:

a first step of recelving one or more generation

instructions to generate one or more .designated tones;

a second steg of, in Iesponse to said generation

instructions, assigning the designated tones to respective

tone generating channels designated from among a plurality of

tone generating channels, and writing control data for the

designated tones into channel registers corresponding to the

resPective tone generating channels to which said designated

tones have been assigned;

a third step of issuing calculation-start instructions

in sequence;

a fourth step of, in response to each said calculai:ion-

start instruction, performing calculations to form waveform

data for plural samples for each of the tone generating

channels on the basis of the control data stored in said

channel register of said channel:;

a fifth step of, for each of sald plural samples, mixing

the waveform data formed for the respective tone generating

channels by said fourth step so as to form mixed sample data;

and

a six step of issuing an instruction to modify { formation

of ‘waveform data for at least one of the tone generation

,, \a t he respective t-one generati ng .channel s
ff orm m xed sanpl e data where| n

sRd. when it is determ ned during performance of the 25
=uglvef orm data by said step of formng that the



plurality df ™ ‘z =g Channel s, and 10 witing—eentrol_data for

t he desi gndt ¢d gnnel registers correspondl to the respective
t one generf P phich sai d designated tone W ﬂmm ed,
a third stjep ¢ JUY § gul ation-start instructions M'BWF

a fourth ¢ ' gnde to each said calcul ation- start"-irstsucel on,
form ng wg T afesd pfural sanplegggor each of the tone generating

channel s on >~BaAZLS C £ control data stored in said channel register
of said channel; and afifth step of, for each of said. plural
sanpl es, m shagnehs, veheh citnidadathmminddf that the eajenlatdohsntogaaiky at i ng
channels by said fourth step so as to formm xed sanpl e data, wherern said
fourth stepdpsitmakedcdiong generalfing fchannpels heidhyvadsr hedacemplatesd ur al
sanpl es for each of the 25 tone enerat| ng_channel s in accordance with a
predet er mi n¥&% REEAAtATEL | R¥12%0ss the tone generating
channel s, and vvhen it is determ ned during perfornmance of the - 164 -

101. A tone generating method comprisings:

5 a first step of 'receiving one or more generation

instructions to generate one or more designated tones;

a second step of. in response to said generation -

instructions, assigning the designated tones to respective

ones among a plurality of tone generating channels, and

10 writing control data for the designated tones into channel

registers corresponding to the respective tone generating

channels to which sald designated tones have been assigned;

a third step of determining importance of the tones to

be generated in the respective tone generating channels;

15 a fourth step of 1ssuing calculation-start instructions

in sequence;

a fifth step of, in response to each said calculation-

start instruction issued by said fourth step. forming waveform

data for plural samples for any number of said plurality of

20 tone generating channels, in accordance with said importance

- of the tones determined by said third step, on the basis of

the control data stored in said channel registers: and

a sixth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

25 channels by said fifth step, so as to form mixed sample data.

102. A tone generating method as defined in claim 101,




“cal cul ations f r er Jgg veform data by said fourth step that the
cal cul ations W not l{fetfed within a predeterm ned-tine,

.cal cul ati ons ef orm data duri ng-t-he remai nder of said

predeternihed ' are not 5 erfornmed. 108. i met hod
for execution on a co pt, conprising: ar ”ﬂg!ﬁ Iﬁm
recei ving performance information; a waveformfor t he

basis of the 10 per f or mance inforrngi#$§ recei ved by said receiving step
during a predeterm ned period, form ng vef orm data corresponding to the
predeterm ned period, said waveformformation step form ng plural

successi ve vipdias sdid ALk ey PetForms?MaleuldtebaeMiny ackesignebep of
receiving EXTra waverorm I5  data corresponding 1o Ue predeternrned

peri od, andritinia predetioemined vallcaXatbonepricessila arded abtosavehar m
dat a forned:ﬁy Sald waveformiormatton Step, sO as to formsynt nesrzed
wavef or m ddione generating chanteisd pEaid altgationApronesgingr erdey

met hod as defrned in cIa|n1108 20 mherern sai d extra mavefornrdata are
ot her than3¢ ; i ~ ST\

A tone generatrno nethod a defrned |n clarn1108 mhrch further conpri ses
an out put PIIRNG S&8Bpl i ng cycle, one sanple of the

ﬁ—_ll
synt hesi zed wavef orm dat a.

103. A tone generating device comprising a memory and a

processor that executes a program stored in said memory, said

program causing said processor to perform the steps of:

receiving one or more generation instructions to

10 generate one or more designated tones;

in response to .said generation instructions, assigning

the desigpated tones to respective ones among a plurality of

tone generating channels, and writing control data for the

designated tomes into channel registers corresponding to the

15 respective tone generating channels to which said degsignated

tones have been assigned;

determining importance of the tones to be generated in

the respective tone generating channels;

issuing calculation-start instructions in sequence;’

20 in response to each said calculation-start instruction

issued by sald step of issuing, forming waveform data for

plural samples for any number of said plurality of tone

generating channels, in accordance with said importance of the

tones determined by said step of determining, on the basis of

25 the control data stored in said channel registers; and

for each of said plural samples, mixing the waveform

data formed for the respectivé tone generating channels by




that executes a frﬂﬁp t5, ‘ " sald menory, said program causing sald
processor to per recei ving performance information;

on the basis of } | nformation received by the ste

recei ving during & : djeriod, forming pl E“MB | ﬁ!ﬁ&! anpl es
of waveform dat g @&c foft he predeternined V|ng
extra waveform g ' Lhgfto tgﬁ é predeterntne peri od, and
conbining the rece ef ormt8%ta and the waveform data for med

by the step of forntng, form synt hesi zed waveform data for the
predet er m nsadifdesiteg. oflZorming, "B6hasets cLsh | ii Xadli sk t@ed .ng a group
of 15 i nstructrons of a program executapl e Dy a CONputer or .a processor
for generating a tone, said program conprising the steps of: a receiving
step of receiving performance information; a waveformformation step of, on
the basis ofOfthe 20 A eaghinanxeadaifler nmedbumr cositasiing sai B @roapei of Ng
step during

instructions of a program eXecutable by a processor for

generating a tone, said program comprising the steps of:

5 a first step of receiving one or more generation

instructions to generate one or more designated tones:.

a second step of, in response to said generation

instructions, assigning the designated tones to respective

ones among a plurality of tone generating channels, and

10 writing control data for the designated tones into channel

registers corresponding to the respective tone generating

channels to which said designated tones have been assigned;

a third step of determining imgprtance of the tones to

be generated in the respective tone generating channels;

15 a fourth step of issuing calculation-start instructions

in sequence:;

a fifth stgg of, in response to each said calculation-

start instruction issued by said fourth step, forming waveform

data for plural samples for any number of said plurality of

20 tone generating channels, in accordance with said importance

of the tones determined by said third step, on the basis of

the control data stored in saild channel registers; and

a sixth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

25 channels by said f£ifth step, so as to form mixed sample data.

lo05. A tone generating method comprising:




form data; and a wavéform synt hemﬂ step of

i Vi ft r§ vform2 dat a corresponding t mﬁ

period, andjcgnb 2%\2@ tmr gce¢i ved extra waveform m“\mgm\ orm
dat a for nedf by=sai.d _wavef or ormation step, so as to feorm s ntshe5| zed

\ et ef m ned perllgq 113. A tone generating nethod

=8O tng unit, conprising: a receiving step of

recei ving performance i nformation: 5 a waveform formation step of,
on the basis of tahefeshor geepe off detliving €68eVesir byndxl dgeaeehriog
step, perform ng calculatirons over a p Ty Ol stages s rm
wavef or m datiastzaicd lonse ftor geheratiei onesorpmbdve ndegighated tommeeEsssi ve
sanpl es of sald waveformdata; 10 a step of recelving extra waveform
data that are ot leer sesgmd hsteny <ty misgat Fesponed o ssajidwageneration
formati on step; and a step of corrbl ni_ng the recel ved extra vvaveform dat a
and-t he wavefd » sl ii gprespecti

5 ones among a gﬂ:ralit! of tone ﬁggnerating channels, and

writing control data for the designated tones into channel

registers corresponding to the respective tone generating

channels to which said designated tones have been assigned;

a third step of issulng calculation-start instructions

10 in sequence:;

a fourth steg of, in response to each said calculation-

start instruction, forming waveform data for plural samples

for each of the tone generating channels on the basis of the

control data stored in sailid channel register of said channel;

15 and

a fifth step of, for each of said plural samples, mixing

the waveform dat-a. formed for the respective tone generating

channels by said fourth step so as to form mixed sample data,

wherein said fourth step performs calculations for

20 forming the waveform data for plural samples for each of the

tone generating chamnels in accordance with a predetermined

calculation-processing order across the tone generating

channels, and when it is determined during performance of the

calculations for forming the waveform data bz said fourth step

25 that the calculations. will not be completed within a

predetermined time, calculations for forming the waveform data

during the remainder of said predetermined time are not

performed.



15 as to form conbi ned waveformdata to produce a tone. 114. A tone
generating dewice conprising a menory and a processor that executed a
f ~sakd _NEnory. said program causing said processor to

program st or edj ﬁ? ( _
0 on oce vea oy bR R e, ™

performthe sreg%ﬁiﬂfa%:. "

basis of the

perform ng cg plurality of stages sé as tio frorm pkural
jdata; reqgeiving extra waveformdata that are
f fornmed by%ﬂuastep of perform ng; and

veform data and the -167 - waveform data

formed by sdioks "SEEel BItind device fesnpriaingnes nenetpr ahdaga to

produce a tone. 115. a¢hi ne- readabl e nmedi um cont ai ni ng a group of

i nstruct i onPrdcasgomdhah executesd| # nogram stesedr if waid gemmmt, sgia

tone, said program conprising the steps of: a receiving step of receiving

per f or mance RTAIFaMmiGasing said pnecessont tonpertormfthensteps €i s of the

performance information received by said receiving step,
receiving one or more generation Instructions to

successi ve s§
other than tg
conbi ni ng t Heg

5 generate one or more designated tones;

in response to said generation instructions, assigning

the designated tones to respective ones among a plurality of

tone generating channels, and writing control data for the

designated tones into channel registers corresponding to the

10 respective tone generating channels to which sald designated

tones have been assigned;

issuing calculation-start instructions in sequence:

in response to each said calculation-start instruction,

forming waveform data for plural samples for each of the tone

15+ generating channels on the basis of the control data stored

in sald channel register of said channel: and

for each of said glural saﬁples, mixing the waveform

data formed for the respective tone generating channels by

said step of fofmiqg so as to form mixed sample data,

20 wherein said step of forming performs calculations for

forming the waveform data for Plural samg;es for each of the

tone generating chanmnels in accordance with a predetermined

calculation-processing order across the tone generating

channels, and when it is determined during performance of the

25 calculations for forming the waveform data by said step of

forming that the calculations will not be completed within a

predetermined time, calculations for forming the waveform data

during the remainder of said predetermined time are not




wavef or m dat a, , Al 4.-f ptop formng plural successi ve
sanpl es of said wavefo PR V= recei ving extra waveform data that
are ot her or fregd by said wavef
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conbi ned waveform data tQ ¥4oduce a tjond63146. A tone generating device

conprising a nenory and a proc‘*mw‘tfhat executed a programstored in said
menory, Salge%Q garan1cau5|ng sai d processor to performthe steps of:
executing a—p+egg@eﬁﬁ1ned operating system form ng waveformdata for a
plurality of sanpling cycles, on the basis of an instruction from an
application program executed on the predeternined operating system 25

out BUtE' ng, 18v€ry SafpndhiGi-raadatdesabdful! dohtata1agordn ¢roupf Oéf"i‘? by
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generating a tone, said program comprising the step of:

5 a first =step of receiving one or more generation

instructions to generate one or more designated tones:

a second step of, in response to sald generation

instructions, assigning the designated tones to respective

ones among a glurality' of tone generating channels, and

10 writing control data for the degignated tones into channel

registers cérreggonding to the respective tone generating

channelg to which sald designated tones have been assigned;

a8 third step of issuing calculation-start instructions

in sequence;

15 a fourth step of, in response to each said calculation-

start instruction, fofm;gg waveform data for plural samples

for each of the tone generating channels on the basgsis of the

control data stored in said channel register of said channel;

and

20 a fifth step of, for each of said plural samples, mixing

the waveform data formed for the respective tone generating

channels by said fourth step so as to form mixed sample data, '

wherein said fourth sfep performs calculations for

forming the waveform data for plural samples for each of the

25 tone generating channels in accordance with a predetermined

calculation-processing order across the tone generating

channels, and when it is determined during performance of the
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calculations for forming the waveform data by said fourth step

that the calculations will not be completed within a

Predetermined time, calculations for forming the waveform data

dufin_g the remainder of said predetermined time are not

performed.

108. A tone generating method for execution on a computing

unit, comprising:

a reCei.ving step of receiving gerformance information;

a waveform formation step of, .on the basis of the

performance information received by said receiving step during

a predetermined period, forming waveform data corresponding

‘to the predetermined period, said waveform formation step

forming plural successive samples of said waveform data:; and

a waveform synthesis step of receiving extra waveform

data corresponding to the predetermined period, and combining

the received extra waveform data and the waveform data formed

by saild waveform formation step, so as to form synthesized

waveform data for the predetermined period.

109. A tone generating method as defined in claim 108,

wherein said extra waveform data are other than the waveform

data formed by said waveform formation step.

1l0. A tone generating method as defined in c¢laim 108,

which further comprises an output step of outputting, every

sampling cycle, one sample of the synthesized waveform data.

x>~ _predeterm ned period, wherein said step of
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111. A tone generating device comprising a memory and a

processor that executes a program stored in said memoi:y. said

program causin_Lsaid processor t6 perform the steps of:

receiving performance information:

on the baslis of the performance information received by

the step of receiving during a predetermined period, forming

plural successive samgles of waveform data corresponding to

the predetermined Qeriod; and

receiving extra waveform data corresponding to the

predetermined period, and combining the received extra

waveform data and the waveform data formed by the step of

forming, so as to form synthesized waveform data for the

predetermined Leriod .

112, A machine-readable medium containing a group of

instructions of a program executable by a computer or a

processor for gemerating a tone, sald program comprising the
steps of:

a recelving step of receiving performance information;

a waveform formation step of, on the basis of the

performance information received by said receiving step during

a predetermined period, forming waveform data corresponding

to the predetermined period, said waveform formation step

forming plural successive samples of said waveform data; and

a waveform synthesis step of receiving extra waveform

data corresponding to the predetermined period, and combining

the received extra waveform data and the waveform data formed

by said waveform formation step, so as to form synthesized




10

15

20

25

I

- 166 -

waveform data for the predetermined period.

113. A tone generating method for execution on a computing

unit, comprising:

a receiving_ step of receiving performance information:

a waveform formation step of, on the basis of the

performance information received by said receiving step,

performing calculations over a plurality of stages so as to

form waveform data, said waveform formation step forming

plural successive sml\_ples of said waveform data:;

a step of recelving extra waveform data that are other

than the waveform data formed by said waveform formation step;-

and

a step of combining the received extra waveform data and

the waveform data formed by said waveform formation step, so

as to form combined waveform data to produce a tone.

114, A tone generating device comprising a memoryl‘and a

processor that executed a program stored in said memory. said

program causing said processor to perform the steps of:

receiving performance information;

on the basls of the Jgerformance information received by

the step of receiving, performing calculations over a

plurality of stages so as to form plural successive samples

of waveform data;

receiving extra waveform data that are other than the

waveform data formed by the step of performing; and

combining the received extra waveform data and the
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waveform data formed bg_ said step of performing, so as to

form combined waveform data to produce a tons.

115. A machine-readable medium containing a group of

1nstruciions of a _program executable by a processor for

generating a tone, said _program comprising the steps of: )

a receiving step of receiving performance information:

a waveform formation step of, on the basis of the

perférmance information received by said receiving step,

performing calculations over a plurality of stages so as to

‘form waveform data, said waveform formation stgg forming

plural successive saggles of said waveform data;

a step_ of receiving extra waveform data that are other

than the waveform data formed by said waveform formation step;

and

a step of combining the received extra waveform data and

the waveform data formed @sai.d waveform formation step, so

as to form combined waveform data to produce a tone.

116. A tone generating device comprising a memory and a

processor that executed a program stored in said memory, said

program causing said processor to g_el:form the steps of:

executing a predetermined operating system;

forming waveform data for a plurality of sampling

g:les, on the basis of an 1nstri:ction from an aglication

program executed on the predetermined operating system:

outputting, every sampling cycle, one sample of the

waveform data formed by said step of forming; and’
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" in response to a request by salid step of outputting,

performing a task switch between the step of executing and -

said step of forming during said;gredetermined period,

wherein . said step of forming performs -a tone parameter

calculating operation in an intermittent fashion.
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Abstract
"Tone Generating Method and Device"

For a given tone genérating channel, tone waveform
sample data corresponding to a plurality ofasampling cycles
(e.g., 100 samples) are arithmetically formed collectively.
Once performance information such as MIDI event data is
supplied to a tome generator MIDI driver (16) from an
application program such as a MIDI sequencer software (31),
the MIDI driver (16)., in respomse to an input MIDI signal,
assigns new tone generation to a designated tone generating
channel of a tone generator task (20), and prepares tone
controlling parameters to be set in the designated channel.
The tone generator task (20) arithmetically forms tone
waveform data by use of the tone controlling parameters and
passes the tone waveform data to ‘a CODEC circuit (26)
functioning as an A/D converter. The program and a geneial-
purpoée operating system are sequenced and executed by a
preemptive multitask management program.

(Figure 13)




