-1- Tone Generating Method and Device The present inventioﬂGHI%t@s' q—
general Iy t-@.tone data generating techniqyes, and nore particularly to a
met hod and devicé which are suitable for causing a general-p@ﬁb@% g5 .
arithmetic processor,” such as a CPU, to execute tone generatd gX '
processing. In nany. electronic musical I nstruments toda)s',%tsb Q
m.croprocessors are used to execute jtone generating processing. In
sone cases, the micropfocessors even execute 10 processing to inpart
effects to tone data forned through.the tone generating processing. | t
has | ong been a common practice, in the art, to inplenent such

m cr oprocessors by dedi cated hardware (for exanple, toné generator LSI or
DSP) having a circuit structure depending on a particular tone 15
generati ng net hod enpl oyed (for exanple, waveform nenory or FM synt hesis
met hod) . However, thBoke GenehatingeMethedrandnbBaviee CPU s conputing
capability, electronic nusical instrunents have appeared where the CPU

| oaded in a general - purpose conmputer 20 or dedi cated tone generating

device is progranmed to execute necessary_tone generatin rocessi
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generating techniques, and more particularly to a method and

device which are suitable for causing a general-purpose
5 arithmetic processor, such as a CPU, to execute tone
generating processing.

In many electronic musical instruments today,
microprocessors are uséd“ tp execute tone generating
processing. In some caées, the microprocessors even execute

10 processing to impart effects to tone data formed through the
tone generéting processing. It has long been a common
practice, in the art, to implement such microprocessors by
dedicated hardware'(for example, tone generator LSI or DSP)
having a circuit structure depending on a particular tone

15 generating method employed (for example, waveform memory or
FM synthesis method).

S, .- However, thanks tol the recent improvement of CPU's
computing capability, 'electronic: musical instruménts have
appeared where the CPU loaded in a general-purpose computer

20 or dedicated tone generating device is programmed to execute

v .

R » .
‘necessary tone generating processing. Here, such a tone

L;k L ?igenerating device or method will be called a "software tone
generator", while the traditional tone generating device or
method will be called a "hardware tone generator".

25 In the software tone generator, the CPU must



generator", while the traditional tone generating device or nethod will be
called a "hardware tone generator". 25 In the software tone
generator, the CPU nust -2- concurrently execute the tone generating
processi ng and various other processing. Thus, in cases where a general -
pur pose conputer is used to inplenment the software tone generator, it is
desirable to carry out the tone generathQ 5 processing on an operating
system having a nmultitask function (e.g.,“Wndows 95 (tradenark) of

M crosoft Corporation) in order to assure that the tone generating

processi ng icorRTdrid i eedutleei BHel NEbNEN (Gihdbatiigy OPIRVCSAGRS S ahd-
But, in fact, operating systens having no nultitask 10. function (e.g.,
W ndows 3. ¥ar(iicuadeothida) ppbcedbingsof Thder, pdratcass ansere del geneedl- -
today, and there is a great need for the tone generating processing to be
execut ed on puposspecampuyersyks emsed toVv timplemend ther sofgwarsy stome,
t he execution of the tone generating processing tends to be often 15

del ayed by &enerat@mcdtofis desirmblerte«qarry, ovki Eheckore ogesgratinga

significant hindrance to the tone generation. . )
5 processing on an operating system having a multitask function

(e.g., Windows 95 (trademark) of Microsoft Corporation) in
order to assﬁre that the tone generating processing is
executed without being influenced by the other processing.
But, in fact, operating systems having no multitask
10 ~ function (e.g., Windows 3.1 (trademark) of Microsoft
Corporation) are widely used today, and there is a great need
for the tone generating processing to be executed on such
operating systems. With these ope:ating. systems, the
execution of the tone generating ptocessing-tends to be often
15 delayed by an influence of the other processing, which could
result in a significant hindrance to the tone Qeneration.
It is therefore an object of the present invention to
provide a tone generating device and method based on a
software tone generator whichleffectively prevent a hindrance
20 to tone generation even whenltone generating processing is
executed on an operating system having no full multitask
function. |
In order to accomplish the above-mentioned object, the
present invention provides a tone generating device which
25 comprises: a supply section for supplying performance
information; an activating section for activating tone
generating processing based on the performance information a

plurality of times within a predetérmined time period; a tone



It is therefore an object of the present invention to provide a tone
generating device and nmet hod based on a software tone generator which
effectively prevent a hindrance 20 to tone generation even when tone
generating processing is executed on an operating system having no ful

mul titask function. In order to acconplish the above-nentioned object, the
present invention provides a tone generatgng device which 25 conpri ses:
a supply section for supplying performance information; an activating
section for activating tone generating processi ng based on the perfornance
I nf or mat i on generatdlng v sdéctioms fbrhi execwtdadegt erthenedtonee genevatiagt one
-3- generating section for executing the tone generating processing
activat ed bprdeessingyactiyaded: bynthanachivabing|sertionnh anst aceentapli ng
the tone generating processing executed by the tone generating section, in

such a nann&eatian 5 £ cent&@okldiag niieer toOnes . GFPETAFANGoNPTASLESIRE be
bel atedly forned mﬁthinsége redetermned tine period by tone data fggging
o}

operati ons SHSTYEES B¥ ?emraﬁ.nq)ﬁgetion, in such a manner t

5 a predetermined number of samples of tone data can be
belatedly formed within the predetermined time period by tone
data forming operations being effected only when the tone
generating processing is actually activated by the activating.
section.

‘10 In .addition, the present invention provides a tone
generating method for causing general-purpose arithmetic
processing section to execute tone generating processing on
the basis of supplied performance information, which
comprises: a first step of activating the tone generating

15 processing a plurality of times within a predetermined time
period; a second step of performing control over the tone
generating processing in such a manner that a predetermined
number of samples of tone data can be belatedly formed within
the predetermined time period by tone data forming operations

20 being effected only when the tone generating processing is

- actually activated by the first step; and a third step of
executing the tone generating processing activated by the
first step in accordance with the control by the second step.

.Software tone generators are known which are designed to

25 form a predetermined number of'samples of tone data every
predetermined time period and later reproduce all the formed
tone data together. Generally, in such a software tone

generator, tone generating processing is activated only once



generating processing is actually activated by the activating section. 10
In addition, the present invention provides a tone generating nethod for
causi ng general -purpose arithnmetic processing section to execute tone
generating processing on the basis of supplied performance information,

whi ch conprises: a first step of activating the tone generating 15
processing a plurality of tinmes within_agpredetermned tine period; a
second step of perform ng control over the tone generating processing in
such a manner that a predeterm ned nunber of sanples of tone data can be
bel at edl y - f(eryredniyt lone t Aetpvatthgr riimed t ine eachi cpréjetermined a tigeni ng
operations 20 being effected only when the tone generating processing is
actual | y ageniaddtdyfotm thespredetermised mumbeniedh samplesupindonge
tone generating processing activated by the first step in accordance with
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activated at the activating time or tends to be activated
behind 'Ehe activating time due to an influence of other
processing. Thus, operations to form the predetermined number
of samples of tone data can sometimes not be completed within
10 the predetermined time period, which would cause a significant
| hindrance to the necessary tone generation.
According to the tone generating device and method of
the present invention arranged in the above-mentioned manner,
however, +the tone generating processing is activated a
15 plurality of times (i.e., at a plurality of activating times)
within each predetermined time period.' Thus, even when the
tone generating processing fails to be activated at some of
the activating times, the predetermined number of samples of
tone .data can be formed. in a suitable manner within the
20 predetermined time period, by the tone data forming operations
being effected belatedly only at the other activating times
when the tone generating processing is actualiy activated.
This arrangement reliably prevents a hindrance to the tone
generation.
25 If the tone.generating processing fails to be activated
at many of the activating times, there may arise a situation
where the predetermined number of samples of tone data can not

be formed, just by the tone data forming operations effected



-4- (at only one activating tine) in each predetermned tinme period to form
t he predeterm ned nunber of sanples of tone data for the tine period.
However, where an operating systemof the software tone generator does not
have a full nultitask 5 function, the tone generating processing may fail
to be activated at the activating time or tends to be activated behind the
activating tinme due to an influence of _ogher processing. Thus, operations
to formthe predeterm ned nunber of sanples of tone data can sometimes not
be conpleted within 10 the predetermned tine period, which would cause a
si gni fi cantoriiyndrwinere tthe hetoseesgengrabinggeperaessingAcdsr diarguad lyhe

" tone generating device and nethod of the present I nvention arranged in the
above- nment iasHayatathe rfomh @wary tane WW shannedr gesdgneqd ite the
activated a 15 plurality of times (i.e._, pl urallty of actjvatin
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forn1ng oper erng er y-on ERer activating
times number of samples of tone data.

The present invention also provides a tone generafing
device which comprises a supply section for supplying
performance information; a first register for, when tone

10 generating processing based on the performance information is
| assigned to an unused tone generating channel, storing therein
a parameter'for controlling the tone generating processing;
‘a second register for, when new tone generating processing
based on other performance information is assigned to the tone
15 generating channel while the channel is not available for the
new tone generating processing, storing therein a parameter
for controlling the new tone generating processing; a
selecting section for selecting the first register before a
predefermined time point to start the new tone generating
20 processing and selecting the second register after the
predetermined time point; and a tone generating section for
generating tone data in the tone generating channel by use of
one of fhe first and second registers selected by the
selecting section.
25 In addition, the present invention provides a tone
generating method for causing general-purpose arithmetic
processing section to execute tone generating processing on

the basis of supplied performance information, which comprises



when the tone generating processing is actually activated. This arrangenent
reliably prevents a hindrance to the tone generation. 25 If the tone
generating processing fails to be activated at many of the activating
times, there may arise a situation where the predeterm ned nunber of

sanpl es of tone data can not be forned, just by the tone data form ng

operations effected -5- only when thegtone generating processing is
actual ly activated, for every tone generating channel assigned to the tone
generating processing. In such a case, the nunber of the tone generating

channel s t @ bgitsedstep bdr Mswjgring crund generasingdpredessing to secure
formation of the predeterm ned number of sanples of tone data. The present
i nvention airmesest ovonesgenevatipgnehanned ¢nd cetowing aopprryeser faRly
section for supplying performance information; a first register for, when
tone 10d gm@ml%ﬂard’é@stﬁgebm%t%% PHOCES TG 'gﬂFBr rft if{rH’q%
assigned to an unused tone gene ' ' '
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5 processing is assigned to the tone generating channel while
the channel is not available for the new tone generating
processing, storing a parameter for controlling the new tone
generating proqessing into a second register; a third step of
selecting the first register before a predetermined time point

10 to start the new tone generatihg processing and selecting the
second register after the predetermined time point; and a
fourth'step of genérating tone data in the tone generating
channel by use of one of the first and second registers
selected by the third step.

15 In the known software tone generator, if the tone
generating processing fails to be activated at the activating
time or is activated behind the activating time due to an
influence of other processing, the interval between a time
when performance information is supplied and a time when the

20 tone generating processing based on performance information
is later started will become longer. As a result, there may
arise a situation where many of the tone generating channels
can not initiate. the tone génerating processing with their
associated registers having stored therein parameters for

25 controlling the processing. If new tone generating processing
based on newly supplied performance information is assigned
to any of such channels still in use for the current tone

generating processing, parameters for controlling the new tone



a second register for, when new tone generating processing based on ot her
performance information is assigned to the tone 15 gener ati ng channel
whil e the channel is not available for the new tone generating processing,
storing therein a paranmeter for controlling the new tone generating
processing; a-selecting section for selecting the first register before a
predetermned tine point to start the new tone generating 20 processi ng
and selecting the second register after the predeterm ned tine point;
and a tone generating section for generating tone data in the tone

gener at i ng gererating nrweasfsing: cein nhs beraccepted covirl the)asseciad@dect ed
by the selecting section. 25 . In addition, the present invention: _
provi des a TegiSHRMFQY| Ag leBOhddmer dintelghisthe GURERRE- SEPBogeNeraH NGt i ¢

processi ng section to execute tone generatin rocessi on.the basis of
suppl i ed pREWSRTAI |17 cﬁm]r%ifﬁ‘devﬁﬂ'} ctﬁ’ec(ﬁﬁ?g‘]’%els‘ na“!egg"aqﬁer é’tewsfté’ﬁ‘eof
~assigning tone neratin rocessing to an, unus n ti nne
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Thus, even if the tone generating processing activation takes

a fi rstg
place during such a time, the new tone generating processing
can nbt be executed in that tone generating channel, which
would even further delay the tone data forming operations.

According to the tone generating device and method of

10 the present invention ar:anged in the above-mentioned manner,
however, when new tone generating processing based on newly
supplied performance information is assigned to any of such
channels that is still in use for the current tone generating

" processing and hence unavailable for the new tone generating

15 processing, the new tone generating processing in the channel
can be immediately prepared in the second register while
securing continued execution of the current tone generating
processing in the channel using the first register. This
arrangement' can reliable prevent an undesirable delay in the

20 tone data formation due to the delayed preparation of the new
tone generating processing.

The present invention further provides a tone generating
device which composes: a supply section for supplying
performance information; a plurality of output buffers for

25 writing therein tone data; a reserving seétion for reserving
reproduction from one or more of the output buffers prior to
execution of téne generating processing; a tone generating

section for generating tone data on the basis of the



regi ster;

a second step of, when new tone generating 5 processing is

assigned to the tone generating channel while the channel is not avail able
fer the new tone generating processing, storing a paraneter for control

the new tone generating processing into a second register;

sel ecting

the first register before a predetermned tinme point 10 to

l'ing

athird step of

start the new tone generating processinggand sel ecting the second register
predetermned tine point; and a fourth step of generating tone

after the

data in the tone generating channel

by use of one of the first and second
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gener at or,

If the tone generating processing fails to. be activated at
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In addition, the present invention provides a tone

generating method for causing general-purpose arithmetic:

processing section to execute tone generating processing on

the basis of supplied performance information, which comprises

a first step of reserving reproduction from one or more output
buffers for writiﬁg therein tone data, prior to execﬁtion of
tone generating processing; a second step.of generating tone
data, writing the generated tone data into any of the output
buffers other than the buffers reserved by the first step, and
reserving reproduction from the - output buffer having the
generated tone data written therein; and a third step of
performing control to read the output buffers in order in
which the reproduction has been reserved.

In the known software tone generator, if tone generating
processing is activated behind a predetermined time due to an
influence of other processing, reproduction of tones would be
delayed and the tone generation would be greatly hindered.

According to the tone generating device and method of
the present invention arranged iﬁ the above-mentioned manner,
however, even when the tone generating processing fails to be
activated within a predetermined time period, tones can be

reproduced with no unwanted break as long as the tone
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to any of such channels still in use for the current tone generating
processi ng, paraneters for controlling the new tone -7- generating
processi ng can not be accepted into the associated register for a long tine
until the current tone generating processing is conpleted in the channel;
nanely, the new tone generating processing can not be prepared in the
channel. 5 Thus, even if the tone generaying processing activation takes
‘pl ace during such a tinme, the new tone generating processing can not be
executed in that tone generating channel, which would even further del ay
the tone daendxating mpwressing is\asfiddiakpd @ndhaepynedugdriomifinem @av ce
and net hod of 10 the present invention arranged in the above-nentioned
manner, howf &he auEpukchufsaEes gindiade heforecEepragushien Hremal the

supplied performance information i s, as any_ qof such channel s that
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an unwanted break in a stream of generated tones. '
The present invention further provides a tone generating
device which comprises a supply section for supplying
performance infprmatién; an output buffer for writing therein
10 tone data; a tone generating section for generating tone data
on the basis of the performance information, writing the
generated tone data into the output buffer, and reserving
reproduction from the the output buffer; a reproducing section
for reading the output buffer in order in which the
15 reproduction has been reserved; and a renewing section for,
when the reproduction from the output buffer is not reserved
in the reproducing section within a predetermined time périod,
discontinuing forming operations of tone data that should have
been completed by the tone ‘generating section by the time
20 period and thereby causing the tone generating section to
newly start forming operatiohs of other tone data to be formed
after the time period.
In addition, the present invention provides a tone
generating method for causing general-purpose arithmetic
25 processing section to execute tone generating processing on
~ the basis of supplied performance information, which comprises
- a first step of generating tone data, writing the generated

tone data into an output buffer, and reserving reproduction



processing in the channel using the first register. Thi s arrangenent can
reliable prevent an undesirable delay in the 20 tone data formation due
te the del ayed preparation of the new tone generating processing. The
present invention further provides a tone generating device which conposes:
a supply section for supplying performance information; a plurality of

out put buffers for 25 writing therein qipne data; a.reserving section for
reserving reproduction fromone or nore of the output buffers prior to
execution of tone generating processing; a tone generating section for
gener ati ng firpre théa the tdwetiasi bufferie a s@cordf estepnaef | néadimgi dine
witing the generated tone data into any of the output buffers other than
t he buffer Lutmer vedffgrt Ao raxdewi iy whdchortheartepreduetien r Bpeod@en on
fromthe output buffer having the generated tone data witten therein;, 5
and’ a repr KRARSTHESG e & ohbeorfiesli fFePie sutitrdburite@rs Ph. ord®@n i Fhfhi ch
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5 predetermined time period, discontinuing forming operations
of the tone data that should have been completed by the time
period and thereby newly starting forming operations of other
tone data after the time period.
According to the tone generating device and method of
10 the present invention arranged in the above-mentioned manner,
in case reproduction from any output buffer is not reserved
within a predetermined time period, the tone generating
processing is renewed so that even when the reproduction
reservation can not be. médé in time and é temporary
15 disturbance is caused in the tone generation, étable tone
generation can be immediately restored and hence accompanying
noise can be minimized.
The present invention further provides a tone generating
device which comprises a supply section for supplying
20 performance information; an éctivating section for activating
tone (generating pfocessing based on the performance
information, at a plurality of-points within a predetermined
time period; a tone generating section for executing the tone
generating processing ac;'liivated by the activating section; and
25 a control section for perférming control such that when the
tone generating processing is activated at any one of the
point by the activating section, a number of samples of tone

data to be formed through the tone generating processing is



processi ng section to execute tone generating processing on 10 the basis
of supplied performance i nformation, which conprises a first step of
reserving reproduction fromone or nore output buffers for witing therein
tone data, prior to execution of tone generating processing; a second step
of generating tone data, witing the generated tone data into any of the
out put 15 buffers other than the buffgns _reserved by the first step, and
reserving reproduction fromthe output buffer having the generated tone
data written therein; and a third step of performng control to read the
out put buf feased bod€olilowd chrédeterpinad ctargeltasradiemn seteford.the)

In the known software tone generator, if tone generating processing is
activated lpgdintk a predetermined tinme due to an influence of other
processing, reproduction of tones would be delayed and the tone generation
woul d be great| yIni mfsiddomccéhgi eresenrte ityientjorer BEPHEAEEyi 2 e toRS

nmet hod of 25 t he, present invention arranged in the above-nent,iogned, -
manner , ho@RRETS TGS, Medcthe EP6ncCRERLPS T | IRPEFUCRITRRFS 2 4 thgiaidc
activated wthin a predetermned tine ggr%od tones can be reg;oduced Wt h

no unwant eSS |§$ﬁf%gpt Q eXeeu oné geneérating processing on

the basis of supplied performance information, which comprises

a first step of activating tone generating processing at a
plurality of points within a predetermined time period; a
second step of performing control such that when the tone

10 generating processing is activated at any one of the peint by
the first step, a number of samples of tone data to be formed
through the tone generating processing is caused to follow a
predetermined target value set for the point; and a third step

of executing the tone generating processing activated by the

15 first step in accordance with the control by the second step.
According to the tone generating device and method of

the present invention arranged'in the above-ﬁentioﬁed manner,

each time the tone generating processing is activated, control

is performed such that tone forming operations are performed

20 up to a specific number of samples of tone data for that
activating time as a target value. Thus, a.predetermined
number of samples of tone data can be formed within the
predetermined time period by tone data forming operations
being effected only when the tone generating proeessing is

25 actually activated. The target value is preferably set to
allow the forming operations of the predetermined number of
samples of tone data to be completed within the time period,

but need not necesserily be set to such a value. Namely, in



-9- generating processing is activated and reproduction fromany of the
output buffers is nade before reproduction fromall the reserved .out put
buffers is conpleted. This arrangenent can effectively expand a tol erable
range of tine delay, in the 5 activation of the tone generating processing,
that prevents an unwanted break in a stream of gener ated tones. The present
imvention further provides a tone generatj ng device which conprises a
supply section for supplying performance information; an output buffer for
witing therein 10 tone data; a tone generating section for generating
tone data othd hmdmsitered reprodacitdomafrem abtputitbefifersiis mpdehgprior
generated tone data into the output buffer, and reserving reproduction from
the the output esethsiona afeptbeudiong sgenerpting PEQERS§iPge AUt pBt WiF fer

in order in which the 15 reproducti on has been reserved; and a rene\%
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in the next predetermined time. In short, the target value

ng
ed

only needs to be set to guarantee such a tolerable range of
time delay in activating the tone generating processing that

10 does not cause an ﬁnwanted break in a stream of generated
tones.

In some specific forms of the tone data forming control
of the present invention, a tiﬁe delay in the tone generating
processing may be accommodated by adding all left-unformed

15 tone data (all tone data that failed to be formed at a
| particular activating time) to the number of samples to be
formed in response to next activation of the processing, or

by increasing the number of samples to be formed in response

to each subsequent activation by a uniform quantity or by a

20 quantity proportional to the number of the leftéunformed'tone

data.

For better understanding of the above and other features
of the present invention, the preferred embodiments of the
invention will be described in greater detail below with

25 reference to the_accompanying drawings, in which:
| Fig. 1 is a block diagram illustrating a general

structure of a computer music system to which is applied the



In addition, the present invention provides a tone generating nethod for
causi ng general - purpose arithnetic 25 processi ng section to execute tone
generating processing on the basis of supplied performance information,

whi ch conprises a first step of generating tone data, witing the generated
tone data into an output buffer, and reserving reproduction - 10 - from
the the output buffer; a second step of jzeading the output buffer in order
in which the reproduction has been reserved by the first step; a third step
of , when the reproduction fromthe output buffer is not reserved within a 5
pr edet er m neadidcipleearf oche dbsesent ninventiomi ng operati ons of the tone
data that should have been conpleted by the time period and thereby newy
starting form nFiperatisns diagrhwr ildnstaatingf sor exemployy softogre

According to the tone generating device and nethod of 10 _the_present
i nventi on HIHEBH 3 H.QheCHhBy EOFRIWETEn &P FRACTI PR 2BPLRYBRRddR: it f r om

any output buffer is not reserved wthin a predetermned tine period, the
t one generﬁqwtﬁ%d@@%gsxit?%r%%% f‘nat even when the reproduction

5 Fig. 3 1is a diagram illustrating an exemplary
configuration of an interface "SGM-AP" of Fig; 2;
Fig.'4 is a diagram illustrating exemplary operations by
the software of Fig. 2;
Fig. 5 is a diagram explanatory of an example of Measure
10 1; |
Fig. 6 is a diagram explanatory of another example of
Measure 1:;

Fig. 7 is a diagram explanatory of an example of Measure

15 Fig. 8 is a flowchart of a main routine executed by a
CPU of Fig. 1;
Fig. 9 is a flowchart of an initialization process
executed by the CPU;
Fig. 10 is a flowchart illustrating an example of a
20 note-on event process executed by the CPU;
Fig. 11 is a flowchart illustrating an éxample of a
note-off event process executed by the CPU;
Fig. 12 is a flowchart illustrating an example ofltone
generator processing I execﬁted by the CPU;
.25 Fig. 13 is a flowchart illustrating an example of an
external interrupt process carried out by a DMA controller of
Fig. 1;

Fig. 14 is a flowchart of an example of tone generator



reservation can not be made in time and a tenporary 15

di sturbance is caused in the tone generation, stable tone generation can be
i medi ately restored and hence acconpanyi ng noi se can be mnimzed. The
present invention further provides a tone generating device which conprises
a supply section for supplying 20 . performance information; an activating
section for activating tone generating. prpcessing based on the per f or mance
information, at a plurality of points within a predetermned tine period; a
tone generating section for executing the tone generating processing '
activated lprddessiig vEt iexpaesd doy thd 28U om ckhe rkastcefor fmeturn
perform ng control such that when the tone generating processing is

activat ed atequmsbrissied hEremi the HHMA heont¥ell@Fhg section, a number of

sanpl es of tone data to be forned through the tone _generating processing is
caused to fol | oWFigprtaeler ai £2QWERPGE: OF 2 Phe eXSMPL °Fh$ﬂ&ﬁ|4;nq5$%arg

o0 1 VS SEEL I EILLOLR" By 455 T EnTSHR 4 TBETAY e
generaﬂgng Egéﬁggéi{ghﬁgh from the DMA controller;
Fig. 16 is a flowchart of a main routine executed by the
CPU in a modification of the present invention;
Fig. 17 is a flowchart of a cue process executed by the
CPU;
10 Fig. 18 is a flowchart illustrating an example of
modified tone generating processing I;
Fig. 19 is a flowchart illustrating another example of
modified tone generating processing I;
Fig. 20 is a flowchart illustrating another example of
15 tone generator processing I executed by the CPU ih the '
routine of Fig. 16 on the basis of a reset request from the
DMA controller;
Fig. 21 is a flowchart illustrating an example of
further modified tone generating processing I; |
20 Fig. 22 is a graph illustfating an example of a
characteristic curve when a quantity éf tone data to be formed
is set as a function of a delay amount;
Fig. 23 is a graph illustrating another example of the
characteristic curve;
25 Fig. 24 is a diagram showing an example of a quantity of
tone data formed in Modification 2 in connection with
generation of internal interrupt signals; and

Fig. 25 is a graph illustrating an example of a



t he basis of supplied performance information, which conprises a first step
of activating tone generating processing at a plurality of points within a
predeterm ned tine period; a second step of perform ng control such that
when the tone 10 generating processing is activated at any one of the
point by the first step, a nunber of sanples of tone data to be forned

t hrough the tone generating processing_HEigaused to follow a predeterm ned
target value set for the point; and a thitd step of executing the tone
generating processing activated by the 15 first step in accordance with

the controlchyrddestseis chtve OECar duigtion Mhdronehgenamberngfdeonze and
met hod of the present invention arranged in the above-nentioned manner,

each tinme tdendmel e ehrarnels prooceds asgal funactiontefl, thmelady iamquertf.or mred
such that tone form ng operations are performed 20 up to a specific
nunber of sanples of tone data for that activating tine as a target val ue.
Thus, a predeterm ned nunber of sanples of tone data can be fornmed within

t he predeterni neti@+ nel pe§ o@ bPngRe ddaaradr i hiushea tirgnL pgsnpgral
effected only when the_tone generating,processing.is 25 act ual | '
activated. SHTHEEHESE Al GRNPUEF RUFAEI FYSEER I8, PRERA AR Pommtiyare

cper 20" i 5oRESLE" BoRBaThgEh, She BEERRBECch BRI 0 W etch o
val ue. Namglycpin 3 of a personal computer executes tone generating
processing as will be described later in detail.
To the CPU 3 are connected, via a data and address bus
6, a MIDI interface 1, a timer 2, a ROM (read-only memory) 4,
10 a RAM (random-access memory) 5, a mouse 7, a keyboard 8, a
display 9, a hard disk device 10 and a DMA (direct memory
access) controller 11. |
The DMA controller 11 executes a reproduction process,
in which it uses the known direct memory access method to
15 sequentially read out, from an output buffer of the RAM 5,
tone data formed by the CPU 3 executing the tone generating
processing and then sends the read-out tone data to a D/A
(DAC: digital-to-analog) converter 12, sample by sample, in
sﬁnchronism with reproduction sampling clock pulses from the
20 converter 12. Each of the tone data converted wvia the D/A
converter 12 into analog representation is audibly reproduced
via a sound system 13 comprised of amplifiers and speakefs.
The hard disk device 10 has prestored thereon various
software programs such as OS (in this embodiment, Windows 3.1
25 (Microsoft's trademark)) and utility software programs, as
well as wavefofm data of é plurality of tone colors for one

or more periods.



-12- the case where reproduction fromoutput buffers is nade prior to
execution of the tone generating processing as in the previously-nentioned
arrangenent, the target value may be set such that if formation of the

pr edet er mi ned nunber of sanples 5 of tone data is not conpleted within
the tinme period, tone data left unformed in that tinme period can be

bel atedly formed in the next predeterningg tine. In short, the target value
only needs to be set to guarantee such a tolerable range of tine delay in
activating the tone generating processing that 10 does not cause an
unwant ed break iTha Siragwrams Jenebet cexéonted |by sdie sE@UI f Bc ray ndbeof
the tone data formng control of the present invention, a tinme delay in the
t one gener p¥ertoret csithe ROM e ratbemthancanpihedeprd &l sk 113 + -therg ned
15 tone data (all tone data that failed to be forned at_a particul ar

acti vat i ng Ma¥reie tHEeFRA N{ABkeuD fothen | data Ehan rhiestpvYef e s t Bthext

2Ot Va0 Lol PLESCSR, M UrckiokiOT 25 hd N ROl S AIPRER, P 0°

by a 5 into the RAM 5, the CPU 3 can execute the program. This

greatly facilitates version-up, addition, etc. of an.operéting

program. A' CD-ROM (compact disk) 19 may be used as a

removably-attachable external recording medium for recording

various data and an optional operating program. Such an

10 operating program and data stored in the CD-ROM 19 can be

read out by means of a CD-ROM-drive 14 to be then transferred

for storage on- the hard disk 10. This facilitates

installation and version-up of the operating program. The

removably-attachable external recording medium may be other

15 than the CD~-ROM, such as a'floppy disk and magneto. optical
disk (MO). |

A communication interface 15 may be connected to the bus

6 so that the_computer music system 18 can be connected via

the interface 15 to a communication network 16 such as a LAN

20 (local afea network), internet ahd telephone line network and

can also be connected to an appropriate sever computer 17 via

the communication network 16. Thus, where the operating

program and various data are not stored on the hard disk 10,

these operating program and data can be received from the

25 server computer 17 and downloaded onto the hard disk 10. 1In

such a case, the computer music system 18, i.e., a "client",

sends a command requesting the server computer 17 to download

the operating program and various data by way of the



20 quantity proportional to the nunber of the |left-unforned tone data.
For better understanding of the above and other features of the present

i nvention, the preferred enbodi nents of the invention will be described in
greater detail belowwth 25 reference to the acconpanying drawi ngs, in
which: Fig. 1 is a block diagramillustrating a general structure of a
conmputer music systemto which is appli t_he - 13 - principle of the
present invention; Fig. 2 is a diagramillustrating an exenplary software
configuration of a software tone generator enployed in the conputer nusic
system of FRigmminidation intefface 1% sand cohmagiioatidn mmﬁk@-ﬁ an In
exenpl ary configuration of an interface "SGWAP" of Fig. 2; Fig. I S

di agr am i | | v porise gt utep ammangef aom orise @We&omumpesﬁﬂﬁlglsz tl‘ﬁ g. 5
is a diagram expl anatory of an exanple of Measure 10 1;, Fig. 6is a

di agr am expsexreenr gonputest hZr detinprs dhe requested operating program

and data to the system 18 via the communication network 16.
5 The computer music system 18 completes the necessary
downloading by receiving the operating program and data via
the communication network 15 and storing these onto the hard
disk 10. |

It should be uncierstood here that the computer music

10. system 18 of the present invention may be implemented by
installing the operating program and various data
corresponding to the operations of the present invention in
a commercially available personal computer. In such a case,
the operating program and various data corresponding to the

15 operations of the present invention may be provided to users
iri a recorded form in a recording medium, such as a CD-ROM or
floppy disk, which is readable by the personal computer.
Where the personal computer is connected to a communication
network such as a LAN, thg operating program and various data

20 may be supplied to the personal computer via the communication
network similarly to the above-mentioned.

Fig. 2 1is a diagram illustratihg an example
configuration of software used for implementing the software
tone generator (tone generating software). To minimize the

25 programming complexity, this tone generating softwaré is
hierarchically organized as a composite of minimum units
(modules) that are programmable independently of each other_.

Specifically, a "sequencer program" at a highest level of the



Measure 1; Fig. 7 i's a diagram explanatory of an exanple of Measure 3; 15
Fig. 8 is a flowhart of a nmain routine executed by a CPU of Fig. 1; Fig. 9
is a flomhart of an initialization process executed by the CPU, Fig. 10 is
a flowhart illustrating an exanple of a 20 not e- on event process
executed by the CPU;, Fig. 11 is a flowhart |Ilustrat|ng an exanple of a
not e-of f event process executed by the-GRJ- Fig. 12 is a flowchart
illustrating an exanple of tone generator processing | executed by the CPU
25 Fig. 13 is a flowhart illustrating an exanple of an external
interrupt phieemschyris el meduly foDreaiing IMIDT glessages] Wl'F'in’l i ins g
flowchart of an exanple of tone generator - 14 - roceSS|n execut ed
by the CPU the t fermaef sapf a&PP—éFGFh°Pe§G§§WaF§sE€89FP5‘m £z B%ﬂi‘“l%ﬁ r&ler;

sequencer, game or karaoke software program).
An interface "SGM MIDI out API" is a sort of application
5 programming interface provided in the software tone génerator
for conducting information communication between the modules.
Another interface "SGM-AP" at a lower level of the
hierarchy is a program for generating tone data on the basis
of the MIDI méssage supplied from the sequencer program via
10.. the interface SGM MIDI out API. As shown in Fig. 3, this
tone data generating program SGM-AP is comprised of a MIDI
output driver section and a tone generator (or engine)
section. The MIDI output driver section is a module for
driving the tone generator section, which is responsive to fhe
15 MIDI message to convert voice data into control parameters to
control the tone generator section. The cqntrbl parameters
are sent to the tong generator section via an inter-module
interface (not shown). lWhen the MIDI output driver section
is initialized, waveform data are loaded in from a file and
20 sent to the tone generator section wvia the inter-module
interface, so that the tone generator section generates tone
data using the waveform data and in accordance with the
control parameters. |
Referring back to Fig. 2, an interface "WAVE out API" is
25 a sort of application programming interface provided in
Windows 3.1 (Microsoft's trademark). "Output device" is a
module for outputting to the D/A converter 12 tone data

supplied from the program SGM-AP via the interface WAVE out



Fig. 15 is a flowhart of an exanple of tone generator processing Il
executed by the CPU on the basis of a reset 5 request issued fromthe DVA
controller; Fig. 16 is a flowhart of a nmain routine executed by the CPU in
a nodification of the present invention; Fig. 17 is a flowhart of a cue
process executed by the CPU;, 10 Fig. 18 is a flowhart illustrating
an exanpl e of nodified tone generating_prgpcessing |I; Fig. 19 is a flowchart
il lustrating another exanple of nodified tone generating processing I; Fig.
20 is a flowchart illustrating another exanple of 15 t one generat or
processi ng ARI. exZoutthd shycanpertery nusihesystenneasf eardierc notedhe Wesi s
of a reset request fromthe DVA controller; Fig. 21 is a flowhart
illustrati r@ﬂlhrﬂmﬁi@%flk (Semsis t#@dtPP@ddP‘éﬁetge?m d?lf‘hg:%‘fﬁ:'@é%? A |

20 Fig 22_is a graph illustrating an exanp

charact eri st ctté%l r@’er%‘éﬁ“%“%rﬁqcf%ﬁ%fm?ﬂ?%ddat%‘{ Hg‘q d?"rﬁa‘ﬂ“? dedce s a
function of, a del a 23 1is |IIust atl anot.her. .exanpl e
of the charla%t%?F’s%?‘éggﬂ$¥ean22nterruptFF8 E SRR L5 ™
exanpl q& of flqur?gért%’hgfcontrol of the CPU 3.

Processing based on the software as shown in Fig. 2 will

be outlined below with reference to Fig. 4. Upon stért-up of
the sequencer program, supply of MIDI messages is started, in
response to which the MIDI output driver section is activated
10 to convert voice data intq contro; parameters and store the
converted control parameters and other data into a tone
generator register for every tone generatinglchannel assigned

to tone generation based on the MIDI messages.
The tone generator section of Fig. 3 is activated, every
15 predetermined time period of predetermined length (hereinafter
referred to as a "frame"), to execute +tone generating
processing based on the MIDI messages supplied withih a
preceding frame in accordance with the control parametefs.
For example, as shown in Fig. 4, the tone generating
20 processing based on MIDI messages supplied within a frame from
~time T1 to time T2 is executed within a néxt frame from time
T2 to time T3. in a preferred example of the tone generating
processing based on the waveform memory method, for each tone
generating channel assigned to tone generation, waveform data
25 are read out from the RAM 5 at a rate as dictated by the
control parameters stored in the tone generator register for
thaf channel, and the read-out waveform data are subjected to

color control (filter operation), volume control



tone data fornmed in Modification 2 in connection wth generation of
internal interrupt signals; and Fig. 25 is a graph illustrating an exanpl e
of- a - 15 - characteristic curve of a function when the nunber of tone
generating channels is set as a function of the delay anmbunt. Fig. 1 is a
bl ock diagramillustrating a general structure of a conputer nusic system
18 based on a software 5 tone generator ggcording to the present invention,
in which a CPU 3 of a personal conputer executes tone generating processing
as will be described later in detail. To the CPU 3 are connected, via a
data and adidnektsiplic®tien WP tong erdlamee lenvelopeerdata ja aRAVimaoduldtoidny
menory) 4, 10 a RAM (random access nenory) 5, a nouse 7, a keyboard 8, a
di spl ay 9, conkrel R kpikch cecalppnvalumd (e edin maaarndanaesith the
controller 11. The DVA controller 11 executes a reproduction process, in
which it usEErRL (PRTANFeESt nERpthigcMennefet Rodredetsrnined, aunbay v

read out. oM APULPUE BULLCaa (% RN Raa 288 HRLA R YbARE MY @
5 channel. The formed tone data of the assigned tone generating
channels are accumulated and then written into an output
buffer of the RAM 5. In some case, the accumulated tone data
may be imparted éffects before being written into the output
buffer. Then, reproduction from the output buffer is reserved
10 in the output device.

For each of the frames, the output device reads out the
formed tone data, sample by sample, from the output buffer
reserved in the preceding frame and sends the read-out tone
data to the D/A converter 12. In the example of Fig. 4, tone

15 déta formed within a frame from timé T2 to time T3 are read
out from the reserved output buffer in a frame from time T3
to time.T4.

In the above-mentioned software, activation of the
éequencer program and activation of the MIDI output driver

20 section based on the supplied MIDI message are effected in
real time. The output device is activated compulsorily by an
interrupt signal from the DMA controller 11, so that no time
delay would result. In contrast, the tone generator section
is activated by an internal interrupt signal from the CPU 3

25 itself; thus, when the software is run on -an operating system
‘with no full multitaSk function, the acfivation of the tone
generator section would be delafed by an influence of other

processing, so that desired tone generation could be hindered



processing and then sends the read-out tone data to a D/A (DAC

di gital -to-anal og) converter 12, sanple by sanple, in synchronismwth

reproduction sanpling clock pulses fromthe 20 converter 12.

Each of the

tone data converted via the D/A converter 12 into anal og representation is
audi bly reproduced via a sound system 13 conpri-sed of anplifiers and
speakers. The hard di sk device 10 has prgstored thereon various software
programs such as OGS (in this enbodi ment, Wndows 3.1 25 (Mcrosoft's
trademark)) and utility software prograns, as well as waveform data of a
plurality dcdigmin®icamiorss. f orTlmecompuber mersicmssystem ¥ - thée pgiesgprens to
be executed by the CPU 3 may be prestored in the ROM 4 rather than on the
hard di sk lmveniien mghs beonsdmuetesdy | tos offiectivelyt riatevmtweﬁmlbrm

data. By | oading any of the prograns fromthe hard disk 10 or

4 5
into the RAMMATANGE Gp the HPns Fenaration: Ry fame mﬁﬁ%‘@%éﬁ% will

facilitate verS|on kb%zi{idltlon etc. of an operating program A CD- ROM
(conpact di )°u ‘?%@ Q¥ed as a renpvabl y-attachabl e external recording
medi umfor [EcOrdlg , |

10

i5

20

25

According to this measure, generation of the internal
interrupt signal activating the tone generator section occurs
a plurality of times (i.e., at a plurality of adtivating
times) within each frame. By forming some of the
predetermined number of samples of tone data (to be written
in one output buffer) each time the tone generator séction is
activated by the signal, appropriate adjustment is made such
that the predetermined number of tone data to be written in
one output buffer can be belatedly formed within the frame in
a distributed manner.

In the event that the tone generator section is not
activated at one of the points and hence no tone data is
formed because no internal interrupt signal is generated,
appropriate adjustment is made such that arithmetic forming
operations of tone data to be written in one output buffer
can be assured, by forming the left-unformed tone data (i.e.,
tone data that failed to be formed at the activating time)
when another internal interrupt signal is generated at another
activating time in the frame.

According to Measure 1, the above-mentioned hindrance to
the tone generation can be effectively avoided, because
generation of the internal interrupt signal activating the

tone generator section occurs a plurality of times within each



vari ous data and an optional operating program Such an 10 operating

program and data stored in the CD-ROM 19 can be read out by neans of a
CD-ROM drive 14 to be then transferred for storage on ffheSheHétheedRmced

10. This facilitates installation and version-up of th

program The renovabl y-attachabl e external recording nedi

15- than the CD-ROM such as a floppy dpgk_and nmagneto optical disk

A communi cation interface 15 may be connected to the bus 6 so that the
conput er music system 18 can be connected via the interface 15 to a
comuni cat i dramet wand lthe upiredetarindNed) nufibecalofar tengetdamtd) camt benet
and tel ephone l'ine network and can_ al so be connected to an appropriate

sever conpu@@mpiﬁﬁﬂky tfiormedniwsitc Byi ¥ongedadek fogmingTRRSTrakheps brpéng
operating program and various data are not stored on the hard disk 10

these oper aBEF§CHeSyPRAVaiBeRathe cEPne gonarating processings is agtyally

conputer 17 and d ed ontq the hard disk.10. In such a case, the
conput er muFEESEH ?g:vélgrn"f‘g; ag. 1“53 THUP SION84S1s 4 commmnd requesting the

server gonputer g dd %O‘Mhdo%d il AT Rt P L2V B AlasHREA1 DY

way of The
according to which internal 1nterrupt signals activating the

tone generator section are generated in a frame of 100
milliseconds at intervals of 10 milliseconds (hence, 10
.internal interrupt signals are generated per frame) and one
10 tenth of the predetermined number of tone data is formed each
time the tone generator section is activated by the interrupt
signal.
In the example of Fig. 5, all tone data that failed to
be formed due to a failure of the internal interrupt signal
15 generation are belatédly formed in response to generation of
a next internal interrupt signal. Namely, in the illustrated
example, all tone dafa that failed to be formed due to a
failure of the internal interrupt signal generation at the
second interrupt or activating time (corresponding to 10th
20 millisecond point in the figure) are formed, in response to
the internal interrupt signal generated at the third .
aqtivating time (corresponding to 20th millisecond point),
together with tone data originally allocated to that point (as
denoted by "2" and "3" in the figure).. Aléo, all tone data
25 that failed to be formed due to a failure of the internal
interrupt .signal generation at the sixth and seventh
activating times (corresponding to 50th and 60th millisecond

points) are formed, in response to the internal interrupt

THIS SHEET HAS BEEN
REPLAGED




- 17 - comuni cation interface 15 and communi cation network 16. In response
to the command fromthe conputer nusic system 18, the server conputer 17
delivers the requested operating programand data to the system 18 via the
comuni cati on network 16. 5 The conputer nusic system 18 conpletes
the necessary downl oadi ng by receiving the operating programand data via
t he communi cation network 15 and storing4hese onto the hard disk 10. It
shoul d be understood here that the conmputer mnusic 10 system 18 of the
present invention may be inplenented by installing the operating
program asitgnakrgenerateathtet ther esghtli agtivatimg oposat(icmrexpariding
present invention in a commercially avail abl e personal conputer. In such a
case, the ope78tinmyipildgesondnpoimt) okpgitther sritths pondidrita enigingd 1y
operations of the present invention nmay be provided to users in a recorded
formin a reeRRRA nd@ uFhatu@Pint o (85 répmetred | dFpy " Bi sk, Bahi th the
readabl e by _t he personal conputer. Were the personal conputer is connected
to a commnﬁ%ﬂﬂ#éhrnetmork such as a LAN, the operating program and vari ous

020528 o 1Y Py VERM, BBk RS, LBPHRSTotha RRogO. Sl

Il Tustrati ngaefN+h@$2"Phfled to be formed due to a failure of the
.internal interrupt signal generation are belatedly formed ih
.a distributed fashion at a plurality of subsequent activating
times when internal interrupt signals are actually generated.
10 Namely, all tone data that failed to be formed due to a
failure of the internal interrupt signal generation at the
second and third activating times (corresponding to 10th and
20th millisecond points) are formed later, in response to the
internal interrupt signals actually generated at the fourth
15 and fifth activating times (corresponding to 30th and 40th
millisecond points), together with tone data originally
Iallocated to that point (as denoted by "2", "3" and "4", "5"
in the figure). However, at the last or 10th acfivating time
(corresponding to 90th millisecond point), all tone data that
20 failed to be formed due to a failure of the internal
interrupt signal generation at the seventh, eighth and ninth
activating times (corresponding to 60th, 70th and 80th
millisecond points) are formed together in order to assure
- formation of the predetermined number of tone data (to be

25 written in one output buffer) within the frame.
While in the example of Fig. 6, all tone data that

failed to be formed due to the failure of the internal

interrupt signal generation, i.e., left-unformed tone data,



configuration of software used for inplenenting the software tone generator
(tone generating software). To mnimze the 25 progranmm ng conpl exity,
this tone generating software is hierarchically organized as a conposite of
m ni mum units (nodul es) that are programmabl e i ndependently of each other.
Specifically, a "sequencer progrant at a highest |evel of the - 18 -
hi-erarchy is a nmodule for creating MDL ggessages which is in the formof an
application software program (for exanple, a sequencer, gane or karaoke
software program). An interface "SGM M DI out API" is a sort of application
5  progranatengformert fiacm distrdbatied fhshioht atirene coe mpre Egtiveng
conducting information conmuni cati on between the nodul es. Another interface
"SGM AP" atsubseqwent etdmest irmeahipmegiediermined merRpEktY or theser &efly t one

data on the basis of the M D nessage supplied fromthe sequencer,_ program
Via 10t Henformed seenacin e o Be ATTShl R PRHPNE. dHETeie

a2 et A PEPRL o1 S0 BB gh AgkbRE, O el e 3L
's a HQQU|etﬁé" predeterminéd number and half of the predetermined
number. )

As another example, all the left-unformed tone data
resulting from the failure of the internal interrupt signal
generation may be formed progressively by the end of the last

10 or 10th activating time within the same frame. m

If the left—unformed.tone data occur at many adtivating

' times, arithmetic forming operations_of.tone data for every
assigned tone generating channels might not be completed at
oné or more subsequent activating times where the interrupt
15 signal is actually generated. Therefore, in Measure 1, it is
desirable tﬁat generation of all the tone data be achieved by
'reducing the number of the tone generating channels to be used
for the tone data formation. The number of such tone
generating channels to be reduced is the greatest in the
20 example of Fig. 5; in the casé of Fig. 6 and in other cases
where the left-unformed tone data are formed progressively by
the end of the last activating time, the number of the tone
generating channels to be reduced is smaller than that of the
Fig. 5 example (the example of Fig. 5 is most desirable if
25 the left-unformed tone data are to be formed promptly).
<Measure 2>
According to this measure, there are provided, as the

tone generator register for each of the tone generating



driving the tone generator section, which is responsive to the 15 M DI
nmessage to convert voice data into control paranmeters to control the tone
generator section. The control parameters are sent to the tone generator
section via an inter-nodule interface (not shown). Wen the MDI output
driver section is initialized, waveformdata are |loaded in froma file and
20 sent to the tone generator section yta the inter-nodule interface, so
that the tone 'generator section generates tone data using the waveform data
and in accordance with the control paraneters. Referring back to Fig. 2, an
interface "MiMmeLs, ARl £1fst 2Pegite (prinapp| tamd igunaragprmegister)

I nterface provided in Wndows 3.1 (Mcrosoft's tradenmark). " Qut put
device" is foRDeitoting' paramsteny to tdunidol comveentr tope: grnerating
supplied fromthe program SGWAP via the interface WAVE out - 19 - API.

In this conpuoeessimgc assigned awhen | ithe nehamnel helpyvmatonipol P8¢ 19T
sends the tone data to the DA converter 12 in the direct nmenor CCess
met hod. Thuavaihable: pandddyiRcerd aEeg¥arey 6§eﬁﬁnpﬁF¥rﬁﬂﬂgsﬁ%bﬁﬁa ¥9%m

the DVA controller . .
5 register) for storing parameters to control new tone

generating processing assigned when the channel is étill in
use for the current toné generating processing and hence
unavailable for the new tone generatiﬁg processing. As the
tone generator register to be used for the tone generating
10 channel, the primary tone generator register'is selected
before the new tdne generating processing is to start, énd the
secondary tone generator register is selected afterthe new
tone generating processing has started.
With such Measure 2, when new tone generating processing
15 is assigned to one of the tone generating channels still in
use for the current tone generating processing, the new tone
generating processing can be immediately furnished or prepared
in the secondary tone generator register while securing
continued execution of the current tone generating processing.
20 -In this way, it is possible to prevent any time delay in the
tone data formation resulting from a time delay in preparing
the new tone generating processing.
<Measure 3>
According to this measure, a plurality of output buffers
25 are provided in the RAM 5, and reproduction from some of the
output buffers is reserved in the output device prior to the
activation of the tone generafof section. Even when the tone

generator section is prevented from being duly generated at
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expands such a tolerable range of time delay in the activation

of the tone generator section that can prevent a break in a
stream of generated tones.

Fig. 7 is a diagram explanatory of exemplary details of
Measure 3, according to which reproduction from four oufput
buffers is reserved in the output device prior to the
activation of the tone generator section. The number of
reserved output buffers at the start of frame Fl is "3" now
that reproduction from one output buffer has been completed
at the preceding frame, but during frame F1l, the number of
reserﬁed output buffers is increased to "4" because formation
of the predetermined number of tone data to be written in one
output buffer has been completed and reproduction from the
output buffer has been reserved. Then, the number of reserved
output buffers is decreased to "3" after frame Fl1l now that
reproduction from another output buffer has been completed,
but during frame.FZ, the number of reserved output buffers is
again increased to "4" because formation of the predetermined
number of tone data to be written in the next output buffer
has been completed and reproduction from the output.buffer has
been reserved.

- After that, the number of reserved output buffers is
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col or control (filter operation), vol une control - 20 -
(multiplication by tone volune envel ope data) and nodul ati on control of
pitch, color, volune, etc. in accordance with the control paraneters. In
this manner, a predeterm ned nunber of sanples of tone data are formed for
the tone generating 5 channel. The forned tone data of the assigned tone
generating channels are accunul ated and 3fen witten into an output buffer
of the RAM 5. In sone case, the accunul ated tone data nay be inparted
effects before being witten into the output buffer. Then, reproduction
fromthe ouvdecreasederta s"lbsafited 10ramé nFihcbecayse dovitmne Fdateacts of
the frames, the output device reads out the forned tone data, sanple by
sanpl e, frofe¥medodueuttauaf dimeesielax] in ftll?@ Al P r afie thed tenRls
the read-out tone data to the D/ A converter In the exanple_of Fig. 4,
tone 15  dSRBEFRFORJ SREHIOPa fr IHeNHr o™ | ﬁEa‘FE tB5¢j ntons Aatq eaAraut

o e RSB R bR, 135 obp "B " T T | Sl fdeedds

5 (i.e., the output buffer reserved during frame 2); occurrence
of the reproduction reservation in frame 2 is denoted.by white
arroﬁ, while the reproduction in frame F5 is denoted by half-
tone dot meshing. During frame F5, the number of reserved
output buffers is increased to "2" because formation ef the
10 predetermined number of tone data to be written in one output
buffer has been completed and reproduction from the output
buffer has been reserved. Similarly, after frame 5, the
number of reserved output buffers is increased and decreased
in response to completion of the reproduction and occurrence

15 of the reproduction reservation.
In the above-mentioned manner, even when the tone
generator section fails to be duly generated at a
predetermined activating time due to an influence of the other
processing, tones can be- appropriateiy reproduced with no
20 break as long as the the tone generator section is activated
and reproduction from another output buffer is duly reserved
before the prior reserved reproduction from the four output
buffers is completed. If the formation of tone data to be
written in the next output buffer is completed during a
25 particular frame when the number of reserved output buffers
is "4", reproduction reservation of the outpgt buffer is made
only after completion of the reproduction in the frame so that

the number of reserved output buffers does not exceed "4".



sequéncer program and activation of the MDI output driver 20 section
based on the supplied M DI nessage are effected in real tine. The output
device is activated conpul sorily by an interrupt signal fromthe DVA
controller 11, so that no tine delay would result. In contrast, the tone
generator section is activated by an internal interrupt signal fromthe CPU
3 25 i-tsel f; thus, when the software_iggrun on an operating systemwth
no full nultitask function, the activation of the tone generator section:
woul d be del ayed by an influence of other processing, so that desired tone
generation coul dThe bungetebuffers?thatsshould clhatpyovidddein ovhpetRAM rAISi C
system of the present invention is constructed to effectively prevent such
a hi ndr anceteo aarryt oputgaieasuren,3 bincdudencthege s fioxat effectbagouthe ned
bel ow. 5 <Measure 1> According to this neasure, generation of the interna
interrupt sFgpEPduction: FagervetionpEiek e ofhe actbipbtenaf &the fenety
of times (i.e., at a plurality of activating tinesl wthin each ramne.
By 'fOrninggeg%ﬁ%tOBf segtion; one for wr ting hereinto tone ata
5 completely formed by the tone generator section, and one or
more spare output buffers to be used in case the quantity of
the tone data actually formed by the tone generator section
exceeds the predetermined number of tone data to be written
in one output buffer. The total number of the output buffers
10 is "6" in the example of Fig. 7. However, the spare output
buffers may be omitted if the +tone data formation is
compulsorily stopped when the quantity of the actually formed
tone exceeds the predetermined number of tone data to be
written in one output buffer. Thus, five output buffers will
15 be sufficient in the example of Fig. 7.
<Measure 4>
In case no output buffer is reserved in the output
device within a predetermined time period, tone data forming
operations that should have been completed by that time is
20 compulsorily discontinued, and new arithmetic forming
operations are caused to begin with tone data originally
scheduled for that time. According to this measure, even when
the reproduction reservation can not be made in time and thus
a témporary disorder is caused in generated tone, stable tone
25 formation can be promptly restored so that accompanying noise
is minimized.
In the example of Measure 3 of Fig. 7, reproduction

reservation of the output buffer having stored therein tone



10 predet erm ned nunber of sanples of tone data (to be witten in one
out put buffer) each tine the tone generator section is activated by the
appropriate adjustnent is nade such that the predeterm ned nunber
of tone data to be witten in one output buffer can be belatedly forned

signal ,

wWithin the frame in 15 a distributed manner. In the event that the tone
geherator section is not activated at anggaf the points and hence no tone
data is formed because no internal interrupt signal is generated,
appropriate adjustment is made such that arithnmetic form ng 20 oper ati ons
of tone datdata Hermedt bgnthe &pvoeogeperaboif dis chowre ass hediagy nydd doyri ng

the left-unforned tone data (i.e., tone data that failed to be forned at

t he acti vat Fag ¥ing yheme xeprodnetipnt baa heemcompleted §az everyowtputed at
anot her actjvating tinme in the frane, 25 According to Measure 1,

above- ment i BREEPR BRFHIRES 1D TIRCTERE IfeitiCaPUERUEACHECET f HEWSERY, 1n
fone gener SFaFe cble| SHELYERIEn ST the FRiE ereintod sirridn fF sdanly 1"
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delayed by an influence of the other processing, it is
possible that the reproduction reservation of the output
buffer having stored therein tone data fo:med by the tone
generator is not timely made even in a fraine where the
reproduction from everj previously reserved output buffer has
been completed (i.e., the number of reserved output buffers
is decreased to "0"). In such a case, by effecting Measure
3 and Measure 4 in combination, arithmetic forming operations
of tone data that should have been completed before the number
of reserved output buffers becomes "O" is discontinued
compulsorily, another output buffer reservation is made in the
output device, and then new arithmetic forming operafions are
caused to begin with tone data originally scheduled for that
time. |

A detailed description will now be made about an example
of operation of the computer music system which is designed
to effect the above-mentioned measures, with reference to
Figs. 8 to 25.

Fig. 8 is a flowchart of a main routine executed by the
CPU 3 of Fig. 1. First, an initialization process is
executed at step S1, which clears data stored in the tone
generator registers for all the tone genefating channels
(including the primary and secondary tone generator registers

as mentioned earlier in connection with Measure 2), as well

t he



frame and the predeterm ned nunber of tone data can be conpletely formed by
just tone data form ng operations being effected only when the tone
generating processing is actually activated by the internal interrupt
signal. 5 Figs. 5 and 6 are explanatory of exanples of Measure 1,
according to which internal interrupt signals activating the tone generator
section are generated in a frame of 100 gilliseconds at intervals of 10
mlliseconds (hence, 10 internal interrupt signals are generated per framne)
a_nd one 10 tenth of the predeterm ned nunber of tone data is fornmed each
time the togs gagar @tdrededin Othe Swatkingt afledy of hehientRAM Upt ( tnghading n
the exanple of Fig. 5, all tone data that failed to be fornmed due to a
failure of the buottputalbufifiesrs Lgs menyhibned eagdheratinorcannedidion gl th
formed in response to generation of a next internal interrupt signal.

Nanel y, in Maesureuddr asedhowmmt, step $2heofaFigrhdt- f ThR tEHRIPH ned
due to a failure of the internal interrupt signal_generation at the second
i nterrupt oﬂaﬁétPQQPFﬁgdtPﬁetPQOPP€§p€hﬁ£nﬁechﬁo% are lopded SIREAGERDI nt

(0 Che, SLOURSY & Gy LB, o0 epomize Lo B ILSING! chaber T SLBBGE

poi nt), tOgggggéemﬁghikggga %E%doékggﬂéb'¥2§['Qﬁétf8p£8a&8€£090£96m(€ﬁe

cleared output buffers (here, "four” output buffers as in the

example of Fig. 7) is reserved, at step S24, in the output

device prior to the activation of the tone generator section

10 as mentioned earlier in connection with Measure 3. Then, at

step S25, the output device is activated by the D/A converter

12 generating and passing a reproduction sampling clock pulse

to the DMA controller 11, and.a software timer is activated

to generate an internal interrupt signal for activating the

15 tone generator section. For example, the software timer is

caused to generate an internal interrupt'signal by the CPU 3
referring to a hardware timer.

As earlier mentioned in connection with Measure 1, the

software timer is capable of generating internal interrupt

20 signals at a plurality of timing or activatingltime in each

of the frames (it is assumed here that internal interrupt

signals can be generated ten times in each frame having a

length of 100 milliseconds, i.e., at intervals of 10

milliseconds). As set forth previously, the internal

25 interrupt.signal is not necessarily generated by the software

timer at each activating time (i.e., every 10 milliseconds);

namely, when the CPU 3 is ehgaged in processing by the

operating system or other software processing, the internal



denoted by "2" and "3" in the figure). Also, all tone data 25 that failed
to be fornmed due to a failure of the internal interrupt signal generation
at* the sixth and seventh activating tines (corresponding to 50th and 60th .
mllisecond points) are fornmed, in response to the internal interrupt -
23 - signal generated at the eighth activating tine (corresponding to 70th’
mllisecond point), together with tone_dgta originally allocated to that
point (as denoted by "6 - 8" in the figure). 5 In the exanpl e of

Fig. 6, on the other hand, all tone data that failed to be fornmed due to a
failure of imtermuptsignak eranypotsbgrgenerakedieven whenvthatactivdtingd i n
a distributed fashion at a plurality of subsequent activating tinmes when

i nternal i ntER® BFTEYSRal sSSAr ReCRTAIRY FRrthetemrbodimentyy i | Yimey | £1age
data that failed to Qe fornmed que to a failure of the internal interrupt

si gnal genet3t i TR at"IHEGER ol and T d 2ac CPYREPNgOFF neR2%8RI® esPBNA ng
o0 e A S Ol PABED oS RS L LS B LEORBIES Lk

internal interrupt sighal$a
5 (e.g., 10 milliseconds), the current state of the timer flag

is checked once the CPU 3 becomes available for the processing
of the software tone generator, so that the interrupt signal
is generated in accordance with a current condition of the
flag. Thus, one internal interrupt signal is generated
iO whenever the CPU 3 is determined as available for the
processing of the .software tone generator during the
predetermined time length corresponding to one activating time
(e.g., 10 milliseconds). However, whenever the CPU 3 is
determined as not available for the processing of the software

15 tone generator during the predetermined time length, the CPU -
3 does not check the timer flag and hence the predetermined
time elapses with no internal interrupt signal generated and
then a next flag will be set; that is, no internal interrupt
signal is generated in response to the preceding flag.

20 In this way, the internal interrupt signal is not
necessarily generated at each activating time, as illustrated
in Fige. 5 and 6. Further, as may be understood from the
foregoing, the intervals of the internal interrupt signals
generated consecutively at several activating times are not

25 always accurately fixed at the predetermined time 1length
(e.g., 10 milliseconds) but may slightly vary to be slightly
shorter or longer than 10 milliseconds. Because, the exact

generation timing of the internal interrupt signal depends on



15 and fifth activating tines (corresponding to 30th and 40th mllisecond
points), together with tone data originally allocated to that point (as
denoted by "2", "3" and "4", "5" in the figure). However, at the last or
10th activating tine (corresponding to 90th mllisecond point), all tone
data that 20 failed to be formed due to a failure of the interna
interrupt signal generation at the sevenih,_eighth and ninth activating
times (corresponding to 60th, 70th and 8 th mllisecond points) are forned
together in order to assure formation of the predeterm ned nunber of tone
data (to betR& proebbkefgi Boadetaohpof bhéf€PY 8i (hia.: henfwhem. thyiCRU| n
the example of Fig. 6, all tone data that failed to be forned due to the
failure of 8hehetksrthe itdmerr £dmgdi.gnal generation, i.e., left- unforned

t one data, - 24 - are fornmed in a distributed fashion at_ one_or
activating subsefederningesbaska e eddger n?necﬁﬁﬁ%t ithe %H%E%a:f'é??tlon

unforned tone data may be forned | ater optio di ff.erent nt|t
(e.g., the pregesssnf @HenﬁﬁhEFeS%PEEQHKPqK#ﬁe y’he Brgag?grﬁ?ﬁ %ﬁ

nunber _and hal f h
5 (not s owns EoBrEQSESL%hRdearious information corresponding

to the progression of the processing and for being used by an
user or human operator to enter various qontrol data with the
mouse 7, at step S2. Because reproduction from several output
buffers are reserved in +the output buffer by the
10 initialization (Fig. 9) prior to the activation of the tone
generator section, the output device first executes the
reproduction of the previously-reserved four output buffers
and then of output buffers subsequently reserved by the tone
generator section. Thus, the tone reproduction responsive to
15 supplied MIDI messages will be delayed by a total time length
of the frames corresponding to the number of the previously-
reserved output buffers (four frames in the example of Fig.
7). Where information based on a supplied MIDI message is
presented on the panel screen of the display 9, it is
20 desirable to defer the display timing by the total time length
of the frames corresponding to the number of the previously-
reserved output buffers.
At steé S3 following Step S2, the main routine checks
occurrence of the following triggering factors:
25 Triggering factor 1: Supply of a MIDI message from the
sequencer program (see Fig. 2); |
Triggering factor 2: Generation, by the software timer,

" of an internal interrupt signal activating the tone generator



nunber.) As anot her exanple, all the left-unfornmed tone data resulting from
the failure of the internal interrupt signal generation may be forned
progressively by the end of the last 10 or 10th activating time wihin
the same frane. If the left-unforned tone data occur at THShtetaiat BacaREgkged
times, arithmetic form ng operations of tone data for ev ne
generating channels might not be conplefed at one or nor

activating tinmes where the interrupt 15 signal is actual erat ed.
Therefore, in Measure 1, it is desirable that generation of all the tone
data be achisseddidns reduci ng the nunber of the tone generating channels to
be used for the tone data formation. The nunber of such tone generating
channel s to be rdiwiagrting hEagtent 35t Dekechéonoof axpFpressing Feawesitn
the case of Fig. 6 and in other cases where the |left-unforned tone data are
formed progrf&al e PItRYe APHAGR7 the | ast activating tine, the number of

the tone generating channels_to be reduced is smaller an that of the Fig.
5 exanple (the e QFEﬁnﬁﬁEEGEP¥s4nD§?%ﬂEt%?ﬁbP£ FPO%Eer frguest such

| ef t - unfor t.one, [ o.be r r ) e < SWL > cording
to this sﬁregls?a %r ea,c%1 tﬂgﬁ%@a%é&b# o?f?d‘é%?g ggg?ﬁeggg‘%xg%ﬁejré/ggogirggéﬁgﬁgr 8% of
each of the dHeAP"2haht"event on the keyboard 8 (excluding a main

routine ending command); and

Triggering factor 5: Detection of an input event of a
main routine endingicommand on the keyboard 8.

10 After step S5, a determination is made at step S4 as to
whether or not any one of the above-mentioned triggering
factors has occurred. If answered in the negative at step
S4, the méin routine reverts to step S3 in order to repeat
the operations of.steps S3 ahd S4 until any one of the above-

15 mentioned triggering factors occurs. Once any one of the
triggering factors has occurred, an affirmative determination
results at step S4 and the main routine moves on to step S5,
where a further determination is made as to which of the
triggering factors has occurred.

20 If triggering factor 1 (i.e., supply of a MIDI message
from the sequencer program) has occurred, predetermined MIDI
process is executed at step S6 and a predetermined visual
display of the received message, such as data indicating for
which of MIDI channels the MIDI message has been supplied, is

25 viSually presented at step S7 on the panel screen. After
this, the main routine loops back to step S3 in order to
repeat the operations at and after step S3.

The MIDI process at step S6 includes note-on event and

THIS SHEET HAS BEEN |
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- 25 - channels, a first register (primary tone generator register) for
storing paraneters to control current tone generating processing assigned
when the channel is not in use or available, and a second register
(secondary tone generator 5 register) for storing paraneters to
control new tone generating processing assigned when the channel is still
inuse for the current tone generating_gﬁgqgssing and hence unavail able for
t he new tone generating processing. As the tone generator register to be
used for the tone generating 10 channel, the primary tone generator
regi st er i snotéeoffdeventdrprobesses based geneniate-on pand asstagoff éverst art ,
and the secondary tone generator register is selected afterthe new tone
gener at i ng gabRessFhg- hiQ isapt Etowghant sithusbrating 2an veramplkey ¢oHriche
generating processing 15 i s assigned to one of the tone generating
channel s stP?FeTﬂnu%%ﬂ$EwP¥¢ﬁﬁ%%frgﬁtfFéﬁ@ §&per 8L ngdptactrdieativeofew

tone generagjn rocessi ng can be inmedi atel y furni shed or prepared in the
secondary t%h%q&g??er’ﬂf“é}eg Y@io%FYeo e‘%ﬁ%' e- oM PNERY - cRBRELIRYIPRF t he
CurrentSt(DWSfQ§Qﬁg me%ng&pgg%%iggsociated with the note-onh MIDI channel
and occurrence time of the note-on event are stored into
respective registers NN, VEL, p and TM. At next step S32,
one 6f the +tone geﬁerating channels is assigned to tone
generation based on the noté-on event, and the number of the
10 assigned channel is stored into register i. Then, at step
S33, voice data of the tone color selected for the part
number stored in register p is read out from the RAM 5 and
then converted into control parameters (including a pitch-
designating frequency number FN) for controlling the tone
15 generator section in accordance with the note number and
velocity stored in the registers NN, VEL (Fig. 2).

Then, at step 834, the control parameters are stored,
along with the note-on event data and event occurrence time
in register TM, into the tone generator register for the tone

20 generating channel of the channel number indicated by register
i, so0 as to reserve note-on operations for timing
corresponding to the occurrence time.

- The reasons for loading the event occurrence time from
register TM into the tone generator register are as follows.

25 As previously mentioned, there is a time difference, of about
four frames, between the note-on event occurrence time and the
time when the tone reproduction is actually initiated on the

basis of the note-on event; that is, the start of the tone



20 In this way, it is possible to prevent any tine delay in the tone data
formation resulting froma tine delay in preparing the new tone generating
processi ng. <Measure 3> According to this neasure, a plurality of output
buffers 25 are provided in the RAM 5, and reproduction from sone of the
out put buffers is reserved in the output device prior to the activation of
the tone generator section. Even when thggtone generator section is
‘prevented from being duly generated at - 26 - a predeterm ned activating
time due to an influence of the other processing, tones can be reproduced
with no br emepradactioparsofdajaysdarieyl theetime lcomyesponiddngheta opleout
generator section is activated and reproduction from another output 5
buffer is régurvdirangsr e the pees gienkeithad rEpe oFOPE FeRerRting

out put buffers is conpleted Thus, this neasure expands such a tolerable
range of t|HE°G§F§§n9n(Fﬁ€r§§PP9§%P8nth1?ﬁ%rf6ﬂ%c§%ﬁ%¢a brne Ieneratent

am of generated to 7 |s a

can prevent _a break in alygrﬁﬁsponéang :%one dataF'gt ah

dlagran1exppﬁﬂﬁ?8F§ngf xénppﬁPﬁrBE

5 optional timing within a range of the time difference; that
is, a processing time delay within that range is tolerated.
Thus, without'knowing the note-on event occurrence time, the
“tone generating processing executed at any optional timing
different from the occurrence time will be unable to generate

10 the corresponding tone data.

In case the tone génerating channel in question is in
use, step S34 stores the control parameters into the secondary
tone generator register.rather than the primary tone generator
register. In this way, new tone generating processing can be

15 immediately prepared in the secondary tone generator register
while securing continued execution of tcurrent tone generating
processing in the tone generating channel using the primary
tone generator register. In the event that the control
parameters are stored into the secondary tone generator

20 register, a reservation is made, 1in a predetermined
'reservation area of the primary tone generator register, for
damping (rapid attenuation of a tone volume envelope) at such
timing corresponding to the occurrence time stored in register
T™. |

25 - At step S35 following step S34, a calculating order
across all the tone generating channels assigned to the tone
generation is set such that the tone generating calculation

is effected from the channel assigned to generate a tone of



Measure 3, according to which reproduction from four output buffers is
reserved in the output device prior to the activation of the tone generator
section. The nunber of reserved output buffers at the start of frame F1
is "3" now 15 that reproduction from one  output buffer has been conpleted
at the preceding frame, but during frame F1, the nunber of reserved out put
buffers is increased to "4" because for ion of the predeterm ned nunber
of tone data to be witten in one output buffer has been conpleted and
reproduction fromthe 20 = output buffer has been reserved. Then, the
nunber of rtheragdtonopetobubcensrenceedimasd tthe' Thafriedr dssigndd tomw

t hat reproduction from anot her output buffer has been conpleted, but during
frame F2, t@enepabera dionecodr vhe earbieshuicte-on ocgyxrencectimeed t@. ' 4"
because formation of the predeternined 25 nunber of tone data to be
witten in ER@tndke sharnebuppeigngd deroerpirtecd dne epfodde ik@s%rom

the output buffer has been reserved. After that, the nunber of reserved
out put buf fRPESTER occusrencq tiRg ﬂstEFlﬁflEﬁt%ﬁe?réhﬁe?3P%EKERERP?&Ftone

data iSS in the tone generating calculation. After step S35, the CPU
3 returns to the main routine.

Fig. 11 is a flowchart illustrating an example of the
note-off event process. At first step S41, data indicative
of the note number of the note-off event, tone color selected

10 for the performance part associated with the note-off MIDI
channel and occurrence time of the note-off event are stored
into respective registers NN, t and TM. Then, at step S42;
a search is made for one of the tone generating channels
assigned to generate a tone with the color stored in register

15 t, and its channel number (CH NO.) is stored into register i.
After this, in a predetermined reservation area of one of the
primary and secondary tone generator (T.G.)'regisfers for the
tone generating channel of the number stored in register i
(CHi), a reservation is made for note-off operations at timing

20 corresponding fo the occurrence time stored in register T™M at
step S43.

Referring back to step S5 of Fig. 8, if triggering
factor 2 (i.e., generation, by the software timer, of an
internal interrupt signal activating the tone- generator

25 section) has occurred, the CPU 3 executes "tone generatorl
processing I" at step S8 and goes to step S9 in order to
visually present predetermined cdnditions, such as fhe

computing capability of the CPU 3 and volume level of each



formed due to a tinme delay in the activation of .the tone generator
section. Then, in frame F5, tone data are reproduced fromthe |ast
one of the reserved output buffers 5 (i.e., the output buffer reserved
during franme 2); occurrence of the reproduction reservation in frame 2 is
denoted by white arrow, while the reproduction in franme F5 i s denoted by
hal f- tone dot neshing. During frame F3, g&he nunber of reserved out put
buffers is increased to "2" because formati on of the 10 pr edet er mi ned
nunber of tone data to be witten in one output buffer has been conpl eted
and repr odugéenenatedmtone, owrputhedupdmel hasréernofeshevelisplayi.m | Bhdy, -
after franme 5, the nunber of reserved output buffers is increased and
decr eased i FheeSBHn3e 1loeDPso gIck: iten sifen 1R8 reprerneat otherreperatiorscat 15
of the reproduction reservation. In the above-nentioned nanner, even when
the tone gefBHapEFeTe8EPBN3rails to be duly generated at a predeterni ned
activating tinme gue to _an influence of the oghef rocessi ng, topnes can be
S Q#EF

appropriately re Paﬁuc%%f_lﬁ?ﬁoﬁopf@cesﬁﬁ'é‘gk : aPafte ?he gtone
Senercar SgaaBLe GBLANGhe SU° SEMOUCHAn LA o LAty

I's duly resgerved ret ri or reserve oducti on

out put buffgps ¢y CORBELLLts ) ffzfciﬁ? d Q!é{%n@t%et B¢ dAt PnpRLPEiML ! &F en
in the next output buffer Is conpleted during a

of one of MIDI messages for which the tone generation has
been completed last and then sets the value of the subtraction
resﬁlt as a quantity-to-be-formed SR (this quantity SR
10 indicates a quantity of tone data to be formed and is
expressed in a time length corresponding to a target number
of tone data to be formed by the current activation of the

tone generator section).-
More specifically, at step S51, all tone data that
15 failed to be formed by the tone generator section due to a
feilure of the internal interrupt signal generation (i.e., all
left-unformed tone data) are belatedly formed in response to
a next internal interrupt signal, as in the example of Measure
.1 shown in Fig. 5. Thus, even wgen the internal interrupt
20 signal is not generated at some of the _predeterﬁined
activating times in one frame, the predetermined number of
tone data to be written in one output buffer can be formed
within the same frame, which thereby avoids an unwanted
hindrance to the tone generationf In the example of Fig. 5,
25 the quantity-to-be-formed SR is 10 millisecends at the first
activating time, but is 20 milliseconds at the third

activating time because no internal interrupt signal is

generated at the second activating time. Alternatively, as



25 particul ar franme when the nunber of reserved output buffers is "4",
reproduction reservation of the output buffer is made only after conpletion
of .the reproduction in the franme so that the nunber of reserved output

buf fers does not exceed "4". - 28 - The output buffers that should be
provided in the RAM5 to carry out Measure 3 include those for effecting
the reproduction reservation prior to thggactivation of the tone generator
section, one for witing thereinto tone data 5 conpletely fornmed by the
tone generator section, and one or nore spare output buffers to be used in
case the quppeiipusiythetédnindadmnectich lwithMessure tlhetoosedgtacthabr
section exceeds the predeterm ned nunber of tone data to be witten in one
out put buf f §ail@&fe toothe formed by the sonpugeperpiry Sgction dpetP(fe

exanple of Fig. 7. However, the spare output buffers may be omtted_if the
t one data féﬁ%APanQﬁstkmmaP§ﬁFPP£ éPGSﬁEHPﬁhéHQHﬁ}cﬂﬁﬁéqqgﬂQﬂ %ﬁ%fk'

el o e e ) e P Sk S S WUt Oh ke pdehehoate
SUffiCiEnt Enpiﬂ%a'§%§ph% %LbEEEUe%t activating times when the internal
interrupt signals is actually generated as in the example of

Fig. 6, or may be formed progressively by the end of the last

activafing time in the frame.

At step S52 following step S51, a tone forming area for

10 the quantity-to-be-formed SR starting at time ST is set in one
of the output buffers other than those reserved in the
‘initialization process of Fig. 9. Next step S53 sets a
specific nuﬁber of the tone generating channels to be used for
forming tone data in the following manner. First, on the

15 basis of a calculating time period required for arithmetically
forming the quantity SR of tone data in one tone generating
channel, and a currentiy available calculating time period EJ
(i.e., a time period from a calculation starting time KJ when

a current internal interrupt signal has been actually

20 generated up to a calculation ending time SJ when a next
internal interrupt signal is expected to be generated), the

'CPU 3 ascertaines how many of the tone generating channels are
available for forming the quantity SR of tone data within the

time period EJ. If the number of the available tone

25 generating channels ascertained by the CPU 3 is equivalent to
or greater than the number of the tone Qenerating channels
assigned to the tone generation in the note-on event process

of Fig. 10, then the number of the assigned channels is set



<Measure 4> In case no output buffer is reserved in the output device
within a predeternmined time period, tone data forning operations that
shoul d have been conpleted by that time is 20 conmpul sorily discontinued,
and new arithmetic forming operations are caused to begin with tone data
originally scheduled for that tine. According to this nmeasure, even when
the reproduction reservation can not be ggde in time and thus a tenporary
di sorder is caused in generated tone, stable tone 25 formation can be
pronptly restored so that acconpanying noise is mnimzed. In the exanple
of Measure 3sothEi gumBerr effir ¢lactbne geserasfingncbannédsotopbe waedefor
‘having stored therein tone - 29 - data forned by the tone generator is
shown as beifogminade thpet Hetai.meIfheanr sheoatberohands bhennuBher cPEJTRS,

every output buffer previously reserved. in the output device. {E“B v Al N
case the acevadlpbieoftonee geserafdng Smnels 5P E?iﬁﬁ%ﬁf%YS edé?éy%d by
B servat T onier sad i et ohe nuner of thd WSigred "Bnd "GehRAREHS' ' ON
5. channels, then the number of the available channels is set as
the number of the tone generating channels to be used for
forming tone data; namely, as previously noted in connection'
with Measure 1, the number of the tone generating channels to
be used for forming tone data is reduced to secure formation,
10 in one frame, of the predetermined number of tone data to be
written in one output buffer.

At next step S54, the channel number of the tone
generating channel given the first place in the calculating
order set at step S35 of the note-on evenf process is stored

15 into register i, and start pointer sp is caused to point to
the last input time ST. Following this, a first reservation
(sich as reservation for pitch bend, note—off or damping)
within a period from the start pointer sp to the current time
GT is detected at step S55 by reference to the reservation

20 area in the primary tone generato: register for the tone
generating channel designated. by register 1i. Then, ‘a
determination is fﬁrther made at steé S56 as to whether or
not any reservation has been found. |

If answered in the affirmative at step S56, the start

25 pointer sp is advanced to point to the time of the detected
reservation at step S57. As set forth above, the tone

generating processing reads out waveform déta from the RAM 5

at a rate according to the control parameters stored in the



buffer having stored therein tone data forned by the tone generator is not
tinmely made even in a frame where the reproduction fromevery previously
reserved out put buffer has 10 been conpleted (i.e., the nunber of
reserved out put buffers is decreased to "0"). In such a case, by effecting
Measure 3 and Measure 4 in conbination, arithmetic form ng operations of
tone data that should have been conpl eted before the nunber of reserved
out put buffers becones "0" is discontinu 15 conmpul sorily, another
output buffer reservation is nmade in the output device, and then new

arithnmetic f au t | ' iy el |
ﬁHﬁE;ghﬁ%fﬁa C%Eﬁfﬁﬁéf¢ 996k hradedut Wevefoe diala iy i y

schedul ed for th ailed description will now be nmade about an
exanpl e 20 sybjePrsdt 6N tohel I MEbRErslls{ £13¥6t eapvirationy , degilgined t o
effect the above-nenti oned neasures, with reference to Figs. 8 to 25. Fig.

8 is a fl owdmartral a(umltn.phiﬂatmrexehyjt ecbriyy tduBll) 2rfelleipe  dhata),
First, an initialization process is 25 executed at step S1, which

cl ears dat a madnlation t ieentned gefer pidchy egrolers fwlume, t [And o@ffect
generating channels (including the primary and secondary tone generator
regi st erls aslTRATRARE %%f??%?rﬁﬂn%%nﬁéEblEHQWPPHtHE&sEP€aE?te§§\Mﬁq as

to create tone data.

At next step S58, the content of the detected
reservation is stored into the tone generator register so as
to carry out the reserved content. For example, if the

10 detected reservation is for note-off operations, the note-off
event data is stored into the primary tone generator register
s0 as to start a release of the tone volume envelope. If the
detected reservation is for damping, the tone generator
register to be used for the tone generating channel is changed

15 from the primary to the secondary és nbted earlier in
connection with Measure 2 after completion of the damping,
i.e, after the tone-volume_envelope level has decreased beiow
a predetermined level. Conversely, the damping may be
pefformed on the primary tone generator register after the

20 tone generator register to be used for the tone generating
channel is changed from the primary to the secondary. As
explained earlier in connection with step S34 of Fig. 10, in
the case where the control parameters, note-on event data and
note-on event occurrence time are stored into the secondary

25 tone generator register, a reservation is made, in the
reservation area of the primafy tone generator register, for
damping at particular timing corresponding to the occurrence

time stored in register TM. Accordingly, once the timing



- 30 - as data stored in the working area of the RAM 5 (i ncluding the

out put buffers as nentioned earlier in connection with Measure 4) as shown
at-step S21 of Fig. 9. Then, waveform data recorded on the hard di sk device
10 are loaded into the 5 RAM 5 at step S22 of Fig. 9. Followng this,
the output device is initialized at step S23, and reproduction fromthe
cleared output buffers (here, "four"” outpyt_buffers as in the exanple of
Fig. 7) is reserved, at step S24, in the output device prior to the
activation of the tone generator section 10 as nentioned earlier in
connect i on abthedpanding3to T, ocduriamcd2bimé hetovbfutindanadgisstter T™
activated by the DA converter 12 generating and passing a reproduction
sanpl i ng cl atkipessethe ttoneDigeneratingd @rotbssimy aisiold iche secendasy
activated to generate an internal interrupt signal for activating the 15

t one gener at8ResgeReBEAtor FEpgERERAT| Will hee sepmpeneed | afker sexepubing of
generate an_jnternal interrupt signal by the CPU 3 referring to a hardware
tinmer. As eﬁﬁ?ig?mﬁéﬁgroned in connection with Measure 1, the software

L1 Ter 15, CaPabl caghofenaial! 8! nLER o MOULUEL Hhok LI"BhE, s vo
repeat the operations at and after step S55. |

If answered in the negative at step S56, i.e., no

reservation has been detected, or once the determination has

become negative due. to the operations of steps S57 and_SSB,

10 the tone generating processing is executed at step'SSQ, for
the channel designated by register_i, for the period from the
start pointer sp to the current time GT. In this manner,
tone data are created in the tone forming area up to the
quantity-to-be formed SR in the tone generating channel.

15 Then, at step S60, a determination is made as to whether
the tone generating processing has been completed for all of
the tone generating channels having been set at.step 853. If
answered in the negative at step S60, the channel number of

.the tone generating channel given the next place in the

20 calculating order is stored into fegister i, and start pointer
sp is set to point to the input time ST, at step S61. Then,
the CPU 3 loops back to step S55 to repeat the operations at
and after stép S55. 1If answered in the affirmative at step
S60, or once the determination has become affirmative due to

25 execution of the operations at and after step S55, the CPU_3
terminates the tone generating processing and moves on to step
S62. If the number of the available tone generating channeis

ascertained by the CPU 3 is smaller than the number of the



of the franmes (it is assuned here that internal interrupt signals can be

generated ten tines in each frame having a I ength of 100 m|liseconds,
i.e., at intervals of 10 mlliseconds). As set forth preV|oust, t he
i nternal 25 interrupt signal is not necessarily generated by the software

timer at each activating tinme (i.e., every 10 mlliseconds); nanely, when
the CPU 3 is engaged in processing by thg,operating systemor other

sof tware processing, the internal - 31 - interrupt signal can not be
gener ated even when the activating tinme arrives. So, according to the
enbodi nent , asstigned f tegei sgeatrabingvechahnelser tBe conamseput opastege of

a predetermned tine length corresponding to one activating tinme 5 (e.

g.,

10 m | |i secgauerating chamnnelssttn ebef uskd thorersinulgtareaisick esounding he
CPU 3 becones avail able for the proceSS|gg}of the software tone generator,

so that thetPRegr igpreduged bys Quifdrine

& trrerarpeREAting E?@9¢$%hﬂg

condition of the fla Thus, one internal _interrupt, signal ener at ed
cPY goice E o8

10  whenev&PTt ABe

re Jans gensrating ghamels f%’r"‘f’hel?ﬁ%’é

the sofgware,tofg 8898L3ILing bIad, e
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At step S62, the accumulated tone data of the'assigned
channels, with or without effects imparted thereto, are
written into the tone forming area of the output buffer set
at step S52. At next step S63, fhe start time ST added with
the quantity-to-be-formed SR is set as a new start time ST.
This new start time ST is used as a calculation stafting
point for next execution of "tone generator processing I".
After this, a further determination is made at step S64 as to
whether or not formation of the predetermined number of tone
data to be written in one output buffer has been completed.
If answered in the negative at step S64, the CPU 3 returns to

the main routine. Once the determination becomes affirmative

at step S64, the output buffer is decoupled from the other

output buffers that is coupled thereto in "tone generator
processing II" as will be later described, and its
reproduction is reserved in the output device at step S65.
After this, the CPU 3 returns to the main routine.
Referring back to step S5 of Fig. 8, if triggering
factor 3 (i.e., detection of a processing request from the
output device) has occurfed, the CPU 3 executes "tone
generator processing I" at step S10 and goes to step S11 in
order to visually present predetermined conditions on the

panel screen. Then, the CPU 3 loops back to step S3 to

$368S of



predeterm ned tine |length corresponding to one activating tine (e.g., 10
mlliseconds). However, whenever the CPU 3 is determ ned as not avail able
for the processing of the software 15 tone generator during the
predetermned tine length, the CPU 3 does not check the tiner flag and
hence the predetermned tine elapses with no internal interrupt signal

generated and then a next flag will be_sgg;_that is, no internal interrupt
signal is generated in response to the preceding flag. 20 In this
way, the internal interrupt signal is not necessarily generated at each

activati ng repeatashel bperaztiedsi atFapd. aftemdstep Burther, as may be

understood fromthe foregoing, the intervals of the internal interrupt

signal s generate@O@@ngeceraverypaoceesenglHa@ﬂﬁ@aﬁpmgStpﬂet afethet t@se

al ways accurately fixed at the predeternmined tinme length (e.g., 10

mlli secondg?nﬁﬁﬁtﬁﬁy seotden pndyris texeeuted ghn| Fesponser t&r 3 ore@ueshan

10 m | liseconds. t he exact ﬁeneratlon timng of the interna
éaﬁgs

|nterrupt s?ﬁﬂﬁfaﬁﬁ aghivating t ﬁe°BFBEEs§?ﬁb°%ohﬂr?ronane¥H%rQ?lJ3
gn m@ﬁ@e&?ﬁng%Egcgggcgy Eﬁg bMHEEoLErgﬁler 11).

Fig. 13 is a flowchart of the external interrupt process
carried out by the DMA controller 11 each time 6ne sample of
tone data is sent to the D/A converter 12, i.e., at a
reproductibn sampling frequency of the D/A converter 12. By
10 virtue of this éxternal interrupt process, tone data for one
frame stored in the output buffer are read out, one sample
per reproduction sampling cycle, from the output buffer and
supplied to the D/A converter 12. First step S71 supplies
the D/A converter 12 with one sample of tone dafa that is
15 pointed to by pointer pp 'and. read out from one of the
reserved output buffers pointed to by buffer pointer PB.
Then, the pointer pp is incremented by one at step S72, and
it is determined at step S73 whether or not all the tone data
in thé output buffer have been supplied to the D/A converter
20 12, i.e., whether the necessary reproduction process has been
completed for the output buffer. If the reproduction process
has not been completed for the output buffer, the CPU returns

~to the main routine; |
If, on the other hand, the reproduction process has been
25 completed for the output buffer as determined at step S73, a
further determination is made at step S74-as to whether any
other output buffer is durrently reserved for reproduction.

Even when no other output buffer having written therein tone



Referring back to Fig. 8, after the initialization process, there is
presented, on the display 9, a panel screen 5 (not shown) for indicating
various information corresponding to the progression of the processing and
for being used by an user or human operator to enter various control data -
with the nouse 7, at step S2. Because reproduction from several output
buffers are reserved in the output gpufifer by the 10

initialization (Fig. 9) prior to the activation of the tone generator
section, the output device first executes the reproduction of the

previ ousl y- datar fedmegurbyuthet tome ggenarakdmhehsoreserpetl hddarse the
subsequently reserved by the tone generator section. Thus, the tone

repr oduct i ofictd&¥pbiony @©f cthe topepgenesavon sactinresigi delbyedelbyeanby a
total tine Iength of the frames corresponding to the nunber of the

previ ousl y- 1PELBEDER 85t&$PQﬁﬂH¥ﬂQ$ﬂﬁﬁaﬂ]f?&uﬁﬁfi?ﬂ?ﬁ%w%x@%ﬁﬁﬁm%ﬁarigﬁ 7).
[ ' d [ ] nt e n e
panel scr echosrEPRo R optap 74 upEiay theiotrpigtuctsBaer orehe‘j&i sHhay
i m | L] th LN the n er
of "the 57 eviireplglrbslEvel bl BurEeRE] PEROSSETRALIRCR I, HRRD!

the min IoghifeathEaksoRCeH FAICY Bl 1RO Lohe YAMULdEdNGRdULI A O &) 25
Triggering factor 1: Supply of a M DI nessage fromthe

is completed. With such an affirmative determination at step

S74, the DMA controller 11 moves on to step S75 in order to

set the buffer pointer PB to point to the other output

10 buffer. As explained earlier in connection with Measure 3,

this arrangement can expand such a tolerable range of time

delay in activating the tone generating processing which can

avoid an unwanted break in a stream of generated tones. At

step S76 following step S75, a request is issued for returning

15 to "tone generator processing I" the output buffer for which

the reproduction of the tone data has been completed

(reproduction—dompleted output buffer). Then, the process
returns to the main routine.

If the activation of the tone generator section is

20 greatly delayed, there may arise a situétion where no output

buffer having written therein tone data formed by the ‘tone

generator is reserved even in a particular frame where the

reproduction from all the reserved output buffers has been

completed. In such a case, a negative determination results

25 at step S74, so that the DMA controller 11 brénches to step

877 to mute output signals of the D/A converter 12 so as to

prevent noise sound. At next step S78, a reset request is

issued to "tone generator processing " for resetting the



sequencer program (see Fig. 2); Triggering factor 2: Generation, by the
software tinmer, of an internal interrupt signal activating the tone

gener at or - 33 - section; Triggering factor 3: Detection of a processing
request fromthe output device; Triggering factor 4: Detection of another
request such 5 as an input event on the panel screen of the display 9 or
a tommand input event on the keyboard 8 ggxcluding a main routine ending
command); and Triggering factor 5. Detection of an input event of a main

routi ne endi ng command on the keyboard 8. 10 After step S3, a
det er m nat i gonesgendeattiont ep Théngs the preckess metoansany one of the
above-nentioned triggering factors has occurred. |If answered in the

negative at stepFsg. flde isnian flowchartr ofeansexamplepof3” tanergeneraterpeat
the operations of steps S3 and S4 until any one of the above- 15
menti oned t PrggerEangf &l orexesutigds by thee GRE 3nenofthecbppiggaf nphe

factors has occurred, an affirmative d terninatign ] ]
return request issued from the output device (step S76 of Fig.

5 13). The CPU 3 receives the output buffef returned from the
output device at step $81, and then at step SSZ,'it couples
the returned output buffer to the end of the otﬁer output
buffers already possessed by the tone generator section after
clearing the returned output buffer. This coupling results

10 in virtually linking together the output buffers in a series
so aé to treat them as a single larger buffer. This
eliminates a need to provide these output buffers in
physically neighboring areas of the RAM 5. At next step S83,
data indicative of the time when the return request has been

15 issued is created, so as to adjust the operation of the tone
generator section by ascertaining presence or absence of a
difference in operational timing between the tone generator
and fhe output device. After step S83, the CPU 3 returns to
the main routine.

20 Fig. 15 is a flowchart of an example of "tone generator
processing II" executed by the CPU 3 on the basis of the reset
request issued from the output device (step S78 of Fig. 13).
Firsf, at step S91, the CPU 3 clears all the data from the
tone generator registér for each of the tone generating

25 channels and from the output buffers in the RAM 5. Then,
similarly to steps S23 to S25 of the initialization process
of Fig. 9, the output device is initialized at step S92, the

four output buffers cleared at step S91 are again reserved for



results at step S4 and the main routine noves on to step S5, where a
further determnation is nmade as to which of the triggering factors has
oceurred. 20 . I'f triggering factor 1 (i.e., supply of a MDI nessage
fromthe sequencer program has occurred, predeterm ned MDI process is
executed at step S6 and a predeterm ned visual display of the received
meSsage, such as data indicating for m@ig? of MDI channels the M DI
nmessage has been supplied, is 25 visual'Ty presented at step S7 on the
panel screen. After this, the main routine | oops back to step S3 in order

to repeat tpepepduetionsast seeg 808¢r aiieph&3outpat Mi&liBe 0£8SscBivaten S6
I ncl udes note-on event and - 34 - note-off event processes based on

not e--on andandt thefoftwaredbtmer Mg stidrted at lshaphsod.i | fhehr athegcrm
exanpl e of the note-on event process. At first step S31, data indicative of
t he note nuBbtetunasyépodheymefint foukdne-on event, part number 5 of a
performance. part _associated with the note-on M DI channel and occurrence
time of the notelBn RN dPReXEbPEd DHACessdggecl"y dased serr £hey reset p
and TMSAI QSéEeEE?péﬁg% no output buffer is reserved in the output
device, the tone generation having been executed so far in the
tone generator section is discontinued compulsorily and
reproduction from the cleared output buffer is reserved again
in the output device, as explained_earliér in connection with
10 . Measure 4. Then, new tone generation is commenced by
activating the tone generator seétion on the basis of another
MIDI 'message supplied thereafter. Thus, even when the
reproduction reservation is not made in time and a temporary
disorder is caused in the tone generation, stable tone
15 generating operation can be promptly restored and hence
unwanted noise can be minimized. |
Referring back to step S5 of Fig. 8, if it is determined
. triggering factor 4 has occurred, the CPU 3 executes a process
responsive to the detected request,' such as a process
20 responsive to an input event on the panel screen of the
display 9 or to a command input event on the keyboard 8, at
step S12. Then, other information corresponding to the
process is visually presented on the panel screen at step S13.
After this, the CPU 3 loops back to step S3 to repeat the
25 operations at and after. step 3.
Finally, if triggering factor 5 (i.e., detection of a

main routine ending command on the keyboard 8) has occurred,

the CPU 3 executes a predetermined process to terminate the



one of the tone generating channels is assigned to tone generation based on
the note-on event, and the nunber of the 10 assi gned channel is stored
into register i. Then, at step S33, voice data of the tone col or selected
for the part nunber stored in register p is read out fromthe RAMS5 and
then converted into control paraneters (including a pitch- designating
frequency nunmber FN) for controlling thegone 15 generator section in
accordance with the note nunber and velocity stored in the registers NN,
VEL (Fig. 2). Then, at step S34, the control paraneters are stored, along
wi th t he nomaipnrewbhne catt stepd Sddencavsesrthe anslnscreencosdbsapplarnt o
the tone generator register for the tone 20 generating channel of the
channel nunb&Pmj khecAisplpy Pegtststien S15@Endistheny retums cto nthe-main
operations for, timng corresponding to the occurrence tinme. The reasons
for Ioadi ng*PHEIBFent occurrence tine fromregister TMinto the tone

Pime di 1 eronce 1B Wi, v et SFREIwo 12 BRFS: AE Thel thoesarentiotsd ence
e 09 DB B L 0o 88, o™

operations at and after step S5 are executed, for example, in

ascending order of the factor numbers (i.e., from triggering

factor 1 to triggering factor 5). Steps S3 to S5 wvirtually

represents task management in pseudo multitask processing;

10 however, in effect, while a certain process is being execpted

on the basis of occurrence of any of the triggering factors,

the process.may be discontinued, by occurrence of another

triggering factor of higher priority, to execute another

process. For example, while "tone generator processing I" is

15 being executed in response to occurrence of triggering factor

2, the MIDI process may be executed by interruption due to

~occurrence of triggering factor 1.

The following paragraphs will describe various
modifications of the above-described embodiment.

20 . In the above-described embodiment, each +time the

software timer generates an internal interrupt signal, the CPU

3 subtracts, from a current time GT, an input time ST of one

of MIDI messages for which tone generation has been completed

last and sets the value of the subtraction result as a

25 'quantity—to—be—formed SR. .Namely, the above-~described

embodiment is based on the scheme where all tone data that

failed to be formed by the tone generator section due to a

failure of internal interrupt signal generation are formed in



- 35 - reproduction is delayed by the tine corresponding to about four
franes. It is sufficient that the tone generating processing
(corresponding to | ater-described "tone generator processing 1") generate
correspondi ng tone data at any 5 optional timng within a range of the tine
difference; that is, a processing tine delay within that range is
tolerated. Thus, w thout know ng the natggon event occurrence tinme, the
tone generating processing executed at any optional timng different from
the occurrence tine will be unable to generate 10 the correspondi ng tone
data. | n caresphoseolfe gemeration dfarmalexth ipestnah interrust, sigeal S34
stores the control parameters into the secondary tone generator register
rat her thanSugk Erﬁﬁﬁ??etéﬁeaéﬁﬁﬁﬁéggpuﬁegpstbat i+ eanspwhythaecpendieg
generati ng Erocesslng can |nned|ateh%ﬂ£repared i n_the secondar

tone gener af8F™AEYPE: of ﬂk*ﬁ%h%ﬁﬁnﬁﬁﬁﬁJQRﬁﬂq (?qgﬁFéGFﬁoﬁnGE FEE?FEn?xtone
[ h t t

Goner at or Ur SHRSERBNAYY bagERi S Bk 815AA0RR e siR0Rg, it Hhafohipeq

nto the segaRglty! SR 2o HBAl Wart) ro Rl Alitled fh JESEHEL L0 'ﬁexgade

In a predétermn Zd resSer vation area 0 he primary generator
regi ster, f@hternal interrupt signal will become too great in case the

interrupt signal fails to be generated at many consecutive
_ activating times. The greater quantity-to-be-formed SR will
make it necessary for the CPU 3 to spend a longer time in
10 executing "tone generator processing I". As a result, the
CPU 3 will be exclusively used, successively for a ;ong time,
in executing "tone generator processing I", and thus there
may arise an undesirable situation where when there occurs,
during the execﬁtion of "tone generator processing I", one or
15 more triggering factors of "tone generator brocessing O" or
the like having lower pridrity, the CPU 3 can not readily
proceed to execution of such lower-priority processing.
Further, the greater quantity-to-be-~formed SR will unavoidably
result in a significant decrease in the number of tone
20 generating channels capable of simultaneously forming tone
data when the available calculating time period EJ is running
~ short.
In view of the foregoing inconveniences, various
modifications of the presenf invention will be described where
25 the pending tone data formation is effected in a progressive
manner.
<Modification 1>

According to this modification, each time an internal



damping (rapid attenuation of.a tone volume envel ope) at such timng
corresponding to the occurrence tine stored in register TM 25 At
step S35 following step S34, a calculating order across all the tone
generating channel s assigned to the tone generation is set such that the
tone generating calculation is effected fromthe channel assigned to .
geherate a tone of 36 - the | ast notezgn_occurrence tinme to the channel
assigned to generate a tone of the earliest note-on occurrence tine, i.e.,
that the channel assigned to generate a tone of the |ast note-on occurrence
ti me has printéryuptesighealoisegenbratedsb thensohtwavactheae) aai hgue"
calculation. After step S35, the CPU 3 returns to the main routine. Fig.
11 is a fIoREﬁﬁ?ﬁSirI?G‘éﬁeﬁtth@na'htmmrmmtqm@massjﬁfg eVtmentiomsd. At
first step S41, data indicative of the note nunber of the note-off event,
tone col or @BPERt edla 0 exgitade pefPorbficCYSr PTRSSSS at 84ORRLE terch

not e-of f M DI .channel .and occurrenci time of the note-off event are stored

into respectPHRTPER9 TR FNIEIRAL R teFENPT ffigha), hagobeen generated

5 (and hence a tone waveform should now be created) are
generated in quantities corresponding to an elapsed time from
the internal interrupt signal generation, and then the
generated signals are written into a cue buffer proﬁided in
the RAM 5. Each of these signals will hefeinafter be called

10 a "waveform creation cue". When one or more waveform creation
cues are written in the cue buffer, "modified tone generator
processing I" is executed, where a quantity of tone data to
be formed is set to be within such a predetermined limit that
prevents the tone generating processing from taking too much

15 time, and then tone data are formed up to that quantity,
after which a specific number of the waveform creation cues
cdrresponding to the formed quantity are cleared or erased one
by one from the cue buffer. By executing "modified tone
generator processing I" in response to detection of one or

20 more waveform creation cues written in the cue buffer, the
pending tone data formation is allowed to be effected in a
progressive manner. In the case where the interrupt signal
fails to be generated at several consecutive activating times
within one frame, the number of the waveform creation cues

25 written in the cue buffer'increases, but this modification can
effectively limit the quantity of formed tone data to within
the predetermined range to thereby prevent the CPU 3 from

being exclusively used, successively for a long time, in



a search is nmade for one of the tone generating channels assigned to
generate a tone with the color stored in register 15 t, and its channel
nunber (CH NO.) is stored into register i. After this, in a predeterm ned
~reservation area of one of the primary and secondary tone generator (T.G)
regi sters for the tone generating channel of the nunber stored in register
i (CH ), a reservation is nmade for note:qff _operations at timng 20
corresponding to the occurrence tine stored in register TMat step $43.
Referring back to step S5 of Fig. 8, if triggering factor 2 (i.e.,

gener ati on, 'modifisdtoms geneatoropraotessiagndl" . nasr aupéssignathe CPU
activating the tone generator 25 section) has occurred, the CPU 3
executes "t dhe gEmemxire premesky n@dsur  shxarulsiand afbed owersipepi g9l tin
order to visually present predeterm ned conditions, such as the conputing
capabi | ity dracrssing anhdEvelde signd figan decreasgin tthehaumher e,
on the panel screen of the display. Then, the CPU 3 | gops back to step S3
to repeat tHeERHIEPLERLIRG sherpels cargpke of simultaneously forming

5 tone data.
Modification 1 will now be déscribed in greater detail
with reference to Figs. 16 to 20.
Fig. 16 is a flowchart of a main routine executed in the
modification by the CPU 3. In an initialization prodeés of
10 S101, the CPU 3 executes the same operations as in the
initialization process of step S1 of Figs. 8 and 9 and also
clears all data from the cue buffer of the RAM 5. At.ne#t
step S102, the same operations as at step S2 of Fig. 8 are
executed by the CPU 3.
15 At step S103 following step S102, the main routine
checks occurrence of thelfolloWing triggering factors:
Triggering factor 1: Supply of a MIDI message from the
sequencer program (see Fig. 2):;
Triggering factor 2: Generation, by the software timer,
20 of an inte:nal interrupt signal activating the tone generator
section;
Triggering factor 3: Detection a waveform creation cue
written in the cue buffer:;
Triggering factor 4: Detection of a processing request
25 from the output device;
Triggering facfor 5: Detection of another request such
as an input event on the panel screen of the display 9 or a

command input event on the keyboard 8 (excluding a main



Tone generator processing | forns part of the tone 5 generator section.
As shown in Fig. 12, at first step S51, the CPU 3 subtracts, froma current
time GI, an input tinme ST of one of M DI nessages for which the tone
generation has been conpleted | ast and then sets the val ue of the
subtraction result as a quantity-to-be-formed SR (this quantity SR 10

I ndicates a quantity of tone data to be ggrgnd and is expressed in a tine

| ength corresponding to a target nunber of tone data to be forned by the
current activation of the tone generator section). Mre specifically, at
step S51, akbutdne datddnghebmihand)faehdd to be fornmed by the tone generator
section due to a failure of the i.nternal interrupt signal generation (i.e.,
al | | eft-unfor ne@riggerdaga)fagtomhd atRetgctbomedfi dnr daports eventa o xa
internal interrupt signal, as in the exanple of Measure 1 shown in Fig. 5.
Thus, even R@aR rABtiRecpRdingncemmapd 20 the feyboard 8rot generated at

sone of the predeterm ned actjvating times _in one frame, the
pr edet er ni ned nuﬁggr%%owqﬁﬁiﬁﬁﬁ@1?Eﬂﬁﬁ?ﬁ&?ﬁtéﬁcFﬁrﬁné49HQﬁRe%ﬁ#kkrt@%n be
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here by "one" due to addition of the detection of a waveform
creation cue as triggering factor 3.
After step S103, a determination is made at step S104 as

10 to whether or not any one of the above-mentioned triggering
factors has occurred, similarly to step S4 of Fig. 8. When
any one of the triggering factors has occurred, an affirmative
determination results at step S104 and the CPU 3 moves on to
step 8105, where a further determination is made as to which

15 of the six triggering factors has occurred. In the event
that two or more of the above-mentioned triggering factors
have occurred as determined at step S105, operations at and
after step S5 are executed, for example, in ascending order
of the factor numbers (i.e., in order from triggering factor

20 1 to triggering factor 6). |

If triggering factor 1 has occurred as determined at

step S105, the CPU 3 goes to steps S106 and S107, where the
same MIDI process and received message display process as at
steps S6 and S7 of Fig. 8 are executed.

25 If triggering factor 2 has occurred as determined at
step S105, the CPU 3 goes to a cue process of step S108.

Note that the delay or failure of the internal interrupt

signal may of course be encountered in this modification as



activating tinme because no internal interrupt signal is generated at the
second activating tine. Alternatively, as - 38 - previously noted in
connection with Measure 1, tone data that failed to be forned by the tone
generator section due to a failure of the internal interrupt signa
generation (left- unfornmed tone data) nmay be formed in a distributed
faShion at 5 a plurality of subsequent _aggivating tinmes when the internal
interrupt signals is actually generated as in the exanple of Fig. 6, or may
be formed progressively by the end of the last activating tine in the
frame. At sweplgsanflolthus ridhesttEimessintervakdodresmpatesl Ivrgélerated
quantity-to-be-formed SR starting at tinme ST is set in one of the output
buffers othéPtﬁﬁaﬁltH@ﬁ@ﬁnﬁﬂﬁwﬁﬁgnaiﬁrﬁﬁ$@$ttalﬁ&mﬁa®1#9(ﬂn%%1%¢70m@$ g.
Next step S53 sets a specific nunber of the tone generating channels to be
used forpfoFﬁFﬁﬁrtEﬁEnSQFéngnaﬂWéyﬁoFF&ﬁﬂn@tn&HnﬂﬂillsPFP S-on the 15
basis of a calcu&%tingﬁgine period required for arlthneiégﬁgli’forn1n t he

quantity SR of tohe a PHonB*PERESgeRtBr af RE2chifnel cutfent®y
avai l abse cgkeul-abindatdnEe &ﬁf]ﬁﬁ%l@ of 10 milliseconds the time interval

between last and current actually-generated internal interrupt
signais is, and then waveform cue is generated in such
quantities corr_espbnding to a wvalue of the ascertained
multiple. For example, one waveform cue is generated if the
10 time intefval between last and current actually-generated
internal interrupt signals is equivalent to or greater than
10 milliseconds but smaller than 20 milliseconds, and two
waveform cues are generated if the time interval is equivalent
to or greater than 20 milliseconds but smaller +than 30
15 milliseconds. Each of the generated waveform creation cues
is written into the cue buffer at step S120, and then theICPU
3 returns to the main routine. Aftef completion of the cue
process, the CPU 3 goes to step S109 in order to display
predetermined conditions ._on the panel screen and then loops
20 back to step S103.

If thé cue proceés has written a waveform creation cue
into the cue buffer, this means that triggering factor 3 has
occurred. In response to the detection, at step S105, of
such triggering factor 3, the CPU 3 proceeds to "modified tone

25 generator processing I" of step S110.

Fig. '18 is a flowchart illustrating an example of

"modified tone generating processing I". First, at step

S121, the quantity-to-be-formed SR is set to 10 milliseconds



(i.e., atine period froma calculation starting tine KJ when a current
internal interrupt signal has been actually 20 generated up to a
calculation ending tine SJ when a next internal interrupt signal is
expected to be generated), the CPU 3 ascertai nes how many of the tone
generating channels are available for form ng the quantity SR of tone data
wthin the tinme period EJ. | f the nunggr_of the available tone 25.
generating channels ascertained by the CPU 3 is equivalent to or greater
than the nunber of the tone generating channels assigned to the tone
generati on Whichecavrespandscho enecegstlofofFithe pPedeermtinednouiberobft he
assi gned channels is set - 39 - as the nunber of the tone generating
channel s t otBBeydagar &p ber WrdFtesndndeng outpudn buf€est-her hand, the
nunber of the avail abl e tone generating channel s ascertai ned by the CPU 3
is smaller than BheNRELLEFSB!S172, R FargHagexepafrrgtbe quanhhbys,

e e PuERel okt iRani L AELE LTI Fhd S Eab B A0S,
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last) is set in one of the output buffers other than those
reserved in the initialization process, as at step S52 of Fig.
12,
Then, at step S123, the number of tone generating
10 channels to be used for forming the quantity SR of tone data
is.set depending on the number of the waveform creation cues.
written in the cue buffer. More specifiéally, if the number
of the waveform creation cues written in the cue buffer is
smaller than a predetermined value (i.e., if the number of
15 times when the internal interrﬁpt signal successively failed
to be generated is below the predetermined value), then the
number of the channels assigned in the note-on event process
of Fig. 10 is set as the number of the tone generating
channels to be used for forming tone data. If, on the other
20 hand, the number of the waveform creation cues Written in the
cue buffer is not smaller than the predetermined value (i.e.,
if the number of times when the internal interrupt signal
successively failed to be generated is not smaller than the
predetermined value), then the number of the tone generating
25 channels to be used for forming tone data is set to be
smaller than the humber of the channels assigned in the note-
on event process.

The reason why the number of the tone generating



be used for formng tone data is reduced to secure formation, 10. in one
frame, of the predeterm ned nunber of tone data to be witten in one out put
buffer. At next step S54, the channel nunber of the tone generating channel
given the first place in the calculating order set at step S35 of the

not e-on event process is stored 15 into register i, and start pointer sp
i s~caused to point to the last input tingySJ. Following this, a first
reservation (sich.as reservation for pitcﬁ bend, note-off or danping)
- within a period fromthe start pointer sp to the current tine GI is

. det ect ed at chanpe$s5 try bef cusend e for tfHermisgr taneond®ba isr eset n tichebe
primary tone generator register for the tone generating channel
desi gnat ed bpaliegi then the numhery ofy the @ssignedrchanneks kerepte He
step S56 as to whether or not any reservation has been found. |f answered
in the affiredureethe Reepssary tifee sfqy onss exegution, of, "pedifiigdcEaneo

bove, |t hoSEDRESSBRe BRI Tt eds) ngPHodERARY (ETBPALRP4tiE 1PORTLRE Ra
5 at a pate 3ecotdiNookOLL0E GRBL! O N AR E 1YY G o853 of Fig.
12, it is not necessary to uniformly reducelfhe number of the
tone generating channels in relation to available calculating
time period EJ. Because +this modified tone generator
processing is activated by writing of the waveform creation
iO cue into the cue buffer rather than generation of the internal '
interrupt signal and there is no need here to consider the
available calculating time period EJ, there won't arise a
situation where the number of the tone generating channels is
reduced to an excessive degree. |
15 At following steps S124 to S135 are executed the same
operations as at Steps S54 to S65 of Fig. 12. The CPU 3
returns to the main routine after clearing only one waveform
creation cue from the cue buffer.
As described,  the quantity-to-be-formed SR in one
20 execution of "modified tone generator proceséing I" is always
fixed at 10 milliseconds (corresponding to one tenth of the
predetermined number of tone data to be written in one output
buffer) in the example of Fig. 18. Thus, it is possible to
prevent the CPU 3 from being exclusively used, successively
25 for a long time, in "modified tone generator processing [",
with the result thét the CPU 3 can more readily secure
execution of lower—priority'processing and avoid a significant

decrease in the number of tone generating channels capablé of



- 40 - tone generator register. The read-out waveformdata is then
subjected to tone color control (filter operation), volune control

(rmul tiplication by tone volune envel ope data), nodul ation control of pitch,
color, volunme, and effect 5 inpartnent in accordance with the control
paranmeters, so as to create tone data. At next step S58, the content of the
detected reservation is stored into the ggne generator register so as to-
carry out the reserved content. For exanple, if the 10 det ect ed
reservation is for note-off operations, the note-off event data is stored

I nto the preimn}tanecugdygeformingegoseedata.as to start a rel ease of the
tone vol une envelope. If the detected reservation is for danping, the tone
generator regi st #igo 18 i@ flawahart okl wtrabing rokhee| exemplangéd 15
fromthe primary to the secondary as noted earlier_in connection with
Measure 2 af PRALESRA diansh generatingpiprgcessdngaffér t hEirske A usEeD

s S SR SRR 0 o e o B 5,
{1 20 G BBaBRREAR kAT Ee! B stCHot okofSa) oRESgELA! LY ST
connection whhBhgiRE Sn4eiRd ﬁﬂﬁbeﬁ“&f!ﬂﬂe waveform creation cues written
- in the cue buffer. The number of the tone Jgenerating
channels to be used for forming tone data is set in a similar
manner to step S123.
10 The following describes in more detail a manner in which
~the quantity-to—be-fofmed SR is set in this example. If the
number of the waveform creation cues written in the cue buffer
is smaller than a predetermined value (i.e., if the number of
times when the internal interrupt signal successively failed
15 to be generated is below the predetermined value); then the
quantity-to-be-formed SR is set to 10 milliseconds. 1If, on
the other hand, the number of the waveform creation cues
written in the cue buffer is not smaller than the
predetermined value (i.e., if the number of times when the
20 internal interrupt signal successively failed to be generated
is not smaller than the predetermined value), then the
quantity-to-be-formed SR is set to 20 milliseconds +that
'corresponds to two-tenth of the predetermined number of tone
data to be written in one output buffer. For example, when
25 generation of the internal interrupt signal has failed
consecutively over 19 times to thereby cause the number of the
waveform creation cues in the cue buffer to exceed 19, the

quantity-to-be-formed SR may be set to 20 milliseconds now



the case where the control paraneters, note-on event data and note-on event
occurrence tine are stored into the secondary 25 tone generator register,
a reservation is made, in the reservation area of the prinmary tone
generator register, for danping at particular timng corresponding to the
occurrence tinme stored in register TM Accordingly, once the timng -
41" - corresponding to the occurrence ti_nggsiored in register TMarrives,

t he tone generating processing using the secondary tone generator register

will be commenced after executing of the danmping. 5 After step S58,
the CPU 3 | tbpt bheknumber epf Sesdved meiputhdufferst hagsdatraadedf fromst ep
S65. If answered in the negative at step S56, i.e., no reservation has been

detected, oft dite2the Adternmhivedy,hathasecthe maghew eofudhey vageform
AR ML AT I L N e SR TN
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5 be set to an even greater value within such a predetermined
limit that prevents one execution of this example of "modified
toné generator processing I" from taking too much time.
At next step S142, a tone forming area for the quantity-
to-be-formed SR starting at time ST (input time of one of
10 MIDI messages for which tone generation has been completed
lést) is set in one of the output buffers other than those
reserved in the initialization process, as at step S52 of Fig.
12, |
At following steps S143 to S154 are executed the same
15 operations as at steps S54 to S65 of Fig. 12. It is
ascertained at step S155 what multiple of 10 milliseconds the
set quantity-to-be-formed SR is, and then waveform cue is
erased from the cue buffer in quantities corresponding to the
ascertained multiple. For example, one waveform cue is erased
20 if the quantity-to-be-formed SR is 10 milliseconds, and two
waveform cues are erased if the quantity-to-be~formed SR is
20 milliseconds. The CPU 3 returns to the main routine after
this.
As explained above, in the example of "modified tone
25 generator processing I" of Fig. 19, the quantity-to-be-formed
SR for one execution of "modified tone generator processing
I" is set to be longer than 10 milliseconds within such a

predetermined range assuring that too much time will not be



gquantity-to-be formed SR in the tone generating channel. 15 Then, at
step S60, a determination is nade as to whether the tone generating
processi ng has been conpleted for all of the tone generating channels
havi ng been set at step S53. If answered in the negative at step S60, the
channel nunber of the tone generating channel given the next place in the
20~ calculating order is stored into reggster i, and start pointer sp is
set to point to the input time ST, at step S61. Then, the CPU 3 | oops back
to step Sb5 to repeat the operations at and after step S55. If answered in
t he affirmatousumedstbyp 6, one @xeeutieonded£r fmodiifdedhaoree cgemerator
affirmative due to 25 execution of the operations at and after step Sb5,
the CPU 3 tpretessangt hb"i ondeengeneragipnoefssthg dmtemmads batevruptp
S62. If the nunber of the avail able tone generating channels ascertained by
the CPU 3 i §ignall ehaghafathednurpefregptively many _timesgned $vFR an

generating channels, the nunber of tqne generating channels be used. for
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expedite the pending tone data formation when relatively many
tone data are to be formed.

After completion of "modified tone generator processing
I at step S110 of Fig. 16, the CPU 3 goes to step S111 in

10 order to display predetermined conditions on the panel screen
and then loops back to step S103.

If triggering factor 4 has occurred as determined at
step S105, the CPU 3 goes to steps S112 and S113 in order to
execute "tone generator processing I" and visual presentation

15 of predetermined conditions, Whiéh are similar to the
counterparts 6f steps S10 and Sll_of Fig. 8 except for "tone
generator processing " based on a reset request from the

. output device (step S78 of Fig. 13).

Fig. 20 is a flowchart illustrating an example of "tone

20 generator procéssing I" executed on the basis of a reset
reguest from the 6utput device. At step 8161( the CPU 3
clears all data from the cue buffer, tone generator registers
and output buffers. At next steps S§162 and S164, the same
operations as at steps S92 to S94 of Fig. 15 are executed.

25 Then, the CPU 3 returns to the main routine.

Referring back to Fig. 16, if triggering factor 5 or
triggering factor 6 has occurred as determined at step S105,

the CPU 3 goes to steps S114 and S115 or steps 116 and S117.



5in the calculating order. At step S62, the accunul ated tone data of the
assi gned channels, with or without effects inparted thereto, are witten
int.o the tone form ng area of the output buffer set at step S52. At next
step S63, the start tine ST added with 10 the quantity-to-be-formed SR is
set as a new start tinme ST. This new start tinme ST is used as a cal cul ation
starting point for next execution of "tong generator processing I". After
this, a further determnation is made at step S64 as to whether or not
formati on of the predeterm ned nunber of tone 15 data to be witten in
one out put IBEdps SkEB4 baed SDIP| ekadutef operationsi whibbh asgatsiwe lar fdcep
S64, the CPU 3 returns to the main routine. Once the determnination becones
affirmtive thoss epf SetepsheSiit pud BASf @f | ElgecBumnatutesin wiren odkeris
output buffers that is coupled thereto in "tone generator 20 processing
1" as wi|detegmined ctrigueringecfactand4 has pepusyedyi 8Rd $tepseSIdP in
t he out put device at step S65. After this, the CPU 3 returns to hhe Wm
routine. Ref@®¢iRgl Ba@R‘er‘%eﬁP%’Ba ong gwhich; pre, igigdar Factbese (C]

d ' f h
occurred IHERPFTE 8. Big ¥ i frerecured wBdh ifg 'C@energtl@pedslo
and goes. togfé)géli’lnd nfé)ég&; 5ohé(ésg&lnllgrgaesent predeterm ned conditions

on the
<Modifieation 2>

According to this modification, each time an internal
interrupt signal is generated by the software timer, a
10 quantity of tone data to be formed is set, as a function of
a gquantity of tone data left unformed up to that time, within
‘such a predetermined range assuring that the tone generating
processing will not take too much time, and proeessing is
 executed for forming tone data to reach the set quantity (this
- 15 processing will hereinafter be called "further modified tone
generator processing I[I"). By executing such "further
modified tone generator processing I" in response +to
generation of an internal interrupt signal, the pending tone
data formatlon is effected in a progres51ve manner. This
20 scheme is similar to the main routine of Fig. 8 in that the
tone generating processing is activated or triggered by an
internal interrupt signal,.but different from "tone generator
processing I" of Fig. 12 in that the tone data are formed
progressiveiy'at a plurality of.times in stead of all the
25 tone data being formed at one time; however, this scheme is
similar to "modified tone generator processing 1" executed in
modification 1 described above. Therefore, Modification 2

prevents the CPU 3 from being exclusively used for "further



panel screen. | Then, the CPU 3 | oops back to step S3 to - 43 - repeat

the operations at and after step 3. Tone generator processing Il also forns
part of the tone generator section and is executed in response to a request
generated by activating the output device (i.e., an external 5 I nterrupt

process by the DVA controller 11). Fig. 13 is a flowhart of the external
interrupt process carried out by the DMAsgantroller 11 each time one sanple
of tone data is sent to the D/A converter 12, i.e., at a reproduction
sampling frequency of the D/A converter 12. By 10 virtue of this external
i nterrupt pmodéfiedt dmmelagentvetone gravessing ed '',n she thaputtheufsame ar e
read out, one sanple per reproduction sanpling cycle, fromthe output

buf fer and adppntedgeoust eepiltg omrer t achlevedriast is edodifigapppnesl ¢ he

‘DI A converter (12 with one sanple of tone data that is 15 poi nted to by
poi nter pp ¥edifigatier tionk e‘iﬁ SR r &gy v RYLETE Yt Bﬁffﬂ‘% p%?‘h?‘é’a to
by buffer glnte PB. Then g |nte I s _1ncrenmented by Ft step
S72, and it "TE98RFLPH n&Pditigd ytens SEAtY REPCEPFLiPHe one Hef o

5 waveform creation cue in the cue buffer) to be lower +than
that of the factor triggering the cue process (i.e.,
generation of an internal interrupt signal); however, in
Modification 2, generation of an internal interrupt signal
itself is the triggering factor for "further modified tone

10 . generator processing [I" and hence the +tone generation
_ processing is more readily executable with higher priority.
Modification 2 will now be described in greater detail
with reference to Figs. 21 to 25. |
In this modification, the CPU 3 executes a main routine
15 which is the same as the main routine of Fig. 8 except that
"further modified tone generator processing [" is executed in
place of "tone generator processing [" of Fig. 8.
Fig. 21 is a flowchart illustrating an example 6f
"further modified tone generating processing I". At first
20 step S201, the CPU 3 subtracts, from a current time GT, an
input time ST of one of MIDI messages for which tone
generation has been completed last and seté the value of the
subtraction result as a delay amount OR (this amount OR is
represented in a time length corresponding to a quantity of
25 left-unformed tone data). At next step S202, a quantity-to-
be-formed SR is set as a function of the delay amount OR.
Fig. 22 is a graph illustrating an example of a

characteristic curve of that function. In this example, the



in the output buffer have been supplied to the DA converter 20 12, i.e.
whet her the necessary reproduction process has been conpleted for the

out put buffer. If the reproduction process has not been conpleted for the
out put buffer, the CPU returns to the main routine. If, on the other hand,

t he reproduction process has been 25 conpl eted for the output buffer as
determ ned at step Sr3, a further deternggation is nade at step S74 as to
whet her any ot her output buffer is currently reserved for reproduction.
Even when no other output buffer having witten therein tone - 44 - data
formed by tqeanbmtygtnebebﬁormedrsgenwéd)m&aadsecbhdsacbbraespondinghaotone
generator section is delayed by an influence of other processing, an

af fi rmat i vecuet &enthat 9Hn thes predetiexmineds7gunber | ofhetonepr datat iten He om
all the 5 al ready-reserved output buffers (those reserved in the

|n|t|aI|zatWBﬁtB?th& QP%N°?FP“FOHEf§€HéH¥hﬁnrﬁ@%e@%iﬂﬁ pmpung éBhp%%ted
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ot her Oiit PUSR exceeds a given value, it successively increases as the
amount OR increases in value. Then, after the quantity-to-be-
formed SR reaches a predetermined upper limit value SRmax
within such a range assuring that the tone generating
' processing will not take too much time, the quantity SR is
10 maintained at the upper iimit value SRmax irrespective of a
further increese in the delay amount OR. The upper limit
value SRmax may for example be 20 milliseconds or may be any
other suitable value.
Fig. 23 is a graph illustrating another example of the
15 characteriétic.curve of the function. In this example, the
quantity-to-be-formed SR is 10 milliseconds when the delay
amount OR is smaller than a predetermined value, but after the
delay amount OR exceeds a given value, it increases stepwise
as the amount OR increases .in wvalue. Then, affer the
20 quantity-to—be-formed SR reaches a predetermined upper limit
value SRmax within such a range assuring that the +tone
generating processing will not teke too much time, the
gquantity SR is lmaintained at the upper limit wvalue SRmax
irrespective of a further increase in the delay amount OR.
25 Note that the Quantity—to—be—formed SR set in the above-
mentioned manner does not always take a value of an integral
multiple of 10 milliseconds but may take a value of a

multiple of 10 milliseconds having some fraction. As a



10 buffer. As explained earlier in connection with Measure 3, this
arrangenent can expand such a tolerable range of time delay in activating
the tone generating processing which can avoid an unwanted break in a
stream of generated tones. At step S76 follow ng step S75, a request is
I'ssued for returning 15 to "tone generator processing II" the output
bufsfer for which the reproduction of the éfl)_rle data has been conpl et ed
(reproduction-conpl eted out put buffer). hen, the process returns to the
main routine. If the activation of the tone generator section is 20
greatly del ayshlt hetReMiuaditivsy dofi ttoakl @atdetRato avet pEdroked f By lome ng
witten therein tone data formed by the tone generator is reserved even in
a parti cul arefecuneiome "fHurthepr odddtfiied ftone geherhéingsproedssingutl "
buffers has been conpleted. In such a case, a negative determ nation
resul ts 25 isitnetecpecgasasblyhan integralcwultdpler of1opeatendh f dthep

- S77 to nmute output signals of the DJA converter 12 so as to prevent noise
sound. At né?@fe&*éﬁfwd anpmker tegbeswrittens iy ¢one- pyLpufe VLS as

pr OCGSSIéq g lslhov];r? rilg eP$ieg}t Ig]gozt' hg’ but nf'a5y ‘be a quantity corresponding to

a multiple of 10 milliseconds having a fraction.

Fig. 24 is a diagram showing an example of a quantity of
tone data formed in Modification 2 in connection with
generation of iﬁternal interrupt signals. In the example, a

10 quan_tity of +tone dafa corresponding to one tenth of the
predetermined number to be written in one output buffer are
formed in a frame at a first activating time (corresponding
to Oth millisecond point in the illustrated example) when én
internal interrupt signal is generated in the frame. No tone

15 data is formed at second and third activating times -
(corresponding to 10th and 20th millisecond points in the
figure) due to a failure of internal interrupt signal

- generation, and then, a specific quantity of tone data
corresponding to 1.6/1O of the prédetermined numbér to be

20 written in one output buffer are formed at a fourth activating
time (corresponding to 30th millisecond point) when another
internal interrupt signal is generated. Thus, by the end.of
the fourth activating time, tone data have been formed up to
a quantity corresponding to 2.6/10 of the predetermined number

25 to be written in one output buffer, as denoted by "2.6" in
the figure.

Then, another specific gquantity of tone data

~corresponding to 1.5/10 of the predetermined number to be
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ation. Then, the process returns. Fig. 14 is a flowhart of an

“tone generator processing I1" executed by the CPU 3 on the
he return request issued fromthe output device (step S76 of
The CPU 3 receives the output buffer returned fromthe output

Fi g.

step S81, and then at step S82, it couples the returned out put
buffer to the end of the other output hughers already possessed by the tone

section after clearing the returned output buffer. This coup

i ng

in virtually linking together the output buffers in a series
S0 as to trwaitteaninsone ukput |buffer @rfe dormedThitsaefifithaaetivating to
provide these output buffers in physically neighboring areas of the RAMS.
At next stepi®g3(cagraspenidag o 40thaillisegand paint) when capethenas
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the figure. After this, still another specific quantity of

tone data corresponding to 1.4/10 of the predetermined number

to be written in one output buffer are formed at a sixth

activating time (corresponding to 50th millisecond point) when

still another internal interrupt signal is generated. Thus,
by the end of the sixth activating time, tone data have been
formed up to a quantity corresponding to 5.5/10 of the
predetermined number to be written in one output buffer, as
denoted by "5.5" in the figure.

No tone data is formed at seventh and eighth activating

times (corresponding to 60th and 70th millisecond points) due

to a failure of internal interrupt signal generation, and
then,_yet another specific quantity of tone data corresponding
to 1.7/10 of the predetermined number to be written in one
output buffer are formed at a ninth activating time
(corresponding.to 80th millisecond point) when yet another

internal interrupt signal is generated. Thus, by the end of

. the ninth activating time, tone data have been belatedly

25

formed up to a quantity 'corresponding to 7.2/10 of the
predetermined number to be written in one output buffer, as
denoted by "7.2" in the figure. After this, still another

specific quantity of tone data corresponding to 1.6/10 of the



tone generator register for each of the tone generating 25 channel s and
fromthe output buffers in the RAM5. Then, simlarly to steps S23 to S25
of -the initialization process of Fig. 9,- the output device is initialized

at step S92, the four output buffers cleared at step S91 are again reserved

for - 46 - reproduction at step S93, and the output device is activated
and the software tiner is started at steggS94. Then, the CPU 3 returns to
the main routine. In "tone generator processing I1" based on the reset 5

request, when no output buffer is reserved in the output device, the tone
gener ati on bredeyebminedxovmber o ber wnittten tionergersutghuvt Ieffevnare

di sconti nued conpul sorily and reproduction fromthe cl eared output buffer

i s reservedfaghed At tthetenehuactivatingadiamep|(H0tdd misklisgecond coobet)i on
with 10 Measure 4. Then, new tone generation is comenced by :
activating VAgDt &td lde AROERGT strteRRabninkeTEURE s sSdanadotiferoareratedsage

SuPBl o0, CUERERT Bl s ISR, 45T AR WIR SR B p20 FEREI AR el 1O

stabl e gonebeen formed, as a total_ for the frame, up to a quantity

corresponding to 8.8/10 of the predetermined number to be

written in one output buffer, as denoted by "8.8" in the
figure.

Then, at a first activating time (100th millisecond

10 point in the figure) of a next frame when another internal

interrupt signal is generated, another quantity of tone data

left unformed in the preceding frame corresponding to 1.2/10

of the predetermined number to be written in one output buffer

are formed along with a specific quantity of tone data to be

15 formed in the current frame corresponding to 0.3/10 of the

predetermined number to be written in one output buffer, as

denoted by "10.3" in the figure. After this, still another

specific quantity of tone data corresponding to 1.4/10 of the

predetermined number to be written in one output buffer for

20 the current frame are formed at a second activating time

(110th millisecond point) of the current frame when still

another internal interrupt signal is generated. Thus, by the

end of the second activating time, tone data have been formed

up to a total quantity corresponding to 1.7/10 of the

25 predetermined number to be written in one output buffer for

the current frame, as denoted by "1.7" in the figure. After

this, tone data will be formed in résponse to each internal

interrupt signal until the total quantity reaches the above-



15 generating operation can be pronptly restored and hence unwanted noi se
can be mnimzed. Referring back to step S5 of Fig. 8, if it is determ ned
triggering factor 4 has occurred, the CPU 3 executes a process responsive
to the detected request, such as a process 20 responsive to an input
event on the panel screen of the display 9 or to a command i nput event on
t he keyboard 8, at step S12. Then, atggr-—information corresponding to
“the process is visually presented on the panel screen at step S13. After
this, the CPU 3 | oops back to step S3 to repeat the 25 operations at and
after step sentipneflyuppert Aipddr vadupaSRmexs (i.e., detection of a main
routine endi ng command -on_the keyboard 8) has occurred, the CPU 3 executes
a predeternined Pptodsdep tﬁ?Q%rﬁ?ﬁh@‘é’-‘MeStGP- S202, maitPneouforing arey

and t hon 1 oFBF nEho BRBGIEY GREr TEEHAA e SARSHATEh AT (SPore BE e
ggf"’fhge”t ' PRCEnR of I IULHG: TRH ALS TR HhAN eHodR HELELULACTnna! eP
5 initialization process.

Next step S204 sets the number of the tone generating
channels to be used for forming tone data. The humber of
these tone generating channels may be set as a function of
the delay amount OR. Fig. 25 is a graph illustrating an

10 example of a characteristic curve of that function. Accofding
to this example, if the delay amount OR is below a
predetermined value, then the_number of the channels assigned
in the note-on process of Fig. 10 CHmax is set as the number
of the tone generating channels to be used for forming tone _

15 data. If the delay amount OR is not below a predetermined
value, then the number of the tone generating channels to be
used for forming tone data is set to be smaller than the
number of the assigned channels CHﬁax, so that it is possible

' to reduce the necessary time for one execution of the tone

20 generating processing.

Alternatively, the number of the tone generating
_channels to be uscd for forming tone data may be determined
in a similar manner to step S53 of Fig. 12.

Referring back to Fig. 21, the same operations as at

25 steps S53 to S63 of Fig. 12 are executed at steps S205 to
S214 following step S204. At next step S215, the level of a

tone volume envelope used for the tone generating channel

assigned to the current note-on event is decreased toward



operations at and after step S5 are executed, for exanple, in ascending
order of the factor nunbers (i.e., fromtriggering factor 1 to triggering
factor 5). Steps S3 to S5 virtually represents task nanagenent in pseudo
mul titask processing; 10 however, in effect, while a certain process is
bei ng executed on the basis of occurrence of any of the triggering factors,
t he process may be discontinued, by occu gence of another triggering factor
of higher priority, to execute another process. For exanple, while "tone
generator processing I" is 15 bei ng executed in response to occurrence of
triggering tagbor Thetsamd|dperdtions de\athestmpac i6dd alnd S66eofuBigonldue
to occurrence of triggering factor 1. The follow ng paragraphs wll
descri be vareowxemmidd cati mteps S$RL6alamde-32EZs i bod crthenli bthet CEWD 3

In the above-described enbodinent, each tine the software tiner
gener at es ameitnresngb theemadpt rouddne. t he CPU 3 subtracts, froma current

time GI, an input time ST of one of MDI nessages for which tone ng ation
has been conpl et & |¢ascriked cgkovae ﬁQQKPQﬁPWW%FsﬂB??%c?Wﬁﬁeﬁb§%$t é@ a

25 quantity-to-be-formed SR el t h hove-.d i bed ' t
i s based onPTRECBEHIRESRALPB. aPYCR o‘!ﬁ\ﬁe’a a‘%ll&e t‘?’}"ﬁecq“%ﬁo\fqﬂ? Jlsgse%rglcf%? #gggggh{nﬁ 2

Lone gener al of - 280LEON duEah® i bl & Ohul f' SRl BT ARE1HI?! can
reliably avoid a situation where the tone generation is
hindered by a delay in the activation of the tone generator
section due to an'influence of other processing.

10 According to Measure 1 employed in the above-described
embodiments, the predetermined number of samples of tone data
are belatedly formed, for each frame, at some of the
subsequent activating times. However, it does not necessarily
mean that the formation of the predetermined number of samples

15 of tone data needs to be completed within the same frame.
Particularly, these embodiments can reserve a plurality of
output Buffers, having tone data written therein, for
reproduction as shown in Fig. 7, and thus, even when
arithmetic formation of the predetermined number of tone data

20 is not complefed within one frame, it is possible to perform
arithmetic operations to form the remaining tone data.in a
subsequent frame. For instance, while in the example of Fig.
6, tone data left unformed in one frame due to a failure of
internal intérfupt signal generation at one or more activéting'

25 times are formed by the end of the last activating time in
the same frame, the arithmetic fofmation of these left-
unformed tone data ﬁay be carried over to a next frame. For

example, all tone data left unformed at four activating times



- 48 - response to generation of a next internal interrupt signal. Such a
schene is advantageous in that it can put the pending formation of al

these left-unformed tone data into effect at the soonest possible tine, but
di sadvant ageous in that the 5 gquantity SR of tone data to be forned in
response to a next internal interrupt signal will becone too great in case
the interrupt signal fails to be generat at many consecutive activating
times. The greater quantity-to-be-forned will make it necessary for the
CPU 3 to spend a longer time in 10 executing "tone generator processing |
".  As a resef lond FrdaRdneeli Hothaeewslsustilg beUsodned Ubg etlte end dHrthe

long tinme, in executing "tone generator processing |I", and thus there may
ari se an undesntlbaetsvatahgorimeero hen sdme efoawer sindtieadyg omdy the
execution of "tone generator processing |I", one or 15 nore triggering

factors of "tene dmrberkefte ywricwrsd rat |the geventh jand edghth |asteivating
priority, the CPU 3 can not readily proceed to execution of such
| ower - pri or i ¥3meF g% sPAgformednby, t?‘ﬁee@ﬂeﬁ’tf_elth@éﬁqttty-aﬂﬁib’@-qmnﬁ?
W unayol bl ¥y L ane "ot SEAD' HriilnetS Y SAsiny | OfePaiPohs 0o Wi
other tone data left unformed at the ninth and tenth
activating times may be carried over to one or more activating
times of a subsequent frame where the internal interrupt
signal generation occurs. In Modification 1 and Modification
10 2 described above, the érithmetic forming operations of tone
data left unformed in one frame can be carried over to a next
frame.
Further, according to the above-described embodiments,
thé control parameters for controlling the tone generator
15 section and data indicative of a note-on event and occurrence
time of the event are stored into the tone registers provided
separately for the individual assigned tone generating channel
through the MIDI process. Rather than being stored into the
tone registers for the individual assigned'tone generating
20 channels, these control ;parametefs and data may be
séquentially written into a single storage area along with
respective channel numbers of the assigned channels. In such
a case, seqguence data will first be created on the basis of
supplied MIDI messages, and tone data wﬁll be formed on the
25 basis of the sequence data. |
Also, according to the above-described embodiments, the

output buffer returned from the output device is coupled,

thfough tone generator processing I, to the end of output



20 generating channel s capable of sinultaneously form ng tone data when
the available calculating tinme period EJ is running short. In view of the

f ot egoi ng i nconveni ences, various nodifications of the present invention

wi |l be described where 25 the pending tone data formation is effected in
a progressive manner. <Mdification 1> According to this nodification, each

time an internal - 49 - interrupt ngggl_is generated by the software
timer, a "cue" process, rather than "toné’ generator processing |I" nentioned
above, is executed. In the cue process, signals each inform ng that an

internal inbaFFept algeadyhposaessedetys aiRs tone (ForbEets®e SedeiEn agef orm
shoul d now be created) are generated in quantities corresponding to an

el apsed ti mehatotohbegenbeatalr prbeessphgsilgntdrmenendt storeantohdedatae
generated signals are witten into a cue buffer provided in the RAM 5. Each
of these.si §n&bs thel [intensowpliessr awtmd! [af fiars, sequentiahy rfeenopneue” .
When one or nore waveform creation :
output buffer to another. Alternatively, tone data may be
5 formed and stored separately for each of the output buffers.

Furthermore, while the embodiments have been described
above as making a reservation for reproduction from the fou:,
output buffers prior to the activation of the tone generator
section, the number of the output buffers to be reserved for

10 reproduction may of course be any other wvalue than "four".
Also, the number of the output buffers provided in the RAM 5
may be greater than the above-mentioned number of the output
buffers to be reserved for reproduction.

Moreover, while the embodiments have been described

15 above as executing all of Measure 1, Measure 2, Measure 3 and
Measure 4 together, the tone generation can be prevented from
being hindered by a delay in the activation of the tone
generator section even where each of these measures is
executed independently of the other measures. Only one of

20 these meaéures or an appropriate combination of two or three
of the measures may be executed.

In addition, while in the described embodiments, the
present invention is applied to the software tone generator
where the CPU 1is programmed to execute tone generating

25 processing based on the waveform memory method, the present
invention may be applied to a software tone generator where

the CPU is programmed to execute tone the generating

processing based on another suitable method such as the FM



cues are witten in the cue buffer, "nodified tone generator processing I"

I S executed, where a quantity of tone data to be forned is set to be within
such a predetern1ned limt that prevents the tone generating processing
fromtaking too much 15 tinme, and then tone data are fornmed up to that
quantity, after which a specific nunber of the waveformcreation cues
corresponding to the forned quantlty are eared or erased one by one from
the cue buffer. By executing ' 'nodi fied tone generator processing I" in
response to detection of one or 20 nore waveform creation cues witten in
t he cue buf f®nthdei pansitigd: one data formation is allowed to be effected
in a progressive manner. In the case where the interrupt signal fails to be
generated at seveMarecwesecuwhikeacinvatheg désmsihed hiembodidents, tihe
number of the waveformcreation cues 25 - witten in the cue buffer

i ncreases, . [R¥esent lpvention 48 eppliededpi Fhpy sofwaren dong, gengrasor
formed tone data to within the predeterm ned range to thereg¥ revent the

CPU 3 from HEeRe She (&U afy au?@HSOE‘BE':CEQE'PVEF’i *%rPEPQJEfHU“? gxpcute 5o

- "modi fé ed ¢ c(J)r?ee ee?leerraattlngp rf))rcgcs:glssglg, the préseérlf t:|.nvhent(z:.F<))lrJ1 may be

applied to a software tone generator where the CPU loaded in
a dedicated tone generating device is programmed to execute
the tone generating processing.

The above-described embodiments achieve superior benefits

10 és set forth below.

According to one embodiment, even when the tone
generating processing fails to be activated at some of the
activating times, the predetermined number of samples of tone
data can be belatedly fbrmed within the predetermined time

15 period,.by the tone dafa forming operations being effected
only at the other acfivating times wheh the tone generating
processing is actually activated. According to another
embodiment, when new tone'generéting processihg based on newly
supplied performance information is assigned to any of such

20 channels still in use for current tone generating processing
and hence unavailable for the new tone generating processing,
the new tone generating processinglin the channel can be
immediately prepared.

According to sfill another embodiment, an unwanted break

25 in a stream of generated fones can be reliably avoided with
an expanded tolerable range of time delay in the activation
the tone generating processing. According to still another

embodiment, if reproduction from any output buffer is not



3 can nore readily assure execution of lower-priority processing and avoid
a significant decrease in the nunber of tone generating channels capabl e of
simul taneously formng 5 tone data. Modification 1 will now be described in
greater detail with reference to Figs. 16 to 20. Fig. 16 is a flowhart of
a main routine executed in the nodification by the CPU 3. In an
initialization process of 10 S101, theg&gPU 3 executes the sane operations
as in the initialization process of step S1 of Figs. 8 and 9 and al so
clears all data fromthe cue buffer of the RAM5. At next step S102, the
sanme oper atreservedat witbpnS2aof pFedet@rmtredxectined pyridd, CPthS. Hbne

At step S103 follow ng step S102, the main routine checks occurrence of
the fol | owi ggneFatiegi mrocrssing s gyenemgdf asv orthiat Seyeny whea Ml
message fromthe_sequencer program (see Fi%. 2); Triggering factor 2:

Gener at i on, TBHTPRUCtLPRERESTVAELON20an pPTake medendh itims ripicausma
activating é%e tone generator sectjon;_ Triggering factor 3. Detection a

wavef or m cr 83TPFHEYie 4 trdance (e Ehe r SCRRFIHLPR ng Sttabdsy tone
Det ect 9N OéeRePé{?fSﬁs'cQﬂ_ rbeéqupezﬁ:gmp'l:ly restored and hence accompanying

noise can be minimized. According to still | another

embodiment, a predetermined number of samples of tone data can

be formed Wj.thin the predetermined time period just by the

tone data forming operations being effected only when the tone

10 generating processing is actually activated, while maintaining

the tolerable range of time delay in activating the tone
generating processing.

With the arrar_lgements having been described thus far,

the present invention can effectively prevent a hindrance to

15 tone generation in such applications where the tone generating

processing is executed on an operating system having no full

multitask function.



25 fromthe output device; Triggering factor 5: Detecti.on of another
request such as an input event on the panel screen of the display 9 or a
command i nput event on the keyboard 8 (excluding a main - 51 - routine
endi ng command); and Triggering factor 6: Detection of in input event of a

mai n routine ending conmand on the keyboard 8. The above-It et Hpg Replaged
factors are generally the 5 same as thege checked at step iy
except that the nunbering of each of triggering factors 3t :

down here by "one" due to addition of the detection of a waveform creation
cue as triggering factor 3. After ctepaASIO8,Sa determ nation is nmade at
step S104 as 10 to whether or not any one of the above-nentioned
triggering factors has occurred, simlarly to step S4 of Fig. 8. Wen any
one of the triggering factors has occurred, an affirmative determ nation
results at step S104 and the CPU 3 noves on to step S105, where a further

determnation is_made as to which 15 of the six triggering factors has
occurred. 1in tRAetepengenerating device comprising:

supply means for supplying performance information;

5 activating means for activating +tone generating
processing based on the performance information, a plurality
of times within a predetermined time period; |

tone generating means for executing the tone generating
processing activated by said activating means; and

10 control means for controlling the tone generating

processing e#ecuted by said tone generéting means, in such a

manner that a predetermined number of samples of tone data can

be formed within the predetermined time period by tone data

forming operations being effected only "when the tone-

15 generating processing is actually activated by said activating

means.

2. A tone generating device as claimed in claim 1 ﬁherein

if the predetermined number of samples of tone data can not

" be formed, by the tone data forming operations effected only

20 when the tone generating processing is actually activated, for
every tone generating channel assigned to the tone generating
processing, said control means reduces a specific number of

the tone generating channels to be used for forming the tone

data sb as to secure formation of the pfedeterﬁined number of

25 samples of tone data.

THIS SHEET HAS BEEN.
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that two or nDTe*of—fhe—abe¥e~nen1ioned triggering factors have occurred as

determ ned at s¢@p$§ ns at and after step S5 are executed, for
exanple, in asce &Qﬁs &9 e factor numbers (i.e., in order from

- triggering facto] ﬂ;gering factor 6). If triggering factor 1
has occurred as tep S105, the CPU 3 goes to steps S106 and

S107, where the sane M DI process and regpived message di spl ay process as
at steps S6 and S7 of Fig. 8 are executed. 25 If triggering factor 2
has occurred as determ ned at step S105, the CPU 3 goes to a cue process of
step S108. Bbte thatonhke giriematimd anéthied ofoirheauditig) fendit &1 +ppipssgnal
may of course be encountered in this nodification as - 52 - well, and
thus the tiasithmetial D@@qeeﬁlagtLm¢aysgeheraaxebuUEertcmelrgenexqtlng
signals tends to exceed 10 nilliseconds rather than being always fixed at
10 mi | | i secBF@sessing hencthe ppasts sofissupplied roer formance tinfoxmation,
ascertai ned_wh ple of ;10 mlliseconds the tinme interval between | ast
and current® 3%&dﬂ$¥§ éeﬁ@?ﬁf%ﬂlpﬂternal i nterrupt

5 a first step of activating the +tone generating
processing a plurality of tiﬁes within a predetermined time
period; '

a second step of performing control over the tone

generating processing in such a manner that a predetermined

10 number of samples of tone data can be formed within the

predetermined time period by tone data forming operations

being effected only when the fone generating processing is
actually activated by said first step; and

a third step of executing the tone generating processing

15 activated by said first step in accordance with the control

by said second step.

4. A tone generating method as qlaimed in claim 3 wherein
if the predetermined number of samples of tone data can not
be formed, by the tone data forming operafions effected only
20 when the tone generating processing is acfually activated, for
every tone generating channel assigned to the tone generating
processing, said third step reduces a specific number of the
tone generating channels to be used for forming the tone déta
so as to secure formation of the predetermined number of

25 samples of tone data.

* [ L ] S *




signals is, and then waveformcue is generated in such quantities

corresponding to a value of the ascertained nultiple. For exaﬁﬁ+e——eﬁe———————

waveform cue is generated if the 10 time interval between 4hast..A0d Been Replaced
current actually-generated internal interrupt signals is equ

greater than 10 mlliseconds but smaller than 20 mlli seconds[] IHMI ﬂl
wavef orm cues are generated if the tine 4aterval is equivalen

greater than 20 mlliseconds but smal l er Than 30 15 mlliseconds. Each
of the generated waveformcreation cues is witten into the cue buffer at
step S120, and tAemohkegEREratiagudevite tbmpmdsihngeuti ne. After conpl etion
of the cue process, the CPU 3 goes to step S109 in order to display

pr edet er mi ned cosubplynmeenst forpsupplydngepeaformhecel doformatioback to
step S103. If the cue process has witten a waveformcreation cue into the
~cue buffer, thisanfdast eegistercferng WB@Poﬁogehﬁ?ﬂﬁﬁﬁﬁﬂﬂﬁiPr0¢¢ﬁ$¥ﬁ$onse
to the detectlon at ste 8105 of such triqgering factor the CPU 3
proceeds to bagggd ¢ cthe gma% 5&‘%’&%& A§siongd E‘Pe?a“Sﬂ%“% g.

18 is ro hart |IIu tratin dified tone

orocesedng Eone’ sanqiitiny ' BafRel \ Tidrig,  IREFOLE, 4 cBRERRBTeRR £ oo

to 10 ”‘ll'égﬁengling the tone generating process1ng,

a second register for, when new tone generating
processing based on other performance information is assigned
to the tone generating channel while said channel is not

10 available for the new tone generating  processing, storing
therein a parameter for controlling the new tone generating
processing:;

selecting means for selecting said first regiéter before
a predetermined time point to start the new tone generéting

15 processing and selecting said second register after the
predetermined time point; and

tone generating meahs for generating tone data in thé

" tone generating channel by use of one of said first and

second registers selected by said selecting means.

20 6. A tone generating method for causing general-purpose
arithmetic processing means to execute tone generating
processing on the basis of supplied performance information,
said method comprising:

a first step of assigning tone generating processing to

25 an unused tone generating channel and storing a parameter for
controlling the tone generating processing into a first

register; -

O




-53- which corresponds to one tenth of the predeterm ned nunber of tone

data to be witten in one output buffer. At next step S122, a tone formng
area for the quantity- to-be-forned SR starting at tine ST TﬁiWHasiBmMplaced

one of 5 M DI nmessages for which tone generation has been I

Is set in one of the output buffers other than those reserve
inmtialization process, as at step S52_o§gFig. 12. Then, at step , the
nunber of-tone generating 10 channels to be used for formng the quantity
SR of tone data is set depending on the nunber of the waveform creation
cues witten in ahe segonduf fsstep Moo£ spssigniagl y newf ttomenundenexdtidg
waveform creation cues witten in the cue buffer is smaller than a

pr edet er mi npHogesaingi te thef tohe gemeratibhg ichanneheshidernsahd charnek|
interrupt signal successively failed to be generated is below the
predet er mi nd8 VAR efVaihahlehdotunthe sew h&%aﬂﬁ@%%%g@@??ﬁﬁmr
not e- on even rocess of Fig. 1Q is set as.the nber of the tone ]

gener ati ng %ﬁgﬁh@$sat8asem&§ga % F CoRHER %ﬁﬁ%;gﬁﬁzﬁeqf?°Qﬁl9?&9%&?&9920
hand, tge nypBELsQfnghentBYE" BLBLRRCRELPBLEYGS Written in the

a third step of selecting said first register before a

predetermined time point to start the new tone generating
processing and selecting said second register after the
predetermined time point; and

10 a fourth step of generating tone data in the tone
generating channel by use of one of said first and second

registers selected by said third step.

7. A tone generating device compriéing:
supply means for supplying performance information;

15 a plurality of output buffers for writing therein tone

data;

reserving means for reserving reproduction from one or
more of said output buffers prior to execution of +tone
generating procéssing;

20 tone generating means for generating tone data on the
basis of the performance informafion, writing the generated
tone data into any of said output buffers other than said
buffers reserved by said reserving means, and reserving
reproduction from said output buffer‘having the generated tone

25 data written therein; and

reproducing means for reading said output buffers in

order in which the reproduction has been reserved.

T 0 AR




cue buffer is not smaller than the predeterm ned value (i.e., if the nunber

of tinmes when the internal interrupt signal successively faiTed to be

generated i

to be small

event process. The reason why the nunber,pf_the tone generatin
channels to be used for fornmng tone data is set to be smaller than the
nunber of the assigned channels here is to reduce the necessary tine for

one executi
expedite th
S53 of Fig.

writing of
generation
consideg th

10

15

s not smaller than the predeterm ned value), then trhgsRueBeRke
the tone generating 25 channels to be used for form ng tone 3mm

er than the nunber of the channels assigned in the

on of "nodified tone generator processing 1" and thereby

e pending 5 formation of tone data. Note that unlike step at
812, iaA teoneotgerenmsising methodf dorl \causing: gererahhRUrRPsSe he
tone generating channels in relation to available calculating time pe
EJ. Becaaséthmaticnpareregsingnemegefer EPorepeevtlsi HoNes RRETALEW by
the waveform creation 10 cue intgo the_cue buffer _rather than

BrocaesingePRakhenPafis pPE sPYRRT 169 JPeRErEmaRCe LAntormatian, o

gaid method comprising:

a first step of reserving reproductidn from one or more
output buffers for writing therein tone data, prior to
execution of tone.generating processing;

a second step of generating tone data, writing the
generatéd tone data into any of said output buffers other than
said buffers reserved by said first step, and reserving
reproduction from said output buffer having the generated tone
data writtén therein; and

a third step of performing control to read said output

buffers in order in which the reproduction has been reserved.

9. A tone generating device comprising:

20

25

supply means for supplying performance infqrmation;

an output buffer for writing therein tone data;

tone generating means for generating tone data on the
basis of the performance information, writing the generated
tone data into said output buffer,_and reserving reproduction
from said the output buffer;

reproducing means for reading said output buffer in
order in which the reproduction has been reserved; and

renewing means for, when the reproduction from said
output buffer is not reserved in said reproducing means within

a predetermined time period, discontinuing forming operations

THIS SHEET H7 |
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avai l abl e cal cul ati-ng—tine period EJ, there won't arise a situation where
t he nunber of the topne generati ng channels is reduced to an excessive

degree. 15 At “ ed3124 to S135 are executed the same
operations as at stepi Fig. 12. The CPU 3 returns to the

main routine after cl waveform creation cue fromthe cue
buffer. As described, the quantity-to-besforned SR in one 20 execution of
"nodi fied tone generator processing I" is always fixed at 10 m|liseconds
(corresponding to one tenth of the predeterm ned nunber of tone data to be
witten in afetonepdatalftlayd shoub@ Bseeped doEpldfed THys saild itone
possible to prevent the CPU 3 from bei ng exclusively used, successively 25
for a | ong gemerating nedns doly t tme tlome rpewtod rand sthexwply ,cauding hmaid®sul t
that the CPU 3 can nore readily secure execution of |lower-priority
processi ng EPRP agenaratingnmeansnitaleewkis estart héonnibgr operagions of
generati ng channel s C%Eable 0 - simultaneously form ng tone data.

f - 55
Fig. 19 is AReHukPRS 19212 Ut b8 fgraed: AfFeExthel Eie period.

5 10. A tone generating method for causing generai—purpose
arithmetic processing means to execute tone generating
processing on the basis of supplied performance information,
said method comprising: |

a first step of generating tone data, writing the

.10 generated tone data into an output buffer, and reserving
reproduction from said the output buffer:;

a second step of reading said output buffer in order in

which the reproduction has been reserved by said first step;

a third step of, when the reproduction from said output

15 buffer is not reserved within a predetermined time period,

discontinuing forming operations of the tone data that should

have been completed by the time period and thereby newly

starting forming operations of other tone data after the time

period.

20 11. A tone generating device comprising:
supply means for supplying performance information;
activating means for activating tone generating
processing based on the performance information, at a
plurality of points within a predetermined time period;
25 tone generating means for executing the tone generating

processing activated by said activating means; and
ed by sald ac

[ =)




"nmodi fied tone generating processing |". First, at step _S141, the

quantity-to-be-fornmed SR and the nunber of the tone 5

to: be used for formng tone data are set depending on the nu

is . Sheeta, n Replaced
wavef orm creation cues witten in the cue buffer. The nunber " m I'ﬁl
i I

generating channels to be used for formng tone data is set

manner to step S123. 10 The fol Loygng describes in nore detail a

generati ng channel s

manner in which the quantity-to-be-formed SR is set in this .exanple. If the

nunber of the waveform creation cues witten in the cue buffer
t han a predet er ncontirodl meafs. €or pérfaemingbeontfol i secsh whirart twizen nthes nal

I nterrupt signal successively failed 15 to be generated is below the
pr edet er ni nteneagenerating tOROGRRSING yisoapsivetedd a3R ary senet @fiOthe

mlliseconds. If, on the other hand, the nunber of the waveformcreation
cues writteRCIAtt ¥ Saddpactdvatingomesns,| & nuphen f HARAeS RhetPRal ue

i.e., ift foti he.20 ., int. |_int t Si .
Successi vel 9SFA] FOAPRo BEMEEn ARG Sttt RS HAEATS (RE Gt e
th td ty-1 0- be-f d | 2 1 ds_t hat
o) S ncBehbE Bk PR TS Eelake T bvecndsadle
witten inlﬁggngytput buffer. For exanple, when 25 generation of the

value),5

i nt er nal

10

15

20

predeterm ned hu ato

ihterrupt signal has failed

12. A tone generating device as claimed in claim 11 wherein
when the tone generating processing is activated at any one
of the points by.said activating means, said control means
generates the target value corresponding to a specific number
of samples of tone data left unformed at said point and
performs the control such that the specific number of samples
of tone data are formed +through +the +tone generating

processing.

13. A tone generating device as claimed in claim 11 wherein
when the tone generating processing is activated at any one
of the points by said activating means, said control means
generates the farget value that is set on the basis of a
specific number of samples of tone data left unformed at said
point in such a manner that the value is not'greater than a
predétermined upper limit, and said éontrol means performs the
control such that the specific number of sampleé’of tone data

are formed through the tone generating processing.
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consecutively over 19 tines to thereby cause the nunber of t he wavef orm
creation cues in the cue buffer to exceed 19, the quantity-to- y-t0-be-formed SR—

may be set to 20 milliseconds now - 56 - that the nunbeThl&ﬁleetHSsaJev;egle laced
out put buffers has decreased from4 to 2. Al ternatively,

of the waveformcreation cues in the cue buffer has exceede

predeterm ned value to a certain degree,7§he quantity-to-be- forne

be set to an even greater .value within such a predetermned limt that
prevents one execution of this exanple of "nodified tone generator
processi ng 14.fromR tdneggéneratingt meehodt faex icaRisihgSIlgeheral-anerpasdn ng
area for the quantity- to-be-forned SR starting at tinme ST (input tinme of
one of 10 amthmebisagpsofessihgcmeans gemeretecutdastdresn gemept sty
last) is set in one of the output buffers other than those reserved in the
i nitializatPEPCepedtagsongthetbastp sbsuppHed perfoymange cipfermatien,S143
to S154 are executed the sanme 15 operations as at steps S54 to S65 of

Fig. 12. seidjmethed,eaPRELSINGStep S155 what nultiple of 10 m|1iseconds

the 5 . a first step of activating tone generating processing at

a plurality of points within a predetermined time period;

a second step of performing control such that when the
tone generating processing is activated at any one of the
point by said first step, a number of samples of tone data to

10 be formed through the tone generating processing is caused to
follow a predetermined target value set for said point; and

a third step of executing the tone generating proceesing
activated by said first step in accordance with the control

by said second step.

15 15. A tone generating method as elaiméd in claim 14 wherein
when the tone generating processing is activated at any one
of points by said first step, said second step generates the
target value corresponding to'a specific number of samples of
tone data left unformed at said point and performs the coﬂtrol

20 such that the specific number of samples of tone dafa are

formed through the tone generating processing.

16. A tone generating method as claimed in claim 14 wherein
when the tone generating processing is activated at any one
25 of the points by said first step, said second step generates

the target wvalue that is set on the basis of a specific

number of samples of tone data left unformed at said point in

* c L M s *
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set quantity-to-be-formed SR is, and then waveformcue is erased fromthe
cue buffer in quantities corresponding to the ascertained nmultiple. For
exanpl e, one waveformcue is erased 20 i f thtmgmﬁatﬁimmﬁmqmmuﬁorned SR is
10 mlliseconds, and two waveform cues are eras

guantity-to-be- forned SRis 20 n1II|seconds to the main
routine after this. As explained above_ 4 the exanp e 0 nDdlfled tone 25
generator processing I" of Fig. 19, t he quantlty to-be-formed SR for one
execution of "nodified tone generator processing I" is set to be | onger
than 10 m | $uckeccadsmanbdr n that athe edealuen niksl rmeolge grssakemg theat teo
much time will not be - 57 - consuned by the one execution of "nodified
t one gener apvedeterninedqupper l¢m¢¢gemm¢a§¢tﬁusﬁcqndastﬂnwpeﬂf¢#mswthgn

signal has failed consecutively many tines. an_arrangenent
not only acPPREERl sNehtthal he epeaifie nymber ofg e?mal?—ﬁ ebnkeRe it t h

the example of Fi so. can expedite the pending tone data
for et on viEh FeriedyERFOHGh, EhenEoRa GoaPEa boRgCBTorARaLID

5 17. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
for causing general-purpose arithmetic processing means to
execute tone generating proceseing on the basis of supplied
performance information, said method comprising:

10 a first step of activating the tone generating
processing a plufality of times within a predetermined time
period; |

a second step of performing control. over the tone
generating processing in such'a manner that a predetermined

15 number of samples of tone data can be formed in total within
the predetermined time period by tone data forming operations
being effected only when the tone generating processing is
actually activated by said first step; and

a third step of executing the tone generating processing

_20 activated by said first step in accordance with the control

by said second step.

18. A machine readable recording medium cdntaining a group

of instructions to cause said machine to implement a method

for causing general-purpose arithmetic processing means to
25 execute toné generating processing on the basis of supplied’

performance information, said method comprising:
|  intormatlon, saic |

(™ S




After conpletion of "nodified tone generator processing |" at step S110 of
Fig. 16, the CPU 3 goes to step S111 in 10 order to display predeterm ned
conditions on the panel screen and then | oops Ddc$hedt lasBeepRSLOR. | f
triggering factor 4 has occurred as determ ned Jilt he CPU 3 goes
to steps S112 and S113 in order to execute "ton cessing 1"
and visual presentation 15 of predegfg%i_ned conditions, which are
simlar to the counterparts of steps SI1I0 and S11 of Fig. 8 except for
"tone generator processing Il1" based on a reset request fromthe out put

devi ce (step S78aofifsg. stdp. ofi gssPning atdnevedretating Jirateswimn to
exanpl e of "tone 20 generator processing |I1" executed on the basis of a
reset request dnused homaiigenembiinge chanfelsapf Stétingha mRtameterdfiar al |
data fromthe cue buffer, tone generator registers and output buffers. At
next steps SuBtrohbing 64he hEopgnegeperatings RECGASSING s 1089 (8 JoUrsH

Fig. 15 are executed. 25 Then, the CPU 3 returns to the main routine.
Referring beR¥1$®LFig. 16, if triggering factor 5 or triggering factor 6

has occurred as determ ned atf step,.S105,,the CPU oes, to steps S114 and.
S115 orysteps 118 aﬁacg&§7_s ep gf asélgnfhg oé%é& tone géherétlng

processing to the tone generating channel while said channel

is in use, storing a parameter for controlling the other tone
generating processing into a second register;
a third step of selecting said first register before a
10 predetermined time point to start the other tone generating
processing and selecting said second register after the
predetermined time point; and
a fourth step. of generating tone data in the tone
generating channel by usé of one of said first and second

15 registers selected by said third step.

19. A machine readable recording medium containing a group

of instructions to cause said machine to implement a method

for causing general-purpose arithmetic processing means to

execute tone generating processing on the basis of supplied
20 performance information, said method comprising:

a first step of reserving reproduction from one or more
output buffers for writing therein tone data, prior to
execution of tone generating processing;

a second step of lgenerating tone data, writing the

25 generated tone data into any of said output buffers other than
said buffers reserved by said first step, and reserving

reproduction from said output buffer having the generated tone

AR AT [ SHEET s eee
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- 58 - Steps S114 and S115 execute operations which are simlar to those of

steps S12 and S13 of Fig. 8 executed when it is—determmedtriggering

factor 4 has occurred, and steps S116 and S117 gxegut e.oper Q&ﬁ mhlch are
%3 I% ccordl ng to

simlar to those of 5 steps S14 and S15 of Fig.

determ ned triggering factor 5 has occurred. IIIE lnﬁl

this nodification, each tine an internal dnterru nerated by

the software tiner, a 10 quantity of tone data to be formed is set, as a
function of a quantity of tone data left unfornmed up to that tine, wlthin .
such a predgats mrnEttenngkepssnt i agdt hat the tone generating processing

w Il not take too nuch tinme, and processing is executed for formng tone
data to reach the shirduatept p£( perforfiingpcondgolndonindachaadichatutputhe
called "further nodified tone generator processing [|"). By executing

such "fur theffempsi in @rdemdysbdch Sheprepreduaiien has r@%rﬁ%s%ﬁ’e .
generation of an internal interrupt signal, the pending tone data formation

is_effected in a progressive nanner. This 20 ~ schenme is sinmlar to the
g?l tn ' Ir 8;; o z%gmaghirQe thal aiife 100 {1 A rc(:)ocngéai:{]&g' a agcxtéﬁ/@t'ed

5 of 1nstructlons to cause said machine to implement a method
for causing general-purpose arithmetic processing means to
execute fone generating processing on the basis of supplied
performance information, said method comprising:

a first step of generating tone data, writing the

10 generated tone data into an output buffer, and reserving
reproduction from said the output buffer;

a second step of reading said output buffer in order in

which the reproduction has been reserved by said first step;

a third step of, when the reproduction from said output

15 buffer is not reserved within a predetermined time period,

discontinuing forming operations of the tone data that should

have been completed by the time period and thereby newly

starting forming operations of other tone data after the time

period.

20 21. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
for causing general-purpose arithmetic'processing means to
execute tone generating processing on the basis of supplied
performance information, said method comprising:

25 a first step of activating tone generating processing at
a plurality of points withiE_a predetermined time period;

KA O AV THS SHEET 73S B
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internal interrupt signal, but different from"tone geneLalJlL_pJf—eeeS%rng—l—”‘

of Fig. 12 in that the tone data are forned progressivel y at ur, eenﬁ%la&ﬁ
tijres in stead of all the 25 tone data being forned at -

this scheme is sinilar to "nodified tone gener at or proceSS| g

in nodification 1 described above. Therefore, Modification

CRU 3 from bei'ng exclusively used for "farther - 59 - nodified tone

- generator processing |", so that the sare advantageous results are
achieved as in Mddification 1. Mddification 1 has to set the priority of
the factor triggarssgondDeichped st pee forminal Gontrelesuchy that where. thé
waveform creation cue in the cue buffer) to be Iower than that of the
factor tri ggeme ngehbratiagp preesssiinge.is gactiaated aft amy ndrenalf the
“interrupt signal); however, in Mdification 2, generation of an internal
interrupt speirt by sdaid ifingte steipyger nogbeacofr saoples of Heonedata etb t.one
10 generator_ processing_ |" and hence the tone generation

processi ng P& fRymed dhmaughe thautapreorneRakipacPrpreesing. inmaysediton 2

wi |l now be ecrlbedl reat er _detail
éN dlf pregegerm:tmed target value set for said point; and

a third step of executing the tone generating processing
activated by said first step in accordance with the control

by said second step.

__————'/ .
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with reference to Figs. 21 to 25. In this nodification, the CPU 3 executes
a main routine 15 which is the sane'as the nmgin routine of Fig. 8 except
that "further nodified tone generator processing |I" is executed in place of
"tone generator processing I" of Fig. 8 Fig. 21 is a flowhart
ildustrating an exanple of "further nodified tone generating processing |".
At first 20 step S201, the CPU 3 suthagis, froma current tine GI, an
input time ST of one of M DI nessages for which tone generation has been
conpleted | ast and sets the value of the subtraction result as a del ay
anmount OR (this anount OR is represkbdtexheth a tine |length corresponding to
‘a quantity of 25 left-unformed tone data). At next step S202, a
quantity-to- be-forned "SRnes Gemerading Medhiodh apld Deyigel"ay anount OR Fig.
22 is a graph illustrating an exanple of a characteristic curve of that
function. In this exanple, the - 60- quantity-to-be-formed SR is 10

Tone. sacaes G reRR s ot Pl 6, BRELR 0 BRIl

i.e., at a plurality of activating times, within each
5 predetermined time period. Thus, even when the +tone
generating processing fails to be activated at some of the
activating times, a predetermined number of samples of tone
data can be belatedly formed within the predetermined time
period, by tone data forming operations being effected only
10 at the other activating times when the tone generating
processing is actually activated. If the predetermined number
of samples of tone data can not be formed, just by the tone
data forming operations effected only when the tone generating
processing is actually activated, for every tone generating
15 channel assigned to the processing, the number of the channels
to be used for forming the tone data is reduced so as to
secure formation of the predetermined number of samples of

tone data. | |

(Figure 5)
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smal | er than a predeterm ned value, but after the delay amount 5 Oy
exceeds a given value, it successively increases as the anmount OR increases
in value. Then, after the quantity-to-be- forned SR reaches a predeterm ned
upper limt value SRrax within such a range assuring that the tone
~generating processing will not take too nmuch tine, the quantity SRis 10

| mai ntained at the upper limt value SRmax irrespective of a further
l'increase in the delay amount OR.  The upper limt value SRmax may for
exanple be 20 mlliseconds or may be any other suitable value. Fig. 23 is a
graph illustrating,another exanple of the 15 characteristic curve of the
function. In this%exanple, the quantity-to-be-forned SRis 10 mlliseconds
when the delay amoynt OR is smaller than a predeterm ned val ue, but after

t he del ay anount exceeds a given value, it increases stepw se as the
anount OR i ncr } - - ' gquantity-to-be-formed
SR reaches a edeterni ned upper lint value SRmax W thin such a range
assuring that fhe tone generating processing will ngt take too nmuch tine,
the quantity is maintained at the upper limt value SRmax irrespective
of a further ihcrease inthe_deIa unt OR 25 Note that the
guantity-to-beffornmedmSRiset jn thhe @bove- nentioney manner does not al ways
take a value of an in
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multiple of 10 mlliseconds but may take a value of a nmultiple of 102/:15

mlliseconds having sonme fraction. As a - 61 - result, the quantity of
tone data that are fornmed by one execution of "further nodified tone
generating processing I" is not necessarily an integral nultiple of one
tenth of the predeterm ned nunber to be witten in one output buffer as 5
shown in Fig. 5 or 6, butw;ra $ anilty corresponding to a nultiple of
10 milliseconds having a tYa& 24 is a diagram show ng an exanpl e

of a quantity of tone data forrred |n I\/bdlflcatlon 2{in connection with
generation of internal §nt expnple, a 10 quantity
of tone data correspondi n edpt erm ned nunber to be
witten in one output buff e ht a first activating
time (corresponding to [Oth mlliseco@d pMMtMEﬁ%GIEhe illustrated exanple)
when an internal interrfupt gi n tegin the frane. No tone 15
data is forned at § cnnségﬁMﬁRg?daha elﬁ\/a.nn; times (correspondi ng
to 10th and 20th mllisfcond points gn the figure) flue to a failure of
internal interrupt signgl J,

to oﬂ@UENﬂEtRROGRAMt he p
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generati on,

1.6/10 of the predeterm ned nunber to be 20

and then, a specific quantity of tone data corresponding to

witten in one output buffer

are formed at a fourth activating tine (corresponding to 30th mll.isecond
poi nt) when anot her i nternal

i nterrupt signal
. end of the fourth activating tine,

i s generated. Thus, 36§Fthe
tone data have been formed up to a

quantity confsspedd@esg to 2.6/ 10 of the predeterm ned nunber 25 to be

witten in

anot her speci f{,c
t he predet €T\
formed at a M
when anot her interna
the fifth GACUMAINGNg
cor r espondf

to 4.1/10 of
el, as denoted g&
specific quawtity of tone

out put buff

nunber

one putput RQuffer

, as denoted by "

.6" in the figure. Then,
of tone datagJgorresponding to 1.5/10 of

pE - 62 - witten 1n one output buffer are
g time (corresponding to 40th mllisecond point)
&y upt signal is generated. Thus,
tyfone data have been formed up to 5 a quantity
Yhe predeterm ned nunber to be witten in one

by the end of

"4.1" in the figure. After this, still another
ta correspondifig to 1.4/10 ofYthe predeterm ned
FORMING FORMING FORMING FORMING
OPERATIONS OPERATIONS OPERATIONS OPERATIONS
REPRODUCTION REPRODUCTION REPRODUCTION
T2 T3 T4
T1 _
FI1&G. 4 TIME
QUANTITYSR
SRma x / ........
1 Omsec 1
—> DELAY
F I G. 2 2 AMOUNT OR
QUANTITYS R
SRma x -
1 Omsec |
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4/15
to be witten in one output buffer are formed at a sixth 10 activating

time (corresponding to 50th mllisecond point) when still another internal
interrupt signal is generated. Thus, by the end of the sixth activating
time, tone data have been formed up to a quantity corresponding to 5.5/10
~ of the predeterm ned nunber to be witten in one output buffer, as 15

| denoted by "5.5" in the figure. No t oge is formed at seventh and

' eighth activating tineg i bt ind poi nt s)
due to a failure of internal interrupt signal generation, and then, yet
anot her specilNIBRR@PGant gty of tope dpta gorrespondi ngj 20 to|l. 7/110 of the
pr edet er m nedERdfimsec t § be mﬁigpen fh o$e out put bufger *re rmed at a

- ninth activating time (corresponding to 80th nillisecond point) when yet
~another internal interiupt isignial i% generatied. iThusi byithe iend of the

- ninth activatfggopitae. itpne datisp havey béemn Hel atiedl yi@58; §orimgel up to a
~quantity cor rreRMADIONI ngito 7.2/ 10 of itheipredeterii ned nuiber ito be witten
~in one output buffer, as denoted byi"7.2" in thei fighre. i Aftier this, stil
anot her SpemﬂﬁﬁﬁﬁH&Pt'ty aof to?e dat a gorragspondi ngito 1.6/10(ﬁlfhe

* : > TIE
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5
- 63 - predeterm ned nunber to be witten in one output buffer are/?grned
at a tenth activating tinme (90th mllisecond point) when still another
internal interrupt signal.is generated. Thus, by the end of the tenth
activating tinme, tone data have 5 been fornmed, as a total for the frane,
up to a quantity corresponding to 8.8/ 10 of the predeterm ned nunber to be
witten in one output buffer, as denoted by "8.8" in the figure. Then, at a
- first activating tinme (100th mllisecond 10 point in the figure) of a
. next frame when another internal interrupt signal is generated, another
. quantity of tone data left unforned in the prece ng frafe corresponding to
1.2/ 10 of the predeternined nunber to be witten 'n one oQMtput buffer are
- fornmed along with a specific quantity of tone datg to be™*15 formed in the
- current frame corresponding to 0.3/10 of the predgterm ned nunber to be
witten in one output buffer, as denoted by "10.g< S 8, After
this, still another specific quantity of tone d ¢ nndlng to 1.4/10°
of the predet ermi ned nunber to be witten in ong
current franme are formed at a second activati

point) of the current frame when still anothe signal is
generated. Thus, by the ®
10
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end of the second activating time, tone data have been formed up to a 1%
quantity corresponding to 1.7/10 of the 25 predet er m ned nunber to be
witten in one output buffer for the current frane, as denoted by "1.7" in
the figure. After this, tone data will be forned in response to each
internal interrupt signal until the total quantity reaches the above- -
64 - nentioned upper limt value : 203 foll ow ng step S202, a
tone formng area for the quantit PR startlng at time ST is
set in one of the output buffers_ather 1IN erved in the 5
initialization process. Next $CKRAR 3204 REGISTERS e WORKTNEF~af Shg t one
generating channels to be useflARBArOF RiMvi ng t one dat a. The nunber of these
tone generating channels may t he del ay anobunt OR

Fig. 25 is a graph illustratj [ra Lstic curve
of that function. Accordi ng m&%&&%@ﬁ R@scg Iay% nt ORis

bel ow a predeterm ned val ue, fthe chdnnels assigned in
t he note-on process of Fig. 1f er
INITIALIZE OUTPUT DEVICE S23

w_

RESERVE REPRODUCTION FROM CLEARED ~—S24
OUTPUT BUFFERS IN OUTPUT DEVICE

W

ACTIVATE OUTPUT DEVICE & START ~—S25
SOFTWARE TIMER

( NOTE-ON EVENT PROCESS )

FIG. 9

NN <« NOTE NO. ~—S31
VE L« VELOCITY
le[ <— PART NO.
TM <« OCCURRENCE TIME

¥

TONE GENE. ASSIGNMENT [~—S32
i <« ASSIGNED CH

K2

CONVERT TONOE COLOR DATA OF |[~—S33
PART p TO CONTROL PARAMETERS
IN ACCORD. WITH NN & VEL

W

WRITE PARAMETERS, NOTE-ON & TM ~—S34
INTO T.G. REGISTER (SECONDARY)
FOR CHi

/]

SET CALCULATING ORDER [~—S35

FIG. 10



of the tone generating channels to be used for formng tone 15 data. 7/1%
the delay anbunt OR is not bel ow a predeterm ned val ue, then the nunber of
the tone generating channels to be used for formng tone data is set to be
smal l er than the nunber of the assigned channels CHrax, so that it is
possible to reduce the necessary tinme for one execution of the tone 20
generating processing. Alternatively, the nunber of the tone generating
channels to be used for form ng T OISPOLS) mned in a simlar
manner to step S53 of Fig. 12. Rxféﬁﬂgﬁﬁgﬁﬂgﬁlﬁﬁb J 21, the sane
~operations as at 25 steps S53 to S63 of Hig. 12 are executed at steps

+ S205 to S214 follow ng step S2 e level of a tone
“vol une envel ope used for the tdridNjerer MOIEM®. channel agdsihgiSdt10 the

- current note-on event is decregsed towaPART-SPECIFSG COLGRerjo. The sane
operations as at steps S64 and |SEM ot~ FIGPURRENCE TBEoxecit ed at steps S216
and S217, and then the CPU 3 returns to thg main routine. As described
above, the conputer nusic.systemof fhe

SEARCH FOR A CHANNEL ASSIGNED TO TONE GENERATION [~—S<42

i < CHNO.
v

RESERVE NOTE-OFF AT TIMING ~—S43
™ IN T.G. REGISTER FOR CHi

INTERRUPT PROCESS BY
DMA CONTROLLER

FIG. 11

DAC <« PB (pp) p~—~S71

b

pp ++ S72

S7T3

REPRODUCTION YES
FROM ONE BUFFER IS S74
COMPLETED ?
ANY NO
OTHER RESERVATION 7 S77
S75
) YES MUTE OUTPUT
pape— OF D/A
OUTPUT BUFFER |
J ISSUE RESET
_ REQUEST
TSSUE REQUEST FOR
RUTURN OF REPRODUCTION [~s76| ¢
~COMPLETED BUFFER sS78

|

FIG., 13



5 present invention, even when the processing is executed on an opelsé\]tSi ng
systemw thout a full multitask function, can reliably avoid a situation
where the tone generation is hindered by a delay in the activation of the
tone generator section due to an influence of other processing. 10
According to Measure 1 errpl oyed I n the above-descri bed enbodi nents, the

C Lone 03 e belatedly fornmed, for each
“W m es. However, it does not

15 of tone data needs tg B M thin the sane frame.

Particul arly, these enbod nﬁrRs-QEWSQEeFVe—SEpllurallty of output buffers,
having tone data witten therermyl ror reproduction as shown in Fig. 7, and
thus, even when arithnetic form 'on of the predeterm ned nunber of tone
data 20 i's not conylspt adpomkt rarre [ Ible to perform
arithnmetic operationg N %ﬂm_mm @r\mal ning tophe data 1 n a subsequent
frame. For instance, \mANTéTY 6R (START TENAADITBMDST H 9. 6, tone data |eft
unformed in one frame nal interrupt signal
generation at one or nore activang 25 tinmes are forned by the end of

t he | ast activatingtir&f ltflﬁJlBER'i Cfmﬁqﬁﬁrkh/es'i;p_:,f_sthmeticformation of
these left- unfornmed tprg %%ATRBFOE}%ETRW“ d over to a next franme. For

i «1ST-PLACE CH S54
s p—ST r\/

A

DETECT 1ST RESERVATION WITHIN A PERIOD [~—Sb556

FROM sp TO GT BY REFERENCE TO T.G.

REGISTER (PRIMARY) FOR CHi
S56

ANY
RESERVATION ?

NO
S59
FORM TONE DATA FOR CHi FOR S57
A PERTIOD FROM sp TO RESERVATION FORM TONE DATA FOR
TIME (ADVANCE sp) CHi FOR A PERIGD
o FROM sp TO GT

CARRY OUT RESERVED
CONTENT ~—S58

‘L— im—Pmm CH

s p<—ST
S61
WRITE TONE DATA
INTO QUTPUT
_ BUFFER
STST+SR je—— ¢
S64 S622
ODUCTION YES S63
FROM ONE BUFFER IS
COMPLETED ¢

DECOUPLE FORMATION-COMPLETED I~ S65
OUTPUT BUFFER & RESERVE ITS
NO REPRODUCTION IN OUTPUT DEVICE

FI1G. 12



exanple,- all tone data left unfornmed at four activating timnes - 66 Y
one frame need not necessarily be formed by the end of the tenth activating
time of the same frame; instead, only the tone data |eft unfornmed at the
seventh and eighth activating tines nay be fornmed by the end of the tenth
activating tine 5 of the franme and the arithnetic form ng operations of
the other tone data left u TONERENERA TR PR hﬂ%a tenth activating tines
may be carried over to one qmgﬁpm¢Rgé§Nq§g%§g i of a subsequent frane
where the internal interrup ' urs. In Mdification 1
and Modification 10 2 described aboye, the arithnetic form ng operations
of tone data left unforned i% 01 AL = rried over to a next
frame. Further, according td y JUFAT RURKER; HROW [ nts, the control
paranmeters for controlling e 00 P Bner at or 15 section and data

I ndi cative of a note-on event and occufrence tine of the event are stored
into the tone registers e I ndi vi dual assi gned

t one generating channel tISGMEPFEHEKIHTMI‘ T ERD O IS82n bei ng stored
into the THOSE POSSESSED BY T.G. SECTION

)

CREATE DATA INDICATIVE OF TIME ~—S83
WHEN RETURN REQUEST HAS BEEN ISSUED

CTONE GENERATOR PROCESSING 1T

FIG. 14a

BASED ON RESET REQUUEST

CLEAR EACH T.G. REGISTER [~—S91
& OUTPUT BUFFER

1!

INITIALIZE OUTPUT DEVICE [~—S92

B!

RESERVE REPRODUCTION FROM CLEARED [~—S93
OUTPUT BUFFERS IN INPUT DEVICE

v

ACTIVATE OUTPUT DEVICE & START [~—S94
SOFTWARE TIMER

FIG. 15



10/15
tone registers for the individual assigned tone generating 20 channel s,

these control paraneters and data my be sequentially witten into a
single storage area along with respective channel nunbers of the assigned
channels. In such a case, sequence data will first be created on the basis
of supplied M DI nessages, and tone data will be fornmed on the 25 basi s
of the sequence data. Al so, according to the above-described enbodi nents,
the output buffer returned fromthe output device is coupled, through tone
generator processing |1, to the end of output- - 67 - buffers already
possessed by the tone generator section, so that tone generator processing
| fornms and stores tone data into the intercgupled ou{put buffers,

sequentially fromone output buffer to anothgr. Alternati
may be 5 fornmed. and stored separately for eas ere] !
Furthernore, while the enbodi nents have beenflde$esi Qa3 ab&¥ e
reservation for reproduction fromthe four o '
activation of the tone generator section, @§ of
to be reserved for
: al |2
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10 reproduction may of course be any other value than "four". AIso?“?%e
nunber of the output buffers provided in the RAM5 nay be greater than the
above-nmenti oned nunber of the output buffers to be reserved for
reproduction. Mreover, while the enbodi nents have been described 15

above as executing all of Measure 1, Measure 2, Measure 3 and Measure 4
together, the tone generation can be prevented from being hindered by a
delay in the activation of the_tone generator section even where each of
these neasures is executed i oepe@gg@@axsgf thg other neasures. Only one
of 20 these measures or an Bppoipiis soiiati on of two or three of the
nmeasures nay be executed. In addltlon mhlle in the described enbodi nents,

the present invention is applfedto tHe Softrwarle t one generat or where the
CPU is programmed to execute a#? i ng based on the
wavef orm nmenory nethod, the pr HE% o) y be applied to a software
tone generator where the CPUJ'S prograrned to gxecute tone the generating

processi ng based on anot her s#dh as the FM - 68 -

FI1G. 17

TONE GENERATOR PROCESSING II
BASED ON RESET REQUEST

CLEAR EACH T.G. REGISTER, ~—S161
OUTPUT BUFFER & CUE BUFFER

L

INITIALIZE OUTPUT DEVICE [~—S162

J

RESERVE REPRODUCTION FROM CLEARED [~—S163
OUTPUT BUFFERS IN INPUT DEVICE

4

ACTIVATE QUTPUT DEVICE & START I ~—S 164
SOFTWARE TIMER

FIG., 20



synt hesi s nmet hod. Myreover, while in the described enbodi nents, the present
invention is applied to the software tone generator where the CPU

personal conputer is progranmed to execute 5 t one generating processing,
~the present invention may be applied to a software tone generator where the
CPU | oaded in a dedicated tone generating device is programred to execute
the tone generating processing. The above-descri bed enbodi nents achi eve
superior benefits 10 ™\ Accordi ng to one enbodi nent,
even when the tone ge e@%ﬁ%ﬁ%&gﬁgggﬁéﬁﬁé?ﬂ ils to be activated at sone of
the activating tines, ' nber of sanples of tone data can
be belatedly forned wthi I ned_tinme 15 period, by the tone
data form ng operations

when the tone generatin [

42Re ot her activating tines
0 y activat ed. According to

anot her enbodi nent ,| sphenTENEFORRING ARENE DR OUTHYT fr ocessi ng based on new y
suppl i ed perfor manq@UFFERO ROR QUANTITE SR STARTING i§1e2such 20  channel s

still in use for cyrAMTePMEtSine generating procgssi ng and hence unavail abl e
for the new tone gemeratimg Progpssing, _TNe New tone generating processing
in the channel can [Rgq! O aPSSRRRE —Ss123

DATA FORMATION IN ACCORD. WITH THE
NUMER OF WAVEFORM CREATION CUES

7

i «<1ST-PLACE CH S124
sp—ST

%

DETECT 1ST RESERVATION WITHIN A ~—S125

PERIOD FROM sp TO GT BY REFERENCE TO

T.G. REGISTER (PRIMARY) FOR CHi
S126

ANY
RESERVATION ?

S127 NO
S129
FORM TONE DATA FOR CHi FOR A
PERIOD FROM sp TO RESERVATION TIME FORM TONE DATA
(ADVANCE sp) FOR CHi FOR A PERIOD
T FROM sp TO GT
CARRY OUT RESERVED
CONTENT ~—S128
JL i «NEXT-PLACE CH
sp«<ST
S131

WRITE TONE DATA INTO OUTPUT BUFFER

ST—ST+SR je—— s:2132

S133

REPRODUCTION YES

DECOUPLE FORMATION-COMPLETED [~—S135
OUTPUT BUFFER & RESERVE ITS
REPRODUCTION IN OUTPUT DEVICE

r .

CLEAR ONE CUE [~—S136

e 1




According to still another enbodi nent, an unwanted break 25 in a stream
of generated tones can be reliably avoided with an expanded tol ergbig range
of time delay in the activation the tone generating processing. According
to still another enbodi ment, if reproduction fromany output buffer is not
- 69 - reserved within a predeternined time period, the tone generating
processing i s renewed so that even mhen t he reproduction reservation can
not be made in tine turbance in the tone

generation, stable t snmpngratlon can pe pronptly restored and hence
acconpanyi ng noi se . Accordlng to still another
enbodi nent, a pred¢ I eL p|e ne data can be forned
wi thin the predetejft i ;? a2 ”Eg%ﬁ ﬁ%ldata form ng
operations being ef [ I%J 10 generating processing is

actual ly acti vat ep—wad
activating the toftl ammngﬁ&mmbens
been described th RfQHANTITﬁ&{

hi ndrance to

ot a3l e range of tine delay in
UT BUFFER, tfme—aBdahPenent s havi ng
Mli on cgn effectively prevent a

16&SFHAGEGi ~—S143
s pe—ST

Ji

DETECT 1ST RESERVATION WITHIN A ~—S144
PERIOD FROM sp TO GT BY REFERENCE TO
T.G. RHHSHR (PRIMARY) FOR CHi

S145

ANY

RESERVATION ?
S146 NO
S148

FORM TONE DATA FOR CHi FOR 2
A PERIOD FROM sp TO RESERV- FORM TONE DATA FOR
ATION TIME (ADVANCE sp) CHi FOR A PERIOD

<*i FROM sp TO GT

| CARRY OUT RESERVED CONTENT f\/5147s

JL i «NEXT-PLACE CH

s peST
S150
WRITE TONE DATA INTO OUTPUT BUFFER
ST‘—S]F+SI{F?—————-‘ S151
S153 _

S152

YES

DECOUPLE FORMATION-COMPLETED (~—S154
OUTPUT BUFFER & RESERVE I1S
REPRODUCTION IN OUTPUT DEVICE

CLEAR CUE CORRE. T0 ~~—S155
ASCERTAINED MULTIPLE
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15 tone generation in such applications where the tone generating
processing i s executed on an operating system having no full nultitl
function. -70- CLAI MS 1. A tone generating device conprising. a
supply unit for supplying performance information; 5 a storage unit
for storing therein a plurality of prograns including a tone generating

program and a general - purpose arithnetic processing unit capable of

concurrently executing
paral | el manner, [
of internal interrupt
period and activating thgto
based on the perfornance |i E?B#

SR in said storage unit

=g

in a
ng unit 10 causing a plurality
dted within a predetermned tine

g programto generate tone data

TSP} i ed by said supply unit

in response to the jnternal
generating program
adj usti ng nechani sn

Lntebrupt siagpals,

15 wherein the tone

bf a tone waveformto be

gener at ed,

gt iskaBNe S BASISIoF AMDINTOOREFC- B¥c@erssi ng unit i ncl udes an
PHED)

in

SET A TONE FORMING AREA, IN OUTPUT BUFFER, ~—S203

FOR QUANTITY SR STARTING AT TIME ST
v

SET THE NUMBER OF CH'S FOR TONE DATA FORMATION {~— S204
.
i «-1ST-PLACE CH ~— S205
s peST
DETECT 1ST RESERVATION WITHIN A ~— S206

PERIOD FROM sp TO GT BY REFERECE TO
T.G. REGISTER (PRIMARY) FOR CHi

S207

ANY
RESERVATION ?

S208 NO

FORM TONE DATA FOR CHi FOR A
PERIOD FROM sp TO RESERVATION
TIME (ADVANCE sp)

72
CARRY OUT RESERVED CONTENT

L

S209

i «NEXT-PLACE CH
sp<—ST

‘1$%§1()
FORM TONE DATA FOR

CHi FOR A PERIOD
FROM sp TO GT

PROCESSING
COMPLETED FOR ALL
CH'S ?

sS212
S215 WRITE TONE DATA
i—————-ST~ST+s§j+——-mmommTwwm
DECREASE TONE VOLUME
ENVELOPE LEVEL sS214 S213
sS216
REPRODUCTIO YES
FROM ONE BUFFER IS
COMPLETED ?
DECOUPLE FORMATION-COMPLETED |~—S217

OUTPUT BUFFER & RESERVE ITS

REPRODUCTION IN OUTPUT DEVICE

FIG. 21
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such a manner that a predeterm ned nunber of sanples of tone data can be
cunul atively formed within the predetermned tinme 20 period by tone data
form ng operations being effected only when the tone generating programis
actually activated by said arithnetic processing unit. 2. A tone
generating device as clained in claim1 wherein if the predeterm ned nunber
of sanples of tone data can not 28 FREME f or med, by the tqnegNgaRaMe or m ng
operations al one eff MWMMMMWWMt ual l'y

activated, for every t one generating channel that i s desi‘gnat ed by the

71 performa t| on for hionilgeggr ation, id hdj istl rtchanl sm
reduces a s nber of t nerat i ng ha sed for
formng the tone ata so,as to secure f.ormati on of the predeterm ned nunber
of sanples of tone data.i5 | 3. A tore generiatihg nethdd feor causing a
gener al - pur DABA i t Bnkt | ¢ procéld igldkiGito genefiﬁiesameldn t he basis

of perform FI0N or dat i pn by executing ong ofi a plurality ot priogr ams
whi ch are cw&&&tly execut abl e t_hereby, i saiid m§t ho:d ccrrprLS| ng

: ~ : T L me
0 10 2 30 4 5 6 70 8 9 100 110 120 msec

FI1G. 24
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10, a first step of generating interyggalizigteey udt REPOAGHMENTOSKEETI Yat e
tone generating processing a plurality of tines wthi req i me
peri od; a second step of designating an amGAMEL a t dn %ﬁ& § e
generated by the tone generating processing, 1&yvin sy hmﬁ géﬁ& fhet
predet er mi ned nunber of, sanples of tone data can be c | at i vely forndd
within the predeternined tinme period by tone data fornf ng operations be
effected only when the tone generating-@&dcessing is a '
response to the internal interrupt signals; and 20 athird step of

nse to the g gnal s .
Chterrupt S o anh 608, FRRACAGEREGE, HinbRR 08" fdhd 'Bad Gl ke
tone wavef oc,rampg%%gt_tgﬁrwﬁgé@ef tét&%&a 4ormihd Sﬁ%ﬂiﬂ%ﬁé g et hod

as claimed 1n erel e predeterm ne unber of sanpl es

of tone datgrfittdWlolly WHIEEhePtohBegbRBLatRhg HPESR Wi RGEIAlddtifalalypne
ef fected -72- only en the tone generating processing Is actually

activated, {o¥ivyVEEd BPNEngelrtéthal thesrchptssignal.to the

5 Figs. 5 and 6 are explanatory of examples of Measure 1,

according to which internal interrupt signals activating the

tone generator section are generated in a frame of 100

milliseconds at intervals of 10 milliseconds (hence, 10

internal interrupt signals are generated per frame) and one

10 tenth of the predetermined number of tone data is formed each

time the tone generator section is activated by the interrupt
signal.

In the example of Fig. 5, all tone data that failed to

be formed due to a failure of the internal interrupt signal

15 generation are belatedly formed in response to generation of

a next internal interrupt signal. Namely, in the illustrated

example, all tone data that failed to be formed due to a

failure of the internal interrupt signal generation at the

second interrupt or activating time (corresponding to 10th

20 millisecond point in the figure) are formed, in response to

the internal interrupt signal generated at the third

activating time (corresponding to 20th millisecond point),

together with tone data originally allocated to that point (as

denéted by "2" and "3" in the figure). Also, all tone data

25 that failed to be formed due to a failure of the internal

interrupt signal generation at the sixth and seventh

activating times (correspondiqg tq 50th and 60th millisecond

points) are formed, in respbnse to the internal interrupt



tone generating processing, said third step reduces a °pes+$+e—ﬁﬂﬁﬁetr?ﬁ;
the tone generating channels to be used f or formng 5| REPAGEBHAETOREETs o
as to secure formation of the predeterm ned nunber of Sanptes 0T tone datia.
5. A tone generating device conprising: a supply unit{ florasu %y@@g
pérformance information; 10 a first register forj, ? Fﬁ
generating processi ng based on the performance infornat} '
an unused tone generating channel, stofi3g-therein a pafjanmeter for
controlling the tone generating processing; a second regrster ftor, when new
t one gener at |ng processi ng based on other performance information is
assigned t&® ‘ane gener ati ng channel mhile said channel is not available

for the new tone i Nng_proces |n her e t f
gontrolling t he %Fip%eﬁg?S?an 885 g %Oa Pr°°e%§1§§1§§3ﬁ%f ni t
or selecti i,d f|r .before a predetern1ned tinme point to
start the ﬁgkqéﬁﬁa 'é%ags%cessing and selecting said segond regi ster
after the predet-@é{%&@ﬂ%”ﬁﬁﬁbf 4:2BdtdcteBR 3%”%%%'&& Welduels¥ such

generating tone t ohe generati ng channel by use of one of
sai d figl St AN LR ' @BbE Cof Eﬁé%&ﬁél%c&ébﬂ o¢l etk @A splidy 9 or a

't d

command 'input event on the keyboard 8 (excluding a main
routine ending command); and

Tgiggering factor 5: Detection of an inpuf event of a
main routine ending command on the keyboard 8.

10 After step EEf a determination is made at step S4 as to
whether or not any one of the above-mentioned triggering
factors has occurred. If answered in the negative at step
S4, the main routine reverts to step S3 in order to repeat
the operations of steps S3 and S4 until any one of the above-

15 mentioned triggering factors occurs. Once any one of,the
triggering factors has occurred, an affirmative determination
results at step S4 and the main routine moves on to step S5,
where a further determination is made as to which of the
triggering factors has occurred.

20 If triggering factor 1 (i.e., supply of a MIDI message
from the sequencer program) has occurred, predetermined MIDI
process 1is executed at step S6 and a predetermined visual
display of the received message, éuch as data indicating for
which of MiDI channels the MIDI message has been supplied, is

25 visually presented at step S7 on the panel screen. After
this, the main routine loops back to step S3 in order to
repeat the operations at and after step S3.

The MIDI process at step S6 includes note-on event and



- 73 - 6. A tone generating ‘met hod for causing a general - purpose
artthnmetic processing unit to execute tone generating . on t he
ba5|s of supplied performance information, said nethod

generatlng channel and storing a paraneter for contrql lfi
generating processing into a first register; a secong
tone generating 10 processing to the-tzne generati
channel is not available for the new tone generatingj processing,
paranmeter for controlling the neM/tone %eneratlng pr oCe rg—~-nt.g_a sgcond
register; a third step of sel ecti &g M8t regi ster before a 15
predetermned tine point to start the new t one generating processing and
sel ecting said second register after the predetermned tinme point; and a

fourth step, of Q£ g&ﬁ. égggﬁggt&e¢fcéhgohspfsgﬁaerat|ng channel by use

of one of said f Secon
a supply unit for supplying performance information:

5 ' a storage unit for storing therein a pluralitg of

programs including a tone generating program; and

a general-purpose arithmetic processing unit capable of

concurrently executing the programs stored in said storage

unit in a parallel manner, said arithmetic processing unit

10 causing a plurality of internal interrupt signals to be

‘generated within a predetermined time period and activating

the tone generating program to generateftone data based on the

performance information that is supplied by said supply unit

in response to the internal interrupt signals,
—

15 wherein the tone generating program activated by said

arithmetic processing unit includes an adjusting mechanism for

adjusting an amount of a tone waveform to be generated, in

such a manner that a predetermined number of samples of tone

data can be cumulatively formed within the predetermined time

20 period by tone data forming operations being effected only

when the tone generating program is actually activated by said

arithmetic processing unit.

2. A tone generating device as claimed in claim 1 wherein
if the predetermined number of samples of tone data can not .

25 be formed, by the tone data forming operations alone effected

only when the tone generating program is actually activated,

for every tone generating channel that is designated by the

A



20 . registers selected by said third step. 7. A tone

conprising: a supply unit for supplying performance info
plurality of output buffers for witing therein tone dat

out put buffers which has been reserved for subsequent to
r epr oducti on; - 74 - a storage unit for storing therei
progranms including a tone generating pr@gram and a generet=purpose
arithmetic processing unit capable of concurrently executlng the prograns
stored in said storage 5 unit in a paraIIeI manner , ,

pr ocessi ng REFHOTAE i ePne | g8ng

nereln sodecnilag oo ATl Wagele ) %age femqo
I mplement g gngadensy %t' grgﬁgresss,% EfndCone SFEFE HdtH od AP ¢ iUy

basi s perf nCe i hformani 6n t IS supp
supply uni te Y diP of the predetermined number of samples of tone data.

5 3. A tone generating method for causing a general-purpose

arithmetic processing unit to generate a tone on the basis of

performance information by executing one of a pluralify of
ST T—— =

programs which are concurrently executable thereby, said

method comprising:

10 a first step of generating internal interrupt signals to

activate tone generating processing a plurality of times

within a predetermined time period:

a second step of designating an amount of a tone

waveform to be generated by the tone generating processing«,=

15 in such a manner that a predetermined number oJf samples of

tone data can be cumulatively formed within the predetermined

time period by tone data forming operations being effected
only when the tone generating processing is actually activated

in response to the internal interrupt signals; and

20 a third step of executing the tone generating processing

in response to the internal interrupt signals, so as to form

tone data corresponding to the amount of a tone waveform

designated by said second step.

4, A tone generating method as claimed in claim 3 wherein
25 if the predetermined number of samples of tone data can not

be formed, by the tone data forming operations alone effected

N R




reproduction timng of said reproducing unit, a witifngehloN L ting
t he generated tone data into another of said out put Lel i
reserved, and a reserving 15 process for reservingfshid ot her
buffer, having the tone data witten therein, for sups qﬁéhgpk
réproduction by said reproducing unit, and mhereln qai|d generatlg%

reproduction timng 20 by a tinme cor¢éespondi ng tola
said output buffers, and two or nore of said output buf fers cambe
simul taneoul y reserved by said reservi ng rocess A tagne }neraﬂf

net hod for i n‘ﬁh%’r‘]geE ®al LROPpogENSFALLIRG; H’rﬁ?ﬂe(,ss&f%egsﬁ

e t t f f
ST ural i (PO R e i 2o, RARRER b SR h e iy L2
met hod conpy ({ong;%éla ra%inaipro%es%ﬁ %duggia(’;?ﬁif& e g%ﬁﬁ@h'saélypecific

r epr oduci ng a speC| one a plurality of output buffers
whi ch has QghhdL ¥ etk ftdnes YerRda®ihg ehanddlia £8PHaJHSEa0for forming

5 the tone data so as to secure formation of the predetermined

number of samples of tone data.

5. A~tone genérating device comprising:
'13 supply‘EEEE for supplying performance information:;

10 a first register for, when tone generating processing
based on the performance information is assigned to an unused
tone generating channel, storing therein a parameter for
controlling the tone generating processing:;

a second register for, when new tone generating

15 processing based on other performance information is assigned
to the tone'generating channel while said channel is not
available for the new tone generating processing, storing
therein a parameter for controlling the new tone generating
processing:

20 a selecting unit for selecting said first register

before a predetermined time point to start the new tone
generatingjprocessing and selecting said second register after
the predetermined time point; and
a tone generating EEEE for generating tone data in the
25 tone generating channel by use of one of said first and

second registers selected by said selecting unit.
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and 5 a generation step of, in response to in T,

signals generated at predetermined tinme intervals, g ta on

the basis of performance information that is supplief i
tppepRRf
?put b

ti-mng of said reproduction step, witing the generatied
anot her of said 10 output buffers than said specifiic lou uffe

t he reproduction step, wherein the generzi-on step regeives the psrfeormance
information at timng that precedes the reproduction t4nmg 15 by a tine

corresponding to a total capacity of said output huffers, and two or nore
of said outbput bhftene ganekatingumeihedufry cavsing|a genergl-purpose

et or mancATHIGIHAT OrPTICRAEII | (YBLE ofopUETBERFe: s PO WAL ET ei n
Lone 7% RS SN 09 A ok, SRR S Q00 o gt o
SUbseq”em:%éﬁ&aﬁgﬁﬁbdﬁﬁgﬁﬁﬁﬁﬁiﬁgi a storage unit for storing therein a
plurality of "prograns inc I ng tone generating program and
5 a first step of assigning tone generating processing to
an unused tone generating channel and storing a parameter for
controlling the tone genérating processing into a first
regist%r:
a second step of assigning new tone generating
10 processing to the tone generating channel while said channel
is not available for the new tone generating processing,
storing a parameter for controlling the new tone generating
processing into a second register;
a third step of selecting said first register before a
15 predetermined time point to start the new tone generating
processing and selécting said second register after the
predetefmined time point; and
a fourth step of generating tone data in the tone
generating channel by use of one of said first and second

20 registers selected by said third step.

7. A tone generating device comprising:

E.supply EEEE for supplying performance information:;

a plurality of output buffers for writing therein tone
data;

25 a reproducing unit for sequentially reproducing the tone

data from one of the output buffers which has been reserved

for subsequent tone data reproduction;

Ay



a general - purpose arithnetic processing unit capablre—of L6
concurrently executing the programs stored in said sﬁé?bﬁﬁffv’iENTtSHEETa
paral |l el manner, said arithnetic processing unit a tlvatlng The—tope

generating programin response to internal interruptis 2* ted at
me g r@ g?;gng

predeterm ned tine intervals 5 wherein saidjt ‘Pl ogr am
contai ns program code nechani sms to inplenment a tofe gereratt-Rg—prbcess for
generating tone data on the basis of the4perfornmange information that is

supplied by said supply unit prior to reproduction tirmng of~sard
reproducing unit, a witing 10 process for writing the oener-tad toq;'
data into anot he dftogage olnd &t g _there

ot 3 ._l-
reserving process for sai d other ut put _buf f h V|ng t he tone
data writt @FQgEang inglpding e 99t iEidE&EEﬁﬂﬁéiﬂéby sai d

reproduci ng unlt L ' J | bl e
of previously geRetatlng_ta Ho=-Llat-3 et Vﬁ & it LAt

out put buffg ISt O A 0in Sad a0 WtRifage
bUfferS to |\,|Jur\,\.:

5 unit in a parallel manner, said arithmetic processing unit

I_L

activating the tone generating program in response to internal

interrupt signals generated at predetermined time intervals,

wherein said tone generating program contains program

code mechanisms to implement a tone generating process for -

10 generating tone data on the basis of the performance

information that is supplied by said supply unit prior to

reproduction timing of said reproducing unit, a writing

process for writing the generated tone data into another of

said output buffers that is not reserved, and a reserving

15 process for reserving said other output buffer, having the

tone data written therein, for subsequent tone data

reproduction by said reproducing unit, and

wherein said generating process receives the performance

information at timing that precedes the reproduction timing

20 by a time corresponding to a total capacity of said output

buffers, and two or more .of said output buffers can be

'simultaneouly reserved by said reserving process.

8. A tone generating method for causing a general-purpose

25 arithmetic processing unit to generate a tone on the basis of

performance information by executing one of a plurality of

programs which are concurrently executable thereby, said

method comprising: -

T



at a time point when said reproducing unit has reproduced. all 20 KRe tone
data fromthe reserved output buffer, said generati nqupm@BSB\Td%cHntil nues
gener ation of tore—data that shoul d have been conpl et by--sarutt e |poi nt
and then new y st eratlon of other tone datajtp E B mﬁg?
pr'edeterm‘ma l@\ sai dtinme point. 25 10. A ?né Be atl

nmet hod f #ier al - purpose arithnetic progegsing.unitt gher at e
a tone on'the ba5|s of per f or mance i nforpsati on by ekecuting one of a-
plurality of - 77 - progranms which are concurrent

sai d nmethod conprising: a reproduction step of se uentlally regrodu0|ng
tone data storedineprofguctips dtemfof ;-7 OEP ipd ones

d ) OT - 1T [TeSUDUTTSC [l . ] L] ar=as
o i i Aol b o 00 i

of said re@ﬁgpuctlon
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a generation step of, in response to internal interrupt

signals generated at predetermined time intervals, generating

tone data on the basis of performance informatioh that is

supplied prior to reproduction timing of said reproduction
f—-

step, writing the genérated tone data into another of said

output buffers than said specific output buffer, and reserving

said other output buffer for subsequent tone data reproduction

by the reproduction step,

wherein the generation step receives the performance

information at timing that precedes the reproduction timing

by a time corresponding to a total capacity of said output

buffers, and two or more of said output buffers can be

simultaneously reserved.

9. A tone generating device comprising:

Elsupply_gaiz for supplying performance information;

a plurality of output buffers for writing therein tone
data;

a reproducing unit for sequentially reproducing the tone

data stored in one of the output buffers which has been

——

reserved for subsequent tone data reproduction:

a storage unit for storing therein a plurality of

programs including a tone generating program; and

a general-purpose arithmetic processing unit capable of



step, witing the generated tone data into another .DfREFQAUEMENTpﬁHEELffers

than said specific output buffer, and reserving sai fif er

for subseguent tone data reproduction by said repro

wher ei step i s capabl e of previousl dat a

for vvrjmh |mn @ nore of said output buffers, for
I tiNngs 0 ona Ok sald output buffers to be next neserved has not yet

been prepared at a tine point when said ygproducti on—step—ras—reprodlced

all 20 the tone data fromthe reserved output buffer, said generating
process discontinues generation of tone data that should have been

conpl et ed %@nﬂunranmhygexﬁcuahdgtan mgransrstorpd cint a4 dostanAge t one
data to be forned a pre etermned tine afLer sai d tige i nt. : A
|nfornat|on - ' 7 '
pl’ Ogl’ arTB | . ! :‘l! =1 -_. - . "- ) l-,i-ll: - -l:n a : L] a - - - aYasa

processing iHEérfﬁ%%ﬁgfbﬁgls generated at predetermined time 1ntervals§

5 wherein sald tone generating program contains program

R

code mechanisms to impiement a tone generating process for

generating tone data on the basis of the performance

information that is supplied by said supply unit prior to

reproduction timing of said reproducing unit, a writing

10 process for writing the generated tone data into another of

said output buffers that is not reserved, and a reserving

process for reserving said other output buffer, having the

tone data written therein, for subseguent tone data

reproduction by said reproducing unit, and

15 Wherein sald generating process is capable of previouslz_

generating tone data for writing into two or more of said

output buffers, and if tone data for writing into one of said

output buffers to be next reserved has not yet been prepared

.at a time point when said reproducing unit has rgg;oduced all

20 the tone data from the reserved output buffer, said generating

process discontinues generation of tone data that should have

been compieted by said time point and then newly starts

generation of other tone data to be formed a predetermined

time after said time point.

25 10. A tone generating method for causing a general-purpose

arithmetic processing unit to generate a tone on the basis of

performance information by executing one of a plurality of



concurrently executing the prograns stored in sai?_sl;u£g¥»+ﬁﬁﬁ"jﬂg"p
paral |l el manner, said arithnetic processing unit REﬂdﬁﬁMﬁﬂhﬁﬂﬂau lity of
internal interrupt signals to be generated within a-ﬁrederﬁrﬁrﬁgﬁltlne

peri od ' [ tone generating programitq gere n at a
based oﬁm“ﬂmulmm‘"mﬁ nformation that is supplj gd Z? égﬁggésgu)pp uni t

I n resportsectoltthe internal interrupt signals; 10 L —Wher-e—saild tone
generating program contai ns program cadggrechani sng to i npl enent a tlone
generating process for generating tone data on thetbast+s—of~TNe performance
information that is supplied by said supply unit prior to reproductiqn
tining of mm% owbithg ars t coacwrnentdyicexepubabie henghy i nFade
generated tone data 1nto another of said output buffers that has not been
reserved, &efhed coBPRifINdocess for reserving said other output buffer

having the tone data witten therein, for subsequent tone pr, ction
by said reprodu@nfeREpfuckignostep °£ \ i T - t%qllé_
[ating §eng, dg

process i s capabl e of .previous] e
or nore ould hﬁg?’égg, S-St 2.4

of tong datg ou sl ¥n OHARY 3abh© Alselydd™Beof ddudhieiit Otosdl ddrane
generatin . ata

to be gener duction; and

Q.

a generation step of, in response.to internal interrupt

signals generated at predetermined time intervals, generating

tone data on the basis of performance information that is

10 supplied prior to reproduction timing of said reproduction

. step, writing the generated tone data into another of said

output buffers than said specific output buffer, and reserving

said other output buffer for subsequent tone data reproduction

by said reproduction step,
- _

15 wherein said generation step is capable of previouslzm

generating tone data for writing into two or more of said

output buffers, and if tone data for writing into one of said

output buffers to be next reserved has not yet been prepared

at a time point when said reproduction step has reproduced all

20 the tone data from the reserved output buffer, said generating

process discontinues generation of tone data that should have

been completed by said time point and then newly starts

generation of other tone data to be formed a predetermined

time after said time point.

25 11. A tone generating device comprising:

a supply unit for supplying performance information;

a storage unit for - storing therein a plurality of



12. A tone generating device as clainmed in claim1l wherein on the basis
of - the specific nunmber of previously generatable - 7&EH%§@M?Nf%ﬂ@tT

data, said tone generating praﬁmﬂmmnu he t ot

of- tone data to be generated ,“ﬂrﬁi . exceedli hg a predetern
t. 13. A tone generati‘hg 'methodl for causi fig aZjbrMRatﬂ%uroo
arithnmetic processing unit to generate a tone on the bagis of perfornp

upper lim

information by executing one of a plucaygty of prografs which are
concurrently executabl e thereby, said nmethod conprisidg. _a reproducti-o

step of sequentially reproducing tone 10

a pluralit
repr oduct i

r epr oduct i

I
n

n

bne
£S
ed
e 5
Ce

data stored in a specific one of

grogromsEmncbuﬂingsaWMbnb generad&ingd programbsequent tone data
on; and a generatlton step of, In response to rnternal interrupt
signal s generatédganegaédpu@pnsnegrithmetﬂpepvapsﬁsgegeﬁaitn%angbletoﬁe
data on the basis of performance information that 1s supplied prior to

SANERETARLAY efecuting e Jpregrpms \stored im saikd sEPEAIEoNe

data into

anot her of said
un9£ ﬁ a parallel manner, said arithmetic processing unit
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causing a plurality of internal interrupt signals to be

generated within a predetermined time period and activating

the'tone generating program to generate tone data based on the

L ———¢

performance information that is supplied by said supply unit
k] .

in response to the internal interrupt signals:

wherein said tone generating program contains program

code mechanisms to implement a tone generating process for

generating tone data on the basis of the performance

information that is supplied by said supply unit prior to

reproduction timing of said reproducing uniﬁ, a writing

process for writing the generated tone data into another of

said output buffers that has not been reserved, and a

reserving process for reserving said other output buffer,

———

having the tone data written therein, for subsequent tone data

reproduction by said reproducing unit, and

wherein said tone generating process is capable of

previously generating tone data for writing into two or more

output buffers,” and on the basis of a specific number of

samples of tone data previously generatable at a time of

activation of said tone generating process, determines a total

number of samples of tone data to be generated.

ig; A tone generating device as claimed in claim 11 wherein

on the basis of the specific number of previously generatable




out put buffers than said specific output buffer, and reservi ' r
out put buffer for subsequent tone data reproduction 2@ B‘F—
reproduction step, wherein said i s capja a
generating tone data for witi nl;ﬂﬂmm“mmmlmllle of skhild out
and on the basis of a specific ndnbér bf "arfpl &s of tohe dﬂt"a
generatable at a tine of 25 activation of said tone ¢en

determ nes a total number of sanples of More data to beg
- 14 A tone generating nethod as clained in cIa|m13 whe

data, said
data to be

genej af ed pper
limt. 15. An-' he _ genc &’
instructio caus o ?::rﬂfx% o a
gener al - pu&%‘-@gs-hoi i 4 e dn&? &é‘@e& n| t ‘?%&%enera Q&)duégnlé gﬁﬁ%ﬁg basi s
of performance information by 10 executing one a plurality of

prograns which are
13. A tone generating method for causing a general-purpose

5 ar::.thmetic process1ng unit to generate a tone on the basis of

performance information by executing one of a plurality of

programs which are concurrently executable thereby, said

method comprising:

‘a reproduction step of sequentially reproducing tone

10 data stored in a specific one of a pluralitL of output

bufférs which is reserved for subsequent tone data

T———

reprodﬂé’tion’: and

a generation step of, in response to internal interrupt

signals generated at predetermined time intervals, generating

15 tone data on the basis of performance information that is

supplied prior to reproduction timing of the reproduction

step, writing the generated tone data into another of said

output buffers than said specific output buffer, and reserving

said other output buffer for subsequent tone data reproduction

20 by said reproduction step,

wherein said generation step is capable of previously

generating tone data for writing into two or more of said

output buffers, and on the basis of a specific number of

samples of tone data previously generatable at a time of

25 activation of said tone generating process, determines a total

number of samples of tone data to be generated.




concurrently executabl e thereby, said nethod conprising.. a.first—stepm of

geherating internal interrupt signals to activate tQngpm@QERBNT SyiEET
processing a plurality of times within a predeterni'e?—kkﬁe-perrﬁ'; 1

a second step of designating an anount of a tone wayeflormt @ ner gt ed
by the tone generating processing, in such a nmanner trat&&r Mr | hed
nunber of sanples of tone data can be cunul ativel y florined wi thip—h

predetermned tine period by tone data-f8y m ng operdti ons being effectted 20
only when the tone generating processing is actual |l ylastiwatedT1TTESpPONSE

to the internal interrupt signals; and a third step of executjng.the tone
gener at i ng_lfocedsitpge genespsisg methad Pﬁtﬁlﬁﬁmegﬁ%rqwmﬁgfg}%re% as

1ao form t3%%akcorrez‘%oggigngpggi%?_g 1611% a;t: g% 5;%‘2:{& ﬁve&ceonrﬂmait?’able
esignate asds, o] =81 ]

recording egium contalaing £ 0F0UB.0h AR ANSSt 8, CALIE ALY MG Ne
to inplenme SRS o e —e FE-——B-0e€99+-A(
unit to execit s tOANBLILNGEaL0MP185068SthAE R thNePBY Yot ivWithin

5 a range not exceeding a predetermined upper limiF;L

15. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method

for causing a general-purpose arithmetic processing unit to

generate a tone on the basis of performance information EEL

10 executing one of a pluralitg of programs which are

concurrently executable thereby, said method comprising:

a first step of generating internal interrupt signals to

activate tone generating processing a plurality of times

within a predetermined time period:

15 a second step of designating an amount of a tone

waveform to be generated by the tone generating processing,

in such a manner that a predetermined number of samples of

tone data can be cumulatively formed within the predetermined

time period'by tone data forming operations being effected
20 only when the tone generating processing is actually activated

in response to the internal interrupt signals; and

a third step of executing the tone generating processing

in response to the internal interrupt signals, so as to form

tone data.corresgonding to the amount of a tone waveform

25 designated by said second §tep.
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5 per f ormance inforﬁafken-4yﬂ4L1E£iEELconprising'

assigning tone generati rocessing to an unused t n?E b%&%@ﬁﬁﬁg”@iarne
and storing a par amaterlrﬁ i

afirst register;

generating processing to the ton® generating channel Il e said charfngl

3
-y

IR s “ore somek s ucess i

into

i's

not available for the new tone generating processing, storing a parareter

for controlling the new tone generating 8lr ecessing i
athird step of selecting said first register before a

G'F?d;nt to st a&;]te{arr‘]‘%t nev% one gﬁneratl wig_fﬂesm q_,gw&)nd

15

predetern1ned tlne

selectlng

ter;

use of oﬁtee e””f?ic%”%n%")é‘i%ﬂﬁiéaﬁa@&“@ G LS T L

17.

|nstruct|0ns

{“’é&?&ﬁ@'& ﬁgfﬁinguggg Egﬂhﬁb@iegpﬁggeggﬁn%funlt to

0 cause S&I enent a catrsTmg a

general - pur & | {508t § én@f&ﬁfﬁ%yﬁﬂo&@ééiﬁ@ dR theeh@kdlse oF gifp1aed he

basi s of pertormance 1 nformation

executing one of a plurality of

programs W& c¥nfars@d) CLI £ Githa Vi & £ Csh Bl | 1fe € Hed edmpBEs Inget hod conpri si ng:
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a first step of assigning tone generating processing to

an unused tone generating channel and storing a parameter for

controlling the tone generating processing into a first

register:
a second step of assigning new tone generating
processing to the tone generating chahhel while said channel

is not available for the new tone - generating processing,

storing a parameter for controlling the new tone generating
processing into a second register;
a third step of selecting said first register before a

predetermined time point to start the new tone generating

processing and selecting said second registef after the
predetermined time point; and

a fourth, step of generating tone data in the tone
generating channel by use of one of said first and second

registers selected by said third step.

17. A machine readable recording medium containing a group

of instructions to cause said machine to implement a method
for causing a general-purpose arithmetic processing unit to

generate a tone on the basis of performance information EX

executing one of a plurality of programs which are

concurrently executable thereby, said method comprising:




- 82 - a reproduction step of sequentially reproduging.tone data froma

specific one of a plurality of output buffers whic m@@AQ@ﬁ%ﬂfSﬁEFde for
subsequent tone data reproduction; and 5 a peperati~oh-si off, in

response to internal interrupt signals generated a predetern1ned tijme

i nterval s,
that is supplied prior ‘to reproduction timng of s
witing the generated tone data into angger of s
than said specific output buffer, and reserving s

I

br en8BRi ®WP9r matfi on

d reproduction dtep,
d 10 out put buf

—h

generating tone data on the basis of pe

for subsequent tone data reproductlon by the reproduction step, wherein the
generation step aereproduchdoperstepmate sedquantialoy areprafingingartone
precedes the reproduction timng y a tlne corresoondlno tQ a total

capaci ty ofdasfmtfm BHRRSHS can

cont ai ni ng
a met hod
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a generation step of, in response to internal interrupt

signals generated at predetermined time intervals, generating

tone data on the basis of performance information that is

supplied prior to reproduction timing of said reproduction
e

step, writing the generated tone data into another of said

output buffers than said specific output buffer, and reserving

said other output buffer for subsequent tone data reproduction

ﬁy the reproduction step,

wherein the generation step receives theggerformance

information at timing that precedes the reproduction timing

by a time corresponding to a total capacity of said output

buffers, and two or more of said output buffers can be

simultaneously reserved.

18. A machine readable recording medium containing a group

of instructions to cause said machine to implement a method

for causihg a general-purpose arithmetic processing unit to

generate a tone on the basis of performance information 22

executing one of a plurality of programs which are

concurrently éxecutable thereby, said method comprising:

a reproduction step of sequential;g reproducing tone

data stored in a specific one of a plurality of output

buffers which has been reserved for subsequent tone data

reproduction; and

AR
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R PL%‘E-' ﬁhf‘gl: ey OpPe
t hod conpri s} np:
g|t @2 APR 399t of ed

as been reserjpyed

for causing a general -purpose an uni
on. the basis of performance informati on by executing on
prograns which are concurrently mn , sai
25 a reproduction step of Bﬁwnm““ roduci
in a specific one of a plurality of coutput buffers whic
for subsequent tone data reproduction; and - 83 - a generation step ofj
in response to internal interrupt signalgs generated at termned ti
intervals, generating tone data on the basis of performance infornation

that is supplled prior to reproductlon timng of said reproduction 5
step, witing twdﬁa Iht?ﬁ%%rt%fifkt‘—nw it

than said specific output buffer nd re d oth out put_ huf f er
for subseqighalsenens el at prefgterpine L dgfm%aﬂ Sivals Qldaaidd
said genergtion st S o pab) e of reV|o 0 | t d for
writing int r{%aﬁfg the 4 cﬁ"ag%j ‘Sﬁ?'%gigﬁagﬂa Qq;l_:aaﬂfli £

writing 'ntéhﬁﬂﬁé)& ﬁfﬁ.gr to reproduction timing of said reproduction

5 step, writing the generated tone data into another of said

output buffers than said specific output buffer, and reserving

said other output buffer for subsequent tone data reproduction

by said reproduction step,

wherein said generation step is capable of previous]i_

10 generating tone data for writing into two or more of said

output buffers, and if tone data for writing into one of said

output buffers to be next reserved has not yet been prepared

at a time point when said reproduction step has reproduced all

the tone data from the reserved output buffer, said generating

15 process discontinues generation of tone data that should have

been combleted by said time point and then newly starts

generation of other tone data to be formed a ﬁpredetermined

time after said time point.

19. A machine readable recording medium containing a group
20 of instructions to cause said machine to implement a method
for causing a general-purpose arithmetic processing unit to

generate a tone on the basis of performance information Ez_

executing one of a plurality of programs which are

concurrently executable thereby, said method comprising:

25 a reproduction step of sequentially reproducing tone

data stored in a sgecific one of a plurality of output

buffers which 1s reserved for subsequent tone data



out put buffers to be next reserved has not yet been prepared at a tine
poj nt when said reproduction step has reproduced all the tone data fromthe
reserved out put buffer, said generating 15 process ‘di sconti nues
generation of tone data that should have been conpleted by said tinme point
and then newWy starts generation of other tone data to be forned a
predetermned tine after said tinme point. 19. A machi ne readabl e
recordi ng medi um cont ai ning a group 20- 8&f-instructions to cause said
machine to inplenment a nmethod for causing a general -purpose arithmetic
processi ng unlt to nerate a tone on the basis of -performance information
by execut i KgPxpiuckiony and rajity of prograns which are concurrently

execut abl e t herepy t hod conpri e B i ep
of sequential | y iﬁfﬂﬁ&iﬁ_ﬁﬁa i %%P‘PIAS% tsopgig_hﬁ"gél Px?g égflqdiﬁesié%sﬁ

plural ity ofs gt pllgdiil:ldica Y lrife FHPSpGueR! soRerdeidg
84 - reprock SFoV2 M= PP S o e i

interrupt siggal 288" Bk abaEiﬁdQerrﬂéff‘&‘rrﬁéﬁ@el Bhebyahe1o8enaldt i 19

5  supplied prior to reproduction tlming of the reproduction

step, writing the generated tone data into another of said

output buffers than said specific'output buffer, and reserving

said other output buffer for subsequent tone data reproduction

by said reproduction step,

10 wherein said generation step 1s capable of previously

generating tone data for writing into two or more of said

output buffersL and on the basis of a specific number of

samples of tone data previously generatable at a time of

activation of said tone generating process, determines a total

15 number of samples of tone data to be generated.
L — —
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tone data on the basis of performance information that is 5 suppl i ed
prior to reproduction timng of the réeproducti.on step, witing the
generated tone data into another of said output buffers than said specific
out put buffer, and reserving said other output buffer for subsequent tone
dat a reproductlon by said reproduction step, 10 wherein said

generation step is capable of previousl 85enerating tone data for witing
into two or nore of said output buffers, and on the basis of a specific
nunber of sanples of tone data:previously generatable at a tinme of
activation of said tone generating® , determnes a total 15 nunber

of sanpl es of tone data to be generated. 1111111 11111 111111111111111
w Tone Geégratlng Metho&'an&'g' l l

Tone generating processing is activated plural times,
i.e., at a plurality of activating times, within each
5 predetermlned time period. Thus, even when the tone
generating process1ng fails to be activated at some of the
activating times, a predetermined number of samples of. tone
data can be belatedly formed within the predetermined time
period, by tone data forming operations being effected only
10 at the other activating times when the tone generating
processing is actually activated. If the predetermined ﬁumber
of samples of tone data can not be formed, just by the tone
data forming operatibné effected only when the tone generating
processing is actually activated; for every tone generating
15 channel assigned to the processing, the number of the channels
to be used for forming the tone data is reduced so as to
secure formation of the predetermined number of samples of

tone data.

(Figure 5)
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