10 Septenmber 2003 1 TI TLE OF THE | NVENTI ON MJSI CAL TONE- GENERATI NG METHOD
AND MUSI CAL TONE- GENERATI NG APPARATUS BACKGROUND OF THE | NVENTION 5 Fiel d
of the Invention This invention relates to a musical t@eerteyehaseedd ng

met hod whi ch generates nusical tone waveforns by executing a nusical
tone-generating program by neans of a programmabl e processing unit such 10
as a CPU or a DSP (Digital Signal Processor), and also relates to a

musi cal tone-generating apparatus which generates nusical tone waveforns
by executing a mnmusical tone-generating program Prior Art 15 In a
conventional tone generator or a conventional nusical tone-generating
program whi ch generates nusical tone waveforns, through conputation, the
sanpling frequency, the maxi mum nunber ofinusical tones that can be
generated at the sane tinme, andrifig 2@ ARt eRtSyPiopr ocessi ng of each

nmusi cal tone are set beforehand, irTrespective O e types of nusica

tones to be generated and conditions under which other processings such
as background processi ng HUeIexe CNEd-GENERRMNENG MEVEHUD gl t one gener at or
and the 25 nusical tone- g@ﬁ%&@htngogﬁ %ﬁF arhigsfol 1 owing

i nconveni ences have been encountere (§%§Eﬂ S|ca one- generatlng
operations enployed are fixed, and therefore in sone cases, processings
which are not necessary are GREEGROUND aDEl THE QNYENTION

5 Field of the Invention _

This invention relates to a musical tone-
generating method which generates musical tone
waveforms by executing a musical tone—generating
program by means of a programmable processing unit such

10 as a CPU or a DSP (Digital Signal Processor), and also
relates to a musical tone-generating apparatus which
generates musical tone waveforms by executing a musical

tone—generating program.

Prior Art

15 In a conventional tone generator or a
conventional musical tone-generating program which
generates musical tone waveforms, through computation,
the sampling frequency, the maximum number of musical
tones that can be generated at the same time, and the

20 contents of processing of each musical tone are set
beforehand, irrespective of the types of musical tones
to be generated and conditions under which other
processings such as background processing are executed.

In the conventional tone generator and the

25 musical tone—generating program, however, the following
inconveniences have been encountered:

(1) Musical tone-generating operations employed
are fixed, and therefore in some cases, processings
which are not necessary are executed, and in other |

30 cases, essential processings are not executed.

For example, in a tone generatcr or a musical



30 cases, essential processings are not executed. For exanple, in a tone
generator or a musical 10 Septenber 2003 2 tone-generati program whi ch
can generate nusical tones sinultaneously through a pjolﬁqq(i:’qrmtgeraf)oq one-
generating channels, nusical tones are generated through each

t one-generating channel independently of 5 those generated through the

ot her channels, and the nunber of waveform sanples to be generated per
unit time is constant for all the tone-generating channels. Therefore,

al t hough mnusi cal tones generated through each channel have different
characteristics fromthose 10 generated through the other channels and have
different qualities required according to the kinds of the nmnusical tones,
t he sane nunber of waveform sanples are generated for all the

tone-generating channels. As a result, the conventional tone generator or

the nusical 15 éoq{éeggﬂe%euggp%gg&ﬁgwg&%f BL By dRSLAgResat i ons for

generating musical tones genérat e nusi cal tones with
frequency conpdiiftSs SGPELtanePyHd fqyshcs Béﬂﬁal%t%BOf WPPR~a high
quality, the Opﬁﬁﬁ&bﬁﬁn&ObhgﬁﬂeléuIMK}ﬁB&lWHShéalaféﬂgkﬂﬂ&ﬂtédrﬁB has to be

carried out at s SAPLLAG JLEMSIR Chafine it Lihdhd-cdE guatper of

sanpl es) enera ncy co onents only
inaléw frequeﬁ’&ﬁﬁe’oﬁr‘?@erﬁileéuﬁlf@@ t@%é’i"—h@ﬁrﬂ‘%?ﬂﬁer &idokbPor

generating 25 gugcialot @aocvave! il ta bewgsaspdiay gorequancy (i .

with a small nutnber of san’el eg)fo Fua{ltlhet 3QmE_ gklgllré:t& %%nng%l re a
| ar ge nunber of Tusi'¢alcsnés -9

Therefore, although musical tones generated through
each channel have different characteristics from those

10 generated through the other channels and have different
qualities required according to the kinds of the
musical tones, the same number of waveform samples are
generated for all the tone-generating channels. As a
result, the conventional tone generator or the musical

15 tone-generating program performs wasteful operations
for generating musical tones.

- For example, to generate musical tones with

frequency components over a broad frequency band, i.e.
with a high quality, the operation for generating

20 musical tone waveforms has to be carried out at a high
sampling frequency (i.e. with a large number of
samples), while to generate musical tones with
frequency components only in a low fregquency band, it
suffices to perform the operation for generating

25 musical tone waveforms at a low sampling fregquency
(i.e. with a small number of sampleé). Further, some
music pieces require a large number of musical tones to
be generated but with a low quality when they are
performed, and other music pieces require only a small

30 number of musical tones to be generated but with a high

' guality. Further, a tone-generating channel which
generates musical tones for an outstanding part of a
music piece to be performed, such as a leading part, is
required to generate musical tones with a high quality,

35 while a tone-generating channel which generates musical



be-generated but with a low quality when they are perfornmed, and ot her
nmusi ¢ pieces require only a small 30 nunber of nusical tones to be
generated but with a high quality. Further, a tone-geHtPertembereidhnel

whi ch generates nusical tones for an outstanding part of a nusic piece to
be perfornmed, such as a leading part, is required to generate nusical
tones with a high quality, 35 while a tone-generating channel which
generates nusical 10 Septenber 2003 5 3 tones for an inconspicuous part
such as a backing part, is allowed to generate nusical tones with a
degraded quality, giving alnost no difference in sound quality to a

| istener. Further, sone types of nusical tones require conversion of the
pitch of nusical tone waveforns thereof when they are generated, while

ot her types of nusical tones do not requBre such conversion of the pitch.

Some types of muSALAlEdr0RA8S 1heaNSS foumiliali-08ud By MBankiek gArkfO (Low
Frequency CBciIIatQ%%j %¢ile ot her H% es do, not re ire(%%F sagf. Some
types of  musi G OES SGUPPBTEHE THTGA pFSRESsINE By GRERESS! a digital
filter, while otuderitiogistingeglmost tie dififierengadisopeurnd/ ppxidtynusi cal
tones require iypagtingareffects thereto, while others do not require the
sane. The conventional tone generator, however, has fixed circuits, and
therefore it is-diffi dHTES adi™a WRFS FofBSICRy bPPOTi I° R Fspensabl e
processi ng to ocohivearsidrhefothgi patch i odieduprieads sbngsyawhiems equi r es

addition 20 of @h&f@6¥iéﬁ@hEthkrQyétgenerated, while other types of

musical tones do not require such conversion of the’
pitch. Some types of musical tones require modulation

10 by means of an LFO {Low Frequency Oscilliator), while
other types do not require the same. Some types of
musical tones require tone color processing by means of
a digital filter, while others do not require the same,
and some types of musical tones require imparting

5 effects thereto, while others do not require the same.
The conventicnal tone generator, however, has fixed
circuits, and therefore it is.difficult to add a new
processing or omit a dispensable processing to or from
the original fixed processings, which requires addition

20 of a complicated circuit.

{2) In a tone generator which is realized by
software (software tone generator), the amount of
operation by a CPU thereof dynamically changes
depending upon the number of tone—generating channels

25 which are currently under operation for generating
musical tones and the contents of musical tone-
generating operations.performed by the tone generator.
When a software tone generator program (hereinafter
referred to as "the software tone generator™) is

30 implemented by a general-purpose computer in parallel
with other application programs (hereinafter referred
to as "the other applications"), the operation of the
other applications can sometimes be unstable due to a
change in the amount of operation by the software tone

35 generator ,particularly an increase in the amount of



(2) In a tone-generator which is realized by software (software tone
generator), the anount of operation by a CPU thereof dynam cally changes
dependi ng upon the nunber of tone-generating channel s P5Seftteraber2pe3
currently under operation for generating nmnusical tones and the contents of
musi cal tone- generating operations.perforned by the tone generator. Wen
a software tone generator program (hereinafter referred to as "the
software tone generator”) is 30 inplenmented by a general - purpose conputer
in parallel wth other application prograns (hereinafter referred to as
"the other applications”), the operation of the other applications can
soneti nes be unstable due to a change in the anpbunt of operation by the
software tone 35 generator particularly an increase in the anount of 10
Sept enber 2003 4 5 10 15 operation. (3) 4The anount of operation that can

be allotted tog aeagpéﬁmare tone generator to be processed is |imted not
only by the nu types of the t her atlons xec
paral |l el but also by ?%E %%ﬁéﬁﬁﬁgF' 85%5??@9 ecﬁpo 85@#% Uﬂ$t whi ch

carries out th@oopéeasotwwaﬁﬁrHQQQImenan@unr o b&npmqmﬁS@ndahbotted i's thus

severely ||”‘tQQm§Bgdah§9 oﬁﬁ@lﬂp%%ﬁthgﬂbéPraﬁ@QQkﬁ%!%& P&l g@heloOnes is
performed in a unversatij e manner, even yser,wants to

gener abe an |n@?@gégatﬁﬁﬂ%é?x?ﬁHQﬁﬁ%ﬁ@aPafﬁiﬁ% Eﬁuq|ﬁ}80

processing capacity of the processing unift which
carries out the operation. Since the amount of
- operation allotted is thus severely limited and also
the operation for generating musical tones is performed
10 in a fixed or unversatile manner, even if a user wants

to generate an increased number of musical tones at the
same time but with a degraded quality, or to generate a
smaller number of musical tones but with a high

guality, he cannot choose either of the two cperation
15 modes. '

SUMMARY OF THE INVENTION

It is a first object of the invention to provide
a musical tone-generating method and a musical tone-
generating apparatus which are capable of generating

20 - musical tones in either of a mode in which an increased
number of musical tones are generated or a mode in
which musical tones are generated with a high quality,
depending on the user's choice, i.e. the purpose of use
of musical tone generation.

25 _ It is a second object of the invention to
provide a musical tone-generating method and a musical
tone—-generating apparatus which are capable of changing
the contents of operation for generating musical tone
waveforﬁs, depending on the contents of musical tones

30 to be generated and applications executed in parallel
with the operation for generating musical tone

waveforms.

To attain the first object, according to a first



sanme time but with a degraded quality, or to generate a smaller nunber of

musi cal tones but with a high quality, he cannot choose either of the two
operation nmpdes. SUMVARY OF THE | NVENTI ON 20 25 30 |t 1@ Septempersd003bj ect of
the invention to provide a nusical tone-generating nethod and a nusical
tone- generating apparatus which are capable of generating nmnusical tones
in either of a node in which an increased nunber of nusical tones are
generated or a node in which nusical tones are generated with a high
quality, depending on the user's choice, i.e. the purpose of use of
nmusical tone generation. It is a second object of the invention to provide
a nusical tone-generating nethod and a nusical tone-generating apparatus
whi ch are capabl e of changing the contents of operation for generating
nmusi cal tone waveforns, depending on thescontents of nusical tones to be

generated and %&@Ebﬁabf%‘ﬁe eﬁ%ﬂtﬁ%nl neRatal bed piddudde apenaki op for
generating nusical tone o attain the first, object, according

to a first 10 §@SF§ﬁBéPgZTEﬁ%??laﬁﬂﬂﬁéﬁ SPmPﬁéS+W@éﬁf?%ﬁf°ﬁ?h§PBeare provi ded
a method of garreeabthggneseradf tgEmesatdogpmisicgl aanesd c dlastdnen

generating st epuaficgenepati o B Yar 2085 geRESEC n BizhCdl tone
wavef orm sanpl es gener at ed throu%-
5 plurality of channels, a performance information-

, inputting step of inputting performance information, a
control information-inputting step of inputting control
information depending on an amount of operation of an
operating element operated by a user, and a musical

10 tone waveform sample—generating step of generating
musical tone waveform samples for each of the channels
corresponding to the performance information inﬁut
within a predetermined time period, in a number
corresponding to the input control information,

15 whenever the predetermined time period elapses, the

. musical tone-generating step generating musical tones,
based on the generated musical tone waveform samples,
and an apparatus for generating musical tones, _
comprising musical tone-generating means for generating

20 musical tones, based on musical tone waveform samples
generated through a plurality of channels, performance
information-inputting means for inputting performance
information, control information-inputting means for
inputting control information depending on an amount of

25 calculation of an operating element operated by a user,
and musical tone waveform sample-generating means for
generating musical tone waveform samples for each of
the channels corresponding to the performance
information input within a predetermined time period,

30 in a number éorresponding to the input control
information, whenever the predetermined time period
elapses, the musical tone-generating means generating
musical tones, based on the generated musical tone

waveform samples.

35 As a result, musical tones can be generated in



5 plurality of channels, a performance information- inputting step of

i nputting performance information, a control information-inputting step of

i nputting control

i nformati on dependi ng on an anount WFSenRmbari28ed of an

operating el enent operated by a user, and a nusical 10 tone waveform
sanpl e-generating step of generating nusical tone waveform sanples for
each of the channels corresponding to the perfornmance information input

within a predeternmined time period, in a nunber corresponding to the input

control information,

15 whenever the predetermined tinme period el apses,
, musi cal tone-generating step generating nusical tones, based on the

t he

gener ated nusi cal tone waveform sanples, and an apparatus for generating

conpri sing mnusi cal tone-generating neans for generating 20
based on nusical tone wavef orm sanples generated through a
plurality of clhanneksof periciemdncehithf af nbidsiedputihbag e¢eans for

| nput ting. per f Lugace -LALOTIAL Qe CPDLTOL | HRKITRLT ghz LARKLLI iy Means f or
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rmat1 on depen
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sanpl e- gener at ikhg RaARSsT&oig@enerati ng nusi ca
each o t he channel s, correspondi ng.to _the,perfaornmance i nformtion input
wi thinTa predeterninegot?ﬁ%ﬁgﬁgﬁﬁhglriﬁ ?%3§9 g LO i

i nput control

t
siesoodracPrent afhdieydnvehbipnedetarariared prHedpers od

HUﬁﬁ%%“b&PPesponding to the

I'Ng on an anoun cal culati on of

t one wavef orm sanpl es for

el apses, the migicgakl HENGePENRS dld RAsTRANS: H8LES AdnpdisiuUgi gal tones, based

on the generated nusical tone veform sanples. 35 . As a result, nusical
oP
tones can be ggﬁgﬁgﬁédtpﬂe-genera ing step of generating mu
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35

sica
tones, based on musical tone waveform samples generated
ﬁhrough a plurality of channels, a performance
information—inputting step of inputting performance
information for a plurality of parts, a control
information-setting step of setting control information
for each of the parts, and a musical tone wayeform
sample—generating step of assigning the input
performance information to at least part of the
channels, and generating musical tone waveform samples
through the at least part of the channels, in response
to the input performance information, at a time density
corresponding to the set control information for each
of the parts corresponding to the input performance
information, the musical tone-generating step
generating musical tdnes, based on the generated
musical tone waveform samples, and an apparatus for
generating musical tones, comprising musical tone-
generating means for generating musical tones, based on
musical tone waveform samples generated through a
plurality of channels, performance information-
inputting means for inputting performance information
for a plurality of parts, control information-setting
means for setting control information for each of the
parts, and musical tone waveform sample~generating
means for assigning the input performance information
to at least part of the channels, and for generating

musical tone waveform samples through the at least part



10. Septenber 2003 5 6 either of a node in which an increased nunber of
nmusi cal tones are generated or a node in V\/m ch nusical tones are generated
with a high quality, depending on the user's choice. P®eptanzien2@qe fir st
obj ect, according to a second aspect of the invention, there are provided
a nethod of generating nusical tones, conprising a nusical
tone-generating step of generating nusical tones, based on nusical tone
wavef orm sanpl es generated 10 through a plurality of channels, a
performance information-inputting step of inputting performance
information for a plurality of parts,. a control information-setting step
of setting control information for each of the parts, and a nusical tone
wavef orm 15 sanpl e-generating step of assigning the input performance
information to at |least part of the charnels, and generating nusical tone
wavef or m sanpl e thérchmgindlsg anh keasdtnpario afhd Hapohapaefermdrva esponse

to the input PeREQLARNES, | M0 MihNaeAl: &y (4RGN, 200 COIL aRONd] NG O

the set contro or mat 1 ‘on each e parts correéespon to the
i nput per f or maREBLTPh{ BRHRENASHOM RETnB3FR AT tidife PgEver sPFﬁ@S%?r&,ﬁgl

generating nusikeakhtofesyt hpsadroantbeigeaatal oth, nuel pakitenecovaref orm

Sarpl o5, and apeARRRLAMSAN. 23.90060AL! N0, IUS) Gl LoNGS oo GOIRIUS] NS

nmusi cal tone- ener a neans ene nmusi ca tones ase on
nmusi cal tone \A@\?@ﬁéﬁﬁ?@dﬁﬁﬁ%@lgéﬁ@ﬁaﬂéﬁe{fwfbu@ﬁ“mlespl urality of channels,
performance infornmati pg-a result, a part having a larger listening

effect can be generated with a high quality, to thereby
enable making the most of the limited processing
10 capacity of the musical tone—-generating apparatus.

To attain the first object, according to a third
aspect of the invention, there are provided a method of
generating musical tones, comprising a musical tone—
generating step of generating musical tones, based on

15 musical tone waveform samples, a performance
information-inputting step of inputting performance

 information, a control information-generating step of

generating control information, and a musical tone
waveform sample—generating step of carrying out a

20 musical tone-generating calculation based on waveform
data stored in a waveform memory beforehand, in
response to the input performance information, to
thereby generate musical tone waveform samples at a
time density corresponding to the generated control

25 information, the musical tone waveform sample- |
generating step carrying out the musical tone-
generating calculation by selectively usiné different
data of the waveform data stored in the waveform memory
according to the generated control information, the

30 musical tone-generating step generating musical tones,
based on the generated musical tone waveform samples
generated by the musical tone-generating calculation,
and an apparatus for generating musical tones,
comprising musical tone-generating means for generating

35 musical tones, based on musical tone waveform samples,




I nputting nmeans for inputting performance information 30 for a plurality of
parts, control information-setting mneans for setting control information
for each of the parts, and nusical tone waveform sanplSepiEheagdddy neans
for assigning the input performance information to at |east part of the
channel s, and for generating 35 nusical tone waveform sanples through the
at least part 10 Septenber 2003 7 of the channels, in response to the

i nput performance information, at a tinme density corresponding to the set
control information for each of the parts corresponding to the input
performance information, the nusical tone 5 generating neans generating
nmusi cal tones, based on the generated nusical tone waveform sanples. As a
result, a part having a larger listening effect can be generated with a
high quality, to thereby enable naking téhe nost of the limted processing

10 capacity of phhecpsh&dl dfiangenar ahhhor B MRS fotoiaptat ing he first

obj ect, according_to a thiyr aspect of the jnvention, th . provi ded a
met hod of genB?gF?ﬁ@a?ﬁﬁﬂﬁé%o %é??’cﬁﬁ% $%|rﬁ?zfﬁ%i%ﬁgglSégﬁgégﬁﬁ%erating
step of gener atengsnfisi cadndmatdny bastdobnintorpaiical. BoHEVRASERor m

sanpl es, a per {REBRYCLor | SN ATR] WAReirBRM 8P4, SifD rifsiicRaputbhag per f or mance
information, a control 1 nfornmation- eneratég%hftep of . energtlng contr ol

i nforn@tion, af@VE-AtSi 3APIGIRESTA S Er IF & JEferariPngvst &p of
carrying out an28ipu3i tahetgaeeganegacaigutat ton dtdsmd lvasedvefiowavef or m
data stored in.eueboc IRMOLY REFCEhAREnold, SRRSO LbNEntnPUI

performance infornation, t ) )
input performance information, to thereby generate

musical tone waveform samples at a time density
10 corresponding to the generated control information, the
musical tone waveform sample-generating means carrying
out the musical tone-generating calculation by
selectively using different data of the waveform data
stored in the waveform memory according to the
15 generated control information, the musical tone-
generating means generating musical tones, based on the
rgenerated musical tone waveform samples generated by
the musical tone-generating calculation.
As a result, im a channel for generating musical
20 tones at a high equivalent sampling frequency, waveform
data having frequency components over a broad band
(with a high recording sampling frequency) can be
processed, while in a channel for generating musical
tones at a low equivalent sampling frequency, waveform
25 data having frequency components over a narrow band
(with a low recording sampling frequency) can be
processed. This makes it unnecessary to change
designation of a waveform in the tone color data.
If waveform data to be selected is not changed
30 according to the time density of musical tone waveform
samples to be generated, aliasing noises can be
generated in generated musical tone waveform samples,
or a musical tone with a guality corresponding to the
time density cannot be generated for the following

35 reasons. The time density means a sampling frequency




t hereby generate nusical tone waveformsanples at a tinme density
corresponding to the generated control 25 information, the nusical tone
wavef or m sanpl e- generating step carrying out the nusﬂ@éﬁpﬁﬁﬁ@fmﬁﬁneratlng
cal cul ation by selectively using different data of the waveform data
stored in the waveform nenory according to the generated control
information, the 30 nusical tone-generating step generating mnusical tones,
based on the generated nusical tone waveform sanples generated by-the
nmusi cal tone-generating calculation, and an apparatus for generating

musi cal tones, conprising nusical tone-generating nmeans for generating 35
nmusi cal tones, based on nusical tone waveform sanples, 10 Septenber 2003 8
performance information-inputting neans for inputting performance
information, control information-generatithg neans for generating contro

i nformation, aanawkioh musisradr toner wavefong swenvefes mrdatanreamdedasi cal tone
5 waveform Sam?;h?ccﬁeﬁ réééﬂﬁ-bﬁ%%i"%nf hutd iaﬂ@%ﬁﬂ{bﬁlﬁg Wéhﬁ@lllc

tone-generating ca ased on mave orm a stored-in the waveform
menory, in respdnsbetprefrnt jsHAnt fiertdPRancRCTHBMPRELoR2t 0 t her eby
generate nusi GakpllQng vmﬁ@&émrnﬁﬁ@mpha&eatmasi¢mn1ﬂﬁnsmhyef6rnorresponding

to theggenerated g&egregn'ﬂ%r@t | filnclEondizbeal {00e cHRYELALN

sanple gener at i ng-means o carry tone- generat i hg
cal cul ati on by basg| egupyety Qﬁl#ﬁfﬁmt@ﬁ@réﬁ@fd%ﬁeFQﬁ RO THAGES or m dat a

stored in the wv@lohe FEEREINGE CQleIGalr@ethee dorganaataed "ehat r Ol

| nfor mati on, the ushcal T eng., GeNRnALNg,IPaNs, SENETALING TSl tones,

waveform.

10 When musical tones are generated by using

waveform data stored in a waveform memory, the stored
waveform data is converted into waveform samples having
a pitch of musical tones to be generated (hereinafter
referred to as "the pitch conversion")—at an equivalent

15 frequency, and musical tone waveforms are generated
based on waveform data after the pitch conversion. In

 this case, when the waveform data obtained by the pitch

conversion contains frequency components higher than
the upper limit frequency corresponding to the

20 equivalent frequency, the fregquency components are
mixed into the waveform data after the pitch conversion
as aliasing noises. On the other hand, if the waveform
data obtained after the pitch conversion contains only
frequency components much lower than the upper limit

25 frequency, e.g. frequency components 1/3 times of the
upper limit frequency, in spite of waveform generation
at a high equivalent sampling frequency, only musical
tones deveoid of high frequency band components are

generated, resulting in not so much an improvement in

30 the quality of generated musical tones.

In the third aspect, waveform data for
generating musical tones are prepared, which are
suitable for respective time densities for generating
musical tone waveform samples, and the waveform data

35

are selectively used depending on the time density



generated nusical tone waveform sanpl es generated by the nusica
tone-generating calculation. As a result, in a channel for generating

musi cal 20 tones at a high equival ent sanpling frequdfSeptembeed3n dat a
havi ng frequency conponents over a broad band (with a high recording
sanpling frequency) can be processed, while in a channel for generating
musi cal tones at a | ow equival ent sanpling-frequency, waveform 25 data
havi ng frequency conponents over a narrow band (with a |ow recording
sanpling frequency) can be processed. This nmakes it unnecessary to change
designation of a waveformin the tone color data. If waveformdata to be
selected is not changed 30 according to the tine density of nusical tone
wavef orm sanples to be generated, aliasing noises can be generated in
generat ed nusical tone waveform sanples, %r a nusical tone with a quality
correspondi ng tdicheist reguidensifioy ganaoit beg gensra@tletdones.the fol l ow ng 35

reasons. The time dengpty eansd $ageki 99;LL€quancyalfqSept gnber 2003 9
at which mnusi cal tone waveform sanples are generated, which is designated

an equi val ent L&WSERNgSPReRhd&Re inNepRéopr el SpedPiVédefod. According
to the sanpli ngthleobenyetepitdisC aisiuai cabnes oneompriafiagmaSEsaspl es can

have Lseauency SUIIARCaLae | fe ddARNe I moRBDY AR 41001 WhEaToLRAN hal |

of the recordin mplin quency er referred to as "the
upper limt fré%ﬁéhé?r)g@ﬂe¥¢k9Qﬂi%ﬁsﬁ§ﬁlnﬁ§P€§Ia?cﬁuPrQﬂ§$§F8ﬂﬁ?dlo When
musi cal tones ajgngamngr @kegudycHSiaiGecond storing step of converting

the stored first waveform data to waveform data sampled

at a sampling frequency different from the

10 predetermined sampling frequency, and storing the
waveform data sampled at the different sampling

frequency in the memory means as second waveform data,
and a musical tone waveform sample—-generating step of
generating musical tone waveform samples, based on the
15 first waveform data or the second waveform data stored
in the memory means, the musical tone waveform samplé—
generating step being capable of generating the musical
tone waveform samples at a plurality of different time
densities, by selecting the first waveform data or the
20 second waveform data according to the different time
densities and generating the musical tone waveform data
based on the.selected first or second waveform data.
According to the fourth aspect, similarly to the
third aspect, aliasing noises can be eliminated.
25 Further, musical tone waveform samples can be generated
which sound as the same tone color while having been
generated at different time densities.

Preferably, the method according to the fourth
aspect includes a control information—-generating step
30 of generating control information, and the time

densities are selected according to the generated
control information.
To attain the second object, according to a
fifth aspect of the inventicn, there are provided a
35 method of generating musical tones, comprising a



wavef orm data stored in a waveform nenory, meﬂomd\mmhmnmuﬂs

converted into wavef orm sanples having a pitch of nusi ne 0 be
generated (hereinafter referred to as "the pitch conjh% {?Hq%f" éqota '

equi val ent 15 frequency, and nusical tone waveforns are generated based on
wavef orm data after the pitch conversion. In this case, when the waveform
data obtained by the pitch conversion contains frequency conponents higher
than the upper limt frequency corresponding to the 20 equival ent
frequency, the frequency conponents, are mxed into the waveform data
after the pitch conversion as aliasing noises. On the other hand, if the
waveform data obtained after the pitch conversion contains only frequency
conponents much | ower than the upper limt 25 frequency, e.g. frequency
conponents 1/3 tinmes of the wupper limt flrequency, in spite of waveform
generation at paritoghargeli viatdatSarplhhpat € L guarsgy ofodrhputusagal  tones
devoi d of high fr quenc ban monen I ulting in not
so nmuch an |onbven§W “FR %ﬁ#%ﬁ?a oAl % 58 %%%%?gtg%ﬁgﬁgﬁgg tones. In the
third aspect, vapsfrsinedater fof Qﬁﬂﬁéﬁaglﬁ@1%%%4Qﬁﬂlqﬂﬂﬁ@§téP%fp?epared

vhi ch ar ef sui tnaiél%afloﬁoﬁeswh ﬁd&@n—@emréemﬁgg%@@p feqr o@em@&ablagt an(;Sl cal
tone waveform sa nd t he waveform a are tive use
dependi’ng on tﬁﬁﬂgfﬁ§'58ﬂgl ?vﬁ g?E58631% ﬂ%ﬁ) Q‘;l((;;(:hglls:xreqU|red f or
generating nu3|1n§utt@@@iorm@na¢t¥nﬁpnmm§xbpnsﬁooby%mﬂraﬁﬂﬂSOWﬁﬁhga%o a

fourth aspect C’cfoﬁéq%: BRI ONand NETfidi%alr @¥hdegeferating step of

generating musical tones by selectively subjecting the’

generated musical tone waveforms to a plurality of

10 characteristic control processings according to the

input selection information, the characteristic control
processings having different processing contents and
calculationramounts from each other, and an apparatus
for generating musical tones, comprising performance

15 information—~inputting means for inputting performance
information, selection information-inputting means for
generating selection information, musical tone
waveform-calculating means for carrying out a musical
tone waveform calculation in response to the input

20 performance information, for generating musical tones,
and musical tone waveform-generating means for
generating musical tones by selectively subjecting the
generated musical tone waveforms to a plurality of
characteristic control processings according to the

25 input selection information, the characteristic control
processings having different processing contents and
calculation amounts from each other.

As a result, the contents of musical tone

control processings are changed or the amount of

30 processing is reduced by not carrying out a specific
musical tone control according to the purpose of
performance or the performance mode of musical tones to
be generated, thereby enabling increasing the number of
musical tones to be generated by the reduced amount of

35 processing or using the CPU power for another purpose.



met hod of generating musical tones, conprising a first storing step of
storing in nenory neans first waveform data for generating nusical tones
at a predeternined sanpling frequency, a second stori'AFe8EEYeb£Bonverti ng
the stored first waveformdata to waveform data sanpled at a sanpling
frequency. different fromthe 10 predeterm ned sanpling frequency, and
storing the 15 20 25 30 35 waveform data sanpled at the different sanpling
frequency in the nenory neans as second waveform data, and a nusical tone
wavef ok m sanpl e- generating step of generating nusical tone waveform

sanpl es, based on the first waveformdata or the second waveform data
stored- in the nmenory neans, the nusical tone waveform sanpl e- generating
step béing capabl e of generating the nmusical tone waveform sanples at a
plurality of different time densities, bY selecting the first waveform
data or: the second wavef@arabldat dhacoetdodgatatdiemadithf ehenfiftime

denSities and geperatifg f&ss ;Ql%iigggtagog e @Tﬁéﬁﬂ%gg Pﬂs&i’ Pfhy he

selected first or secondlvvave orm . Accordingto’thé fourth aspect,
Csimilarly to t FE3nEhARA2BEMECIOT AATE¥TAGLIALI S¥B e By EPPninat &t
Further, nusi calonkorevenyath atdlicamtlies aaq denganer affedhusibathtsmend as t he
same tgne col or  whi hg Bayi ng, besn ; ggnerated ﬁéféjﬂf rl%@tlaf:kgg.densiti_es.
Pref erably, thé ma%r 64 acgéor I ng tocgthe ﬁour? aspec§ I'ncl'udes a contr ol
i nf or mati on- gener at i nfoseepreferably, the selection information is
' information ﬁor adding or omitting at least one
characteristic control element used by the-
characteristic control processings to which the
iO generated musical tone waveforms are subjected, an
amount of calculation by the musical tone waveform
calculation required for generating a musical tone
waveform for one musical tone vérying according to the
addition or omission of the at leést,one characteristic
15 control element.
The at least one characteristic control element
includes, for example, modula;ioﬂ!by means of an LFO
(Low Frequency Oscillator), inteiﬁblation, digital
filter processing, and reverberation processing.
20 " ' To attain the second object, according to a
sixth'asﬁect‘of the inveﬂtion, there are provided a
method of generatihg musical tones, comprising a
performance information-inputting stép of inputting
performance information, a limitation information-
25 inputting step of inputting limitation information, and
a musical tone waveform-generating step of carrying out
a musical tone waveform calculation in response to the
input performance information, for generating musical
tone waveforms, the musiéal tone waveform—generating
30 step generating musical tone waveforms by the musical
tone waveform calculation which has an amount of
calculation thereof limited in range by the limitation
information, and an apparatus for generating musical
tones, comprising performance information-inputting

35 means for inputting performance information, limitation




of- generating control information, and the tinme densities are selected
according to the generated control information. To attain the second
object, according to a fifth aspect of the i nvent i on,10t3¢8tem F@xﬁrOV|ded a
met hod ;of generating nusical tones, conprising a 10 Septenber 2003 11
performance information-inputting step of inputting performance
informati'on, a selection information- inputting step of inputting selection
information, a nusical tone waveform generating step of carrying out a 5
nmusi cal: tone waveform cal cul ation in response to the input performance

i nformati on, for generating nusical tone waveforns, and a nusical
tone-generating step of generating nusical tones by selectively subjecting
the' (generated nusical tone waveforns to a plurality of 10 characteristic
control’ processings accordi-ng to the inpat selection information, the

char acteristi clﬁeahﬁ@ilorpﬁqﬁﬁﬁ%uagsmeaﬁs nﬂoﬂ'fﬁfﬁrtQﬁhgp&Qﬁfﬁéif&) contents
and’ calculatlon anoung s fro each ihe éﬁh%ﬁ E for generatlng
nusi cal tones, BSHﬁW?Eﬂ?ﬂj[ﬁﬂ' SPrafe %n?nY%W ﬁa} #EHRY means for

i nputting perfmeﬂaﬂcéor|¢ﬁnnyNMQ out semesimaﬁluqﬁaamnuefonmlnputt|ng means

for generat'ngai@hf&éi&ﬁ‘1ﬂﬁﬂ@HF@h%QntonyﬁéCfﬂpdﬂ“ﬂ%rf@@%ﬁh@én}CalCUlat'ng
means for Carré 8FOUt a nusi cal ton wav ef orm cal cul at #lon I N, response to

the input 20 p ﬂ%ﬁt%?qrﬁQﬁwﬁSHQEEthgrm@%ﬁ%ﬁ%ﬂﬁﬁﬂisWU§ EalMuebfRs, and
nmusi cal tone wawektowavgbmen-atdligplagedng fieans gpareratiing musical temes by

sel ectively suRLecklpgsthe cienelalad TUsLCalvdANG, VaMehqLIEoho a plurality

of
which has an amdunt of calculation thereof limited in

range by the limitation information.

10 ~ 'As a result, the amount of calculation is
limited, and musical tone waveform data generated by
the limited amount of calculation can be read and
reproduced in a stable manner without interruption. 1In
other words, even if the amount of calculation for

15 generating musical tones is chaﬁged on a real-time

_basis, a predetermined amount of CPU power is surely
preserved for other applications;and therefore the
other applications can be executed in a stable manner
in parallel with the operation of the software . tone

20 * generator. N

Preferably, the method according to the sixth
aspect includes a &isplay step of displaying on display
means an amount of calculation required by the musical
tone waveform calculation and a number of musical tones

25 generated by the musical tone waveform calculation.

To attain the second object, according to a
seventh aspect of the invention, there are provided a
method of generating musical tones, comprising a
performance information-inputting step of inputting

30 performance information, a calculation accuracy
information—inpﬁtting step of inputting calculation
accuracy information, and a musical tone waveform—
génerating step of carrying out a musical tcone waveform
calculation in response to the input performance

35 - information, for generating musical tone waveforms, the



characteristic control processings according to the 25 i nput selection

I nformation, the characteristic control processings ' i;é ent
processi ng contents and cal cul ati on anounts fron1eacﬁa§kﬁgp$er(ﬁ§ resul t,

the contents of mnusical tone control processings are changed or the anount
of 30 processing is reduced by not carrying out a specific nusical tone
control* according to the purpose of performance or the perfornmance node of
nmusi cal tones to be generated, thereby enabling increasing the nunber of
nmusi cak tones to be generated by the reduced anobunt of 35 processing or
usi ng the CPU power for another purpose. 10 Septenber 2003 12 Preferably,
t he method according to the fifth aspect includes a display step of

di spl ayi ng on display neans an anmount of cal culation required by the

musi cal” tone waveform cal cul ati on and a ¥unber of nusical tones 5

gener at:ed by t hasivsilcabné onerafevergenecat o attiegn.gelerretpnegf erably, the

sel ection inforpatign Ls eiﬁﬁéﬁf@%&%OEyf?ﬁ%?ﬂg.fghfnfd%%i%Ebggoéﬁ | east one

characteristic control elenment use y _Characteristic contro
processi ngs t o SRicEAathen 10 fEhdest 681 ANSPELPD 1A RV FEFRECEr e subj ect ed,
an anount of cwrisddhateanbPyrideanmsi ealctbaeiomvaeiarmcycal cul ation

required for generatingod, Mis Gl pNGacHevelera ol ang usical tone

varying according to t . om'ssion o [ .l east one ‘
characteri sti c toresgorerprielegrafriornenge LA cHaAPaEterstic control

el ement 20 means for inputting performance information,

calculation accuracy information—inputting means for
inputting calculation accuracy information, and musical

10 tone waveform-calculating means for carrying out a
musical tone waveform calculation in response to the
input performance information, for -generating musical
tone waveforms, the musical toné waveform-calculating
means generating musical tone—Waveforms by the musical

15 tone waveform calculation which has calculation
accuracy thereof designated by the input calculation
accuracy information. ) )

As a result, the calculation accuracy can be set
according to the .degree of tone quality fequired for

20 . generated musical tones or the amount of calculation
available for processing;

The calculation accuracy information means, for
example, the equivalent sampling frequency (the number
of musical tone waveform samples to be generated per

25 unit time), and by degrading the accuracy of
- calculation, the amount of calculation can be reduced.

Preferably, the method according to the seventh
aspect includes a display step of displaying on display
means an amount of calculation required by the musical

30 tone waveform calculation and a number of musical tones
generated by the musical tone waveform calculation.

To attain the second object, according to an
eighth aspect of the invention, there is provided an
apparatus for generating musical tones, comprising

35 tone~generating information-storing means for storing




41 i ncl udes, for exanple, nodul ation by neans of an LFO (Low Frequency
Gscillator), interpolation, digital filter processin% and reverberation
processing. To attain the second object, according to 'QSesiember dect of
the invention, there are provided a nmethod of generating nusical tones,
conprising a performance information-inputting step of inputting
performance information, a limtation information 25 inputting step of
inputting limtation information, and 30 35 a nusical tone

wavef orm generating step of carrying out a nusical tone waveform
calculation in response to the input performance information, for
generating nusical tone waveforns, the nusical tone waveform generating
step generating nusical tone waveforns by the nusical tone waveform

cal cul ati on which has an anmount of cal culsation thereof limted in range by

the linitation tdddfQeRBlhoing e AMaRBBAT ahiSiEHT GRRERAkRErAUSI Cal

oS COM o A0S LOLTRILS, | BLOLIRLLO0 P LI 08 JTEES. QoL Ry 1 10

i nformati on-i npegechgnmehassfored ripwet-grgekahitat infrriatfionraepdn, and
nusi cal . tone “@ﬁ&?‘EHQH&%hSULa&é£¥hud“ﬁ%&®e§°6fcﬂu£y&&ml63Hésat6uﬁéca| tone

wavef orm cal cul ati on fesponse tqQ the input P formance 5 i nformati on,
for gererating ?ﬁﬂﬁﬁﬁﬁedtﬁﬁﬁg t??ﬁ??ﬁﬁ¥ P&PedtBHe DAV oSt EQPEGI ati ng neans
generati ng nusigaledaariag maﬂefmmtﬁbﬂn/ddmarmnsnnﬂbrmatmomwgaﬂémBMuoglculatlon

means for generating control information indicative of
a current value of the maximum number of musical tones
to be generated simultaneously by the musical tone.

10 waveform~generating means, performance information-
inputting means for inputting performance information,
and control means for converting the input performance
information to the tone-generating information
according to the generated control information and

15 writing the tone-generating information according to

~ the generated control information into the tone-
generating information-storing means.

As a result, the maximum number of tone-
generating channels to be sounded simultaneously, which

20 is set by a user or automatically changed, can be
ronitored on a tone generator driver side, and
therefore the tone generator driver can suitably assign
tone generation to tone-generating channels of the tone
generator at any time, in response to input performance

25 information.

Further, according to the invention, to attain
the first and second objects, there are provided
machine-readable storage mediums storing instructions
to cause a machine to perform respective methods of

30 generating musical tones according to the first to
eighth aspects of the invention, which are set forth
hereinabove.

The above and other objects, features, and
advantages of the invention will be more apparent from

35 the following detailed description taken in conjunction



whi-ch has an anount of calculation thereof Iimted in range by the
limtation information. 10' As a result, the anount of calculation is
limted, and nusical tone waveform data generated by theeptémbar@@0&nmount of
cal cul ation can be read and reproduced in a stable manner w t hout
interruption. In other words, even if the anount of.calculation for 15
generating nusical tones is changed on a real-tinme basis, a predeterm ned
anount of CPU power is surely preserﬁgd for other applications and
therefore the other applications can executed in a stable manner in
par al | el wifnttie 4dvemppeiratdramings. t he sof tware.tone 20 generator.

Preferably, the nmethod according to the sixth aspect includes a display
step of displaying on display neans an anmount of calculation required by

the nusi cal %e@rdwgwn E PLG W el B0 hyhiBHFRSL 10kro IR € HlepdANFS 29

gener ated by t |ca waver orm ca ation aln the second
obj ect, . Ra&af rﬂgsﬁéptoﬂes WRYR Rl ARAREGT a dmpi&:, éd??(;ﬁ@fnbon there are
provi ded a et of generating nusical tones, conprising a performance

i nformation-i I&n‘lﬂéttréd’éﬁnr@tsﬁp Stredefvitgt getBEnapte Pﬁrﬁw@fdfﬁnce information, a
cal cul ation accuracy information-inputting step of inputting cal cul ation

accuracy i nf oranstoraivecaviny steprofiecaling enestivavefraatongener ati ng step of
carrying out a nusical tone waveform calculation in. response to the input
per f or markcgengd&itinghétep whtarying dube ngesival tahe wgvefurs caduldtioné mayafserarsaidt he 10
Sept ember 2003 !'4 nusical tone waveformgenerating step generating
received performance information, for generating a sequence of a plural number of musical
tone waveform samples, and selectively subjecting said generated sequence of plural
number of musical tone waveform samples to a plurality of characteristic control
processings according to said selection information, said plurality of characteristic control
processings being different in at least one of processings contents and calcutation amount
from each other, and storing said generated sequence of the pIu-raI number of musical tone
waveform samples selectively subjected to said plurality of characteristic control
processings in @ memory, a manner of the musical tone waveform calculation being
changed according to the characteristic control processing selected by said selection
information; and
a reproducing step of playing back said sequence of the plural number of musical
tone.waveform samples for generating musical tones by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency:.

According to tenth aspect of the present invention there is provided an apparatus

for generating musical tones, comprising:



nmusi cal tone waveforns by the nusical tone waveform cal cul ati on which has
cal cul ation accuracy thereof designated by the input cal cul ati on accuracy
5 information, and an apparatus for generating nusi call0 Sepisstber 8i%ori si ng
performance information-inputting means for inputting performance

I nformation, calculation accuracy information-inputting neans for

I nputting cal cul ati on accuracy infornmation, and nusical 10 tone

wavef orm cal cul ati ng means for carrying, out a nmusical tone waveform
calculation in response to the input pg?#ornance i nformati on,

- [ ' forr h |.cal i
el or m el co SRGS e AEEYELT rRialEy e aRhSio BRo B artonytion.

ef o et 1 vt 89
Ther oot dsleB Sre8 @R ThaR, 1, FLURR IR SRubR GBSl B JEECRRC &

result, Pgﬁergﬁ{g%b@sg%}n%gg&@csyepg%@ be set 20 25 30 35 according to the
degree of tone quality required for generated nusical tones or the anount

of cal cul ati on firétYadelil stapf P FedRvigPRTbitthncd tormatignul ati on accuracy
i nformati on neans, for exanple, the equival ent sanpling frequency (the

number of nusiseadndrecsvivgated of ratehamPierstibinkema®mer at ed per unit tine),
and by degrading the accuracy of calculation, the amount of cal culation
can be reduced.geRemfing stbp yf carfymgront b adisealctonalwageftrm ddioaiagion andebporaspect
i ncludes .a display step of displaying on display
to said received performance information received at said first receiving step, to generate a
sequence of a plural number of musical tone waveform samples; and selectively subjecting
said generated sequence of plural number of musical tone waveform samples to a
plurality of characteristic confrol processing according to said selection information, said
plurality of characteristic control processings being different in at least one of processing
contents and calculation amount from each other, and storing said generated sequence of
the plural number of musical tone waveform samples selectively subjected to said plurality
of characteristic control processings in a memory, a manner of the musical tone waveform
calculation being changed according to the characteristic contro! processing selected by
said selection information; and
a reproducing step of playing back said sequence of the plural number of musical
tone -waveform samples for generating, musical tones by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency.

According to eleventh aspect of the present invention there is provided a method
of generatin'g musical tones which is executed on a computer, comprising:
a first receiving step of receiving a plurality of pieces of performance information,

for commanding to generate musical tones;




means an anount - of cal culation required by the nusical tone waveform

cal cul ation and a nunber of mnusical tones generated bﬁq%hﬁ mJSiz@ﬁé t one
wavef orm cal cul ation. To attain the second object, accotdf ‘E{“?Pd ei ghth
aspect of the invention, there is provided an apparatus for generating
musi cal tones, conprising tone-generating information-storing nmeans for
storing 10 Septenber 2003 15 tone-generating information, nusical tone
wavef orm generating nmeans for generating nusical tone waveforns, based on
the stored tone-generating information,4ggnd for changing a maxi mum nunber
of nmusical tones to be 5 generated sinmultaneously based on the stored tone-

generating i nkhosddBid RRteivm@NdtéPbf rRERTMEBINMiLorD ARRMEHdNN efiniR2A mdxPhium
generating control information indicative of a current value of the

nmaxi mum amebelr obiprotusdimplcapaitgsof the bemgesewaiceRdesi Ul érapie@dsky et he

nmusi cal tone. 10 waveform generati ng neans, performance information-

i nput ti ngemeaiive; drmt | nputti ng performance information, and control neans
for converting the input performance information to the tone-generating

i nfor mati on ae@g@eneleting step eftvarrgag evta wdsicad tone etavéfnfmo cateitldtion ferredpluraBy wri ti ng
the tone- gener ating information according to the generated control

i nf or mat PbAhaNAels bewe ouRded whigl saidi RegfoImANGe vfpintsior cemmagdsrimarnerslg a
result, the maxi mum nunber of tone- generating channels to_ be sounded

si mul t an&¥s1 T9r 9GRKTaNAY MpgicaldorgwayRjoras ifs 83id plurality: o FRERNE!s hnIcINAERY, can be

nonitored,on.a tone.generator driver side, and  therefore the taone
gener at Owhaﬁw\gpe%ﬁﬁgﬁo{r&ﬂp? |glfr§g§1 ign commangls to start generation o? a new tone,
one new channel is added to said plurality of channels being sounded, and when tone
generation in one of said plurality of channels being sounded is finished, said one new
channel is removed from said plurality of channels being sounded;
said generating step generating said musical tone waveforms by said musical fone
waveform calculation which has an amount of calculation thereof limited such that a
maximum number of said plurality of channels being sounded for which said musical tone
waveform calculation is carried out is limited in accordance with the limitation information
by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.

According to twelfth aspect of the present invention there is provided a method of
generating musical tones which is executed on a computer, comprising:

a first receiving step of receiving a plurality of pieces of performance information,
for commanding to generate musical ;

a second receiving step of receiving limitation information defining a maximum
amount of processing capacity of the computer which can be employed for tone

generation;



tone generation to tone-generating channels of the tone generator at any
time, in response to input performance 25 information. Further, according
to the invention, to attain the first and second obj et Sgpterhizar 806F e

provi ded machi ne-readabl e storage nediuns storing instructions to cause a
machi ne to performrespective nmethods of 30 generating nusical tones
according to the first to 35 eighth aspects of the invention, which are set
forth hereinabove. The above and oth r obj ects, features, and advantages
of the invention will be nore apparent®from the followi ng detail ed

8] h
oo e % hcc arERello 88 HAGHVRE olits ms?c%ﬁ%ne&vags@ﬁm Byl s pgRg P! M
provi ded g c%@gdb&&gg sSRBES g{ﬂ!cngsarw rro%aqc%nﬁfafmoﬁ *Lohl%na%és%sﬁe&e

conputer, conprisin FECEI Ing s recel ving

| nf or Al s foft GRAEAIMY P GRlsltal Gt GRymsCheLd Murait) %‘f'tdh? dBRERL L ON: 2

generat|ng step of carrylng out a nusical tone wdavelform ca atio

r esponse shindedl WhertRGANARidIRIoRhSRE G oinithion EBhinARds tfo%ﬁargﬁ‘é?\%Fa%Bh raga
sequence of a pI ural nunber of nusical tone waveform sanples, and

sel ecti velky tohd)j et neng clidingl igeitiaed te daid gUUEINE of ohanpbliMing SHRBRT, 2Rl nusi cal
tone waveform sanples to a plurality of characteristic control processings

accor di ngvheo to® genesaltiec in ore ofndaat praralilpnf cisaninels peingadoubdedd$ ficiblegdasaiari stic
control processings being different in at |east one of processings

cont ent s caadew ahawehis iregynovec ot said planalite at¢haondie beingisaindedyr i ng sai d
generated sequence of the plural number of nusical tone waveform sanples
sel ectively s@B]deg@ﬂ@rahrtgastgmgwemtmaaidtr@uami ohawarafernisdiyi seidovuiabione

processings in a nmenp a manner of the nusical tone waveform cal cul ation
bei ng H‘%Hﬁf%" 8@%‘6@@?‘?\’@'*@@ RB 2pRHptRt calpylaiondheraeitipged spdeaddi ng sel ect ed

by said ‘T‘r?alx%:t}m gumber of said plurality of channels being sounded for which said musical tone

waveform calculation is carried out is limited in accordance with the fimitation information
by inhibiting said musical {one waveform calculation for some of said piurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calculation for said plurality of channels being sounded
exceeds the maximum amount defined by said limitation information; and

a step of terminating waveform calculation when a limitation amount indicated by

the limit information is reached.

According to thirteenth aspect of the present invention there is provided an
apparatus for generating musical tones, comprising:

a computer for receiving a plurality of pieces of performance information for
generation of musical tones and limitation information, and carrying out a musical tone
waveform calculation for a plurality of channels being sounded_which said performance
information commands to génerate tones, for generating musical tones in said plurality of
channels being sounded, wherein when said performance information commands to start

generation of a new tone one new channel is added to said plurality of channels being



information; and a reproduci ng step of. pl ayi ng back said sequence of the

pl ural nunber of nusical tone waveform sanples for generating nusical
tones by sequentially reading said sequence of the plﬁ9§FmﬁH%HéW0%f

nmusi cal tone waveform sanples fromsaid nenory at a predeterm ned sanpling
frequency, said generating step being executed with a repetition period

| onger than one corresponding to said predeterm ned sanpling frequency.
According to tenth aspect of the present invention there is provided an
apparatus for generating nusical tongg, conprising: 10 Septenber 2003 16a
a conputer for executing a nusical tone generating process and outputting
musi cal  t;QfRRdCEAHd RISROBRE BherRioA S bisbr éa%ﬁuﬁ%ﬁty%?%éﬂné%rﬂéh‘assoumru?' n said

tone generating process conprises the steps o first receiving step of

recei Vi nginigRéd, 4iBAE Bew BAHNEBE FeMbved RoRRERIMLIEIREST chbibisSEpiy HundReei vi ng
sel ection information; a generating step of carrying out a nusical tone

wavef or m cal Clshﬂtdompuﬂeﬂgér%ﬁmmg&&lSlChIQO)S@WdVGT@ﬁsIbyesdlcpﬁﬂét@ﬂ reneGeavefafror mat i on
received at said first receiving step, to generate a sequence of a plural
nunber ofcakulgiiaivhich rras vaav emounth o argluedion dimdlecfdingieti sveh ythatudjneodriuny sai d
gener ated sequence of plural nunber of nusical tone waveform sanples to a
pl ural i t yuobecHsrdaterits of chapegis being pounded &irmdpichcaih musigp! tapesivefose| ect i on
information, said plurality of characteristic control processings being
di f f er entcalcylatian is garged eids 'mlteﬂr'fbé@@ﬁaﬁ@e wifohe dmitatiogrinformatien Platnﬁtbﬁm@rmunt
fromeach other, and storing sai d generated sequence of the plural nunber
of nusi c&Pidt 'E‘H%C%atﬂ?'é‘*’r &PH?*Q%P@%‘%%‘I EEtsoms 9f s3s; Rirality OFthé%ﬂedF BEig al i ty
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wavef orm sanples fromsaid nenory at a predeterm ned sanpling frequency,
sai d generating step being executed with a repetition period |onger than

one corresponQicBgding teBlitedhPARba ot e EAMR N tHePLd PGNded a method

of generating musical tones which is executed on a computer, comprising:

a first receiving step of receiving performance information which designates a pitch
of each of the musical fones to be generated

a second receiving step of receiving calculation resolution information relating to a
sampling frequency at which musical tone waveform samples are generated; and

a generating step of carrying out a musical tone waveform calculation in response
to said performance information for generating a sequence of musical tone waveform
samples which have the pitch designated by said performance information;

said generating step generating said musical tone waveform samples by said
musical tone waveform calculation which has calculation resolution thereof designated by
said calculation resoifution information, wherein the number of said musical tone waveform

samples per unit time is controlled by said calculation resolution information.




According to el eventh aspect of the present invention there is provided a
nmet hod of generating nusical tones which is executed a.co ,
conprising: a first receiving step of receiving a pIurﬁ???@eﬁgggﬁgées of
performance information, for commanding to generate nusical tones; 10

Sept enber 2003 16b a second receiving step of receiving limtation

i nformati on defining a maxi num anount of processing capacity of the
conmput er whi ch can be enployed for tone generation; and a generating step
of carrying out a nusical tone waveformggal culation for a plurality of
channel s bei ng sounded which said perfornmance information conmands to
generate tonggcortifig tgefitRienthl BEHelSF GRd prédaft WREBERN terd Ns RdvibidRl Bk al ity of
channel s bei ng sounded, wherein when said perfornmance infornmation conmands
to start agparetuafor@onabtirg m@wat RNEs, comp@igew channel is added to said
plurality of channels bei ng sounded, and when tone generation in one of
sai d pl ural ity compoteafonedcsiving ipagorsaucidietbrmatichiwhichihiedignstas d pidcteofreaeh channel
is renoved fromsaid plurality of channels bei ng sounded; said generating
st ep genef Hiei mgsicghiiahemis be gknerated and\cafculation tegolgtdrdinfarétionl relatimeto avavef or m
cal cul ati on which has an anount of cal culation thereof limted such that a
maxi mum §aRpES fepruency @t whigh Blupicel terfe wavafae|semplss wee geerded farexeqdingh sai d
nmusi cal tone  waveformcalculation is carried out is limted in accordance
Wi th t he 8 TH§IE34 9N IsNGFAPARIGes RS apy, opiRHIting Musigakienes rorssPaANdiRG iesdidvef or m
calculation for sone of said pluraljty. of channels being sounded when a
Lotal amJUfie=biene Mg EmPlesa¥h e oiaiq IRECOMBEAIES RifFeh CPEPURSSNe by sai d
nmusi cal %&@gopaveforn1calculation for said plurality of channels being
sounded “eXceeds the nmaxi num anount defined by said limtation information.
According to ; t, | i e S |ded a
mothod of | geRepst Pl o ety 4t RERSEN o BRI ARREn Bl

Conpri si ksaig derfbfhancs GRbMAREN F5referdlating £ bduBce? o idkihil fode HavBof €S Of
performance information, for comanding to generate nusical ; a second

r ecei Vi ngamplepwhich heveahy it desighital by Bait phesrmkdeRiodRdtioni ng a maxi mum
anount of processing capacity of the computer which can be enpl oyed for
tone gener at isaiti;calculating step generating musical tone waveform samples by said musical

tone waveform calculation which has calculation resolution thereof designated by said
calculation resolution information, wherein the number of said musical tone waveform

samples per unit time is controlled by said calculation resolution information.

According to sixteenth aspect of the present invention there is provided a machine-
readable medium storing instructions to cause a computer to perform a method of
generating musical tones which comprises:

a performance information-receiving step of receiving control information;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information wherein each sequence of musical
tone waveform samples generated has the pitch designated by said performance
information, and the number of said waveform samples generated during said

predetermined time period for each sequence is controlied by said control information, and



10 Septenber 2003 16¢c a generating step of carrying out a nusical tone
waveform cal cul ation for a plurality of channels being sounded which said
performance i nformati on commands to generate tones foP SfekeEhet 2008 of

nmusi cal tone waveforns in said plurality of channels being sounded,
wherei n when said performance information commands to start generation of a
new tone, one new channel is added to said plurality of channels being
sounded, and when tone generation in one of said plurality of channels
bei ng sounded is finished, said one'few channel is renoved from said

lurality of channel s bein ounded, sai. ener at i st enerating said
ﬁusi cal %/one RalFRIOGHHRI pgﬁfisﬁlami%@g? Sf"gn q“@\%?e?fgg‘fﬁ'ﬁ Fte é‘faﬁ"%tﬁ"v\,gi ch has

an_anoun%aﬁplgalculation thereof limted such that a _naxinyn1nunber of
said plura ?y of channel s bei ng sounded for which said nusical tone
waveformcal culation is carried out is limted in accordance with the
limtation information by inhibiting said nusical tone waveform

cal cul ation f @pcsQRE 19TseSeHtsbn ‘éﬁﬁécittgrtﬁ@;]p@g@ﬁ}nﬁbémoﬁ?égﬁ iS YriERd yhen a

total anount of processing capacity the conputer IS use by said

nusi cal  wRRRINYALRIBBIE Mtdtad<Cribditih oring linstabibnB td Ealdetay cotip idian pekSmPSI Ng
sounded exceeds the maxi mnum anount defined by said limtation information;

and a st eptak of generatmginn@iconteedsOrHRICEIngibéd: i on when a |initation anount
indicated by the limt information is reached. According to thirteenth
aspect of theapeesieny stepenteceininthe plirality pf pietetedl parformppes afformakion
generating nusical tones, conprising: a conputer for receiving a plurality
of pi ecesowésppadihgrmapentvelnftoraraturaity bbmusgpahérsritinent périsusherain $ahes and
limtation information, and carrying out a nusical tone waveform

cal cul at remeiviedrpesfophancal infoymationclemiorates b eiteig obeavhdefdthavm cicas &ongs to
performance information commands to generate tones, for generating nusical
tones i nbesgedematagr al ity of channels bei ng sounded, wherein when said
performance informati on commands to start generation of a new tone one new
channel is addegknemtis@isteppdiugemkeratiyg stqusEhasmel swubkiealngnd dagBefpime sbaple2003 16d
sounded, and when tone generation in one of said plurality of channels

bei ng soQerERsFONENG fojsaldshigrglity sbpaifognencaearts Huinged pledeteeninadkiing perfoddai d
plurality of channel s bei ng sounded,;

response to said performance information, wherein said sequences of musical tone
waveform samples generated have pitches designated by said performance information,
and a time density of said sequences of musical tone waveform samples for each of said
performance parts to which each of said pieces of said received pen‘ormance‘ information
corresponds is independent of the time density of said sequences of musical tone
waveform samples for the other performance parts as well as of the pitch of each of the
musical tones to be generated; and

a reproducing step of playing back said sequences of musical tone samples.

According to eighteenth aspect of the present invention there is provided a
machine-readable storage medium storing instructions to cause a computer to perform a
method of generating musical tones which comprises:

a performance information-receiving step of receiving performance information

which designates a pitch of each of the musical tones to be generated;

a control information-receiving step of receiving control information;




sai d conmput er- generating nusical tone waveforns by said nusical tone
waveform cal cul ati on whi ch has an anount of cal cul ati thereof |limted
such that a maxi num nunber of said plurality of chanﬂgl pﬁmbﬁbzgoéunded for
whi ch said nusical tone waveform calculation is carried out is limted in
accordance with the limtation information by inhibiting said nusical tone
waveform cal cul ation for sone of said plurality of channels being sounded
when a total anmount of processing capacity of the computer which is used by
sai d nusical tone waveform cal cul ati dJA9for said plurality of channels being
sounded exceeds tge rraxréorb]um amount defined _bé/ said limtation information.
According to Polif{EUM: FRRIGERTEEHNI; 8P F FEBHDY ol @nTHYFR! G- 8eNeRtBd ovi ded a
met hod of gener.a ut er

otir >pe press ,
compr si g BRI B L TRl o R bl § T PRl F ARG on

whi ch_ des) Qapl BSamBhdc hroffaiSach HerdeslCodibh6d d4NSRo1 G PRgsNERat ed a

second recel Vi g step of recel Vi ng ca on resolution rnfornatlon

rel ating yaQefrm SaHHLS, wiéhrr%gﬂﬁ@swch%sgp&g& b 45 GRkolRAEe Wmfaﬁmaﬁémp' es

are generated; and a generating step arfying out a nusical tone

viavef or migaldeHsigtdoRBspoRding fRRB&NtrbiGnfsMdlioRednkior mance information for
generating a sequence of nusical tone waveform sanples which have the

pi tch desi gnategkphyusag Giepesi plafiBy Gack RhiAr SejubRYR; of RuSicREBRE AdvB@rt ep
generating said nusical tone waveform sanples by said nusical tone

wavef or mseablesil ati on whi ch has cal cul ati on resol ution thereof designated by
said cal cul ation resolution information, wherein the nunber of said nusical
t one wavef or msaidavgyefesn semplergenerating step ceayitg olf sl bwsisalitdneegdretdtiagi on
resolution information. 10 Septenber 2003 16e According to fifteenth
aspect ofaleyationrtesfer a wawafrmoby seleetively susingodifferent data ®p saidadales it said
generating nusical tones, conprising: a conputer for receiving performance
i nf or mat MSNANRCRIAEP §Aidcartrah infara@ferof each  of the nusical tones to be
gener ated and ,cal ﬁiHl tiagn resol uajﬁ?n information relating to a_ , sanpling

frequency at WP Qj UnFteendh @SRRR! ¥ oPfn RIETRIY daveafien she i tPEyidedop
cxeCut | oY ER £ PR LS R S S B o
gener ati Y QF Sérﬁargtf?!gpﬁtjsﬁ:%ﬁoﬁ&%hiﬁ go?ﬁpr@és:

a first storing step of storing in memory a sequence of first waveform data sampled
at a predetermined sampling frequency;

a second storing step of converting said sequence of first waveform data to a
sequence of second waveform data sampled at a sampling frequency different from said
predetermined sampling frequency and having an identical waveshape with that of said
sequence of first waveform data, and storing said sequence of said second waveform data
in memory;

a performance information-receiving step of receiving performance information
which designates a pitch of the musical tones to be generated;

a control information-.receiving step of receiving control information;

a wéveform sample-generating step of generating musical tone waveform samples

based on said sequence of first waveform data or said sequence of second waveform data

stored in memory: and



a calculating step of carrying out a nusical tone waveform cal culation in
response to said performance information for generati a, sequence of
nmusi cal tone waveform sanples which have the pitch dé@%ﬁﬂﬁ?@grﬁﬁmsaid
performance information; said calculating step generating nusical tone
wavef orm sanpl es by said nusical tone waveform cal cul ati on which has

cal cul ation resolution thereof designated by said calculation resolution
i nformati on, wherein the nunber of sai nmusi cal tone waveform sanples per
unit time is controlled by said calc ®8ti on resol ution information.

mmchi ne r eaddbl B ANG L o) PR HEeR RES et BLtaeal BhfpiReB Ty o

Perf Or ™ Aol Bndbica 86 885 3Ll BEnTUah 2Ll ANGS Ul oh comprises: a

per formance 1 nformati oh-receivin ep-o elrving control information; a

wavef or m sanplgrogRRtdh Snsid-§oheriing SlEs aél?é?&i!;@ 8 Rhe %bfﬁﬂ% tone
I channel s e

wavef orm sanples for each of a plurality o uring a predeterm ned

time perisgghpied wHi@sRORS thel Fitchaddbigh8eai te i QeHofMEABE Sntbif-abMak i0fmgher ei n
each sequence of nusical tone waveform sanpl es generated has the pitch

desi gnat endity cadespd@inkonngaRt eontion irdériRtidm NisingNéhd Besdiy kBglene of dird
wavef orm sanpl es generated during said predetermned tinme period for each
sequence wagefountdatl hretisdy sequethce @f sealndi wdveforratdats acaondingl @ Ssipteentagr 2003
16f a reproducing step of playing back said sequence of nusical tone
wavef or minferglibes. According to seventeenth aspect of the present invention
there is provided a machine-readabl e storage nmedium storing instructions
to cause a conputer to performa nethod of generating nusical tones which
conprises: a receiving step of receiving a plurality of pieces of
per f or mance i ﬁPB?’HﬁBiTBnme@g?tFe%ﬁﬁGﬁthh&‘er ®E35ept inyantipn: theee s previdedya of
musi cal instrunment parts, wherein said received performance information
desi gnat 8@AINGreadaRY sterags nagdivm starpg insucionsda case aeoryanertapetorm
generating step of generating sequences of nusical tone waveform sanples
cor r espondi ng at'BetEQ‘gﬂf gpnerafinetusigal inses whiehrerPHses a firgtiersiynastep etiet er ni ned
time period in response to said performance information, wherein said

I

sequencefCEHMNGETREIANE] formation;

a second storing step of receiving selection information;

a generating step of carrying out a musical fone waveform calculation in response
to said received performance information, for generating a sequence of piural number of
musical tone waveform samples, and selectively subjecting said generated éequence of
plural number of musical tone waveform samples to a plurality of characteristic control
processings according to said selection information, said characteristic control processings
being different in at least one of processing contents and calculation amount from each
other, and storing said generated sequence of the plural number of musical tone waveform
samples selectively subjected to said plurality of characteristic control processings in a
memory, a manner of the musical tone waveform calculation being changed according to
the characteristic control processing selected by said selection information; and

a reproducing step of playing back said sequence of the plural number of musical
tone waveform samples for generating musical fones, by sequentially reading said

sequence of the plural number of musical tone waveform samples from said memory at a




wavef orm sanpt es generated have pitches designated by said performance
information, and a tine density of said sequences of nusical tone waveform
sanpl es for each of said perfornmance parts to which éQ(ﬁ?pr?é?QP:'}pi eces of
said received performance informati on corresponds is independent of the
time density of said sequences of nusical tone waveform sanples for the
ot her performance parts as well as of the pitch of each of the nusical
tones to be generated; and a reproducjng step of playing back said
sequences of musical tone sanples. A®ording to eighteenth aspect of the
present i ] i i hi, ne- readabl e storage nedi um
storing ﬁ%@?‘%@ I Sﬁlsgﬁ'gj @gcfgeﬁ@ér?c ' gag%ﬁ%%eé OStep?etFef"Eﬂ %engteMtﬁc?a'%B?tH@aner ating
nmusi cal t i j o 1N i .0n- ei ving step of
Fecel vi ndnes AR nai R hr el BB AR50t Y eaah of | the
nmusi cal tones to be generated; a control information-receiving step of
recei ving control information; 10 Septenber 2003 16g a waveform
sanpl e- gener atAcagrdmb ep ﬂfen?ﬁiﬁ"é’tyaslﬁgctoé\‘t thd Presdrit ahvenBEHE tERO 88 Proviikd a
calculation to forma waveform based on data stored in a nenory beforehand,
i N respomsahinedesizbie gieradomaainmestormpandimtions, to taudehet@hytganpedbm a
sequence of nusical tone waveform sanples, which has the pitch designated
by sai d pesthalehgroeaingfrousicst iooes wiith eomprise®e density corresponding to said
control information; and a reproducing step of playing back said sequence
of nusi cal t oreefirgiaeedidngrptep affsceling sapidralibioé bieces stwrrloengeadnfatmatign st ep
carrying out said musical tone-generating calculation to forma waveform
by sel ectPnaengrating musieal fonesient data of said data in said nenmory according
to said control information. According to nineteenth aspect of the present
i nvention t hePeS§oNGIHFVEgSteP °ﬁ%i"W@-‘W@H%F"@°f§‘?ﬁ?%S@%‘F§d? UPPEPBRI ng
i nstructions cause a conputer to perfarma  nethod of generating nusical
t ones mﬁ&'ﬁ“ﬁ%‘ﬁﬁ%‘i"&%%’?g ‘ﬁ'p?‘ig'@so% %§t°8?‘?°ﬁt§”§[f” 'E)C%"fbes‘?rBé]?W&; ?’P’i’gnenory a sequence
of first wavefQ lLed _at r.edeterm ned s ling frequency; a
second storing eﬁé’%ﬁﬁo‘f S‘%@ﬁ@“@?’%"f‘%g”tsagi“gs' ag tﬁ'gr\"&age@fm F%@?t'oﬂg?feaf'g&r "ata to a
of channels being sounded which said performance information commands

to generate tones, for generating musical tone waveforms in said plurality of channels
being sounded, wherein when said performance information commands to start generation
of a new tone, one new channel is added to said plurality of channels being sounded and
when tone generation in one of said plurality of channels being sounded is finished, said
one new channel is removed from said plurality of channels being sounded:

said generating step generating said musical tone waveforms by said musical tone
waveform calculation which has an amount of calculation thereof limited such that a
maximum number of said plurality of channels being sounded for which said musical tone
waveform calculation is carried out is limited in accordance with the limitation information
by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.



sequence of second waveform data sanpled at a sanpling frequency different
fromsaid predeterm ned sanpling frequency and havinq an identical
waveshape with that of said sequence of first wavef orfhSEREANPERMP3st ori ng
sai d sequence of said second waveformdata in nenory; a performance

i nformation-receiving step of receiving performance information which
designates a pitch of the nusical tones to be generated; a control

i nformation-receiving step of receiviﬂﬁ control information; a waveform
sanpl e-generating step of generating si cal tone waveform sanpl es based

id f ot f d id. f f
Gata stored Prerang s FanELEhLaRbeRsE 1 et ir?se%‘ofr”%%be?gﬁ%ﬁﬁ%de?’géio? !
| ayi . Saj . ' npl
Card vvararneRePRHENES i vaiBhe AFS-REDE Tl SR BRI oY,
gener at i Rebd Whidihs ekeHutddUnS W@?,rd&npﬁQiHF es whi ch have the pitch

desi gnated by said performance information at a tine density correspondi ng

to said contr @lfirdtRéAFRtdte of rétEivitg RIMBrrdncs MémaReH RRER d&igratdssdt pitcwavef orm
data and sai d sequence of second waveform data according to said control

i'nf or mat iodBachAE eI bidi@l fohed Watdefblateaspect of the present invention there
is provided a machine-readabl e storage nedium storing instructions to
cause a conputeesectral ieeeifiog step ofmeichioitlg @blcgeliver rasalutigpnnnfsinctibn tedatieg tovi ch
conprises a first receiving step of receiving performance information; a
second stsempling frsgegnayfat whicke mesiog tered \warefaom samples aeet geperatet; gether at i ng st ep
of carrying out a nusical tone waveformcalculation in response to said
recei ved perf Grdean@Eng siep pheariyiha, out 8 mugisations wavefernsealguation inofespinse al
nunber of nusical tone waveform sanples, and selectivelé subj ecting said
gener at ed® S&HRSHeENIce ipPelpaiien fomBeierding i spauence chaupisakione wavsioples to a
plurality of characterjsti ontrol processings according to said
sel ecti oﬁaWHPBWﬁﬁFE‘SYﬁ {hggltén %ﬁ'ﬁnﬁ@?é’y PaldPerrgiRnee Nopiit8ssi ngs  bei ng
different in aé.least.one of processing contents and. cal cul ati on_anount
fromeach otR 'd oelistpting S’F%pn%gnseéé:t@ggseahepé'ts'gﬂ OaG EER ™S zespﬁn{“sg number
of nusi C%us‘cgnt%nm\é%fgﬁ‘r{%aIculation which has calculation resolution thereof designated by
said calculation resclution information, wherein the number of said musical tone waveform
samples per unit time is controlled by said calculation resclution information.
According to twenty-third aspect of the present invention there is provided a
method of generating musical tones which is executed on a computer, comprising:
a performance information-receiving step of receiving performance information
which designates a pitch of each of the musical fones to be generated;
a display step of displaying on a display at least one of (i) a maximum value of a
ratio of capacity of said computer to be spared for generation of the musical tones to whole
capacity thereof, (ii) a current value of the ratio of the capacity of said computer spared for
generation of the musical tones to the whole capacity thereof, (iii) a sampling frequency at
which musical tone waveform samples are generated, (iv) an effect currently imparted to
the musical tones to be generated, (v) a current value of a number of tone-generating

channels to be sounded simultaneously, and (vi) a maximum value of the number of tone-

generating channels to be sounded simultaneously;



sanpl es sel ectively subjected to said plurality of characteristic contro
processings in a nenory, a manner of the mnusical tone waveform cal cul ation
bei ng changed according to the characteristic control 1pPeienksr?§0%el ect ed
by said selection information; and a reproducing step of playing back said
sequence of the plural nunber of mnusical tone waveform sanples for
generating nusical tones, by sequentially reading said sequence of the

pl ural nunber of nusical tone waveform sanples fromsaid nmenory at a 10
Sept enber 2003 16i predeterm ned saﬁﬁﬁing frequency, said generating step
bei ng executed mﬁtq a rgﬁﬁtitio P riog Ionger t han one orresFonding to
sai d predet er ifi F3EF L %’g?rlleé%l?gn TP OnGETT B9GP SEASRER ) -MYSIEl 198€pect  of
the pres i j e i vided a chi_ne- readabl e st orage nmedi um
storing S’%‘é’?{ro ﬂﬁ? %ﬁgé]{ohg%%uoggspéﬁ%' rr(lf)f(tjcgg?netlso&%g?%’fﬁe ermigd ﬁ@ﬂ P&F°YBner at i ng

nusi cal to0B8RsdMY di 9?6&3:’3%1 Sfeffornanch iftbmiA6E! Mti\é?gipzéraﬁg%%eﬁ Cof Mg 2

plurality of pieces o fformance i nformation nerati ng nusi cal

tones; atSRCWAebAS Wakiphd §ERPated HRCHeVbRG: Wbihiald o) 54 %é}ﬁ%g{&edefi ni ng
a maxi mum anount of processing capacity of the conpufer which can be

enpl oyed;infemthtian, g@aer ati ng step of carrying out a nusical tone waveform

cal culation for a plurality of channels being sounded which said

per f ormance i nf mpraiucion stpnoBpEFing bagle RaidaseubiRest nudicaldBRE NadvieR@mmusi cal
tone waveforns in said plurality of channels being sounded, wherein when
sai d per fsempien genarated byradid eaveiommeemndse-penssatmgtstepener ati on  of a new t one,
one new channel is added to said plurality of channels being sounded and
when tone generation in one of said plurality of channels being sounded is
finished, said one new channel is renoved fromsaid plurality of channels
bei ng soundedACSYFIAY de iweny-fauh sasppcigeintee dresegt gweationubeeals rrevidedravef or ns
by said nusical tone waveform calculation which has an anount of
cal cul at ML ERRralngmYsicg! toleshwhirhls execuledona FRPRIYeSOrTs®gi d plural ity
of  channel s b%in §oun%edffor.mhich.saig nwsical_tone mavetogn1calculation
is carried ouf PEYTAIPYARACIEFHANE SR Phrachdnp; RATOLPaNSR TISFBt8Li on by
i_nhibitiw‘. % i t f | culation for, sone of said
plurality g?'adg 'gﬁ%r#g%ggﬁ%leoﬁrglgt"h\é\%l\ﬁedﬁgmqgoﬁ]egkqta%et%ﬁnegﬁ% int of processing
capacity of t Q%ieﬁapd}% df d\@’ﬁfa?ingb a gg% aF%a%%'ngo zla% r?ﬁtQ!Qlﬁe\é@X?JtBr m
cal cul ation for sai luraltty” of channel s bei ng unde

of capacity of said computer spared for generation of the musical tones to whole capacity

thereof and (b} a current value of a number of tone-generating channels to be sounded

simultaneously, and simultaneously displaying on the display at least one of (¢) a

maximum value of the ratio of the capacity of said computer to be spared for generation of

the musical tones to the whole capacity thereof, (d) a sampling frequency at which musical

tone waveform samples are generated, () an effect currently imparted to the musical

tones to be generated, and (f) a maximum value of the number of tone-generating

channels to be scunded simultaneously;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical

tone waveform samples generated has the pitch designated by said performance

information; and



exceeds the maxi num anount defined by said limtation information. 10

Sept enber 2003 16j According to twenty-second aspect of the present
invention there is provided a machi ne-readabl e nmedi um18tSspleAtPeediRBands f or
carrying out a nusical tone-generating method which is executed on a
conputer, conprising: a first receiving step of receiving performance

i nformati on which designates a pitch of each of the nusical tones to be
generated; a second receiving step of receiving calculation resolution
information relating to a sanpling fV%quency at whi ch nusi cal tone

misi cal |1 one. ViR SATA PG PIRSAS: 0k CEporetents, o AR PR AR
i nf ti [ f ical t f I
uni o havanplsd spHFRRL L A SRR e orclig M honce | nf or mmt i on: end

generating step generating said nusical tone waveform sanples by said
nmusi cal tone waveform cal cul ati on whi ch has cal cul ati on resol uti on ther eof

desi gnated by Ac@@hmg@@mum%epé&éﬂhab}e@@ntiem‘eﬁﬁmh&eﬁs proRaELs ﬁeﬂ‘@@ nunber
of said nusical tone waveform sanples per unit tinme is controlled by said

cal cul at iopgererstng WidsRal toRdsOlHIBH ik @RecufICN Ldntbuted, dowphbiMg:t hi rd aspect of the
present invention there is provided a nethod of generating nusical tones

whi ch is execut peifanmnanceC ibiaidn-reCENNg | Sep19f récepiigl OrpiMBIGE of pieces of

i nformation-receiving step of receiving performance information which

desi gnat eerfarmpinte infafmaéerc horodspbimingrsspedively do espltimality eof gastoab tnstigmentdi spl ay
step of displaying on a display at |east one of (i) a maxi mumvalue of a
rati o of PeEpathersinspidsgrelvasopgiprmeancednioemaioardedighates gepiteh af each of thehe
nmusical tones to whole <capacity thereof, (ii) a current value of the ratio
of the capsietignestodgiggnera®gut er spared for generation of the nusical
tones to the whol e capacity thereof iii) a sanpling frequency at which

nusi cal tone Wat¥V8H MERAIINESCH YD éﬁﬁ(e?farte)é%i‘,’inq By pIURHY G RigGes Qi roeBiRel | y
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least part of a plurality of channels in response to said performance infbrmation, wherein

said sequence of musical tone waveform samples generated has the pitch designated by

said performance information, and a time destiny of said sequence of musical tone

waveform samples for each of said musical instrument parts to which each of said pieces

of said received performance information corresponds is controlled by each of said

plurality of pieces of control information;

a reproducing step of playing back said sequence of musical tone waveform

samples.

According to the twenty-sixth aspect of the present invention there is provided an
apparatus for generating musical tones, comprising:

a cdmputer for executing a musical tone generating process and outputting
musical tones corresponding to musical tone waveform samples, wherein said fone

generating process comprises the steps of:



a waveform sanpl e-generating step of generating a sequence of nusical tone
wavef orm sanples for each of a plurality of channels durin% a predeterm ned
time period in response to said received performance 1hPONEREFFI03wher ei n
sai d sequence of nusical tone waveform sanples generated has the pitch
designated by said performance information, and a reproduci ng step of

pl ayi ng back said sequence of mnusical tone waveform sanples generated by
sai d wavef orm sanpl e-generating step., According to twenty-fourth aspect of
the present invention there is provid@@ a nmethod of generating nusical

whi ch i d . i Sing: f .
{ nformat i on-r &eErUT g & B BefoRE TN S FePt iEriHe S RFtF R NBI=RR] ch
desi gnat 3‘?15'%\ dslgibedl pRAC eg{:%éﬂg mﬁakaq%neggon?e)‘%sg?tn%a@gd.gener ated; a display

step of ayrng on a disp east on a'current value of a

ratio of capacdibplaites st BsSamLbLL 3%@@9%9@5&%@%%59%%% vhilg fyst cal

tones to whol e capacity a current ‘value of a nu r of

t one- genesg@i éf@aﬂmaf@hoscd@ut@ SRR foufséé(ﬁggattiéﬁ‘ﬁﬂHé hmsic:a%e%itw Ligheously

di spl aying on the display at | east one o a maxi mumvalue of the ratio

of the cappadity \heddof SR SRR oftiifs B0 SPAE @8bdcly ofMRARESAIJURA sPired Fdre
nmusi cal tones to the whol e capacity thereof, (d) a sanpling frequency at

whi ch nmugecerhtiort aftise masied] tones sampvewlcrapaggniesrasfegli) a(sanphdy Riduesdy gurrent |y
inparted to the nusical tones to be generated, and (f) a maxi num val ue of
t he nunbevhiahf musiced oge merefoinn gamples aredenetated) §visaru aifiet ceirenilly irmapatdsby; a
wavef orm sanpl e-generating step of generating a sequence of nusical tone
wavef or mtgafyeiedl thogs ik geferate| (Mr alcutrgntofaluehefran elivberuefi tane-gensratidgt er i ned
time period in response to said received performance information, wherein
sai d seqEBREElsIP bgFsirded sirgisaequslyennst () adnginaym yalie ohthedumisr efttenei t ch
desi gnated by said rﬁ) rformance information; and 10 Septenber 2003 161 a
r epr oducidfgeretnghap eg? ergupRdienyiagedsiuence of nusical tone wavef orm
sanpl es gener at ed sai d wavef orm sampl e-generating step, According to
twenty-fifth 5_5‘6%‘&9?%% S?WE'B?%%%WP S8 P B PRes geiengs SV MHEEL 0B hod  of
gener at i g, Odsh Qﬁ%pléé’ﬂ%spm@ﬁtﬁ Bf éh%nr?@fsegdf‘ﬁﬁ% p?gde?er%%e lflaneerp’erigé) ﬂp“ st ng.
response to said received performance information, wherein said sequence of
musical tone waveform samples generated has the pitch designated by said performance
information; and
a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

According to twenty-seventh aspect of the present invention there is provided a
method of generating musical tones which is executed on a computer, comprising:

a performance information-receiving step of receiving performance information
which designates a pitch of each of the musical tones to be generated;

a waveform sample—lfeading step of reading musical tone waveform samples from
a memory; |

an interpolation step of executing interpolation on the read musical tone waveform

samples in a manner selected according to an instruction from a user;




a performance-i nformation-receiving step of receiving a plurality of pieces
of performance information corresponding respectively to a plurality of
musi cal instrument parts, wherein said received perfotthbemdembei200%rat i on
designates a pitch of each of the nusical tones to be generated; a control
information-receiving step of receiving a plurality of pieces of control

i nformati on correspondi ng respectively to said plurality of nusical
instrument parts; generating step of generating a sequence of nusical tone
wavef orm sanples in at |east part of 18 plurality of channels in response to
sai d performance igfornation wq i ai d %gﬁuence of si cal . tone

wavef or m sanplle¥*GeHEr 3?"&%3"H3'§er? ﬁrge%ﬁgﬁ 8ﬁ IFEETGMat £G4y & iny'sisat 18F mance
i nf or mat 'V%Qefo%qgarﬁ?lgé ¥ aéjc%sotf:a%rﬁ{ty t%%hgr}{%: S uer"iﬂgc;: g é)?%dg{gﬁingﬁ h@é%ﬁﬁc& wavef or m

sanpl es for "eac sal d nus I’nstru pa Msai d

pi eces  QsppRldl § SERI MREVEP PLASTRNES W RiBR AN S0h" G R R slch £RB!ro! 1 ed

by each of 'sard plurality pi eces of contro ormation; a reproducing

step of RlAYoRY daRplesSittethoRfstH 8P CRid intdfHShtAl ste@NERNBKCEA Beq | @s.
According to the twenty-sixth aspect of the present invention there is

provi ded mBicaPR& wWatdforT SdmPEy GenatdtetDndBibE Gidh 4MSied HYNERI rfdfhar@e COMPUL er
for executing a nusical tone generating process and outputting mnusical

t ones cornfesqtiogliand t o musi cal tone wavef orm sanpl es, wherein said tone
generating process conprises the steps of., 10 Septenber 2003 16m a

per formance i nkoepmtudny step aif \playipgsbag wfid segenve f mpeickiotonmaneayefonfior mat i on
whi ch designates a pitch of each of the nusical tones to be generated; a

di spl ay sewpleptersratpd hy saig wevefarmusamlergensratingstap. one of (i) a maxi mum val ue
of a ratio of capacity of said conputer to be spared for generation of the
nmusi cal tones to whole <capacity thereof, (ii) a current value of the ratio
of the capacity of said conputer spared for eneration of the nusical
tones to the WREIEINGdpdeentyeiohia asprct qfithe Pfe&egasﬁmt'ﬁrgﬂfqr%qmerﬁwe%@n whi ch
nusi cal ane r\é\@\ﬁ/gf orm sa enerated, (iv) an effect currently

npl es e )
i mpart ed P82 OT 951§ AU %Sﬁ%i{"t"%gﬁama%w ated, (v) a current value of a
number of Long gERRHA' 1) e ENAT"E! Rudidh B6he GGG b4 BRP Wil ing " (V1)
musical tones corresponding to musical tone waveform samples, wherein said tone
generating process comprises the steps of:

a performance information-receiving step of receiving perfermance information
which designates a pitch of each of the musical tones to be generated;

a waveform sample-reading step of reading musical tone waveform samples from
memory;

an interpolation step of executing interpolation on the read musical tone waveform
samples in a manner selected according to an instruction from a user;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information and based on the musical tone
waveform s.amples interpolated by said interpolation step, wherein said sequeﬁce of
musical tone waveform samples generated has the pitch designated by said performance

information; and




generating channels to be sounded sinultaneously; a waveform

sanpl e-generating step of generating a sequence of rrus'| cal tone waveform
sanples in a plurality of channels during a predeterm Ht‘?'ﬂl%erﬁgﬁ)@ od in
response to said received performance information, wherein said sequence of
nmusi cal tone waveform sanpl es generated has the pitch designated by said
performance information; and a reproducing step of playing back said
sequence of nusical tone waveform sgi\%es generated by said waveform

sanpl e-generating step. According to nty-seventh aspect of the present

i nvention the i ovided . ing_musical ton which is
executed on aégrg '%ﬂ?%%vlsggn%ﬁlas%%m% %Jle“rj% %laﬁ%f?%e&i 'HF%?%&??GOH’-E‘V% i ng
step of b/ F {-nf t M| designates a pitch of each
of the nﬁfﬁ@ﬁ%’%ﬁ%@%ﬁgﬁ%\%ﬁ%@aﬁ%e ; éaegl\%g\t/'}é@%t% n sanpl e-readi ng step of
readi ng nusi cal tone waveform sanples from a menory; an interpolation step
of executing interpolation on the read nusical tone waveform sanples in a
manner sel ect Adoadie k@it AnfNaspBaLt 6TURE ihBbeht ARERioHSRErRe i reRRieaper 2003
16n a waveform sanpl e-generating step of generating a sequence of nusical

t one wavefEratusnpéresatihg musizaltonds, eonrisingl i ty of channel s during a
predeterm ned tine period in response to said received performnce

i nf or mati on aadobpgedonexethirgrarsisic tane gencratingafrocass saphastiignheagiao! at ed by
said interpolation step, wherein said sequence of nmnusical tone waveform
sanpl es WERsEseiRENS RS ouinettion Musicedenagratrespdging & the genéretetamisizal tone
information, and a reproducing step of playing back said sequence of

nmusi cal WBY?@OF{KEV‘@’F%?%SE“Q&‘l‘#ﬁ!cégm@%ﬂ%'?eéﬂt'@a PrresatanRigsethe steps afipl e- generati ng
step. Accordin ;o twenty-ei ghth aspect of the present invention there is
provi ded an ﬁg'ﬁ Feﬁ?'ﬁ'ggﬁ%P of&reliag PrEPRARsRieBs, conprising: a conputer
for executi ng, g, irccalv.tgs?e eneratiﬁ% Flrocegs_ancg outputting nusical
tones correspanding 6 ISP 'FENDIRRR AR ASs, wherein said tone
generating proGesRsdMPhsfity s SF §BRerBig musical tone waveforms in tone-

generating channels, based on said performance information, wherein a maximum number
of tone-generating channels which can be sounded simultaneously, out of all of said tone-
generating channels changes according to said state information, and a number of said

tone-generating channels which are sounded is determined according to said performance

information.

Brief Description of the Drawings

Fig. 1 is a block diagram showing the arrangement of a musical tone-generating
apparatus according fo an embodiment of the invention;

Figs. 2A to 2D show formats of various data stored in a RAM appearing in Fig. 1,
wherein:

Fig. 2A shows a format‘of tone color data stored in thé RAM;

Fig. 2B shows a format of waveform data stored in the RAM:

Fig. 2C shows a format of event data stored in an input buffer preset in the RAM:

and



a performance- i nformati on-receiving step of receiving performance
informati on which designates a pitch of each of the nusical tones to be
generated; a wavef orm sanpl e-readi ng step of readi ng nsiepEmben?03navef or m
sanples from nenory; an interpolation step of executing interpolation on
the read nusical tone waveform sanples in a manner selected according to
an instruction froma user; a waveform sanpl e-generating step of generating
a sequence of nusical tone waveform sanples for each of a plurality of
channel s during a predetermned tine period in response to said received
performance information and based on thgbnusical tone waveform sanpl es
interpolated by said interpol ation step, wherein said sequence of nusical
t one wavef or rFig. MR ASHaTAbERH ' | iR fHed

per for mance i%fornation; and 18b%§§§@ﬁ%§?&g%g%aég%aégﬁgg%ggﬁﬂ%ﬁng step of
pl ayi ng ®adk sai d sequence of nusical tone waveform sanpl es generated by
sai d wavef orm sanpl e-generating step. According to twenty-ninth aspect of
t he present ikig.cshoan fdrinatsef dsataptodsd il @dtparbuffaRpresat ghd RAMIENEr at i ng

nmusi cal tones, conprising: a conputer for executing a nusical tone

gener ati ng prfdgeds aflimingydne usefilrig expainiogbn ottimesofweocessger gerdrating put t i ng
musi cal tones corresponding to the generated nusical tone waveforns,
wher ei n T84siea! fones. evdichiipprsfageetbythe agpaeius ebig.clonpri ses the steps of: a
first receiving step of receiving performance information;, a second

recei vi ng st did-otis g dpwehariRjowing eangimfasiinmereswted kv g GPUrernstidngindémer at i ng
step of gener ating nusical tone waveforns in tone- generating channels,
based on’'said perfornmance information, wherein a maxi num nunber of

t one-generati channel,s whi ch be sounded sinmultaneously, out of all of
sai d tone- ganr'I%rsa{ ?ﬁ&w%’??gﬁﬁg‘f"@gmhﬁg‘?wﬁ%@ YPHRYCtTSEEi d state information,

ot orm ned addsrar Adors R a4 AR A BN S e R B r

determ ned according to sal rmance Descri ption of

the Dr awea@dfthBugt a MDANBISE!epHbAMLATERNAW NY the arrangenent of a nusi cal
t one- generating

Fig. 8 is a flowchart showing part tone color-selecting processing executed when a
part tone color-selecting switch is depressed;

Fig. 9 is a flowchart showing part mode-selecting processing executed when a part

mode~se!écting switch is pressed,




apparatus according to an enbodi nent of the invention; Figs. 2A to 2D show
formats of various data stored in a RAM appearing in Fi%§ 1, wherein: Fig.
2A shows a format of tone color data stored in the RANP Sepiegibep2didhons a
format of waveformdata stored in the RAM Fig. 2C shows a format of event
data stored in an input buffer preset in the RAM and 10 Septenber 2003 16p
Fig. 2D shows a format of data stored in a tone generator register preset
inthe RAM Fig. 3 shows formats of data stored in output buffers preset in
the RAM Fig. 4 is a timng chart useful in explaining an outline of
processing for generating nusical tones, which is perfornmed by the
apparatus of Fig. 1; Fig. 5is a flowhart showing a main routi ne executed
by a CPU appearing in Fig. 1; Fig. 6 is a flowhart showing MDI-receiving
interrupt processing, Fig. 7 is a f I onchatt showi ng not e-on event
processi ng executed wWHéf-dhPals ¢ Flevwheasd sheoirmh REM PRVEAPERf ace

aplpeari nlg in Figglektihiggpr8céSsind I@aﬁm@reu whem emgaaﬁrftori‘npne ecti
color-selectin rocessi ng. execut e en_a. part tone color selecting
switch is deprg§§é%%1%%g?9b€?% o 1T OWCHAT ‘showi ng part node-sel ecting
processi ng execut ed wHdd-alpats a npdwcdeirgcshagleni vateformpLegsed; 10

Sept enger 2003 fdroceltlsdnglBxbsuted Ve al tyasRevkRgLPRrdw Wairefigr m-sel ecting
processi ng executed when a waveform selecting switch is depressed; Fig. 11

is a flowchart SHOW§Vavef orm LPF 5 processing executed when a waveform
LPF switch is 10 Figs. 12A to 12D show an example of frequency

characteristics of waveform data is generated by the
waveform LPF processing of Fig. 11, wherein:

10 : Fig. 12A shows a frequency characteristic of the
original waveform data;

Fig. 12B shows a frequency characteristic of
waveform data after execution of band limit processing;

Fig. 12C shows a frequency characteristic of

15 waveform data after execution of down-sampling; and

Fig. 12D shows a frequency characteristic of

- waveform data after execution of LPF processing;

Fig. 13A is a flowchart showing tone geﬂerator
processing which is executed at a step S6 in Fig. 5;

20 Fig. 13B is a continued part of the Fig. 132
flowchart;

Figs. 142 to 14D show formats of various data
stored in a RAM of a musical tone-generating apparatus
according to a second embodiment of the invention,

25 wherein:

Fig. 14A shows a format of tone color data
stored in the RAM;

Fig. 14B shows a format of waveform data stored
in the RAM;

30 ‘ FPig. 14C shows a format of event data stored in
an input buffer preset in the RAM; and

Fig. 14D shows a format of data stored in a tone
generator register preset in the RAM;

Fig. 15 is a diagram showing an example of the

35 arrangement of a control panel surface displayed on a



depressed; Figs. 12A to 12D show an exanpl e of frequency characteristics
of waveformdata is generated by the waveform LPF proceSS|n of Fig. 11,
wherein: Fig. 12A shows a frequency characteristic of 10 qF@?QQﬁ
wavef orm data; Fig. 12B shows a frequency characteristlc of wavef or m dat a
after execution of band limt processing; Fig. 12C shows a frequency
characteristic of 15 waveform data after execution of down-sanpling; and
Fig. 12D shows a frequency characteristic of waveform data after execution
of LPF processing; Fig. 13Ais a flowhart show ng tone generator
processing which is executed at a step S6 in Fig. 5; 20 Fig. 13Bis a
continued part of the Fig. 13A flowhart; Figs. 14A to 14D show formats of
various data stored in a RAM of a nusical tone-generating apparatus
according to a second enbodi rent of the i'iventi on, 25 wherein: 30 35 Fi g.
14A shows a fof#aplay Q%ﬁ@“t@h@#cé&tEPHQRQﬁQﬁ¥QU4WHhéPRﬁN§t¢$g 14B shows a

format of mavegaaayaﬁﬁg1§;Qﬂ@ﬁsebanahgmgg@dméﬂﬂ} 14C shoms a format of
event data stored in _an I.np reset and Fﬂg 14D shows

a format of data stor®tf1 nla’tsoﬁe 88?\ 7?5t osrhorwe‘é’igstaeF“abPe§%‘ft’r t he RAM
Fig. 15 is a deagrabedhowianEPah ofxahpl rusicahdone-generating

5 apparatus according to the second embodiment;

Fig. 17 is a flowchart showing note-on event
processing, which is one of MIDI processings executed.
by the Fig. 16 main routine;

Fig. 182 is a flowchart showing tone generator

10 processing, which is executed at a step $108 in Fig.
167 .

Fig. 18B is a continued part of the Fig. 18A
flowchart;

Fig. 19 is a flowchart showing waveform reading

15 and interpolating processing, which is executed at a
. step S136 in Fig. 18;
' Fig. 20 is a flowchart showing P-display
processing, which is executed at a step S10% in Fig.
16; '
20 | Fig. 21A is a flowchart showing switch-on even
processing, which is one of other processings executed
at a step S10% in Fig. 16;

Fig. 21B is a flowchart showing duty ratio

switch-on event processing, which is also one of other
25 processings executed at the step 5109; .

Fig. 22A is a flowchart showing tone generator
processing executed by a CPU, according to a third
embodiment of the invention; and

Fig. 22B is a continued part of the Fig. 22A
30 flowchart.

DETAILED DESCRIPTION

The invention will now be described in detail
with reference to the drawings showing embodiments



arrangenment of a control panel surface displayed on
E8 display of the nusical tone-generating apparatus
second enbodinent; Fig. 16 is a flowhart show ng a
by a CPU of the nusica

enbodi ment; Fig. processing, by the Fig. Fig. pro

fl owmchart show ng note-on event which is one of M D

a 10 Septenber 2003 5
according to the

neideePiRmieh 00 x ecut ed

t one-generating apparatus according to the second

cessing, 16, 17 is a
processi ngs executed

16 main routine; 18A is a flowhart showi ng tone generator which is

executed at a step S108 in Fig. 10 15 20 25 30 Fig.
of the Fig. 18A flowhart; Fig.

and interpol ating processing, which is executed at a
Fig. 20 is a flowhart show ng P--display
19

thereof.

18B is a continued part

19 is a flowhart show ng waveform readi ng

step S136 in Fig. 18;

Referring first to Fig. 1, there is illustrated

10

15

20

25

30

35

the arrangement of a musical tone-generating apparatus
according to a first embodiment of the invention. The
block diagram of Fig. 1 shows the arrangement of a
general purpose computer per se, to which an operating
system (0S) such as Windows (Registered Trademark) is
applicable. Therefore, this invention can be
implemented as software on a general purpose computer.
Further, this invention is applicable to an electronic
musical instrument having substantially the same
arrangemeﬁt as in Fig. 1.

The apparatus according to the present
embodiment is comprised of a CPU 1 for performing

various data processings, a keyboard 2 through which a

user inputs program execution commands and data, a

display unit 3 for displaying various image and
character information, a hard disk drive (HDD) 4
storing data and programs executed by the CPU 1, a ROM
5 storing programs for controlling data
inputting/outputting to and from the keyboard i, the
display unit 3 and the HDD 4, a RAM 6 for storing
programs being execﬁted, waveform data and data
calculated, a timer 7, a MIDI interface 8 connected to
a performance unit like a keyboard to be supplied with
performance data therefrom, a DMA (direct memory
access) controller 9 for directly accessing the RAM 6
to read therefrom musical tone sample data (waveform
data) at a rate corresponding, e.g., to a sampling
frequency of 48 kxHz and delivering the read data,
sample by sample, to a D/A converter 10 in response to
a command from the CPU 1 (hereinafter referred to as
"the reading-reproducing processing), the D/A converter
10 for converting the musical tone~generating data in
the form of a digital signal supplied from the DMA



processing, which is executed at a step S109 in Fig. 16; Fig. 21Ais a
flowchart show ng switch-on even processing, which is one of other
processi ngs executed at a step S109 in Fig. 16; Fig. 19f8riembgr 206wchar t
showi ng duty ratio switch-on event processing, which is also one of other
processi ngs-executed at the step S109; Fig. 22A is a flowhart show ng tone
generator processing executed by a CPU, according to a third enbodi nent
of the invention; and Fig. 22B is a continued part of the Fig. 22A

fl omchart. DETAI LED DESCRI PTION The invention will now be described in
detail wth reference to the draw ngs show ng enbodi nents 10 Sept enber
2003 19 thereof. Referring first to Fig. 1, there is illustrated the
arrangenent of a nusical tone-generating apparatus according to a first
enbodi nent of the invention. The 5 bl ock2di agram of Fig. -1 shows the

arr ?nge?e£; of cG;]h'ltJQﬂ.r!L@'Iab Rar EQSQH?wgﬁtgldaqr tﬁﬁe § Do, C:’h %@Eﬁﬂﬁer ating
syst em such as istered Tr a e
Therefore, thliy?HV%xﬁﬁ &&pggfyfﬂ%liﬂﬂa 4;§ngg é%ffﬂ%ﬁﬁpo %

a general
pur pose conputémnejihgﬁﬂklberwavhos & nventspeakies , apptli zdPpbe Y20 an el ectronic

nusi cal Instrumrme@_ﬁugb%h@n&bﬂ)&a{ea@eelmtsa&r@agﬁrrent as in Fig. 1.
The aQParatus accordlng he present

He HDD 4 stores an operating program and

varicus data including automatic performance data and
code progression data. In the case where any operating
program is not stored in the " ROM 5, an operating
program may be stored in a hard disk within the HDD 4.
10 This operating program is read into the RAM 6 so that
the CPU 1 operates on the operating program in the same

way as if an operating program is stored in the ROM 5.

By so doing, the addition of an operating program and
version-up of the operating program are facilitated. A
15 CD-ROM (compact disk read-only memory) drive 13 is also
" connected to the bus 12, which reads an operating
program and various data stored in a CD-ROM set
therein. The operating program and various data thus
read out are stored in the hard disk within the HDD 4.
20 It is thus easy to install a further operating program
Oor a new ﬁersion of the operating program. Devices for
utilizing various types of media including a floppy
disk drive and a magneto—optical (MO) disk drive may
also be provided as external storage devices,
25 A communication interface 14 is also connected
to the bus 12, The communication interface 14 is
connected to a communication network 21 such as a LAN
(local area network), an internet or a telephone line.
The communication interface 14 is connected to a server
30 computer 31 through the communication network 21. In
the case where the operating program and various data
are not stored in the HDD 4, the communication
interface 14 is used to download programs and data from
the server computer 31. The present musical tone-

35 generating apparatus constituting a client transmits a



enbodi ment is conprised of a CPU 1 for perform ng 15 various data

processi ngs, a keyboard 2 through which a user inputs program execution
commands and data, a display unit 3 for displaying vdPiSspembaeg®3and
character information, a hard disk drive (HDD) 4 storing data and prograns
executed by the CPU 1, a ROM 20 5 storing prograns for controlling data
inputting/outputting to and fromthe keyboard 1, the display unit 3 and
the HDD 4, a RAM 6 for storing prograns being executed, waveform data and
data calculated, a tinmer 7, a MDI interface 8 connected to 25 a
performance unit |ike a keyboard to be supplied with perfornmance data
therefrom a DVA (direct nenory access) controller 9 for directly
accessing the RAM 6 to read therefrom nusical tone sanple data (waveform
data) at a rate corresponding, e.g., to &!sanpling 30 frequency of 48 kHz
and del i veri ngcbhmanéadeqlatst,ings ahpl ecbye samplmit exo 348 DbAdeomad er 10 in

response to  a,GopEAEAd. {LOMRL aﬁPFL])né D§1§€5 DAl chef ebhRtniadon "t he

readi ng-r epr oduci ng _pr ocessi nqg . the A converter 10 for caonverting the
nusi cal tone- gdREPEERRAY HhtaPd Fhss COmRURrHTHF B L shvgial Lsi ghaF suppl i ed
fromthe DVA 1@eSepresbeputZ&l) 3L r2@eicent tiols erontndral amdadalbgexsisi cal tone
signal . a sound, _s f i.f ¥i d_out tiinghbeusical  tone
si gnal 5by way gpea¥?%§g§%%%k%?&gﬁ' gai%ggr%g al&lnt&e%%aor?neéti nza t he conponent
elements 1 to $ONS-FRESHUDLAY SIRASESLEA BPEPAET NP HrFremi&A81%Var i ous data

i ncl udi ng aut ofRitverRert or NEmE anddlca 1afdne cgeRe PAOE SPparadasa. I n the
case where anyx%%%ﬁ%%%nghe program and data through the communication
interface 14 and accumulates them in the HDD 4. The
10 downloading is thus completed.

The present invention may alternatively be
implemented by the use of a commercially available
personal computer or the like with an operating program
and data adapted to the invention installed therein.

15 In such a case, a storage medium such as a CD-ROM or a
floppy disk which stores the operating program and data

- adapted to the invention and can be read by a personal

computer can be offered to the user. In the case where
such a personal computer or the like is connected to a

20 communication network like a LaN, an internet or a
telephone line, the operating program and the data can
be offered to the personal computer or the like through
the communication network.

Throughout the present specification, the term

25 "waveform sample{s)" or "sample(s)"” means a waveform
sample (waveform samples) obtained by sampling original
waveform data, the term "waveform data" those data of a
sequence of waveform samples which are actually used to
generate musical tones, the term "musical tone waveform

30 data" data produced from the seguence of waveform
samples by a musical tone-generating operation, and the
term "musical tone waveform sample" a waveform sample
(waveform samples) of the musical tone waveform data
produced by the musical toﬁe—generating operation,

35 Figs. 2A to 2D show formats of tone color data




programis not stored in the-ROM5, an operating programmay be stored in
a hard disk within the HDD 4. 10 This operating programis read into the
RAM 6 so that the CPU 1 operates on the operating prd§Sgriembet H3same  way
as if an operating programis stored in the ROM5. By so doing, the

addi tion of an operating programand version-up of the operating program
are facilitated. A 15 CD-ROM (conpact disk read-only nenory) drive 13 is

al so connected to the bus 12, which reads an operating program and
various data stored in a CD-ROM set therein. The operating program and
various data thus read out are stored in the hard disk within the HDD 4.
20 It is thus easy to install a further operating program or a new version
of the operating program Devices for utilizing various types of nedia
including a floppy disk drive and a magn%to optical (MD disk drive may

al so be provi dedd asaesdamalatst skaged divitdes RAYS 6Aaedndaf cHtdxse i nterf ace

14 is al so Conﬂﬂcéﬁ‘dlnﬁt& herlu¥Satd. a MehLYBRLeati pagister face 14 is
connected to a conmuni catl on net\évork 21 such as a LAN (local area
0

network), an iRFBFTRT Tt ne line. The comunication interface 14
i's connected to a serE‘/iazr :mx @impﬂt eon8lcelrougitat BBpcopmaENl cati on net wor k

21. Ims the Cai%b"‘@@éfe& he per aking, p&ﬁﬂé@@@%m‘ﬁ&b@&%ﬁata are not
stored in the H . the communication interface 14 is used to downl oad

progranms and d4¥EXefrBATIsHE &Ry dabipi &) FPr PRELPRBELNY Husical tone 35
generating appanstfisreonStad tusnigeg aAF0| (2ot freansmcyscaciDiSeptenber 2003 21

command requeSEEng&Deoffgfﬁﬁi %%%QURgb)§1f£f£é¥n@H€%%gpe generator
‘ (FEG) control original data, amplitude envelope
10 generator (AEG) control original data, other original
data, and calculation mode CM{p).. The symbol p
represents a part number, and the musical tone-—
generating apparatus of the present embodiment is
adapted to set tone color data for 16 parts. Further,
15 - in the present embodiment, the waveform-designating
data WN(p) is set by a waveform name, which is set by
‘the user (see Fig. 9). The calculation mode CM(p) is
data for indirectly designating the number of samples
to be generated per second for generating a musical
20 tone waveform, i.e. data corresponding to an equivalent
sampling frequency. According to the present
embodiment, the calculation mode CM(p) can selectively
assume an integer from 0 to 2 is selected. 1In the
.present embodiment, the calculation mode CM(p) and the
25 equivalent sampling frequency are set in the
relationship of CM(0) = 48 kHz, CM(l) = 24 kHz, and
CM(2) = 12 kHz.
Fig. 2B shows waveform data WD1l, WD2, ... wﬁich
are original waveform data for forming musical tone
30 waveform data generated by musical tone-generating
processing, hereinafter described. Among them, the
waveform data WDl and WDZ2 are each formed of samples
having a length corresponding to a predetermined time
period and each indicate a waveform which can be read

35 out at one time or a waveform formed by an attack



an operating program and data through the communication interface 14 and
the communi cati on network 21. The server conputer 31 receives this comand
and delivers 5 the requested operating program and dat'8 Segtefier 200$i cal

t one- generating apparatus through the communication network 21. The

nmusi cal tone-generating apparatus receives the programand data through

t he communication interface 14 and accunul ates themin the HDD 4. The 10
downl oadi ng is thus conpleted. The present invention may alternatively be
i npl emented by the use of a commercially avail able personal conmputer or
the like with an operating program and data adapted to the invention
installed therein. 15 In such a case, a storage nedi um such as a CD- ROM or
a floppy disk which stores the operating program and data adapted to the
i nvention and can be read by a personal %onputer can be offered to the
user. In the casetwher endsacClvap peicsdpal. cDngutare fanrnt kiathi KB1i sndonnect ed
toa 20 COMMURGALLANGRE) UG ddPy abh; A8 Sl YMPloOh B1RPaPOLFS

tel ephone |ine, the operating programand the data can be offered to the
personal conputdr YéVefREM| §3der tiYislg e rehBr @ BHPMT E A3 SRe otk .
Throulgh?u§ t he ppd‘e@.‘é&ﬁ&mS?@@ifé@cﬂidiﬁi@, stah@ltﬂ@nfré'qwﬁfy?l‘amdsaﬁﬁke(i;) " oor
"sanp s)" neans.a r nm .aln y

sanpl i (rf?g origi ﬁia t%v?/am@}esﬁ o?fnn%d%?sogf%tr%eﬂz}tgg%%g\%\g%%}?'oralﬁe%astt‘g&&? ﬁoggedat a of a
sequence of waveasr fesanphed vkl daget aaphyinysee tFPM gener at e nusi cal
tones, the ter mavaiiredbatamepwavafoOmm2: in Fig. 2B are obtained by

subjecting the waveform data WDl and WD2 to -

predetermined band limiting processing, down-sampling
10 the band-limited data at a frequency 1/2 times of the

original recording sampling frequency (by skipping

every other sample), and storing the resulting down-
sampled data in the waveform data area. Waveform data
WD2" in Fig. 2B is obtained by subjecting the waveform

15 data WD2' to predetermined band limiting processing,
down-sampling the band-limited data at a frequency 1/2
times of the sampling frequency of the waveform data
WD2, i.e. at a frequency 1l/4 times of the original
recording sampling frequency, and storing the resulting

20 data in the waveform data area. Processing for
generatihg the waveform data WD1', WD2' and WD2"
(Waveform LPF Processing) will be described hereinafter
with reference to Fig. 11,

Fig. 2C shows an input buffer which stores

25 performance data input through the MIDI interface 8.
This input buffer is comprised of an area for storing
data indicative of the number of events to be
processed, and areas for storing event data ID1l, IDZ2,
ID3, and so on, corresponding to respective events.

30 Each event data is comprised of data indicative of the
contents of the event, and data indicative of a time
point of occurrence of the event. The data indicative
of the time point of event occurrence is required for
the CPU 1 to process a plurality of events

35 collectively.



dat a" data produced fromthe sequence of waveform sanples by a nusical

t one-generating operation, and the term"nusical tone vef orm sanpl e" a
wavef orm sanpl e (waveform sanpl es) of the nusical ton@%@ﬁ@%t a

produced by the nusical tone--generating operation. Figs. 2A to 2D show
formats of tone color data 10 Septenber 2003 10 22 and waveform data
stored in the RAM 6 and data stored in an input buffer and a tone
generator register present on the RAM'6. Fig. 2A shows tone color data
PDp'(p =1, ..., 16) stored in the RAM 6, which is conprised of
wavef or m desi gnating data WN(p) for designating a waveform of a range, LFO
(Il ow frequency oscillator) <control original data (OD), filter envel ope
generator (FEG control original data, anplitude envel ope generator (AEGQ
control original data, other original dat#a, and cal cul ation node CMp). .
The synbol p represeis, @ppahbwbudbedsne afghdlakofusegastdOnaricgener ati ng
apparatus of t esent. .e Loe i t el 0 l,or data for
16 parts. Furt g??£315c|nntrtofr1rg%%r!'tgsggr’l %%%%}%Pﬁllaen%f%tgﬁgg\%\% e oarn(r}r"}%dlési ghat i ng
20 25 30 35 davhigin e jupesketinpphy WagtPak ha@Teenehpehnds set by the user

(see Fig. 9). phecéadny at ien thRdgrEMM difbodideatf, okhkndbrect |y
desi gnating the nunber of sam
5 generator registe

keis comprised of registers for 32
channels. The control data for each musical tone-—
generating channel are obtained by processing the
respective original data of the tone color data PDp
(see Fig. 2A) according to performance data such as

10 touch, and comprised of pitch SP indicative of the
pitch of a musical‘tone to be generated, an F number FN
indicative of an address-advancing amount per sample by
which waveform data is read out, waveform—designating '
data for designating waveform data to be read out, LFO

15 control data obtained by processing the LFO control
‘original data, FEG control data obtained by processing
the FEG control original data, AEG control data
obtained by processing the AEG control original data,
note—-on data (1-bit data) indicative of whether or not

20 a musical tone is being sounded, other data, and
calculation mode CM(i) (i =1, ... 32),.

The F number FN is a numerical value of the
address—advancing amount per sample, which is
calculated by the use of the following equation (1):

where SP represents the pitch SP of a musical tone to
be generated, OP the pitch (original pitch) inherent in
waveform data which is designated by the waveform-
designating data and read, sample by sample, at the

30 sampling frequency of 48 kHz, CM the calculation mode
CM (i), and WM waveform mode indicative of a sampling
frequency at which the musical tone was recorded

(recording sampling frequency), i.e. a numerical value




to be generated per second for generating a nusical tone waveform

data corresponding to an equivalent sanpling frequenc% AccordlncgiS
present enbodi ment, the cal cul ati on node CM p) can sé

integer fromO to 2 is selected. In the .present enbodi nent, the
cal cul ati on node CM p) and the equival ent sanpling frequency are set in the

relationship of CMO = 48 kHz, CM 1) = 24 kHz, and CM2) = 12 kHz.

2B shows waveformdata Wp1, WD2, ... which are original waveformd
form ng nusical tone waveform data generated by musical tone-gener
processi ng, hereinafter described. Anong them the waveformdata WDl and
WD2 are each fornmed of sanples having a | ength corresponding to a-
predetermned tine period and each indicate a waveform which can be read
out at one tinme or a waveform formed by an attack 10 Sept enber 2003
section and a kédpttedtiorsactharangfefor Artatand\BndimgctWp? are each

obt ai ned by reaﬁa@ea@y%eoaﬁ @fe afe@lo&}a%gtyampfmega\f%%@hggt@f WHLh vere

previously sang]ed at a &Iternlne recordin

stored 5 inth

ency
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sampling frequency of 20 to 24 kHz, and WM = 2 to a
recording sampling frequency of 10 to 12 kHz, Each
waveform data to which is allotted a value (i) of the
waveform mode can have a high frequency component which
has an upper limit frequency value egqual to half of the
recording sampling frequency. The wvalues SP and OP are
divided by 1200 because these values are given in cent
values.

The F number FN controls the pitch conversion

mode .,

20

25

30

35

Further, the tone geherator register has
provided therein a work area for tone generation
processing. This work area is used when correction of
the F number FN, for example, by the LF0O control data
is tequired. .

Fig. 3 shows formats of output buffers preset on
the RAM 6. )

In the figure, a buffer 0 is for accumulating
128 musical tone waveform samples generated by a
musical tone—generating channel to which is assigned
the calculation mode 0 (CM{(i) = 0), one of the control
data stored in the tone generator register, described
hereinabove, a buffer 1 for accumulating 64 musical
tone waveform samples generated by a tone generating
channel to which the calculaticon mode 1 (CM(i) = 1} is
assigned, and a buffer 2 for accumulating 32 musical
tone waveform samples generéted by & tone generating
channel to which the calculation mode 2 (CM(i)}) = 2) is



sanpled data in the waveform data area. Waveformdata WD2" in Fig. 2B is
obt ai ned by subjecting the waveform 15 data WD2' to predeterm ned band
linmting processing, down-sanpling the band-1imited d8tSgptembsgr240Squency
1/2 tinmes of the sanpling frequency of the waveformdata W2, i.e. at a
frequency 1/4 times of the original recording sanpling frequency,. and
storing the resulting 20 data in the waveform data area. Processing for
generating the waveformdata WDI ', WD2' and WD2" (Waveform LPF Processi ng)
wi |l be described hereinafter wth reference to Fig. 11. Fig. 2C shows an
I nput buffer which stores 25 performance data input through the M DI
interface 8. This input buffer is conprised of an area for storing data
indicative of the nunber of events to be,.processed, and areas for storing
event data ID1, 1D2, 1D3, and so on, corresponding to respective events.
30 Each event 8&F4I%%conprised of data indicative of the contents of the
event, and data indi catbwEfeaf 1a tismeor ppémdragfingcd@Br wnsecdf tdne event. The

(BN 19 pebenter s P S EL BB PO Sohubgchgaten o) (g
10 15 20 25 30wayeform samples in the buffer 1, and a buffer or
5 generating 128 musical tone waveform samples by
interpolating the 32 musical tone waveform samples in
the buffer 2. The thus generated 128 musical tone
waveform samples in the buffer 1' and those in the
buffer 2' are accumulated together with the 128 musical
10 tone waveform samples in the buffer 0 into 128 musical
tone waveform samples, which are then stored in the
buffer 0 for reproduction. That is, the buffer 0 also
functions to store the 128 musical tone waveform sample
data to be read by the DMA controller $ for
15 reproduction. .
By thus interpolating musical tone waveform
" samples generated at such low sampling rates (waveform
sample data in the buffers 1 and 2 in the present )
embodiment) into 128 musical tone waveform samples, the
20 128 musical tone waveform samples generated in the
buffer 0 and the 64 and 32 musical tone waveform
samples generated in the buffers 1 and 2 can be
accumulated together without generating aliasing noise,
whereby final 128 musical tone waveform samples for
25 reproduction can be obtained. The interpclation method
employed in the embodiment may be a well-known one,
such as linear interpolation.
In the present embodiment, as state above, the
three kinds of buffers 0 to 2 are provided and the
30 buffer sizes thereof are set in the relationship of
buffer 0 : buffer 1 : buffer 2 = 4 : 2 : 1. However,
this setting is not limitative. Alternatively, for
example, two types of buffers 0 and 1 may be provided,
which have buffer sizes satisfying the relationship of
35 buffer 0 : buffer 1 = 3 : 1.




Fig. 2D shows- a tone generator register which stores control data for each

t one-generating channel which are used in the nusical tone-generating
processing. In the present enbodi nent, the tone generl8t3sptepbgr 2308 s
conprised of registers for 32 channels. The control data for each nusica
tone- generating channel are obtained by processing the respective
original data of the tone color data PDp (see Fig. 2A) according to
performance data such as touch, and conprised of pitch SP indicative of
the 11 pitch of a nusical tone to be generated, an F nunmber FN indicative
of an address-advanci ng anount per sanple by which waveformdata is read
out, waveformdesignating data for designating waveformdata to be read
out, LFO control data obtained by processing the LFO control original
data, FEG control data obtained by proce§§ing t he FEG control, original
data, AEG control dat¥ow,oltraionsdibg f odles Jiusg cBhe tAFS EBMEFHI 1 i gi nal

data, note-on,datasddsdidxdatal bpdigativeifi wWaekhgeneratdig a nusi cal
tone i s being sounded, other data, apn

32). The F namBBPAFRFYS SETHHGARGEP bOP U 61N " RAAPELs. Aevhdd ng amount
per sanpl e, whidebcisbedatioll ategfe reycehtousegdf 4Fhe 4PorhdwhBg equation (1):
FN = 2(SP-OP)/ 1200 x %Q\é,}/ggﬁpl\@]eg,ﬁeﬁ%rﬁ@{@S&nFeSqetnliein kChasP wfia nusical
tone t be generated, OP the pitch (original, pitgch) .inherent ip . waveform
data which i s d88P§naPee e tHPWabe SFH}OHe§+£né¥%n§°@§t50285 ?¢%%, sanpl e
by sanple, at thg isasptiggpiedqguencyial 48 ki, e@Mtt.he@ndakbghathen- node
waveform name WN(p) and the calculation mode CM(p}
belonging to the designated data PDp are automatically
10 designated, whereby fhe CPU 1 generates waveform
samples of a musical tone corresponding to the input
event at a time density (equivalent sampling frequency)
determined by the calculation mode CM(p)} on an output
buffer corresponding to the calculation mode. Further,
15 the CPU 1 executes a musical tone-generating
calculation including interpolation on these waveform
' samples, stores the calculated data, i.e. musical tone
waveform sample data, in the output buffer 0 of the RAM
6, and notifies the DMA controller 9 of the completion
20 of the calculation (Fig. 4B). The DMA controller 9
sequentialiy reads the musical tone waveform sample
data from the output buffer 0 (Fig. 4C). Performance
data input through the MIDI interface 8 during a time
period from the immediately preceding time point tBC of
25 generation of a clock signal BC to the present time
point tBC of generation of the clock signal BC is
subjected to the present calculation for generating a
musical tone. Reading and reproduction of the musical
tone waveform sample data of which the calculation is
30 completed at a time point tCE is executed by the DMA
controller 9 starting at the next time point tBC of
occurrence of the clock signal BC to generate a musical
tone. Each arrow P shown in Fig. 4B simply indicates
the correspondence between the calculated musical tone

35 waveform sample data and the reading-reproducing




CMi), and WM waveform node indicative of a sanpling frequency at which

the nusical tone was recorded (recording sanpling frequency), i.e. a
nuneri cal value 10 Septenber 2003 2S allotted to eaCHa\W@"&eﬁ?ma and

indirectly indicative of the recording sanpling frequency of the waveform
data (in the present enbodi nent, the waveform nopbde assunes an integer from
Oto 2, simlarly to the 5 calculation node CMi)). For exanple, the
waveform node WM = 0 corresponds to a recording sanpling frequency of 40
to 48 kHz, WM =1 to a recording sanpling frequency of 20 to 24 kHz, and
WM = 2 to a recording sanpling frequency of 10 to 12 kHz. Each 10 waveform
data to which is allotted a value (i) of the waveform node can have a high
frequency conponent which has an upper ljmt frequency val ue equal to half

of the recording sanmpling frequency. The%%alues SP and OP are _divided by
1200 because tharesslings bre diemematn isgacatestial dds rPFELE Afinber FN

controls the pidhd GARMELEEER EMESLetRd BRetnet bemé Rl rgenEEatier regi ster
has provi ded thenﬁ%%ﬁg gprk géeq:for tong ggeeration 20 processing. This
work area is used TEGr FEcton- gt 7595 the F nunmber FN,

‘ . for exanple,
by the LFO control datrscordinequd ride: pRiegens shbodimenthmttdhcof out put

buffer% preset fdlpling frequency of the DAC 10 of the musical tone-
generating apparatus is 48 kHz} and accordingly the
clock signal BC is generated at time intervals of 2.7
msec (128/48k). . Hence, the maximum delay time from
inputting of performance data to actual generation of a

10 musical tone is apprdximately 5 msec, which poses no
listening problem on the human. For automatic
performance, the delay time may be longer, and hence
the size of the output buffer 0 may be made longer.
Further, the reading-reproducing processing need not be

15 started at the same timing as generation of the clock
signal BC, but may be started at any timing such as at
the lapse of a predetermined time period after the time
point tBC of generation of the clock signal BC, insofar
as it does not pose any listening problem on the human.

20 Now, description will be made of control
processing executed by the CPU 1 of the musical tone-
generating apparatus constructed as above, with
reference to Figs. 5 to 13.

Fig. 5 shows a main routine executed by the CPU

25 1. The main routine is started when the user turns on
a power source of the musical tone—generating apparatus
(when the program of the software tone generator is
triggered in the case where the invention is
implemented on a general purpose personal computer) .

30 Fig. 6 shows MIDI-receiving interrupt processing. This
interrupt processing is executed with the highest
priority upon inputting of performance data through the
MIDI interface 8.

First, the processinq of Fig. 6 will be
35 described. At a step S11, received data is fetched,




the RAM6. In the figure, a buffer 0 is for accunulating 128 nusical tone
wavef orm sanpl es generated by a nusical tone-generat hg%lechannel t o which

is assigned the calculation node 0 (CMi) = 0), one ReM8¢d03I  data
stored in the tone generator register, described hereinabove, 'a buffer 1
for accunul ating 64 nusical tone waveform sanpl es generated by a tone
generating channel to which the calculation node 1 (CMi) = 1) is
assigned, and a buffer 2 for accumulating 32 nusical tone waveform sanpl es
generated by a tone generating channel to which the cal culation node 2
(CMi) =2) is 10 Septenmber 2003 26 assigned. A buffer 1' is for
generating 128 nusical tone waveform sanples by interpolating the 64

musi cal tone waveformsanples in the buffger 1, and a buffer 2' for 5

generating 128 nusical tone wavef orm sanples.by i nterpal aLi. he 32
nusi cal tone weEt dhens hpReSt R S]t%ézshﬁufngF”ﬁ.XdT%aetaf ﬁluss%%égg‘ragt ed 128

nusi cal tone wawef anm Sapptesuffet het bifef @AM16 Begethoseith £ABE buffer 2'

o1 scoumi o o0, L0SLIAL ML gy 1R, Mitodl gcbonsavaver orm sarples i1

fmusi calf tone waveform,sa Ie?‘ é/\%i ch are then stored
in the buffer 0 for rigptdguBeiBnrovthERe i€ Fifle Buff&¥°0 also functions to
store tshe 128 nusigall feraonaveber exsan® atdat atep Her resd Bylt KESDVA

S\gcte][ glr lmer 9 fof 15 reproqueti ofl. nfYs L Nits, IdielBObat] ng Mugical tone
registers are cleared, and the reading-reproducing
processing by the DMA controller 9 is.initialized to be
started. Then, it is determined at a step 52 whether

10 or not the input buffer contains received data. If the
input buffer does not contain any received data, the
program immediately proceeds to a step S4, whereas if
the input buffer contains received data, operations
corresponding to the received data, such as note—on -

15 event processing, note-off event processing and pedal
processing are performed at a step §3, followed by the
program proceeding to the step s4.

At the step 54, it is determined whether or not
a switch event such as tone color selection has

20 occurred. If no switch event has occurred, the program
immediately proceeds to a step $6, whereas if a switch
event has occurred, panel switch event processing is
executed, e.g. by selecting a tone color for each MIDI
channel according to setting of a tone color-selecting

25 switch at a step S5, and then the prbgram proceeds to a
step 56,

At the step S6, a subroutine for tone generator
processing shown in Figs. 13A and 13B, hereinafter
described, is executed, and further other processings

30 are executed at a step S7, followed by the program
returning to the step S2. Thereafter, the steps 82 to
S7 are repeatedly executed.

Fig. 7 shows details of the note-on event
processing which is one of the received data

35 processings executed by the step 83 in Fig. 5.




sanpl es generated at such |ow sanpling rates (waveform sanple data in the

buffers 1 and 2 in the present enbodinent) into 128 sical tone waveform
sanpl es, the 20 128 nusi cal tone waveform sanpl es genghéF@@"FﬁfgW@ buf f er
0 and the 64 and 32 nusical tone waveform sanples generated in the buffers
1 and 2 can be accunul ated together w thout generating aliasing noise,
wher eby final 128 nusical tone waveform sanples for 25 reproduction can be
obtai ned. The interpol ation method 30 35 enpl oyed in the enbodi ment may be
a well -known one, such as linear interpolation. In the present enbodi nent,
as state above, the three kinds of buffers O to 2 are provided and the
buffer sizes-thereof are set in the relationship of buffer 0 : buffer 1
buffer 2 =4 : 2 : 1. However, this sett'ng is not limtative.

0

Alternatlvely, for exanpl e, tmo types buffers O and 1 rovi ded,
whi ch have buffer si ZBET3%t |30 i 17§ oPhE2 i‘el%ltf?ﬂd*-r%h.aﬁ‘ of PBﬁFf‘\é?'E‘be’P buffer 1
= 3 : 1. 10 Septnedbeted00P thelGelei28d2boB86-3b daita Mow, sapredt in ren of t he

nusi cal tOne_g%&%%aganhereinafter the stored contents thereof will
be referred to as "the pitch SP") and an area p
5 (hereinafter the stored contents thereof will be
' referred to as "the part p") preset in the RAM 6,
respectively, and at the same time an event occurrence
time point (received time point) is stored in an area
TM (hereinafter the contents thereof will be referred

10 fo as "the occurrence time point TM") preset in the RAM
6.

Then, at a step $22, tone generation-assigning
processing is performed for determining a tone-
generating channel of the tone generator register (Fig.

15 2D) into which tone color data is to be written, and
the assigned channel number is stored in an area i
{(hereinafter the stored contents thereof will be
referred to as "the assigned channel ;")f

At the following step $23, tone color data PDp

20 for the part p (see Fig. 2A) is retrieved to obtain a
waveform name (waveform—designating data) WN(p) and a
calculation mode CM(p), and waveform data coiresponding
to the calculation mode CM(p) is selected out of
waveform data having the waveform name WN(p), and a

25 read address on the RAM 6 (see Fig. 2B) for reading out
the waveform data is set as waveform-designating data
for the assigned channel i (see Fig. 2D). '

In this connection, a plurality of waveform data
having the same waveform name WN(p) can be present.

30 For example, the waveform data WD2' and WD2" are.
obtained by down-sampling the waveform data WD2 as
mentioned before, and therefore have the same waveform
name as that of the waveform data WD2. Thus, if a
plurality of waveform data having the same waveform

35 name are present, one of them is selected, which




processi ng executed by the nusical tone-generating apparatus according to
the present enbodinment will be described with reference to Figs. 4A, 4B
and 4C. For exanple, when a note-on event of a part p 1PSePiEAPET29%t o t he

i nput buffer of Fig. 2C, tone color data PDp is designated according to
the event, and then the waveform name WN(p) and the cal cul ati on node CM p)
bel onging to the designated data PDp are automatically designated, whereby
the CPU 1 generates waveform sanples of a nusical tone corresponding to
the input event at a tine density (equival ent sanpling frequency)

determ ned by the cal cul ati on node CM p) on an output buffer correspondi ng
to the calculation node. Further, the CPU 1 executes a nusica

tone-generating cal culation including iqﬁerpolation on t hese waveform
sanpl es, stores the cal cul ated data, i.e." nusical tone waveform sanple
data, in the ogopuespetdert® tdfe CRACRARELIBD B0fF ©Ot®fies the DVA controller
9 of the conpletion ghudher calwel atei anplEtal idB)af Fagebvamcdata ol ler 9
sequentially reads the nusical tone wa r da omt he out put
buf fer 0 (Fig.%ﬁﬁngPgP?o??ﬁﬁuﬂ§ve §f§'¥§%§tg% ?%Hﬁﬁ%ﬁ?ﬁekgf%ﬁ interface 8
during a time gaeei stefeone twaveinmdidatal gOpFeRANG% 5% “B6i nt t BC of

genera%i on of 3.GlRektSbANRbaBEH @it he present.tirer epaimpilel BCnof
gener a

ion of the clock signal _ BC i suhj.ect ed epf,cal cul ation
for generating %29 ndSircBP g?)ﬁ%foﬁéa%\tﬁg@%d fgﬁf%g %r?f\ion%r g? the nusi cal
t one wavef or m seaipldatdba obdahCdip)t he cal2tulst PERSERL - cIM3etEd at- a tinme

point "t CE is exgculad Ryt Pge%d%ﬁ ROt Rb andvagpnt date next tine
point tBC of occirrence ol Lhe Lok Yilleddsihg 9enerahe musical

10 hereinafter with reference to Fig. 11). In such a
case, waveform data corresponding to the calculation
mode CM(p) cannot be selected, and therefore waveform
data with the same waveform name_WN(p) but
corresponding to a different waveform mode WM is

15 selected, and a desired musical tone signal is
generated by changing the read speed for reading out
the waveform data, i.e. by changing the pitch of the
waveform data, specifically by adjusting the F number
FN. .

20 In the present embodiment, the calculation mode
CM(p) and the waveform mode WM of a waveform suitable
for musical tone generation in the calculation mode
CM(p) are set in a one—~to-one relationship. More
specifically, if the calculation mode CM(p) 1s set to

25 CM(p) = 0, waveform data to which the waveform mode WM
= 0 is allotted is selected. However, the calculation
mode CM(p) and the waveform mode WM are based on
different concepts and do not always correspond to each
other. The present embodiment is merely arranged such

30 that waveform data are generated, of which the waveform
mode WM corresponds to the calculation mode CM(p) .

Referring again to Fig. 7, at a step S24, the
tone color data PDp (tone color data indicated by a
tone color number TC(p), hereinafter referred to) for

35 the part p is processed according to the pitch SP and



tone. Each artow P shown in Fig. 4B sinply indicates the correspondence
bet ween the cal cul ated nusical tone waveform sanple ta and the
readi ng-reproduci ng 10 Sept enber 2003 28 processing, ﬁ % THR i ndicate
that the result of the calculation conpleted at the tinme point tCE is
transferred at the tinme point tBC. According to the present enbodi nent, the
5 sanpling frequency of the DAC 10 of the nusical tone- generating
apparatus is 48 kHz, and accordingly the clock signal BC is generated at
time intervals of 2.7 nsec (128/48k).- Hence, the maxi mumdelay time from
i nputting of performance data to actual generation of a 10 nusical tone is
approximately 5 nsec, which poses no |istening problemon the human. For
automatic performance, the delay tine be | onger, and hence the size
of the output buffer 0 may be nade | onger Further, th

r eadi ng- repr odbEnga prokasision gofee it - b%PQE??§t&Ptédpé?d?ﬁ%r%%ﬂﬁgt|ln ng as
generation of EE}QaCb@Ctkhe SjcgiéalgeBGrabut fmylilsarstcﬁr ted assagyedi mi ng such
as at the |aps redeterm ned, ti Rert i apint tBC
of generation 8§ 3§c£oc$9 %{aﬁlga I NSO éﬁéxgég%ﬁ?én%estnogzggse any

I'i st eni ng probﬂ@h1oﬁneh@frﬂhﬁu?qugysNeﬁ/tH%s%??ﬁﬁﬁﬁﬁ?ﬁmoﬁltB@ e of

cont ro% processidigeugest Bsh bys tthe peRYeht 0t né heinisiealgingnehagenef at i ng
appar a

us construycted as above, with e E to 13. Fig. 5
shows a main r JRLPHE ERERLTRY R FRE °§PEE8£5Q§§%%%%cﬁg%hfﬁgutlne is started
when the user tagmtsodding poméhngnamw@lgpetEenﬁﬁ%W@aIfﬁﬁnéhQEHerQP?ng

apparatus the cut-off frequency of a tone color filter, not

shown, from being changed according to the calculation

10 mode C(p). Another object of the processing is,
similarly to ordinary electronic musical instruments,
to vary musical tone characteristics including the
shape of the envelope, according to performance
information such as the pitch SP. The tone color

i5 number TC(p) is set by the user, as will be described
with reference to Fig. 8.

Next, note—-on data is written into the tone
generator register at the assigned channel i at a step
s2%, followed by terminating the present routine.

20 Figs. 8 to 11 show routines for executing
various event processings, which are triggered by
depressing respective panel switches by the user. Each
processing is one of the panel switch event processings
executed at the step S5 in Fig. 5. The panel switches

25 may be arranged in the keyboard 2, or alternatively
they may be displayed on the display 3. 1In the latter
case, a cursor is moved by means of an up/down key of
the keyboard 2 or a mouse, not shown, to depress a
desired panel switch.

30 : Fig. 8 shows a routine for selecting a part tone
color, which is executed when a part tone color-
selecting switch of the panel switches, not shown, is
depressed.

First, at a step S$S31, when the user inputs a

35 part number, the part number is stored in the area p,



(when the program of the software tone generator is triggered in the case
where the invention is inplenented on a general purpoag@gersonal
computer). 30 Fig. 6 shows M Dl -receiving interrupt 6r20ﬂ3n s 35
interrupt processing is executed with the highest priority upon inputting
of performance data through the MDI interface 8. First, the processing of
Fig. 6 will be described. At a step S11, received data is fetched, 10

Sept ember 2003 29 and then at a step S12 the received data is witten
into the input buffer of the RAM 6 together with tinme data indicating when
the data is received. In the main routine of Fig. 5, first, 5

initializations are executed at a step Si, i.e. all the tone-generating
channel's are turned off, all the registe;s are cleared, and the
readi ng-reproduci ng. processing by the controller 9 is. initialized to

be started. TR&R ¥PED| Eh%le‘f%ﬁ"%lr?é’d‘tét agteRe P BL WHEIREF 1 lbh%rt?ﬂﬁ t he
i nput buffer certisirnaufmbeei vedstated. ibf ahherea Miutp)bpirkept dbestidt contain
f‘][‘y received d et.heryBr pgramd W%ﬁ%ﬁ@kys%%&eﬁﬁ thQ@ @rshepc fh Wwhereas

the input buffer contarns receive at a1 oper ati1 ons correspondlng to
the received ddisathgu@hods-RepelPd 5 oagehf BFO%‘&%%%& (Réte-of f event
processi ng and pedal Npke¢esShAGEI® PatkoLrefdraparedstaap aS3tepobidwed by
the program proceeding.to t ste st £ ed byl $ndeterm ned
whet her or not 1\Pa SSWETCH tfé%g‘t?y’suc es%otlo%eggg cpl(%(?tdl oh has
tone color number TC({p) is retrleved from a group of

tone color data stored beforehand in a predetermined
area within the hard disk of the HDD 4 and loaded into
10 a tone color data area PDp indicated by the part p.

Further, the waveform-designating data WN(p) in the
loaded tone color data is referred to, and it is
determined whether or not waveform data designated by
the data WN(p) and the calculation mode CM(p) is

15 present in the waveform data storage area of Fig. 2B,
If the data is not present, the waveform data stored in
the hard disk of the HDD 4 is read out and loaded into
the waveform data storage area. On this occasion, tone
color data previously set for the part p is saved in a

20 corresponding storage area of the hard disk 4.

Fig. 9 shows a routine for selecting a part
mode, which is executed when a part mode—selectipg
switch, not shown, is depressed,

First, similarly to the step S§31, a part number

25 input by‘the user is stored in the area p, and when the
user inputs a calculation mode, the calculation mode
(an integer out of 0 to 2) is stored in the area CM(p)
in the tone color data area indicated by the part p, at
a step S41.

30 _ Fig. ‘10 shows a routine for selecting a part
waveform, which is executed when a part waveform-
selecting switch, not shown, is depressed.

First, similarly to the step S31, a part number
input by the user is stored in the area p, and when the

35 user inputs a waveform name, the waveform name is




20- occurred. 1f no switch event has occurred, the program inmediately
proceeds to a step S6, whereas if a switch event has (‘Scurr d, panel
switch event processing is executed, e.g. by selecti ﬂé SPERREr 2or f or
each M DI channel according to setting of a tone color-selecting 25 switch
at a step S5, and then the program proceeds to a step S6. At the step S6,
a subroutine for tone generator processing shown in Figs. 13A and 13B,
herei nafter described, is executed, and further other processings 30 are
executed at a step S7, followed by the program returning to the step S2.
Thereafter, the steps S2 to S7 are repeatedly executed. Fig. 7 shows
details of the note-on event processing which is one of the received data
35 processings executed by the step S3 ir54Fi g. 5. 10 Septenber 2003 30
First, at- a step S21, a pitch and a part nunber indicated by the received
note-on data arséOLelr &8 Fhe fFecafBHPSPipnkhei 1R &°He %8F3r 88 ont ent s
thereof will Hediebeesedyttheaparthe, patch SRp soid an, area p 5
(hereinafter the stor ngorkt:SFE%rtnh%]%%Qf RN dirn%f gl gfeto as "the part
p") preset in the RAM6, "respectively, and at the same time an event
occurrence ti ridlsoilat iopeReds A1) mdSpBrAPFr¢d &% of &FSPnSAR - ar¥are T™M
(hereigafter thgeeariealsy} hedwfon ldatheinefedted b0 vie aavetbemoccurrence
time point TM), presgh in,fhe, RAM6 Them AL & SLeR S3AuelBOR aara
gener ati on- assi'giing  PfocessTHg 1's pertor ed Yor determ ning a fone-

stored in the predetermined area in the HDD 4 in a

manner taking the calculation mode CM(p) into account, _

and the thus retrieved waveform data is loaded into the

10 waveform data area in the RAM 6 (see Fig. 2ZB).

The expression in a manner taking the

calculation mode CM(p) into account™ means as follows:
If a plurality of waveform data with the same waveform
name WN(p) are present, which include waveform data to

15 which is allotted the waveform mode WM corresponding to
the calculation mode CM(p}, only the waveform data with

" the waveform mode WM allotted thereto is selected and

loaded into the waveform data area. In this manner,
the RAM 6 can be efficiently used. Alternatively, all

20 the waveform data having the same waveform name WN(p)
may be loaded into the waveform data area irrespective
of the calculation mode CM(p).

If waveform data with the same waveform name has
already been stored in the waveform data area in the

25 RAM 6, the present processing need not be executed, but
re-~loading of the waveform data does not pose any
problem.

Fig. 11 shows a routine for carrying out
waveform LPF processing, which is executed when a

30 waveform LPF switch, not shown, is depressed.

First, when the user inputs a waveform to be
processed and contents of processing for the waveform,
the waveform data to be processed is retrieved from the
waveform data area of the RAM 6 at a step 561. If the

35 waveform data to be processed cannot be retrieved, it



generating channel of the tone generator register (Fig. 15 2D) into which
tone color data is to be witten, and the assigned cg% nel nunber is
stored in an area i (hereinafter the stored. content Biegber 9% be
referred to as "the assigned channel i"). At the follow ng step S23, tone
color data PDp 20 for the part p (see Fig. 2A) is retrieved to obtain a
wavef orm nane (waveform designating data) WN(p) and a cal cul ati on node
CM p), and waveform data corresponding to the calculation node CMp) is
sel ected out of waveform data having the waveform name WN(p), and a 25
read address on the RAM 6 (see Fig. 2B) for reading out the waveform data
is set as waveformdesignating data for the assigned channel i (see Fig.
2D). In this connection, a plurality of waveformdata having the sane
wavef orm name WN(p) can be present. 30 For_exanpl e - 4L he vvavefé)mrp1 data WD2'
and W2" are &Bt SFHetF A L ERRpPTRYP t P W\?%O&?% gifaS VR %s™™ nenti oned
bef ore, and thenefbaed ek tthe Tarecwavehios of ridnee paocehatinaf t he wavef orm
data WD2. Thus, i | 4 - g nkbensade: yvavef or m
35 nane are pr%gg%???o]gieﬁ% %%?%Q’?‘s\éggﬁggﬁend%m% r(:%%\élflgg,Segterrber 2003 31
corresponds toPehéi®afedi ati on node CMp). However, even if a plurality of
wavef og m data havi ngThée, saue svaleekbemnimadnet & esyEesSH2t whehkee ¢85 a case
wher e no wavef g dala, ¢oLEssPanding Q. Lhe, bofal clialiion HodeotMp) i s
present. For exanple, I'n 1g. , no waveform data WDL" corresponding to
the calcul ati ectdee tvpg Ygreatedliys rgpdsent: Thi Shes waveform

data does not contain any loop section, band limiting
processing is executed at a step $63. Then, down-

10 sampling is executed at a step 564 to complete the
waveform, followed by storing the thus completed

waveform in the waveform data area in the RAM 6 at a

step S65. The band limiting processing is employed in

order to prevent mixing of aliasing noises in the

15 stored waveform data, which will occur if down—-sampling
is executed to store the waveform data as it is without

" execution of the band limiting processing. Therefore,

band limiting processing should be effected to such an
extent as avoid occurrence of aliasing noises by the

20 down~sampling. A frequency band to be limited is set
by the user at the step S61.

Referring next to Figs. 12A to 12D, the

processings at the steps $63 and S64 will be explained.
In the figures, the abscissa represents the frequency,

25 and the ordinate the level. Fig. 12A shows an example
of frequency spectrum of a waveform (waveform name:
PIANO. 0) before the waveform LPF processing, 1.e. a
frequency spectrum of an original waveform which has
been sampled at a predetermined recording sampling

30 fregquency Fs for calculating musical tone waveform data
at the equivalent sampling frequency of 48 kHz
(waveform mode WM = 0). Fig. 12B shows a frequency
spectrum of a waveform obtained after subjecting the
waveform of Fig. 12A to band limiting processing. Fig.

35 12C shows a frequency spectrum of a waveform which is



because the user did not prepare the waveformdata WL1", e.g. by waveform
LPF processing (described 10 hereinafter with reference to Fig. . In
such a case, waveformdata corresponding to the cal cdpﬁpewbemé CM p)
cannot be selected, and therefore waveform data with the sane waveform
name WN(p) but correspondi ng to a different waveform node WMis 15

sel ected, and a desired nusical tone signal is generated by changing the
read speed for reading out the waveformdata, i.e. by changing the pitch
of the waveformdata, specifically by adjusting the F nunber FN. 20 In
the present enbodi nent, the cal culation node CMp) and the waveform node
VWM of a waveform suitable for nusical tone generation in the cal cul ation
node CMp) are set in a one-to-one rel atgonship. More specifically, if
the calculatio rmde ) 0 Y r o0 which

t he wavef orm n% cgé(ypdowgagg {'”H; @Vggggm %mg%ger @ﬁté‘%ct& cul ation
nmode CM p) andfréeuswsiefldimtinge 9 Bhe Cb@%‘d‘a&n regPFAEREMA BNt s and do

not al ways Corfﬁéﬁﬁﬁﬁhﬁf)ﬂ%&cQal@ﬁh&flnaTmhiﬂdﬂﬂambnéﬁbadEﬁmIm datamerel y
arranged such 30 fhat wavef orm data.are 9::6 bfo% sz gh the waveform
mode WM corresBBnH%et%q‘Fhv?lc?Ql cGPFEPLHRY no ‘537(5') eferring again to Fig.
7, at @ step S2#avéherm omslec Mo dat a PDp- (%%éwsola GEEAUFRN cat ed by a
tone col or nungg Ecggtp)@f rberveavggggerogegeﬁé@cb}t Gudielctidh the part p is
processed accord| ng to the pit g 10 Se ten}eP 29:<O:>§e§g1m£he

cal cul ation rméi’é‘vé%(’fi‘)‘ °%rtpdl%et1 t8 bP8JdEF &F P

_ i.e. band limiting processing, and then down-sampling

the resulting waveform data at a frequency 1/2 times of
10 the recording sampling frequency, for calculating

musical tone waveform data at the equivalent sampling

frequency of 12 kHz (waveform mode WM = 2). The down-

sampling in Fig. 12C is, as described hereinabove with
reference to Fig. 12B, executed by skipping every other
15 sample of the waveform data of Fig. 12B. Similarly,
the down—sampllng in Fig. 12D is executed by skipping
"~ every other sample of the waveform data of Fig. 12C
after execution of the band limiting process}ng.
Therefore, according to the present embodiment, the
20 down-sampling can be effected only at a frequency which
is 270 times (n: a positive integer) of the recording
sampling frequency of the original waveform. However,
by simultaneously executing the processings at the
steps $63 and $64, it is possible to perform the down-—
25 sampling at a frequency which is an arbitrary multiple
of the sampling frequency of the original waveform,
Referring again to Fig. 11, if it is determined
at the step S62 that the retrieved waveform data has a
loop section, the waveform is developed into a waveform
30 having an attack section and several repetitions of the
ioop section connected to the attack section, at a step
S66. Then, the developed waveform data is subjected to
a band limit processing at a step S67, followed by
down-sampling the band-limited data at a step S68.

35 Then, a new attack section and a new loop section are



area of the tone generator register of the assigned channel i1 together
with the event occurrence time point TM One of the j

j.ects of tge
processing of the tone 5 color data PDp is to prevent qpﬁgp Mber P3ngi ng
shape of volunme envel ope generator (EG control data for controlling a
vol ume envel ope generator, not shown, and the cut-off frequency of a tone
color filter, not shown, from being changed according to the cal cul ation
10 nmode C(p). Another object of the processing is, simlarly to ordinary
el ectronic nmusical instrunents, to vary nusical tone characteristics
i ncluding the shape of the envel ope, according to performance information
such as the pitch SP. The tone col or 15 nunber TC(p) is set by the user, as
will be described with reference to Fig. ;8. Next, note-on data is witten
into the tone generator register at the %élsl ned channel i_at a step S25,

i e,

fol l owed by tePRPRAEREFRYY tHE Hifds EnP™r bt DEFGESI8 I S how rout i nes
for executing datbeoas @verdp B6dcessdngsyawdiiaim dasecompyges@didnm depressing

respective pangl,sybbehes, WatkNnlSEEorERCLY PIRESEHHY LenPNe1gf the panel
switch event processings executed at the step S5 in Fig. 5. The panel

switches 25 maych&har pEeR)ePIn The REFBSSFHY ar thet 8FRRBEI Y81 Y hey nay
be di sgl ayed omeBhardi 6l ayarde asnthbeel at tetie otage, S&3cundos i s Tmwved by

means of an up/down _key. o t 0 . 2.0 .nat . shown, to
depress a desir(rt%(iogaﬁé ésl\l/\? t"ﬁ’.&%gﬁﬁég;%g_S%O\f;\?sd%%%gﬁtl?ﬁe1$0r selecting a
part tone col subighFed te Bxedhwd wEeRcas had 11z Gife fFOS1LBFS: sefcting

switch of the RaReEcsW HEPLSwhiH nSROWA, atBack section and a loop
| section, the loop section is formed by a small number
10 of samples, and therefore a high-order low pass filter
cannot be used to directly subject the original
waveform to the band-limiting prbcessing, whereby a
satisfactory band attenuation characteristic cannot be
obtained. The above described processing method
15 enables the use of a high-order low pass filter even
for waveform data having a loop section, to thereby.
" achieve LPF processing with reduced noises.
Figs. 13A and 13B show details of the tone
generator processing executed at the stép 56 ip Fig. 5.
20 First, at a step S$81 in Fig. 13A, the contents
in the tone generator register (Fig. 2D) are checked to
determine whether or not new data has been written into
the register, at a step S$82. If no new data has been
written, the program immediately proceeds to a step
25 SB4. On the other hand, if new data has been written,
tone generator control-preparing processing for a tone-
generating channel into which the new data has been
written is executed at a step S83. More specifically,
the tone generator control-preparing processing
30 includes converting data in a tone—generating channel i
{into which data has been newly written) into various
control data- for actual waveform calculation, and
setting the first read address for reading out waveform
data corresponding to the data in the channel ji.
35 At the following step S84, calculation timing




depressed. First, at a step S31, when the user inputs a 35 part nunber,

the part nunber is stored in the area p, 10 Septenber ﬁ%ﬁ nd mhen
the user inputs a tone col or nunber, the tone color f 8¢”P§f%¥3red in an
area TC(p) preset in the RAMG6. The tone col or nunber stored in the area
TC(p) 1is the above-nentioned tone col or nunber-TC(p). Next, tone col or
data is prepared at a step S32. Mre specifically, tone color data

i ndicated by the tone color nunber TC(p) is retrieved froma group of

tone col or data stored beforehand in a predetermned area within the hard
di sk of the HDD 4 and | oaded into 10 a tone col or data area PDp indicated
by the part p. Further, the waveformdesignating data WN(p) in the | oaded
tone color data is referred to, and it i =8 determ ned whet her or not

wavef orm dat a desigpat ed @ymtéaf Hata &N@)fmltweacamyh@tf@p mode CM p)
Is 15 present in the waveform data staqrage ar If the data is

not present, tK&EAREVBEOFRTYRA Tt JPE¥E PR ??ﬁ?tﬁﬂﬁf%ﬂFgV B?d?ﬁe HDD 4 is
read out and Ia@@edduntbonth@:Mayekoantdaeap@imwagﬁldFea ©nh f&rs occasi on,
tone col or dats%a&ﬁ:?ﬁboeéié(ufﬂldcrp ft Qﬁv@%im pddtsa saved 'r@pﬁod@@ed

correifondlng storﬁge area of d disk 4. . 9 shows a routine for
sel ect? ng a pamextnddee %ﬁl%WFW§3é%%EﬁFeB ﬁhe%?%? d35@e2E8l ect i ng

swi tch, not shawmtinscdepyesssd. ardd reprogiuted avlyhdur tineestrept 34, a part
number 25 i npuly BY,ot REOUSERCL Fort LIRS | (BihNEoAL £ Rer 3 WRENLROE

following step S85, it is determined whether or not the

calculation—-starting time point tBC has been reacﬁed,
10 and if not, the program is immediately terminated.

When the calculation-starting time point has
been reached, channel control is first carried out to
determine a sequence of calculations and a channel to
be stopped from generating a musical tone, according to

15 musical tones to be produced by respective channels
(step 886). The calculation sequence is determined in

- order to carry out calculation for channels for

generating musical tones of higher degrees of
importance earlier in case that all the calculations

20 cannot be completed by the time they should be
completed (i.e. the calculaﬁions are stopped
immediately when the time is reached). Then, the data
prepared at the step S83 are developed on the time axis
to prepare for waveform calculations (step S87). Then,

25 at a step S88, the number of a tone—generating channel
having the first calculation order is set to the
parameter i.

At a step S89 in Fig. 13B, the value of the

calculation mode CM(i) is determined, and if CM(i) = 0O
30 holds, musical tone waveform data for 128 samples for
the channel i is generated and added to data in the
buffer 0 at a step S90. If CM(i) = 1 holds, musical
tone waveform data for 64 samples for the channel i is
generated and added to data in the buffer 1 at a step
35 $91. If CM(i) = 2 holds, musical tone waveform data



30 user inputs a calculation node, the calculation node (an integer out of
Oto 2) is stored in the area CMp) 1in the tone color I.ndi cat ed
by the part p, at . a step S41. Fig.-10 shows a routind 0%%P3§§F53¥Png a part
wavef orm which is executed when a part waveform selecting switch, not
shown, is depressed. First, simlarly to the step 531, a part nunber I nput
by the user is stored in the area p, and when the 35 user inputs a waveform
nane, the waveformnane is 10 Septenber 2003 34 stored in the area WN(p)
in the tone color data area indicated by the part p, at a step 551. Next,
wavef orm data corresponding to the calculation node CMp) is prepared at a
step S52. More 5 specifically, waveformdata indicated by the waveform
name WN(p) is retrieved fromthe group ofsswavef orm data stored in the

predet erm ned area,hn EDQ ndBner; tiakigadetheecgadsdl aidean node
CMp) into accgu%t 35 SJ%ﬁt hus re?rleve méve? e ta Is loaded into

the 10 wavef or KPd8RE2 at R teh & eRARI BE (3 c2F 99 6‘9228) i TRECEXpiEsSion in a
manner taki ng hhethéalseegbzatsm tRDGe2ChEph 41 mca:ccaountnblﬁeaﬂ@im'sorf ol | ows:

If a plurality (%f vvavefg lata, th EQS gg{@ Mwaveformy--aapEniKy) are
present,

whi ch % n8Haas® wave ormdata to which iIs aIIotted he wavef orm
nmode WM cor r espuddieng t dpeehileed!1oul &flieoﬁd%‘a’eord\?(sp)ef f5micgdt A Wavef orm

data with the Mavetebm pdeoMMAl loat bedat beg ed ard=d seldeetsed and | oaded
into the “ﬁvef?L{PE%%E%nﬁiﬁg torL équ 8 nerFN for each channel i
(see Fig. 2D), readinq and interpolation of waveform
sample data corresponding to the read address, read out
0 from the waveform data storage area shown in Fig. 2B,
and then tone color and volume envelope processing of

the interpolated waveform samples to obtain musical

tone waveform samples. The above described processings
are repeatedly performed for each sample of the musical

15 tone waveform data generated by one generation
processing. For example, for the channel i having the
calculation mode CM(i) = 0, the above processings are
repeatedly performed until 128 musical tone waveform
samples are obtained. The waveform data which is read

20 out is waveform data designated by the waveform-
designating data. The waveform data is selected and
designated according to the waveform name WN(p) of the
part é!to which a musical tone being generated through
the tone—generating channel i belongs, and the

25 calculation mode CM(i). If the recording sampling
frequency of the waveform data used for a currently
generated musical tone signal does not correspond to
the calculation mode (eguivalent sampling frequency)
set for the channel i, the F number FN value is

30 corrected by the latter term of the equation (1) for
éalculating the F number FN. This correction is made
in order to ensure generation of a musical tone at the
designated pitch. For details of the processing at the
steps $90 to 92, reference should be made to the

35 specification and Fig. 13 of Japanese Patent



the RAM 6 can be efficiently used. Alternatively, all 20 the waveform data

havi ng the sanme waveform nane WN(p) may be Ioaded I nt rm dat a
area irrespective of the calculation node CMp). ﬂé&%?%Fﬁ?H%i with the

sanme waveform nane has already been stored in the maveforn1data area in
the 25 RAM 6, the present processing need not be executed, but re-I|oading
of the waveform data does not pose any problem Fig. 11 shows a routine
for carrying out waveform LPF processing, which is executed when a 30
wavef orm LPFswi t ch, not shown, is depressed. First, when the user inputs a
waveformto be processed and contents of processing for the waveform the
waveform data to be processed is retrieved fromthe waveform data area of
the RAM 6 at a step S61. If the 35 wavefaqgn data to be processed cannot be

retrieved, 1t J0-7eRLRIRRINEO0R R7335 k31LGLFhEYCfh [ st he group of

wavef orm data & W& har he contents of theH$roceSS|ng
i ncl ude ki nds ofcodaarpPeagbny iep dhd -aPREeftehey! bedfdia Fi3&d) PHiYed. Then,
it is detern1nqg,aq9@6$tep S62 whet her or not the waveform data thus

retrieved contains a | oo to b ea y he
viavef orm data does nbf @8% C#Féﬂheﬁﬁig se§f|%§g$b5%§é1Eﬁ%kﬁhggt%roce55|ng
i s exesuted at aW@%mcfme&ml@Dm F@lléiahﬁﬁl forikhe xa&ioedtst a step S64

to conplete the.,MavMehabm nbab | oyvathibisedle@iledy Lheis hussLompl ebed
generate musical tone waveform samples at the
_ designated pitch SP in any calculation mode, by
‘ correcting the F number FN. However, if the F number
10 FN assumes a value largely different from a reference
value "1" thereof due to the correction, etc., the
resulting generated musical tone can have a degraded
quality. For example, when the F number FN for the
channel is corrected to a very large value due to the
15 correction (e.g. FN > 2), high frequency band
components of waveform data read out from the waveform
data storage area excéeds half of the equivalent
sampling frequency, causing generation of aliasing
noises in waveform samples obtained by the
20 interpolation. Conversely, if the F number FN is
corrected to a very small value due to the correction -
(e.g. FN < 0.5), waveform samples obtained by
interpolation contain only higher harmonic frequency
components lower than 1/4 times of the equivalent
25 sampling fregquency, failing to obtain a guality
corresponding to the time density set for the channel
for generating musical tone waveform samples.
Therefore, in designating waveform data by waveform-
designating data to be read out for generating musical
30 - tones through each channel i, it is desirable to select
Qaveform data with a waveform mode allotted thereto,
which is suitable for the calculation mode CM (i) for
the each channel, e.g. waveform data with WM = 1 if CM
= 1,

35 Referring again to Fig. 13B, it is determined at




waveformin the waveformdata area in the RAM6 at a step 865 The band
limting processing is enployed .in order to prevent Hbé w% | i.asing

noi ses in the 15 stored waveform data, which will occ ep énpllng

is executed to store the waveformdata as it is wthout executlon of the
band Iimting processing. Therefore, band limting processing should be
effected to such an extent as avoid occurrence of aliasing noises by the
20 down-sanpling. A frequency band to be limted is set by the user at the
step $61. Referring next to Figs. 12A to 12D, the processings at the steps
S63 and S64 will be explained. |In the figures, the abscissa represents the
frequency, 25 and the ordinate the level. Fig. 12A shows an exanple of
frequency spectrum of a maveforn1(maveforq1nane Pl ANO. 0) before the

wavef orm LPF processin a frequenc ectru of an or wavef or m
whi ch has beeft §5fPI %%3 a”fhe}hﬁrreﬂét BP1ri e TEES i nhagﬁ Es ’g‘gé{%‘ef requency

Fs-for cal cul atteny obsnesl, tiore wheehernmxknqx catlchhet équ$ vaf ent sanpl i ng
frequency of 4%a%§%or£ &f o rpde MW ) réadlreéz§o§h9¥§efb€ﬁﬁﬂuency

spectrum of a waveformo talned after su Lectln he waveformof Fig. 12A

to band |initi AYSpratesetery.havigbess soEPSHefE a i #GUEACY™ shRttHtin of a
wavef 08 m whi ch chanh@1 Sept endrate 120@23n3abns obd adenech oy ldoed, senpl i ng t he

wavef or m of Fi guh2B BE fhe [GEMAACLoLLE LL1ES Aled e, 01 Lgkhoal s regor di ng

sanpling frequency, Tor calculating nmusical tone waveformdata at the
equi val ent sanpl §ef FhamRmEyL Git '245&?@ 8§94 ek R SR bde L BXagTati g. 12D

shows a frequen@turning to the step S89, to thereby repeatedly

execute the processing. On the other hand, 1if waveform
10 calculations have been completed for all the channels,
the program proceeds to a step S95.

At the step S95, as previously described with
reference to Fig. 3, 64 musical tone waveform samples
generated in the buffer 1 and 32 musical tone waveform

15 samples generated in the buffer 2 are interpolated
(oversampled), and respective 128 musical tone waveform

" data samples thus obtained are stored in the buffers 1°

and 2' as musical tone waveform data. Then, at a step
$96, 128 musical tone waveform samples obtained by

20 adding together respective 128 musical tone waveform
samples in the buffers 0, 1' and 2' are stored in the
buffer 0.

At the following step S97, the musical tone

waveform data thus stored in the buffer 0 is subjected
25 to reverberation processing to impart a reverberation
effect to the data, and then at a step 598,
reproduction of the 128 musical tone waveform samples
in the buffer 0 is reserved with the reproduction area,
followed by terminating the present tone generator
30 processing.

As described hereinabove, according to the
present embodiment, a plurality of calculation modes
are provided for calculating musical tone waveform data
to generate musical tones, and the user can freely

35 select a desired calculation mode, and therefore the



spectrum of a waveform obtai ned by subjecting the waveformof Fig. 12Cto

t he wavef orm LPF processing, i.e. band limting proc n hen
down-sanpling the resulting waveformdata at a frequzﬁa‘? l%f"@ dCWés of 10
the recording sanpling frequency, for calculating nmnusical tone waveform
data at the equivalent sanpling frequency of 12 kHz (waveform node WM =
2). The down- sanpling in Fig. 12C is, as described herei nabove with
reference to Fig. 12B, executed by skipping every other 15 sanple of the
waveformdata of Fig. 12B. Simlarly, the down-sanmpling in Fig. 12D is
executed by skipping every other sanple of the waveformdata of Fig. 12C
after execution of the band Iimting processing. Therefore, according to
the present enbodi ment, the 20 dovvn sanmplng can be effected only at a
frequency which is 2-n_tinmes (n: osifive |nte % of the chording
sanpl i ng frequ¥fgy HRt T UTY & ﬁ&fer VEPSE T oS Byt t aneousl y
executing the puabessofigsustcdalheonst aps cﬁﬁsemt@d:ﬁ@zt aj roile bosgiighe to
perform the doyg %éasﬁa@méyqa&t RnbLeANENEY W G ghSgaB 1 gepitrary multiple
of the sanpli n%ie uency of the original waveform Referrl ng again to
Fig. 11, if it 9%eped f‘é?n’i’%e‘bfleatp"‘tr%s%t 8p W2 thatsife!r EPPfeved wavef orm
dat a has a | oepneeation, the waveformis devel oped into a waveform 30
havi ng an attack sectj S al,re of, e S ion
connected to the attabgpgg%l?l o&\éﬁ'Ie et Bgi&“’s%&%n mgtr?l,a tchgoig%v%ﬁ)ped

wavef or m dat a |f§’rsGBFBcPéHttd“u%1%’énG°PPﬁ1 foprdtesantghaviadgstep S67,

fol |l owed by dqw}g&&mhsﬂgnm@ dputt] caht B geder Ateda witt®paSBBgh 35 Then, a
new attack sectlonand a new ]9op Se¢hi.ON. R8s 1S5 2003

10 limited processing capacity of the musical tone-

generating apparatus.
Furthermore, waveform data with a low recording
sampling frequency for a calculation mode (mode 1 or 2}
for generating musical tones with a low guality can be
i5 prepared by LPF processing from waveform data with a
high recording sampling frequency for a calculation
" mode (mode 0) for generating musical tones with a high
quality. Fﬁfther, Qaveform data can be selected out of
the thus generated waveform data according to the
20 calculation mode selected by the user, to theréby
' generate musical tones. As -a result, for example, when
musical tones are generated through a channel where
calculation is made at a low equivalent sampling
frequency, a waveform having the same tone color as
25 that of a musical tone calculated at a high equivalent
sampling frequency can be generated without generating
aliasing noises though it has a slightly degraded
quality.
Still further, waveform data is automatically
30 selected according to the calculation mode selected by
the user, and therefore in a channel for generating
musical tones at a high equivalent sampling frequency,
waveform data with a high recording sampling frequency
and having frequency components over a broad band can

35 be processed, while in a channel for generating musical



37 separately cut off fromthe thus generated waveform data at a step
S69, and a waveformis conpleted from the waveform data and stored at a
step S70, sinilarly to the step S65. 'The processi ngdY2ePeAbesi®s s67 and
5 S68 are the sane as those at the steps S63 and 64. The reason why the
wavef orm having a | oop section is subjected to the above processing is as
follows: In waveformdata which has an attack section and a | oop section,
the | oop section is fornmed by a small nunber 10 of sanples, and therefore a
hi gh-order |ow pass filter cannot be used to directly subject the original
waveformto the band-limting pr ocessing, whereby a satisfactory band
attenuation characteristic cannot be obtained. The above descri bed
processi ng nmethod 15 enabl es the use of hi gh-order | ow pass filter even
for waveform data having a | oop section, o thereby. achieve LPF
processi ng w t horegudied® ndi™s €§uiFp4ent 1R 9 SESHERCYet BFYSIUT™ t he tone
gener at or procgsskngi€xecutrd raktothengt epmSbind) fieguehcy 280dFhasing at a
step S81 in Fig. 13A, the contents in the ton r.register (Fig. 2D)
are checked togragF%?%¥ﬁ%“ﬂ%%%“éF or “ho ?é§5°a§%ﬂﬁg§%%eg% witten into

t'he register, arogessep. SSthig makgsnél WRRLCHRIR &P REPEEen, the program
imediately proegedfat 0ol St &P WdRe884m O the edhercdiaiddact.new data has

been written, tone generatpr control-preparin ocessin or a tone-
generating channel in SC%E'EH’ﬁﬁbtﬁ?wPES?gn%a%ékééﬁPeQMﬁ t 8& %s execut ed at
a step S83. Mrelspéetionandde CMipd tfomecgbaelaltvrg corfmedilepr epEPehg

processing 30 ijicludgsecopyesdidg Lot a £l RoawhPBes ARNEIAL iNagichatnel i
waveform mode WM corresponding to the selected

10 calculation mode CM(p) is present, waveform data with a
waveform mode WM corresponding to a calculation mode
CM(p) different from the selected one is selected to
generate a musical tone signal based on the selected
waveform data. However, this is not limitative. It

15 may be so arranged that it is automatically detected

' whether or not waveform data with a waveform mode
" corresponding to the selected calculation mode CM({p) is
present, and if no data is present, fhe waveform LPF
processing of Fig. 11 is automatically executed to

20 preparé waveform data with a waveform mode
corresponding to the selected calculation mode CM(p),
whereby a musical tone signal is generated based on the
thus prepared waveform data.

Further, according to the present embodiment,

25 the waveform data WDbn (n = 1, 2, ...) is subjected to
the waveform LPF processing, to thereby obtain waveform
data WDn' and WDn" with lower recording sampling
frequencies, but this is not limitative. The waveform
data WDn may be subijected to a processing other than

30 the waveform LPF processing. For example, musical
tones may be first recorded at low recording sampling
frequencies to directly obtain waveform data WDn' and
WDn". Further, not only the waveform data WDn but also
the waveform data WDn' and WDn" can be stored in the

35 hard disk 4. Then, the waveform data WDn' and WDn" can



(into which data has been newly witten) into various control data-for
actual waveformcal culation, and setting the first read address for
readi ng out waveform data corresponding to the data i'R SeriembRa®8l i. 35
At the followi ng step S84, calculation timng 10 Septenber 2003 38 control
Is carried out. Specifically, a timng for starting reading of waveform
data currently under reproduction is set to a time point tBC (Fig. 4) for
starting cal cul ati on of waveform data to. be reproduced 5 next tine in such
a manner that waveform data are continuously read and reproduced w t hout
interruption at"the reproduction block (DVA controller 9). At the
followng step S85, it is determ ned whether or not the
calculation-starting tine point tBC has bgﬁn reached, 10 and if not, the
programis i rmﬁjlately term nated. \When the cal cul ation- startlng tinme
poi nt has beerPS SHERERLY ch&RM eV i dHiFbites PRrAsEE ¥ard i '8t o it et BAMdet er mi ne
a sequence of c@lmﬂh@mmmeaﬁﬂl@g citennelvetfo rbe LBF oppeck fsiomp.generati ng a
nmusi cal tone, accordi e respective
channel s (step S86) aﬁehgg m?o%@sg%ggﬁggwgp &5@%@3 t%n g?der to
carry out cal CLFrea]EQQFﬁ*df éf’rcﬂﬁﬁh@%ﬂ? cﬂfccog?é’ﬂé‘ﬂaPPthWQO&’rl“te@ﬁes .of hi gher
degrees of i npaiiance nedr LiAitdvi€ase Alkatrnakhvebe, Cta{éztdaaldlglahaﬁ cannot
ESI gglng![ ]eE)ﬁS g?/e&ge r&a n%et he r%ebt?:l."cl:éjllpye ch%\%g%(c)i ggegonplfura i(tly' %‘f the
channels which generate musical tones for the same

part, according to the volume, pitch, etc. set for each
channel.

10 Next, a second embodiment of the invention will
be described hereinbelow. The second embodiment

employs hardware (Fig. 1) and basic musical tone-

generating processing (Fig. 4) substantially identical
with those of the first embodiment, except that the

15 contents of control processing executed by the CPU 1
and formats of musical tone control data used therefor
are different from those in the first embodiment.

Figs. 14A to 14E show formats of tone color data
and waveform data stored in the RAM 6 and data stered

20 in the input buffer and the tone generator register
preset on the RAM 6.

Referring first to Fig. 14A, there is shown a
format of the tone color. data register in which tone
color data from which a calculation mode CM(p),

25 described with reference to Fig. 2A, is omitted, are
stored.

Fig. 14B shows a format of a sample buffer WB.
Fig. 1l4E shows a format of a sample buffer OB which
corresponds to the buffer 0 in Fig. 3.

30 ‘ The buffers WB and OB are each provided with a
waveform data storage area for 128 musical tone
waveform samples (WSD1 to WSD128 and OD1 to 0D128,
respectively. The output buffer OB stores waveform
data obtained by sequentially adding together musical

35 tone waveform data for 32 tone-generating channels. A



T

i mredi ately when the tinme is reached). Then, the data prepared at the step
S83 are developed on the tinme axis to prepare for waveform cal cul ations
(step S87). Then, at a step S88, the number of a tondIRSRierwer 2P3channel
having the first calculation order is set to the paraneter i. At a step
S89 in Fig. 13B, the value of the calculation node CMi) is determ ned,
and if CMi) = 0 holds, nusical tone waveformdata for 128 sanples for

the channel i is generated and added to data in the buffer 0 at a step
S90. If CMi) =1 holds, nusical tone waveformdata for 64 sanples for the
channel i is generated and added to data in the buffer 1 at a step S91.

If CMi) = 2 holds, nusical tone waveform data 10 Septenber 2003 39 for 32
sanples for the channel i is generated and added to data in the buffer 2
at a step S92. The E)ro,cessi ngs at the stéps S90 to S92 each are not a

si npl e additi of216PLALAE AT tENETaaRadR? thie W4 efn theP¥or responding 5
buf fer. Specifeabhyatime 1ddisbinplessfet f eghedivaftien oexecattime of control

of updating a g@@goadg%)ez?és o%glri[}x spANGLO% L fnd NR.F e%gbéﬁaf&i,orar?@cr‘
channel i (see Fig. , Feading and I'nterpolation of waveform sanple
dat a corr espondieR§at 679 H G e@fhcaddiessat f@adt Gutt PEO "PEARIEhE2 wavef or m dat a

storage area shkowhneDsF({.e 2Bhanaid st Babré®ney aledr fardsyahdi®genvel ope
processi ng of ﬁ@e?hﬁgg%p&l@g erd ﬁﬂa\bégf orm vswg\pg%oersm td%t%btfgg:nog%m cal tone

wavef or m sanpl és. ove ‘descri processings are repeafedly perforned
for each sanpl €hgtnehe it opugnbuiboef R Myt lgéaer ae€d by one

generation waveform data for one channel to the waveform data
| already stored therein, whenever the new waveform data
10 for one channel is calculated. In this connection, the
time period corresponding to one frame is equal to a
time interval between adjacent clock occurrence time
points shown in Fig. 4C éccording to the first
embodiment .
15 Fig. 14C shows a format of the input buffer,
which is identical with the format of the input buffer
" in Fig. 2C, description -of which is omitted.
Fig. 14D shows a format of the tone generator
register which corresponds to the tone generator
20 register of Fig. 2D in the first embodiment. The tone
generator register of Fig, 14D is different from the
tone generator register of Fig. 2D in that it stores a
note number in place of the pitch PS and the F number
FN in Fig. 2D, has omitted therefrom the area for the
25 calculation mode CM(p) in Fig. 2D, and contains an area
for storing data CD1 to CD6, referred to hereinafter.
Except for these, the tone generator register of the
present embodiment is identical with that of the first
embodiment, and therefore description thereof is
30 omitted.
Fig. 15 shows an example of the arrangement of a
control panel view displayed on the display 3 when a
main routine of Fig. 16, referred to hereinafter, is
triggered. The view is displaved on part of the

35 display screen of the display 3 in a so-called window



processi ng. For exanple, for the channel i having the calculation node
CMi) = 0, the above processings are repeatedly perforned until 128

nusi cal tone waveform sanples are obtai ned. The wavefl8Sergabar A@9ch i s
read 20 out is waveform data designated by the waveform designating data.
The waveform data is selected and designated according to the waveform
name WN(p) of the part p to which a nusical tone being generated through
t he tone-generating channel i belongs, and the 25 cal cul ati on node CMi).
If the recording sanpling frequency of the waveform data used for a
currently generated nusical tone signal does not correspond to the

cal cul ati on node (equival ent sanpling frequency) set for the channel i,
the F nunber FN value is 30 corrected by4 he latter termof the equation
(1) for <calculating the F nunber FN. Thi's correction is made in order to
ensure gener at fornat- a usihealcopbrel stantHe vVigdsi yant ews pfiaror detail s
of the processi8gt8énd hre Srep8gS8) icBRAinehemeDcenshotdd 336 n@mde to the
35 specifi catigp and, Fig...13 of Jagémes at %ntn%grSng@{Tbﬁr( 3 40

Appl i cation No™*9-9¥7873 HSPdFYIGFy -1 *roos™ (B5FFBEpShtThg 10 'U. S. Pat ent
Application fibettingydispllayl$86Fins esE iddad thdr EihbbovECRBVen i f

wavef og m wi th 3ege Yoy ef NP decwbanzs s Stidrale feFr) hgetesignat ed

cal cul ati on node ii not sel ect %d, it is osg ble to gggﬁf@tgttniunsi cal tone
wavef or m sanpl 8&SBE2Y RECHEE Gt BaSPpIE EH BP 5FUERYY cAFRTH at T on- Iode, by
correcti ng thedEspiapesedN orHAWeV ér pakimume FEemaeberatOnFNcharages a val ue
largely differgpinb Oy i & t8NGCdisplay section 38, a currently

sounded channel number display section 39, a duty ratio

10 display section 40, and a sound level display section

41. PFurther, wvarious key switches are arranged,
including a cursor (CURSOR) key 42, a value (VALUE)
switch 43, a duty ratio (DUTY) switch 44, and a reset
(RESET) switch 45. A portion 32 with shaded background
15 indicates that the cursor is placed thereon.
The MIDI monitor 31 lights up a lamp
' corresponding to a MIDI channel which has received or
delivered data. An LFO (lbw frequency oscillator)
which is displayed by the LFO on/off display section 33
20 imparts a wavy effect like vibrato to a musical tone to
be generated. On/off switching of the LFO can be
carried out by moving the cursor 32 on the display
section 33 by means of the cursor key 42 and operating
the value switch 43. Functions displayed by the other
25 display sections 34 to 38 can be switched on or off in
the same manner as above.
The interpolation-setting display section 34
displays which interpolation method has been selected.
More specifically, when the sampling frequency of
30 waveform data in a waveform table {corresponding to the
waveform data storage area of Fig. 2B in the first
embodiment) in the RAM 6 is shifted according to the
sampling frequency of a musical tone to be generated, a
read address for reading out the waveform data can have
35 a fraction part. The interpolation-setting display



value "1" thereof due to the correction, etc., the resulting generated
musi cal tone can have a degraded quality. For exanple, when the F nunber
FN for the channel is corrected to a very |arge val ud0fgetemyet 29315

correction (e.g. FN > 2), high frequency band conponents of waveform data
read out fromthe waveform data storage area exceeds half of the

equi val ent sanpling frequency, causing generation of aliasing noises in
wavef orm sanpl es obtai ned by the 20 interpol ation. Conversely, if the F
nunber FNis <corrected to a very snmall value due to the correction (e.g.
FN < 0.5), waveform sanples obtained by interpolation contain only higher
har noni ¢ frequency conponents |lower than 1/4 tinmes of the equival ent 25
sanpling frequency, failing to obtain a quality corresponding to the tine
density set for the channel for generatfﬂg musi cal tone wavef orm sanpl es.
Therefore, in gestgnnt Phgsekadfoemsdatabby WevamaiAtigesrghaed kP data to be

read out for gempenahing £U§éﬁ§ﬂe1%%r&@@ﬁ§nahﬁ@ugﬁ1ﬂ&CEﬁéhanaﬁlp&rtit is
desirable to selec wayve i

t, ormdata . with a vef or m node, ,al L ot ereto,
which is suitabP& FBFQF%I%%}%‘UTS%%H%S%!%%X(?3°r%lo°r“ %t4hggga%§9%%€nnel ,
€.g. wavef or m datfeunt-phig®l nteyfol@Witn mgEh@f ey NG SYRLF to Fig. 13B, it
is determned a,nlQi88pPt 8MPRs-P 0GR dhtedpsliapiSPnahiaideisiag got the

current channel_ | is the |ast channel, |.§.. ethe{ qfrpgétgalculations of
waveforms for HiPePKe TURGhARRs FR G ¥FSf 8F JBRSFRY TG O MISEESP tones have
been conpl et ed.wHifchwdwsekelarted oy musical tones requiring no

frequency shifting, such as percussion instrument
tones.
10 The digital filter-setting display section 35
| "selects as a digital filter, a single-order filter, a
dual-order filter, or no use of tone éolor filter.

The effect setting display section 36 turns

on/off the effect of reverberation or a low pass filter
15 {LPF) .

The above-mentioned setting display sections set
the contents of the tone generator processing executed
by the CPU 1. ‘

Further, the sampling frequency-setting display

20 section 37 is concerned with a third embodiment of the
invention, described hereinafter with reference to
Figs. 22A and 22B, which changes the equivalent
sampling frequency (normally 48 kHz) at which musical
tone waveform data is calculated by the software tone

25 generator when it is to be set to a lower frequency.
According to the embodiment, the sampling frequency can
be set to 24 kHz and 12 kHz in addition to 48 kHz.

The maximum tone-generating channel number-
setting display section 38 is concerned with a fourth

30 embodiment of the invention, referred to hereinafter,
and displays the maximum number of tone-generating
channels to be used for tone generation by the software
tone generator which can simultaneously generate 32
musical tones at the maximum, when the maximum number

35 of musical tones to be generated at the same time is




5 channel or €hannels remains to be cal cul ated, the nunber of the channel

to be calculated next tine is set to the channel i at a step S94, foll owed
by the program returning to the step S89, to thereby 1Pe§?@§l"§{?r§'0 ecute
the processing. On the other hand, if waveform 10 cal cul ati ons have been
conpleted for all the channels, the program proceeds to a step 595. At the
step S95, as previously described with reference to Fig. 3, 64 nusical
tone waveform sanples generated in the buffer 1 and 32 nusical tone

wavef orm 15 sanpl es generated in the buffer 2 are interpol ated

(oversanpl ed), and respective 128 nusical tone waveform data sanples thus
obtained are stored in the buffers 1' and 2' as nusical tone waveform
data. Then, at a step 596, 128 nusical tgne waveform sanpl es obtai ned by
20 addi ng together respective 128 nusical ‘tone waveform_ sanples in the
buffers 0, 1 dritidedabelef otedn RTERE LHUFEBICD.EN& PPRESPoPP oWy St ep
597, the nusi calput ane Theuedoinuondatabthust st @tedydrneralienguthenndis s

subj ected 25 e i r .o i i rd. 2pke tion effect
to the data, a%%a%héﬁﬁg§£26%$€ ﬂ%§9§$§l§r§%?%§ﬁlc{%r§ of bteh\eéﬁ%ggé?msi cal tone
wavef or m sanpl &dthiif pheapgd fefr 10 tos 3geb¥r oot Wiee NMBSFHBRLL I on area,

foll oved by terminat wAgch hes P EsARlyedOBe gREEHAL Murd @ Pleogeaskragind\s

descri bed herei r}l%l%%\é?, ngnqt():é)égie e tdge lFregggéioeI{%di ment, a plurality of
cal cul ati on nodes ~are provide or Carturati ng nusical tone waveform data
to generate nusical t&hescunrehilie apsadedanusierl ciBmned] 8gmbgrdesired

cal cul ation nodg,spaRd tRef €6 tdi&plays the number of tone-
| generating channels currently used for tone generation,

10 i.e. the number of musical tones currently generated by
the software tone generator.

The duty ratio display section 40 displays the
ratio of capacity occupied by the software tone
generator to the whole capacity of the CPU 1. The

15 capacity is displayed in a bar chart 40a. - Further, by
operating the duty ratio switch 44, the upper limit DR

- of the duty ratio of the capacity of the CPU 1, which
the software tone generator can occupy, can be set, and
the thus set upper limit of the duty ratio is displayed

20 on the duty ratio display section 40 in a dotted line
40b.

The tone generation level display section 41
displays the sound level of a currently generated
musical tone signal in a bar chart 4la.

25 Next, contrel processing executed by the musical
tone—generating apparatus according to the second
embodiment will be described with reference to Figs. 16
to 20.

Fig. 16 shows a main routine executed by the CPU

30 1. When the program is triggered, first,
initializations such as presetting of register areas
are executed at a step S101, and then a view to be
displayed on the screen shown in Fig. 15 is prepared at
a step S102., Further, occurrence of a triggering

35 factor is waited at steps S103 and S104. If a




10. Sept ember 2003 42 wuser can select either a node in which an increased
nunber of nusical tone are generated or a node in which nusical tones are

generated with a high quality, depending on the purpd8&egembse2®B nusica
tone 5 generation. Further, since the calculation node can be set for each
part, nusical tones for the part having a larger listening effect can be
generated with a high quality, to thereby enable making the nost of the 10
limted processing capacity of the nusical tone- generating apparatus.
Furthernore, waveformdata with a |low recording sanpling frequency for a
cal cul ation node (node 1 or 2) for generating nusical tones with a | ow
quality can be 15 prepared by LPF processing fromwaveformdata with a

hi gh recordi ng sanpling frequency for a Q@Iculation node (node 0) for

generating rrusmal tones ﬁn t K: oc r |It% (L]k O%r waveformdata can
be sel ected outT6PISFARI{17S °gener 5(51 Vef 8 ritat £7aél8rding to the 20

cal cul ati on nodeigeesinedfdytehd useterndnefiertelsy stgensidbe nusical tones.

As-a result, fai12%a8R! By mtlwlaC@br&egs§n@freg qerr&regtsgﬁ threpgh a

channel where calculation is w_equi val en in frequency,
S oavet or m haviTa SBAE LR T e T aregs M 3%%%5?0%%81%33"@ tone oo

cal cul ated at @xsicgliedquheml MINI IRI35 isawphingn f ivoudahey 1oantbe gener at ed
Wi thout generabi\fiferahiagi 8PP SRS 1RAUIBhE rBAS: H:tldBlihy deapaded
executed at predetermined time intervals corresponding
to one frame at a step S108B, other processings to be
executed when other switch events occur at a step S110,

10 and termination processing to be executed when a
termination command is input at a step S112. The
termination processing is for saving set data and for
clearing registers. After execution of the termination
processing, the view of Fig. 15 is closed, followed by

15 terminating the program. When the MIDI processing has
been executed at the step 5106, a display of the MIDI

- monitor 31, corresponding to a channel which has
received the MIDI data is 1lit up at a step S5107. The
other processings include processings corresponding to

20 various panel inputtings and command inputtings, part
of which will be described hereinafter with reference
to Fig. 21. After execution of the other processings,
display-changing processing corresponding to execution
of the other processings is executed at a step S111.

25 The tone generator processing at the step S108 is
executed upon detection that reading-reproducing
piocessing shown in Fig. 4C has advanced to the next
frame, which is caused by interruption triggered by
counting-up of 128 sample clocks by the timer 7 or

30 caused by trigger by the DMA controller 9, The tone
éenerator processing will be described in detail with
reference to Figs, 18A, 18B and 19. Duty

- ratio/generated musical tone number display processing
(P display processing) at a step S109 will be described
35 with reference to Fig. 19. In this connection, Figs.




quality. Still further, waveformdata is automatically selected according
to the cal cul ation node selected by the user, and therefore in a channel

for generating nmnusical tones at a high equival ent sarffiSentgribeedifiSncy,
waveform data with a high recording sanpling frequency and having
frequency conponents over a broad band can be processed, while in a
channel for generating nusical 10 Septenber 2003 5 10 15 20 25 30 .35 43
tones at a | ow equival ent sanpling frequency, waveform data with a | ow
recordi ng sanpling frequency and having frequency conponents over a narrow
band can be processed. This nekes it -unnecessary to'change designation of
a waveformin the tone color data. According to the present enbodi nent,
when a cal cul ation node CM p) for calculating a snmaller nunber of sanples
i s-selected, if no waveform data having tRe wavef or m node VWM correspondi ng
to the sel ect ed8dal ¢BBarndn hodke Chppyried prigdethe wa¢eRdrm data with a

wavef or m node Wil,ea4heSPON i &0 od /6 8k CiH Bt ditihgTede theMpdp, di fferent from
the selected one.is 5ﬁ$ected to., engnate f_gyﬁj%gge%gqe sigggé Qased on
the selected WAVEFBPARELTR. S er SERFRY ST NG SO AP vET T

' setting can be performed by operating the cursor in the

5 control view on the display 3. On the other hand,
Figs. 22A and 22B are concerned with the third
embodiment in which sampling frequency setting can be

- performed by operating the cursor in the contrel view
on the display 3. In the present specification, the

10 fourth embodiment will be also briefly described in
which the maximum number of musical tones to be
generated (maximum number of tone-generating channels
used for tone generation) can be set by operating the
cursor in the control view.

15 Fig. 17 shows details of a note-on event
processing which is one of the MIDI processing and
similarly to the MIDI-receiving interrupt processing of
Fig. 6, executed when note-on event data. has been
written intc the input buffer. _

20 First, at a step $120, the note number, velocity
and tone number for each part in the received data are
set as parameters NN, VEL and t, respectively, and at
the same time the event occurrence time point (data-
receiving time) is set as a parameter TM. Then, at a

25 step S121, tone generation-assigning processing is
performed for determining a tone-generating channel of
the tone generator register (Fig. 14D) into which tone
color data is to be written, and the assigned channel
number is set as a parameter i. At the following step

30 $122, tone color data TP(t) read from the RAM 6
according to the tone number t for each part is
processed according to the note number NN and velocity
VEL. Further, the tone color data (including tone-
generating pitch FN) thus processed is written into the

35 i-channel register of the tone generator register




may be so arranged that it is automatically detected whether or not
waveform data with a waveform node corresponding to the sel ected

cal cul ation node CMp) is present, and if no data is 1Boestember 2088 wavef or m
LPF processing of Fig. 11 is automatically executed to prepare waveform
data with a waveform node corresponding to the selected cal cul ati on node
CMp), whereby a nusical tone signal is generated based on the thus
prepared waveform data. Further, according to the present enbodi nent, the
waveformdata Won (n = 1, 2, ...) is subjected to the waveform LPF
processing, to thereby obtain waveform data Wbn' and WDn" with | ower
recordi ng sanpling frequencies, but this is not limtative. The waveform
data WDn may be subjected to a processi ng ot her than the waveform LPF
processi ng. For exanple, nusical tones y be first recorded at |ow
recordi ng sanpFPAGLLEE e¥tighdiies no§edPRred?ty it &ilte RAGBFoPAFYREH /DN’ and
WDn". Further, taak p8liytthe avveelseem dara, Vi tedlbso tethenaedmef or m dat a
WDn' and WDn" ¢an beos']t:gred in the hard disk 4. Then, the waveform data
Wn' and Won" can X0 %ep'?'enber 2003 44 be directly read out fromthe hard
disk 4 into the RAM Bigit hbih asndeddBi ABOYhe ReRETast foEPFABEBERS S ng.

Al though only ope €akCubaéi SEndmARICMBLeSande: r SRjRGiedt] Ghe eaDie part
according to the_ _enbo [ t lari\em' tative. Alternatively,

(he embodinent, s dilos Lsonot Lo b .
the cal cul ati ot P F5dE FafODESRABHAS EQI PYS chaNGed over a plurality of
channel s whi ch gener aFératisi @tala tdrees SLEP LheFsanel 8%pardt caacvdrbieRy to the
vol ume, pitch, & Gageebsf QI+ 88 Hhoint at which the tone generator

processing is to be terminated. The termination time

10 point is calculated based on the duty ratio of capacity
occupied by the software tone generator to the whole
capacity of the CPU 1, and the processing at the step
5130 is to calculate a time period over which musical
tone waveform data can be generated (tone generator

15 processing}. More specifically, in the tone generatorxr
processing, waveform data for one frame (128 samples)
is calculated for 32 channels, however, when a
predetermined time period over which the CPU can be
occupied has elapsed, the processing is forcedly

20 terminated even before the calculation of the waveform
data is completed. If the processing is interrupted,
waveform data for some channels cannot be calculated.
In such a case, musical tones from such channels are
forcedly damped, i.e. the volume level of the musical

25 tone signals is sharply lowered to stop generation of
musical tones. The forced-damping time point TL (time
limit) can be calculated by the following equation (2):

T, = ST + FL x DR - US - AS . (2)

where ST represents a starting time point of the frame
30 to be currently reproduced, FL one frame time length

(length of one frame), DR the duty ratio, US a

termination time period.(a time period required for

terminating the processing (forced damping)}, and AS a



channel . 10 Next, a second enbodi nent of the invention will be described
her ei nbel ow. The second enbodi nent enpl oys hardware and basic

nusi cal tone- generating processing (Fig. 4) substant |(18|3199tem!]’§h%(?0@a| with
those of the first enbodi nent, except that the 15 contents of control
processi ng executed by the CPU 1 and formats of nusical tone control data
used therefor are different fromthose in the first enbodi nent. Figs. 14A
to 14E show formats of tone color data and waveformdata stored in the RAM
6 and data stored 20 in the input buffer and the tone generator register
preset on the RAM 6. Referring first to Fig. 14A, there is shown a format
of the tone color-data register in which tone color data fromwhich a

cal cul ati on node Cl\/(p) 25 descri bed V\ntrg reference to Flg 2A is omtted,

are stored. 30 3 (g 14B shoqws a fo ﬁga?] a sarrplg AI\B Fig. 1l4E
shows a for mat 9815 aPEQRDT EBUITEF BRTWR TG BEFSR sr?%u’fﬁ% Bi¥fer 0 in
Fig. 3. The bufkerstWByarelveaiBeaa¢ ieachrprcoys tdexl UPEFhcalcwdgeiorm dat a

storage area feﬂcc12§nnyéﬁ&@atéa0%ve%m§0w}S@rmlﬁ%d(l%%ftené/mlf@ and OD1
to OD128, respectively. The output buffer OB stores waveform_ data

obt ai ned by seG@EnthER] FoSRfN My ttcS‘Gef"ﬁg?f?rﬁ‘E? cHE ETERGVEPOrY data for 32
t one- gener at i nghehaMAetsnt Ao lErSept epbehe 2003 &ASnplete the tone

generator processing}.

The time limit TL thus indicates how long the
musical tone-generating processing for each channel
executed during the tone generator processing for each

10 frame should be continued. According to the equation
{2), out of a time period from the current frame-
starting time point (ST) to the current frame-
completing time point (ST + FL), a first time period
determined by the duty ratic is spared for the tone

15 generator processing, and the rest time period for
other processings by the scoftware tone generator and

" other application processings. The duty ratio DR is
set by the duty ratio switch 44. 1In the above egquation
(2), the time limit is precisely calculated by taking

20 the termination time period US and the post-processing
time period AS into consideration, however, these
considerations may be omitted.

Next, channel control is executed at a step
§131. The channel control is for setting the

25 calculation sequence between the 32 channels such that
a channel for generating a musical tone with higher
pricrity {(channel for generating a musical tone which
cannot be dispensed with) is earlier subjected to
waveform calculation, since as will be learned from the

30 above description, waveform calculation for a channel
given a lower order of calculation has a higher
possibility of being terminated before it is completed.
The channel for generating a musical tone with higher
priority means a channel for generating a musical tone

35 with a higher sound level or a channel for generating a




cal cul ation of waveformdata is carried out by calculating 128 sanples for
reproduction over a time period corresponding to one frane for_each
channel, and repeating the sane cal cul ation for the H3eREMPSH2ISchannel s
(1.e. channels currently used for sounding). The sanple buffer WB stores
wavef'orm data for one channel, and the output buffer OB accunul ates new
waveform data for one channel to the waveformdata already stored therein
whenever the new waveform data 10 for one channel is calculated. In this
connection, the tinme period corresponding to one frame is equal to a tine
i nterval between adjacent clock occurrence tine points showm in Fig. 4C
according to the first enbodinent. 15 Fig. 14C shows a format of the input
buffer, which is identical mﬁth the formgt of the input buffer in Fig.

2C, descrlptlo ichis t ws a _format_of the tone
gener at or reg?ggermghf% e&%??%§boﬁ §rto ?%%r%&ﬁg' g&TErsfor 96 5%%|ster of
Fig. 2D in theotitest hendodime mhanmed tfgneq@Semtaomusegastmne)f Fig. 14D

is different frQemnt meweiogs\ﬁ&eiwak%sr%tswi Qaf d%iagmeathEJcﬁhﬁé it Stores

a note nunber |n Iace t he e nber _FN |n Fi
has omitted therefE %I%f%%942#°ﬁ|%?ungéP%uh%{ Eﬁbﬂecéﬁfﬁ? |ﬁ°glg oD,
and coft ai ns ameaﬁéatlﬂgrasmwﬁlqﬁj(tmng Ebtht & TBGr rsefu@dr édved. herei nafter.

Except for thea@te&hexaeﬁ&&?r@ﬁa&@ crhg%éae&omrélhetn@%ﬁ%g gembodi ment s

identical with_t f the first _enbodi nent, and t'heref ore escription
thereof is 30 éﬂﬁ is cleared and a pointer i indicative of the

calculation sequence is set to 1 at a step S$132.
Thereafter, waveform data calculation processing at

10 steps 85133 to S144 is executed for each tone-generating
channel.

First, at the step S133, an address designated
by an address pointer in the RAM 6 is set to an address
corresponding to a channel of the tone generator '

15 register having the i-th order of calculation sequence
to enable reading data for the channel i to thereby

- execute waveform data calculation-preparing processing.

Then an LFO control flag CD1l is checked at the step
§134. 1If CD1 = 1 holds, LFO processing is executed at

20 the step S135. The LFO processing is for frequency—
modulating an F number FN corresponding to the note
number NN by an LFO waveform (i.e. vibrato processing).
The frequency of the LFO is lower than the musical tone
frequency and one frame has a short time period (128

25 samples), and therefore one value of LFO frequency is
sufficient for one frame. If no vibrato processing is
required, the program proceeds from the step $134 to
the step S136. At the step S136, waveform reading from
the designated waveform table and interpclation

30 processing are executed,

- The waveform-reading and interpolating
processing at the step S136 will now be described in
detail with reference to Fig. 19. In the processing,
waveform data for the channel designated by the

35 parameter i is calculated for one frame (128 samples).




35 Fig. 15 shows an exanple of the arrangenent of a control panel view

di spl ayed on the display 3 when a main routine of Fig. 16, referred to
hereinafter, is triggered. The view is displayed on %Qﬁ?PEﬂwﬁh@KBdisplay
screen of the display 3 in a so-called wi ndow 10 Septenber 2003 5 46
format. In the control panel view, various display sections are arranged,
including a MDI nonitor 31, an LFO on/off display section 33, an
interpolation (INT)- setting display section 34, a digital filter. (DCF)-
setting display section 35, an effect (EFT)-setting display section 36, a
sanpling frequency (GSR)-setting display section 37, a maxi num

t one-generating channel nunber (MPF)-setting display section 38, a
currently sounded channel nunber display section 39, a duty ratio 10

di spl ay section 40, and a sound |evel di$play section 41. Further, various
key swi tches aFerst s aaged,stepi BLbOgdi M1gsanpiyr s@mbeCUBSER ekey #42,sed val ue
(VALUE) switch_ 43, ty._tati swi t .ar (;RESET)
switch 45. A pg?t?bn ﬁjfﬁ %hggégugg%kg%%b%%t%épﬁﬁggéﬁ?é@ t %ﬁ the cursor
i s placed ther&dhecteathdwmretersang ofo Fn | infeodgtacnahpthedr responding to
a M ID: cha)nne{l\ﬁ;abi@@eflagnz.?ec&if\d/egzoého d&iFlglse,r ;a@f fdag_a‘rpte\mat_f& (1w ggeggency
osci tor ich is dis ed by _the on/ Q i,spl ay_sectiqn

“parta o vavyBErFRETeTT BT BPafyor i AU G P8R0 tNBe ATy at od.

On/ of f swi tchi hgne$ rémuiEOTar bétchageiervian Iyrendei kg t he cursor 32 on

the display generated. If CD2 = 1 holds, a two-point interpolation
is performed, such as a-case where a rough
interpolation is sufficient. If CD3 = 2 holds, a four-
10 point interpolation is performed, such as a case where
delicate musical tones in which aliasing noise can be

conspicuous are to be generated.
If no interpolation is performed, the F number

FN is added to an address applied by the immediately

15 preceding calculation (in the present embodiment, an
address generated at the end of the waveform reading in
the immediately preceding frame for the tone—-generating
channel for which the current calculation is being
performed), to thereby update the address, at a step

20 8152. A waveform sample is read from the designated
waveform table according.to the updated address and set
to an RD register preset at a predetermined area of the
RAM ‘6, at a step S5153. Then, the contents of the RD
register are set into a sample buffer WSD{s) at a step

25 S154. The above processing is repeatedly executed
until the sample number counter s counts up to 128 at
steps S155 and $156. After the above processing has
been executed 128 times, the program returns to the
tone generator processing of Figs. 18A and 1BB.

30 . In theé above processing, the fraction part of
the address caused by the fraction part of the F number
FN is neglected, and therefore aliasing noise will be
generated. However, if the F number FN dcoes not

contain a fraction part, this inconvenience will not
35 occur.



section 33 by- neans of the cursor key 42 and operating the value switch 43.
Functi ons displayed by the other 25 display sections 34 to 38 can be
switched on or off in the same manner as above. The ilASepisaIbEE2QO¥- setti ng
di spl ay section 34 displays which interpolation nethod has been sel ect ed.
More specifically, when the sanpling frequency of 30 waveformdata in a
waveformtable (corresponding to the waveform data storage area of Fig. 2B
in the first enbodinent) in the RAM6 is shifted according to the
sanpling frequency of a nusical tone to be generated, a read address for
readi ng out the waveform data can have 35 a fraction part. The

I nterpol ation-setting display 10 Septenber 2003 5 10 15 20 25 30 35 47
section 34 selects a suitable interpolation nmethod for obtaining a sanple
corresponding to the fraction part. The3nterpolation-setting display
section 34 can select1facﬁbu*4p®bnusinie&paha&h&ntmakbcﬂnusing'a cubi c

functi on, RPBERL1LOT & Pl 3100, fEENOG JSI B3 LENERAa{ainGsy On, and no

use of |nterpo atio I's selec nusi cal tones requiring
no frequency §ﬁﬂﬂ?9n§he§ﬁdﬁ@&$rp@NcH@s@%ﬂﬁ¢¢ﬁﬁ%ﬁnﬁ@ﬁﬂ1e@ohést e

immediately preceding calculation at a step $157. 1In
5 this case, the updated address contains an integer part
and a fraction part, and therefore waveform data of two
sanples sandwiching the address (samples designated by
- an address of the integer part and an address of the
integer part plus 1)) are read out from the designated
10 waveform table at a step $158. The data of the two
samples are linearly interpolated based on a value of
the fraction part, and the resulting value is set into
an ID register preset in the RAM 6, at a step 5159,
Then, the contents of the ID register are set into the
15 sample buffer WSD(s) at a step $5160. The above
processing is repeatedly executed until the sample
A number counter s counts up to 128 at steps S161 and
S1le2. After the above processing has been executed 128
times, the program returns to the tone generator
20 . processing of Figs. 18A and 18B. )

If CD2 = 2 holds, i.e. if the four-point
interpolation is performed, the address is updated by
adding the F number FN to an address applied by the
immediately preceding calculation at a step S163. 1In

25 this case, the updated address contains an integer part
and a fraction part, and therefore waveform data of
four samples sandwiching the address (samples
designated by addresses of the integer part minus 1,

~the integer part, the integer part plus 1, and the

30 integer part plus 2) are read out from the designated
waveform table at a step S164. A value of a point
corresponding to the fraction part on a cubic curve
connecting the four samples is determined, and the
determined value is set into the ID register at a step

35 S166. Then, the contents of the ID register are set




The selects as dual-order The on/off the (LPF). digital filter-setting

display section 35 a digital filter, a single-order filter, a filter, or
no use of tone color filter. effect setting display J8&erembes2q0dr ns
effect of reverberation or a |ow pass filter The above-nentioned setting

di spl ay sections set the contents of the tone generator processing
executed by the CPU 1. Further, the sanpling frequency-setting display
section 37 is concerned with a third enbodi nent of the invention,
described hereinafter with reference to Figs. 22A and 22B, which changes

t he equivalent sanpling frequency (normally 48 kHz) at which nusical tone
waveform data is calculated by the software tone generator when it is to

be set to a |ower.frequency. According t the enbodi ment, the sanpling
frequency can

.be set to 24 k nd 12 k in additi 0 kHz. The
maxi num t one- géﬂﬁ?aﬁ?\gsaérﬁé‘ﬁngléf%ﬁﬁb%@({%taﬁ iy Sg‘fa’gpgggi/%Sec n 38 is
concer ned wi t hakofreuptéce ssilngdilsenepedt¢dly ianeamitiednunt &1 ethreed t o

hereinafter, andp6lSRhAYS: thRnFRY TURLBMIDEal, f; hoReagenes M iduk7 channel s
to be used for tane ggneratlon by the software ,  tone generator which can

si nul t aneous| y 2énglrite FFtSTudPEaRPPBRRT AT THE IR NORT™ WiETF 4R maxi mum
nunber> of nusiléél tioaes tie lperogener attdrats tdasamenti penésator

processing of Figs. 18A and 18B.
Referring again to Fig. 18A, after execution of
the waveform reading and interpolating processing, a
filter control register CD3 is checked at a step 5137
10 in Fig. 18B. If CD3 = 0 holds, digital filterx
processing is not executed, followed by the program
proceeding to a step S140 to execute volume control and
accumﬁlation processing. If CD3 = 1 holds, single-
order filter processing having a frequency |
15 characteristic corresponding to the filter control data
is executed on the values of the sample buffers WB
{WSD (1) to WSD(12B)) at a step S5138. On the other
hand, if CD3 = 2 holds, dual-order filter processing
having a fiequency characteristic corresponding to the
20 filter control data is executed on the values of the
sample buffers WB at a step S139. Then, the volume
control and accumulation processing is executed at the

step S5140.

At the step $140, volume control is effected,
25 which applies a volume time variation from a leading
edge of a musical tone waveform to a trailing edge of
the same on the values of the sample buffers WB (WSD
(1) to WSD (128)), based on amplitude envelocope
generator (EG) and channel volume parameters. The
30 amplitude EG.generally generates a moderate curve, and
therefore a single EG value suffices for 128 samples.
- The thus level-controlled values of the sample buffers
WB are added to respective samples in output buffers OB
(OD(1l) to OD(128)). The addition is repeatedly

35 executed for each channel having the i-th calculation




10 Septenber 2003 48 |imted below 32 in order to reduce the burden on the
CPU 1. The maxi mum nunber of tone-generating channels that can be used
for, tone generation can be changed wthin a range of! fef’@r@?rmmchangi ng
the nunerical 5 value which is displayed by the maxi num tone-generating
channel nunber-setting display section 38. The currently sounded nusi cal
channel nunber display section 39 displays the nunber of tone- generating
channel s currently used for tone generation, 10 i.e. the nunber of nusical
tones currently generated by 15 20 25 30 35 the software tone generator.
The duty ratio display section 40 displays the ratio of capacity occupied
by the software tone generator to the whole capacity of the CPU 1. The
capacity is displayed in a bar chart 40a.. Further, by operating the duty
ratio switch 44, the upper |imt DR of Fﬁe duty ratlo of the capacity of
the CPU 1, whi @FIeE heshagebiape f opemybrterchtvsrl ueanfotbepyusical benset, and

the thus set Uﬁ@@éfd»ﬁrrﬁﬂdat%f sthaQU@;éfnéﬁédéh if5rdbgpl aedecnMhdihe sduty ratio
di spl ay sectlon 40 ¢ otteg & f40boThe tone generation |evel display
section 41 di 3pPES% ?he CoTHEPPEVRYEEFE L% urrent |y generated nusical tone

signal in a bar ChartThgm;after, it is determimned at a step S141
5 whether or not the termination time point TL has been
reached. 1If the termination time point TL has been
reached, termination processing is executed at a step
5143, that is, damped waveforms are generated for
forcedly damping musical tone waveforms for channels
10 . for which waveform data have not yet been calculated up
to the termination time point,'and the thus generéted
waveforms are added to data in the output buffer 0B.
If the termination time point has not been
reached, it is determined at a step 5142 whether or not
15 the processing has been executed for all the channels
currently used for tone generation. Although 32
‘channels are provided in the tone generator register,
if the number of channels currently used for tone
generation is less than 32 and the answer to the
20 question at the step S142 is affirmative (YES), when
the musical tone generation processing has been -
completed for these channels, then the program proceeds
to step S145 et seqg. On the other hand, if the musical
tone generation processing has not been completed for
25 all the channels currently used for tone generation, 1
is added to the i value indicative of the calculation
sequence at a step 5144, followed by the program
returning to the step S133.
If the musical tone generation processing has
30 been completed for all the channels, or if the
termination processing has been effected, the program
proceeds to the step 5145, wherein an effect control
register CD4 is checked. 1If Cb4 = 0 holds, effect
imparting is not performed, followed by the program
35 skipping to a step S148. 1If CD4 = 1 holds, low pass




Next, control- processi ng executed by the mnusical tone-generating apparatus
accordlng to the second enbodinment will be described mnth reference to
Figs. 16 to 20. Fig. 16 shows a nmin routine execut ed? @?p SEH93 1. when
the programis triggered, first, initializations such as presetting of

regi ster areas are executed at a step 5101, and then a view to be

di spl ayed on the screen shown in Fig. 15 is prepared at a step S102.
Further, occurrence of a triggering factor is waited at steps S103 and
S104. If a 10 Septenber 2003 49 triggering factor occurs, the contents of
the triggering factor is determned at a step S105, followed by executing
a correspondi ng processing. The triggering factor includes MD processing
to be 5 executed when M DI data is witten into the input buffer at a step
S106, tone generator processing to be ex®uted at predetermned tine

i nterval s corr dsigdedi vglctbabhen frmmerdoracdt ep S108f otthah processings to

be executed V\'hﬁ:récﬂfelf'l%ﬁf s,»smﬁ)@ﬁe@e@mfs t@l‘éc‘irZBaEaﬂp§é§plr5]tjt% ok@pafd
termination prqc xecut ed term nation command i s input
at a step S112. “ﬁ? g’@r nat f%‘ﬁ Fﬁﬁsoscef§§1tﬁ§ FBE1 T 3athihy Héirdata and for

clearing regi stieylslowkidt by thecptopramiprdeeeténgi hat tios strrocddsi.ng, the

view ofy Fi 9. 154 ool @sednohal) oxed frki 2k 8611 BALLATad i RrOgram Wen the
M DI processing has . been executed at the step 5106, a display of the MD

monitor 31, corFtRPUEH A§ PBp%rEkEﬁﬁﬁﬁbﬁﬁﬁW&ﬁ“hég theck Y stPHHESMEBl data is
lit up at a stephdkilitputhbuffer OB, at a step S$147, followed by the

program preoceeding to the step 5148.
Lt the step S148, reproduction of the waveform
10 data thus prepared and stored in the output buffer OB
is reserved by notifying the DMA controller 9 of the
addresses stored in the RAM 6.

Fig. 20 shows a program for executing the duty

ratio and generated musical tone number display

15 processing (P display processing). First, at a step
8171, a CPU time period spared for the whole software
tone generator or the tone generator processing by the
CPU 1 is calculated. A ratio of the thus calculated
time period spared by the CPU 1 to the whole

20 calculation time periocd by the same is calculated, and
the calculated ratio is displayed on the CPU occupation
ratio display section 40 in bar chart at a step S172.
Then, the number of tone-generating channels currently
used for tone generation is displayed on the currently

25 sounded channel number display section 39 at a step
5173.

Fig. 21A shows a program for carrying out
switch-on event processing which is one of the other
processings. If the switch 43 displayed on the display

30 window 30 is depressed, a value of data CDx
corresponding to the current location of the cursor 32
is set according to an operating amount and direction
of the depressed switch. The data CDx is used in the
above described tone generator processing,

35 According to the present embodiment, the cursor




ot her processings include processings corresponding to 20 various panel

i nputtings and command i nputtings, part of which will be described
hereinafter with reference to Fig. 21. After executi dff Ssptember H3er
processi ngs, display-changi ng processing corresponding to execution of
the other processings is executed at a step $111. 25 The tone generator
processing at the step S108 is executed upon detection that

readi ng-reproduci ng processing shown in Fig. 4C has advanced to the next
frame, which is caused by interruption triggered by counting-up of 128
sanpl e clocks by the tinmer 7 or 30 caused by trigger by the DVA controller
9. The tone generator processing wll be described in detail with
reference to, Figs. 18A, 18B and 19. Duty__ rati o/ generated nusical tone

nunber dispray:frocessing (P display prd%%ssing) at a step S109 will be
descri bed 35 with 93&f beeReEd PFiRganpgof| Rhe hFer IV Est i16nEOFRBE. 10

Sept enber 2003 Foddkibh 3@ 2he r@HrHGrr18AsplSB swwt ik ase eascerned with
L1, socont, ST DoUOLED L LT SR PR d DS gy gt ol ot on
operating the ci¥dmr-setthag dosrkad sgictwonn3bhernlf sgicaptIecon t he ot her
hand, 5 setting display section 36 in the control view of the
display shown in Fig. 15. Accordingrto the operation
of the value switch 43, data corresponding to the
location of the cursor 32, i1.e. the data CDl1l is set and
changed at the LFQO on/off display section 33, the data
i0 CD2 at the interpolation-setting disPlay section 34,
the data CD3 at the digital filter-setting display
section 35, and the data CD4 at the effect-setting
display section 36, respectively.
Fig. 21B shows a program for carrying out duty
15 ratio switch-on event processing. When the duty ratio
switch 44 is depressed, the data duty ratio DR is
changed according to an operating amount and direction
of the depressed switch, and the dotted line 40b of the
CPU occupation ratio display section 40 is changed
20 according to the changed data duty ratio DR at:a step
S175.
Figs. 22A and 22B show a program for carrying
out tone generator processing executed by a musical
tone—-generating apparatus according to a third
25 . embodiment of the invention. First, at a step S181 in
Fig. 22A, a calculation is made of a time point at
which the tone generator processing is to be
terminated. The termination time point TL is
determined by the use of the above-mentioned equation
30 (2):
TL = ST + FL x DR - US - AS ..o {2)

where ST represents a starting time point of the frame
to be currently reproduced, FL one frame time length
(length of one frame), DR the duty ratio, US a




Figs. 22A and 22B are concerned with the third enbodinment in which
sanpling frequency setting can be perforned by operating the cursor in the
control view on the display 3. In the present specifil@SCPERMPEEFO3 fourth
enbodi ment will be also briefly described in which the maxi num nunber of
nmusi cal tones to be generated (nmaxi mum nunber of tone-generating channels
used for tone generation) can be set by operating the «cursor in the
control view. Fig. 17 shows details of a note-on event processing which is
one of the M DI processing and simlarly to the MDI-receiving interrupt
processing of Fig. 6, executed when note-on event data has been witten
into the input buffer. First, at a step S120, the note nunber, velocity

and tone nunber for each part in the receiyed data are set as paraneters
NN, VEL and t, respectively, and at the same tine the event occurrence
time point (dat%?rW%ﬂﬂﬁ%ﬂPnglW?n%7r+%9skﬁ tHoea PRaL gttt med fREN, at a

step S121, tonetgemaratiionnthsSpHdtdgs PiCcessi AG bSpoperdideed ihgr
determning at < rati.ng . t ne_gene r i.ster (Fig.
14D) into mhichegg% p5%%#gdgggg?égéggiéxﬁﬁﬁf%gn?oa%%r%%gghgéﬁg%ed channe
nunber is set aRTeCHHHVBter i. At the following step S122, tone col or
data TE(t) read from tm(;-J_?AMhanna@c&smm ti(r?b Tefi@ﬁheﬁ@dmr&l)@'t_eb fO{/ Eﬁach
part is proces according.to fhe note nunber and vel ocity :
ol ther, Lhe i ooio2ol Bt detd B e FRLS BHIRH, Rl AR 8 kg thus
processed i s w fharpelshtamabhghat- shonmetek dyirsgencoptime a arvs igeder at or

register 10 Septeadbefiwd0@3 gher priority is earlier subjected to
waveform calculation. Thereafter, three independent
10 output buffers OBO, OBl and OBZ are cleared and a

pointer i indicative of the calculation order is set to

1 at a step 5183, followed by execution of steps 5184
to S8192. The ouﬁput buffers OBO, OBl and OB2
correspond to the buffers 2, 1 and 0 in Fig. 3,

15 respectively.

First, at the step 5184, waveform data
calculation-preparing processing including setting an
address correspondiﬁg to the channel i of the tone
generator register (channel i register) is executed.

20 Then, a sampling fregquency control register CD5 is
checked at a step S$185 in Fig. 22B. If CD5 = 2 holds,
which means that waveform.data for one frame (128
samples) is to be formed with the original degree of
accuracy (i.e. at the.original equivalent sampling

25 frequency), waveform data of 128 samples is calculated
and added to data in the output buffer OB2 at a step
S188. If CD5 = 1 holds, which means that waveform data
for one frame is to be formed with half of the original
degree of accuracy (at half of the equivalent sampling

30 frequency: 64 samples), waveform data of 64 samples is
calculated and added to data in the output buffer OBl
at a step S187. If CD5 = 0 holds, which means that
waveform data for cone frame is to be formed with a
quarter of the original degree of accuracy (at a

35 quarter of the equivalent sampling frequency: 32



5 10 15 20 25 51 together with the note-on data and the event occurrence
time point TMat a step S123, followed by termnating the program Figs.

18A and 18B show a program for carrying out the tone 19Ss8ieRb8F20030cessi ng
triggered at the tinme intervals corresponding to one frane. First, at a
step S130 in Fig. 18A, a calculation is-mde of a tinme point at mhich t he
tone generator processing is to be terninated. The termination tine point
is calculated based on the duty ratio of capacity occupied by the software
tone generator to the whole capacity of the CPU 1, and the processing at
the step S130 is to calculate a tinme period over which nusical tone
waveform data can be generated (tone generator processing). Mre
specifically, in the tone generator processing, waveformdata for one
frame (128 sanples) is calculated for 3%!channel s, however, when a
predeterm ned tsemplperi odhov@rrmnkiath bhe3CPiamgareshbes ocetuplacedasmd| apsed,

the processing bﬁeEOESGQAQé Eﬁ”ﬁﬂe”%h@ﬂu@vﬁ@fﬂﬁiQﬁ% Lhe, CQ%&H'@@@@” of the

waveform data is COHE et ed t he processing is nterrug wavef orm
data for some channel %aYﬁkHelﬂ§ thecupaister GOP <bemeanaiter nusical tones
from such channelferaee técacedne darpedpsi') emayt hee welcuer| exeh of the

musical  tone gignaLs | SsSMAR MY QeHELal Op§TOP LRAIRHLO8N Of
musical part of musical tones allotted to the channel
when the channel is scunded, or alternatively it may be
set as a single value CDS for the whole _software
generator.

10 In the latter case, i.e. to set the data CD5 as
a single value, the cursor is placed at the sampling
frequency-setting display section 37 in the control
view of Fig. 15 and the wvalue switch 43 is operated.
Then, according to the answer to the question of the

15 step 5185 which depends. upon the single data CD5 wvalue,
the program proceeds to one of the steps 5186 to S188

to carry out the corresponding processing described
above. '
On the other hand, if the data CD5 is set for

20 each channel depending on a musical part of musical
tones to be generated, the data CD5 1s set for each of
1 to 16 MIDI channels. More specifically, the user
sets the data CD5 to 16 values CD5(1l}) to CD(16) for the
respective 16 MIDI channels, before performance.

25 Further, when a note-on event is input to execute the
note-on event processing of Fig. 17, during writing
processing into the channel i tone generator register
executed at the step S123, the data CD3{(i) for the MIDI
channel corresponding to the part £ for which the event

30 is input isISet to the tone generator register. That
is, the data CDS5(i) set for the part t is set as the
data CD5(i) for the assigned tone-generating channel i
of the tone generator register. Thus, the data CD5 (i)
is set for each tone-generating channel i, and the

35 steps S186 to S188 following the step S185 are executed




nmusi cal tones. The forced-danping tinme point TL (tinme |imt) can be

cal cul ated by the following equation (2):" TL = ST + FL x DR - US - AS
...(2) 30 where ST represents a starting tine point ofl9S¢etembgngd03 o pe
currently reproduced, FL one frane tine length (length of one frame), DR
the duty ratio,-US a termnation time period (a tinme period required for
term nating the processing (forced danping), and AS a 10 Septenber 2003 5
10 15 20 25 30 35 52 post-processing tine period (a tine period required
for executing reverberation processing, LPF calculation, etc. on
generated waveforns for a plurality of channels and then reserving the
wavefornms for reproduction by the DVA controller 9, to thereby conplete
the tone generator processing). The tine_limt TL thus indicates how | ong
the nusical tone-generating processing for each channel executed during
the tone generé’@é’@“ﬁ‘ﬁﬁ@e@%i%@ef%ﬂftaeé:@ﬁ(lfrﬁﬁﬁ SHIJU| P5E IEHRERRLRE.
According to thmasgeattion (2), out of a tine period fromthe current
‘EVS?_”E Fﬁ; :”” ;' P.grtslt ”f‘i ﬁgkgtérrliugsg%célo dA8 GHLESDELLaME:, G859 L) me point
: the data CD5 will be described hereinbelow. In the

5 tone generator processing of Figs. 22A and 22B, by
selectively executing the steps S186 to S188 depending
on the determination of the step S$185, the number of

waveform samples to be generated as waveform data for
one frame is changed. The larger the number of

10 ' waveform samples for each channel to be generated for
one frame, the longer a time period required for

processing data for the channel. That is, there is a

correlation between the number of waveform samples to
be generated and the processing time period. In the
15 present embodiment, the number of frames to be

generated per second is fixed (48 (kHz)/128 = 378

'~ frames), and accordingly a change in the number of
samples to be generated per frame corresponds to a
change in the equivalent sampling freguency. The

20 equivalent sampling frequency is set according to the
data CD5 to 48 kHz (CD5 = 2), 24 kHz (CD5 = 1), and 12
kHz (CDS5 = 0).
Referring again to Fig. 22B, it is determined at
a step S18% whether or not the termination time point
25 TL has been reached. If the answer is affirmative
(YES), termination processing is executed at a step
5191 in a manner similar to the second embodiment
described before,
On the other hand, if the termination time point
30 TL has not been reached, it is determined at a step
8190 whether or not the processing for all the channels
has been completed. If the answer is negative (NO), 1
is added to i at a step S192, followed by the program
returning to the step S$184 in Fig. 22A.

35 If the processing has been executed for all the



determ ned by-the duty ratio is spared for the tone generator processing,
and the rest time period for other processings by the software tone
generator and other application processings. The dutyoSerembeReels set by
the duty ratio switch 44. In the above equation (2), the time limt is
precisely calculated by taking the termnation tinme period US and the
post - processing tine period AS into, consideration, however, these
considerations may be omitted. Next, channel control is executed at a step
S131. The channel control is for setting the cal cul ati on sequence between
the 32 channels such that a channel for generating a nusical tone with

hi gher priority (channel for generating a nusical tone which cannot be
di spensed with) is earlier subjected to waveformcal culation, since as
will be |earned fromthe above descrlptléﬁ, wavef orm cal cul ation for a
channel given @h#pReksordelthes teantratbidro® rivgssging g PesIssibility of
bei ng term nat eéxb@ﬁ@é@ ithe %r@@ﬂaﬂn%ﬁﬂzeedEthcaaae@b §093 genryratihng a
nmusi cal tone MAEE her rlgn eneratln a nusi cal

S .a for
tone with a higher® soun evthSran%ﬂ%ﬁ% Bgéeﬁﬁ?a { Hg® é“fﬁ%Septenber
2003 53 nusi caitt @anErewiarded fover tanshork HhemgqpevﬁbantC?amnﬁ;ngother hand,

the chagnel for rgepeeaty ng&—%uﬁ‘ﬁib@é' o&@pesaﬂyltﬁgw%roﬂfamI&étarf%i?cﬂs not
only a channel ﬁﬁ ch_ is entI% yse HI undi n but als
channel for 5 g grﬁ?’f‘%]gesa céF POMRE iQ 1f3 c}\ﬂthEOg‘l’l‘bP‘i‘te\}EfferAfter

execution of theéBghanfettloont rtdle, cbhtemig paft thieuluepuOBoubfet a2¥led and a
pOint?r i indicathVevOfsdfified at a frequency two times of the
equivalent sampling frequency (2-multiple over
10 sampling) to obtain data of 128 samples which is added
to the data in the output buffer 0B2. Then, the
waveform data stored in the output buffer OB2 is

subjected to reverberation processing at a step S194,
and the reverberated waveform data in the output buffer

15 OB2 is reserved at the DMA controller 9 for
reproduction at a step S194,

By virtue of the above setting of the data CD5,
the sampling frequency is changed to generate musical
tone waveforms, which makes it possible to generate

20 musical tone waveforms depending on the capacity of the
CPU 1.

In the fourth embodiment, the maximum number of
tone~generating channels to be sounded simultaneously
by the software tone generator is limited to 32 or less

25 as data CD6 beforehand, and the termination processing
at the step S$141 in Fig., 18B is executed based on
results of a determination as to whether or not the
number of currently sounded tone-generating channels
has reached the limited maximum number. That is,

30 according to the fourth embodiment, the data (1)
indicative of the maximum number of tone-generating
channels to be sounded simultaneously is set by the
user at the maximum tone-generating channel number-
setting display section 38 in Fig. 15, and then the

35 software tone generator generates musical tones based



cal cul ation sequence is set to 1 at a step 5132. Thereafter, waveform data
cal cul ation processing at 10 steps S133 to 5144 is executed for each
tone-generating channel. First, at the step S133, an’l&&@prtesberddB8gnat ed

by an address pointer in the RAM6 is set to an address corresponding to a
channel of the tone generator 15 register having the i-th order of

cal cul ati on sequence 20 25 30 35 to enable reading data for the channel

to thereby execute waveform data cal cul ati on-preparing processing. Then
an LFO control flag CD1 is checked at the step 5134. If CD1 = 1 holds, LFO
processing is executed at the step S135. The LFO processing is for
frequency- nodul ating an F nunber FN corresponding to the note nunber NN

by an LFO waveform (i.e. vibrato processipg). The frequency of the LFOis
| ower than the nusical, to

n frequenc nd_one frape has hort tinme
period (128 sathl'es ,daé:ﬁdePﬁeY%ﬂﬁ? ea%ﬁglevéﬂfaﬁémglf' rl‘.‘ff??efarr é%u%r?g;? i s
sufficient for omeerfatdmes chinpelyibe dio gorodedst hyulsanacugdive ed, €t he
program proceedgs{£OMHE 15l @Bd SH3fidutn duii®est 8P 2d36.0AlcHah@eIbep S136,

wavef orm reading from the designated waveformtahl e and . nterpolation
processing are g&e%%&%xﬁas?het v%?fﬁ?ﬁ?%ﬁ&ﬂﬁi&lﬁnngﬁ¥e§{¥ ek

o1t i%g ~"'pr ocessi ng
at thesstep S136PWillcarowebdidésedi bedthus cetaicl liwng htreframipeceofo Fi g.

19. In the processiigenc MAUGHOLALARLES fQS Hhaocharnel i desianaiedyhy the

Next, description will made of a fifth

embodiment of the invention. In the second and third
embodiments described before, the upper limit of the
10 capacity of the CPU 1 to be used for the software tone
generator processing out of the whole capacity of the
CPU 1 is controlled based on the duty ratio DR set by
the user. On the other hand, according to the fourth
embodiment described above, the maximum number of tone-
15 generating channels to be sounded by the software tone
' generator is limited to the value CD6 set by the user.
- In each of the embodiments, the number of tone—
'generatinq channels sounded by the software tone
generator is changed. However, the change is effective
20 only inside the tone generator processing for
generating waveforms at the step S108, but not
effectively applied to processings other than the tone
generator processing, e.g. to the tone generation-
assigning processing (tone-generating channel
25 assignment processing).

According to the present embodiment, when note-
on event processing is executed in a tone generator
which can change the number of tone-generating channels
to be sounded simultaneously, the tone-generating

30 channel assignment at the step S121 is changed
éccording to the number of tone-generating channels to
be currently sounded simultaneously. That is, in the
note—on event processing at the step 5121, the number
of channels to be sounded simultaneously corresponding

35 to the capacity (calculation capacity) of the CPU 1




parameter i is calculated for one frame (128 sanples). 10 Septenber 2003 54
First, at a step S150, a sanple nunber counter s is set to 1. Then, at a
step 5151, an interpolation nethod is selected by reﬁ@ﬁ%?ﬁ@“@bz
interpolation nethod register CD2. If CD2 = 0 holds, no interpolation is 5
perfornmed, such as a case where percussion instrunent tones requiring no
pitch conversion are to be generated. If CD2 = 1 holds, a two-point
interpolation- is performed, such as a-case where a rough interpolationis
sufficient. If CD3 = 2 holds, a four 10 point interpolation is perforned,
such as a case where delicate nusical tones in which aliasing noise can be
conspi cuous are to be generated. If no interpolation is perforned, the F
nunber FN is added to an address applied by the inmediately 15 preceding
calculation (in the present enbodi nent, af? address generated at the end of
t he wavef or m r RGN tehehe natd aﬁUéIYy rptéecbRng ¥ ridife dege £RE is

t one- gener at i ngrece:ellaxyaael ahar tM@ifls 18 GbheeRbs C@hfelali PR KeSubeRNg
perforned) to e;:?_% mgdate t he addr a ste vef orm
om

152. ‘A
Campl e s ead THY BEIGRat SH o RSP PET & B anaets Fhe updat ed
address and setset @mtthRDVﬂégﬁs@értfpﬁ gsareiyedadpradet Bf tihteduabea of the

RAM 6, sat a stem%lé%hamems &Ger @ﬁ?&?}e@fatg_h Rk i E£01IRfs ahe set into
a sanpl e buffer_ WX

%%% g The aéﬁ roceSS|n S
repeat edly execth®ed® @ePeFﬁEO aﬁ&ﬁ%?qﬁﬁﬂ&§’588 ter %a%dhﬁ¥§- p M8 128 at
steps S155 and S1bk6. aAf tegptivhehabovk @r coedyi cgahasls bgemmxecuted 128

ti”ES{ the prOg£§§1§ﬁng&%5t59etQ@neratioh, i.e. set to generate
musical tones. ©On the other hand, if the channel
10 number PN is larger than the value (MP - 1), a channel
or channels corresponding in number to a number (PN -
MP + 1) which exceeds the value (MP - 1) are set as a
channel or channels to be subjected to tone generation-
decaying, and a command to stop tone generation is

15 issued to the channel or channels, and at the same time
a single empty channel is preserved as a channel
assigned to tone generation. According to the
processing, the musical tone assiénment is carried out
based on the number of channels currently sounded,

20 which can prevent assignment of tone generation to too
many channels which causes noises or assignment of tone
generation to too few channels which causes
unsatisfactory use of the tone-generating capacity of
the tone generator. The number of channels to be

25 sounded simultaneously quickly or incessantly changes

with the lapse of time when the amount of processing

rer channel is changed due to change of the tone color

or when the data DR or the value CD6 1is changed during

performance of music. However, according to the

30 present embodiment, the number of channels to be
sounded simultanecusly by the tone generator is
obtained when the musical tone assignment is executed
upon inputting of a note-on event, etc., to enable
coping with such a guick or incessant change in the

35 number of channels sounded simultaneously. This method




tone generator processing of Figs. 18A and 18B. 30 In the above processing,

the fraction part of the address caused by the fraction part of the F
number FN.is neglected, and therefore aliasing noi se1QiSeptepber 3er at ed.
However, if the F nunber FN does not contain a fraction part, this

i nconveni ence will not 35 occur. 10 Septenber 2003 55 If CD2 = 1 holds,
i.e. if the two-point interpolation is performed, the address is updated by
adding the F nunber FN to an address applied by the inmediately preceding
calculation at a step S157. In 5 this case, the updated address contains an
integer part and a fraction part, and therefore waveform data of two
sanpl es sandw ching the address (sanples designated by an address of the

i nteger part and an address of the integer part plus 1)) are read out from
t he designated 10 waveformtable at a stegéS158. The data of the two

sanpl es are |inﬁﬁfﬂgtiHﬂmﬂtﬂQﬁ&éedobﬁﬁéﬁkdﬂtw&r%akﬂﬂeOéenéfEtJﬂWE%EiOn part,
and the resulti val_ue .i et int an | D reqgister preset in.t, RAM 6, ,
at a step SlSQ.QEﬁ%gArﬁpﬁtlﬁZabégn en Ss')lfo?m%se ‘le(lia)QPgﬁi g?g?r%tr%rsse"{h’ic o the 15
sanpl e buffer VS sJ2rable sifeghspebdng THee alsgvieunpnosessi of) ¢ranmedeat edl y
executed until thHepnsadBirRiedIRANtERMOEEIy 5 cGWRL gURot BoddG RinsSt eps S161

and S162. After the e procgessjng_has been executed 128 tines, the
program returns to thglpltq—‘é"r?élg en&r gtl%rab%'ﬁe 6%(?&5% feﬁge‘B‘?o PRtsyg APSnd 188,

| f CD2 = 2 hol den/¢fe setftimige offobhepdigital rMtidtpol BCFohsi saperddroved, the
address i s updabg0cklY whole software tone generator, the on/off-
setting may be carried out on each tone color part
and/or each tone-generating channel. That is, a
10 digital filter-setting register CD3(i) may be preset
for each of tone color parts and/or tone-generating
channels, and the on/off-setting of the digital filter
DCF may be effected in each setting mode of the tone
color part and/or the tone-generating channel. 1In the
15 aforedescribed tone generator processing of Figs. 18A
and 18B, the determination at the step 5137 is carried
out for each tone-generating channel, to thereby easily
cope with the on/off-setting of the digital filter for
each of -tone color parts and/or tone—generating
20 channels. Further, the other data CD1l, CD2, etc. may
be preset for each tone color part and/or each tone-
genérating channel, similarly.
To generate rhythmic tones, pitch conversion is
generally unnecessary, and therefore the data CD2 is
25 set to 0 (no interpolation}. To tune musical tones for
other musical instruments, however, the data CD2 may be
set to 1 to control the pitch.
In the above described embodiments, the MIDI
event processing is not considered in carrying out the
30 duty ratio control calculation. The duty ratio control
calculation may, however, take the MIDI even processing
into consideration as one of operations carried out by
the software tone generator.
Display of the CPU power and the number of

35 generated musical tones (tone-generating channels) can




addi ng the F nunber FN to an address applied by the inmmediately preceding
calculation at a step S163. In 25 this case, the updated address contains
an integer part and a fraction part, and therefore wdfSeplembant®®3of four
sanpl es sandw ching the address (sanples designated by addresses of the
Integer part mnus 1, the integer part, the integer part plus 1, and the
30 integer part plus 2) are read out fronithe designated waveformtable at
a step S164. A value of a point corresponding to the fraction part on a
cubic curve connecting the four sanples is determ ned, and the determ ned
value is set into the IDregister at a step 35 S166. Then, the contents of
the ID register are set 10 Septenber 2003 5 10 15 20 25 30 35 56 into the
sanpl e buffer WBD(s) at a step S166. The above processing is repeatedly
executed until the sanple nunber counter®% counts up to 128 at steps S167
and S168. Afterchédmgalive prigbessesd) hasi hbercexeeut bor <328, times, the

D 0GT am I et U Nyl Qoilf16s WANeRIeNELal Ao dhAGESRERDLOL s £ G5: JBA and 188

Referring again_to Fig. arter executio ef orm readi ng and
i nterpol ating pPosREE MEY Be FREFERD Bt ol register CD3 is checked at a
step S137 It may be so arranged that the software tone

5 generator receives, as input performance data, not only
MIDI data from an external device but also MIDI events
reproduced through an automatic performance program
executed by the computer per se as well as tone-
generating instructions generated through game

10 software, etc.

The software tone generator according to the
invention may be implemented, as described before, by a
general purpose computer in which an operating system
(0S) such as Windows (Registered Trademark) is

15 installed. But, this is not limitative. The software
tone generator may be implemented by a control CPU
provided in an electronic musical instrument with
performance operating elements such as a keyboard or a
tone generator module with no performance operating

20 element. In the létter case, a tone generator section
conventidnally formed by an electronic circult may be
reduced or omitted. Alternatively, a hardware tone
generator section and the software tone generator may
be both employed.

25 In the effect control according to the above
described embodiments, one of no-effect-executing
processing, low pass filter processing and the
reverberation processing is selected based on the value
of the data CD4. 1In other words, two different types

30 of effects, i.e. the low pass filter processing and
reverberation processing can be selectively imparted to
waveform data. Selection of the two types of effects
can be regarded as selection of different calculation
amounts required for the processing. Other embodiments

35 of effect selection are possible. For example, the




in Fig. 18B. 1f CD3 = 0 holds, digital filter processing is not executed,.
foll owed by the progran1 proceedlng to a step S140 to execute vol ume
control and accumnul ation processing. If CD3 =1 holdé 5%%Wﬂﬂ“§r‘gpder
filter processing having a frequency characteristic corresponding to the
filter control data is executed on the values of the sanple buffers WB
(WBD(1) to WBD(128)) at a step 5138. On the other hand, if CD3 = 2 hol ds,
dual -order filter processing having a frequency characteristic
corresponding to the filter control data is executed on the values of the
sanpl e buffers WB at a step S139. Then, the volune control and
accunmul ati on processing is executed at the step S140. At the step S140,
vol une control is effected, which applie? a volunme time variation froma
| eadi ng edge of a nusical tone waveform b atrailin edge of the sanme on
the val ues of tHesd éeBﬁPFe?éeVEﬁ(QNﬁéur@i}tﬁoo9%&?%%EZBPFOGEE§Ed on

anpl i t ude envel wipbclyener aher sbind) i mnsk AN gbevblt Nl PR @Rt @hSthdhe

anplitude EG g I t der rve therefore a single
EG val ue sufflc‘g%cgg é@ @ §§°ge The hu i %ﬁeve %%#1t%ﬂq EF°V8tues of the

sanpl e buffers r%“a‘?‘?éi éﬁdeﬂrt)ée?%lsfﬁiect |Wts&|$pl &8 the cungsist ofuf fers OB
(OD (1> to OD (42899t pfﬂ%&s&ddgtl@nldéfEdéﬂﬁgaEﬁQ|&aléﬁ@gﬁﬂdﬂjdﬁa%ngaCh

channel havi ng t al ation TO Se tenber wher eby an
accumul at ed vaI%%S% r?¥é£hu§¥%a Eﬁﬁ9581%%§ ngﬁgfﬁé?%lféﬁﬁﬁzﬁépgted f or

al | the channel 42i& degrfasgd numhero@ﬁ;ﬁnnqmghmewaCEmg channels to be
sounded simultaneously. Therefore, the user may

control the balance between the number of channels to
10 be sounded simultaneously and the effect grade by
setting the CD4 value.

Further, the time flow of processing executed by
the software tone geneiator, shown in Fig., 4, shows
only an example. The time correlations between frame

15 size, inputting of performance data, waveform
calculation, and reading and reproducing of waveform
data are not limited by the figure. For example, the
timing of the performance data inputting, waveform

calculation, and reading and reproducing of waveform

20 data with respect to the frame may.be differently set.
Besides, although the time length of one frame is fixed
in the above described embodiments, it may be variable
for every frame. However, the present invention is
characterized in that a plurality of waveform samples

25

can be generated in the time direction by one tone-
generator processing.




Thereafter, it is determned at a step S141 5 whether or not the
termnation time point TL has been reached. If the termnation tinme point
TL has been reached, ternination processing is execufl@Fepiemiesitdd s143,
that is, danped waveforns are generated for forcedly danping nusical tone
wavefornms for channels 10 for which waveform data have not yet been
calculated up to the termnation tinme point, and the thus generated
waveforms are added to data in the @&8tput buffer OB. If the termnation
time point, has not been reached, it is determned at a step S142 whet her
or not 1 Sp‘r ocessing has been executed for all the channels currently
used for tbnefgBistiogt pbigenplating gusical topganwRick igr exqautsd @8dai Fompidet.one
generator register, if the nunber of channels currently used for tone
gener at i 6AMPYSINGss t han 32 and the answer to the 20 question at the step
S142 is affirmative (YES), when the nusical tone generation processing has
been- conpl et @dPerigrmannss Bfarmatierereseivingestepref feceiyinanpgifasmanes infernalioep 5145
et seq. On the other hand, if the nusical tone generation processing has
not been vadiplesignatgss pifah oflepch pbthemayrical Ponegte baeperated! for tone
generation, 1 is added to the i value indicative of the calculation
sequence at aaspeplSiamationtreesisng bieptcl eeqsiving eentral infermatiog: t o t he step
S133. If the nusical tone generation processing has 30 been conpleted for
al | the channslwaveform sample-geBetabingristet bbgenrreting si segiukace bt onsisht taneed,
the program proceeds to the step S145, wherein an effect control register
CD4 is chekbtdm $dmgee for eatiolofis, plefdlicof channels during a predetermined time '

period in response to said received performance‘information, wherein each sequence of
musical tone waveform samples generated has the pitch designated by said
performance information, and the number of said waveform samples generated during
said predetermined time period for each séquence is controlled by said contro!
information; and

a reproducing step of playing back said sequence of musical tone waveform samples

generated by said waveform sample-generating step.

2. A method as claimed in claim 1, wherein said control information is
information relating to a sampling frequency at which the musical tone waveform

samples are generated.

3. A method as claimed in claim 1, wherein said control information can be

designated by a user on said computer.




inparting is not perforned, followed by the program skipping to a step
S148. If CD4 = 1 holds, |ow pass 10 Septenber 2003 58 filter cal cul ation
is perforned to cut off high frequency conponents of19ﬁ@pfﬁ@e§%ﬁﬁles in
the output buffer OB by a | ow pass filter LPF at a step S146, followed by
the program proceeding to the step S148. 5 If CD4 = 2 holds, a
reverberation calculation is executed to inpart reverberation to the 128
sanples in the output buffer OB, afCa step S147, followed by the program
proceeding to the step S148. At the step S148, reproduction of the waveform
10 data thus prepared and stored' in the output buffer OB is reserved by
noti fyi ng the “DMA Te@ihed 8F cclaimed iy claifpl .amicg@&ég@ﬂayr%ap faf displayigawsa Fi g.
20 shows a program for executing the duty ratio and generated nusical tone
nunber ddisplaxy a18applinge ieauenqypativepthayhe roudiedi tage. waveferm samplestasg
S171, a CPU tine period spared for the whole software tone generator or
t he t one9§Berétask or processing by the CPU 1 is calculated. Aratio of the
thus calculated tine period spared by the CPU 1 to the whole 20
calculation tinme period by the sane is calculated, and the calcul ated
ratio is displayed on the CPU occupation ratio display section 40 in bar
chart at a sté&p $unmthodrntgeneratinghonvsisal teines ovhicty én exaatiter) oo reanomaputer,
currently wused for tone generation is displayed on the currently 25
sounded &harisingnunber di splay section 39 at a step S173. Fig. 21A shows a
program for carrying out

- a receiving step of receiving a plurality of pieces of performance information

corresponding respectively to a pluraiity of performance parts, wherein said received
performance information designates a pitch of each of the musical tones to be
generated,;

a generating step of generating sequences of musical tone waveform samples
corresponding to said plurality of performance parts during a predetermined time period
in response to said performance information, wherein said sequences of musical tone
waveform samples éenerated have pitches designated by said performance
information, and a time density of said sequences of musical tone waveform samples
for each of said musical instrument parts to which each of said pieces of said received
performance information corresponds is independent of the time density of said
sequences of musical tone waveform samples for the other performance instrument
parts as well as of the pitch of each of the musical tones to be generated;

a reproducing step of playing back said sequences of musical tone waveform

samples.




swi tch-on event processing which is one of the other processings. If the
switch 43 displayed on the display 30 wi ndow 30 is depressed, a val ue of
data CDx 35 corresponding to the current |ocation of R SepiGMOsF 2083 s set
according to an operating anmount and direction of the depressed swtch.
The data CDx is used in the above described tone generator processing.
According te the present enbodi nent, the cursor 10 Septenber 2003 59 32
can be noved by neans of the cursor kky 42 to any |ocation of the LFO
on/ of f display section 33, the interpolation-setting display section 34,
the digital filter-setting display section 35, and the effect 5 setting
di spl ay secti of- 36 mathedef g@n@ragmg wmusigab fonegewhigh dp exscutebwn § gompygter.15.
According to the operation of the value switch 43, data corresponding to
the | oc&ohprisidf: the cursor 32, i.e. the data CD1 is set and changed at
the LFO on/off display section 33, the data 10 CD2 at the '
i nt er pol at i onagearformgnet inidraationdedaivingstep oheeadiving EB%ratanch dnfarmgatioal
filter-setting display section 35, and the data CD4 at the effect-setting
di spl ay wvéith desi@ites apjiedrof aashyof the musigdiBondsdadegenecgedim f or carryi ng out
duty 15 ratio switch-on event processing. Wen the duty ratio switch 44
i s depressed, atdontrdhindorchatipnaredaivindORepsofchegivied pecioanaiceginfarmeation pdiickt | ng
anount and direction of the depressed switch, and the dotted |ine 40b of
t he CPU designptesiaopitohaifieachl obthkagyusiesd tanes tdbe igenefdatadyed 20 according to the
changed data duty ratio DR at a step

a waveform sample-generating step of carrying out a musical fone-generating

calculation fo form a waveform based on data stored in a memory beforehand, in

response to said performance information, to thereby generate a sequence of musical
tone waveform samples, which have the pitch designated by said performance
information, at a time density corresponding to said control information; and

a reproducing step of playing back said sequence of musical tone waveform
samples;

said waveform sample-generating step carrying -out said musical tone-generating
calculation to form a waveform by selectively using different data of said data stored in

said memory according to said control information.



S175. Figs. 22A and 22B show a program for carrying out tone generator
processi ng executed by a nusical tone-generating apparatus according to a
third 25 enbodi nent of the invention. First, at a stegogfﬁ?"Pﬁfmxﬁig. 22A,
a calculation is made of a time point at which the tone generator
processing is to be termnated. The termination tine point TL is
deter m ned- by the use of the above-nentioned equation 30 (2) : TL = ST +
FL x DR- US - AS ... (2 ) where ST7epresents a starting tine point of the
frame to be currently reproduced, FL one frame tine length (length of one
frame), DR the duty ratio, US a 10 Septenber 2003 5 60 termnation tine

period (a tine7 pér imethodeofugeradating mubieaimonas ivticH ReedcAeRB6hn R0corBpGteAS 2
post-processing time period (a tine period required to shift to other
processi dghpridiect ., channel control is executed at a step 5182, for setting
the cal cul ati on order between 32 channels such that a channel for

generating a éfuﬁétpﬁbringr(éf@ of toritgoiRemeRidrPd b¥quchcBass gt wavBfoR@t 4tat O
wavef orm cal cul ati on. Thereafter, three independent 10 output buffers OBO

OBl and eRApletet alppedasmanst Saflindifiquentydi-cative of the cal cul ation order
I's set to 1 at a step S183, foll owed by execution of steps S184 to S192.

iTEeF?;f pgf bug fs8&&ndBGringBlePBcERR ingO84i8 $RQREhdeof M8t RUlEBIA data b @nd O
sequence of second waveform data sampled at a sampling frequency different from
said predetermined sampling frequency and having an identical waveshape with that of
said sequence of first waveférm data, and storing said sequence of said second
waveform data in memory;

a performance information-receiving step of receiving performance information
which designates a pitch of the musical tones to be generated;

a control information-receiving step of receiving control information;

a waveform sample-generating step of generating musica!l tone waveform
samples, based on said sequence of first waveform data or said sequence of second
waveform data stored in memory; and

a reproducing ‘step of playing back said sequence of musical tone waveform
sambles generated by said waveform sample-generating step;

said waveform sample-generating step generating said musical tone waveform
samples which have the pitch designated by said performance information at a time

density corresponding to said control information, using one of said sequence of first

waveform data and said sequence of second waveform data according to said control

information.



15 respectively. First, at the step 5184, waveform data

cal cul ati on-preparing processing i.ncluding setting an__address
corresponding to the channel i of the tone generator PéﬁP@F@Pr%Eﬁannel i
register) is executed. 20 Then, a sanpling frequency control register CD5
is checked at a step S185 in Fig. 22B. If CD5 = 2 holds, which neans that
waveformdata for one frame (128 sanples) is to be fornmed with the
original degree of accuracy (i.e. a3 the original equivalent sanpling 25
frequency), waveform data of 128 sanples is calculated and added to data
in the output buffer OB2 at a step S188. If CD5 = 1 holds, which nmeans

t hat wavef or ng datpamettyd 89 eldimadn ickiho ﬁ%ﬁ&éiﬁegarw tifle *&I@h&tyofs sd1ected i gi nal
degree of accuracy (at half of the equi val ent sanpling 30 frequency: 64

sanpl es)acwﬁ Q{gg,gi?é@n,@a C@ﬂt@qﬁ\f@hﬁ%dns cal.cul ated and added to data in
t he out put buf at a step S187. |f CD5 = 0 holds, which neans that

wavef orm dat a for one frame is to be formed wwth a quarter of the original
degree of accuracy (at a 35 quarter of the equival ent sanpling frequency:

32 10 Sept embgr @@Qépa%tus?@rrﬂ@n%%tmﬁ‘fﬁd’ﬁa@chﬁegat%&nﬁ’rfs&%é sanples is

cal cul at ed and added to dat@a i n the output buffer at a step S186. The

val ue of the é%&h@h%ﬁ rGPféx(eaﬁrn la%ha al {oRbe ér?e‘?' (pfocgtgpe r@%éﬁ E{aﬁ ) may

be set for each annel 1 parate y as d i ng on

i, PR oSS Bph 0 A S L
whol e- SOLLMALEN process comprises the steps of:

a performance information-receiving step of receiving performance information
which designates a pitch of each of the musical tones to be generated;

a control information-receiving step of receiving control information;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples in a plurality of channels during a predetermined time period in
response to said received petformance information, wherein each sequence of musical
tone waveform samples generated has the pitch designated by said performance
information, and the number of said waveform samples generatéd during said
predetermined time period for each sequence is controlied by said control information;
and |

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.




generator. 10-In the latter case, i.e. to set the data CD5 as a single

val ue, the cursor is placed at the sanpling frequency setting dlsplay
section 37 in the control view of Fig. 15 and the vallQSeBiRmben203 i s
operated. Then, according to the answer to the question of the 15 step
S185 whi ch depends. upon the single data CD5 val ue, the program proceeds
to one -of the steps S186 to S188 +to carry out the correspondi ng processing
descri bed above. On the other handy74if the data CD5 is set for 20 each
channel depending on a nusical part of nusical tones to be generated, the
data CD5 is set for each of 1 to 16 M D channels. Mre specifically, the

d f h i
16 M D channd s BepaAusorgertiBinietah heb ot 2 ot e- on' event 1o
nput Lo execuicanidifer B9'SONE Ty BEACERS! a&e%t..{a frockds A bABtRGt 1 N9

proce55|hng into the chan enerator®regrs exec e s]Eep
S123 it

i oh 1 negERs @8%@8&%@@”@3 ﬁs&a@”@%ﬁa&@réZ%a&ﬁ@%”%é@ew%ﬂ Cohar
is, the 8?'1‘& éﬂol:e Se%d%ﬁ%% li?&]%rg #: is set as the data CD5(i) for the

assi gned®tone- era the tone generator register. Thus,
the data CDS(A1

h th
steps S186 10 fféfg?fﬁ%fﬁ m?%a'a? et e g & @@@2&“%%8&0@%& 2003
62 dEpeBgrfgr%a%rc}etin orm ton corregpg)nang; rees%gc ively to ag ;e)lr& I‘?y oln ;9erfo‘%r'?1%ﬂ£‘§ pagts

wherein said input performance information designates a pitch of each of the musical
tones to be generated;

| a control information-receiving step of receiving a plurality of pieces of control
information corresponding respectively fo said b!urality of performance parts;

a generating step of generating a sequence of musical fone waveform samples in
said at least part of said plurality of channels in response to said performance
informatio_n, wherein said sequence of musical tone waveform samples generated have
the pi’;ch designated by said performance information, and a time density of said
sequence of musical tone waveform samples for each of said perforrﬁance parts to
which each of said pieces of said received performance information corresponds is
controiled by each of said plurality of pieces of control information; and

a reproducing step of playing back said sequence of musical tone waveform

-samples.




Next, musical. tone characteristics controlled by the data CD5 wll be
descri bed hereinbel'ow. In the 5 tone generator processing of Figs. 22A and
22B, by selectively executing the steps S186 to S188 18&geieaibag2008n t he
determ nation of the step S185, the nunber of waveform sanples to be
generated as waveformdata for one franme is changed. The | arger the nunber
of 10.wavef orm sanpl es for each channel to be generated for one frane, the
|l onger a tine period required for pbocessing data for the channel. That

is, there is a correlation between the nunber of waveform sanples to be
generated and the processing time period. In the 15 present enbodi nent, the

nunber of fraﬂas ﬁgP tl@‘?&e%é%?é{m@%uﬁ@é?MS' éorﬁ .(48(kHz)/ 128 = 378

frames), and @accor ange e nunber anpl es to be generated

ber frame Coryeoppnls qopefk ol ngemb&célhﬁmgqg(%ﬁéegétﬁ!@t 8&%% 0 SIEOHERCY.

The 20 equiva npl1 ng uency I's set to the

fo . (5] Bhes B Bbpti mublont @Y uholFitalidR; and 'notReI_ﬁre”“g .
term nat i on t@@,&ﬁs Bivariiy T A ARG HRGAEE. |1 The ansver [

affirmative ( erm ifon processing is executed at a step S191 in a

nand, i1 the VoY BT PoRRe e R A3 oBen reached, it i
T e R e
to 1 at %hlc%e&es%%%?és :-; Bikclhocyi\eeacf?%f %h%em&)sflgaq rtéannz—::‘s to be generated;

a control information-receiving step of receiving control information;

a waveform sample-generating step of carrying out a musical tone-generating
calculation to form a waveform based on data stored in the memory beforehand, in
response to said performance information, fo thereby generate a sequence of musical
tone waveform samples, which has the pitch designated by said performance
information, at a time density corresponding to said control information; and

a reproducing step of playing back said sequence of musical tone waveform
samples; |

said waveformr sample-generating step carrying out said musical tone-generating
caicﬁ[aﬁon to form a waveform by selectively using different data of said data stored in

said memory according to said control information.




returning to the step S184 in Fig. 22A. 35 If the processing has been
executed for all the 10 Septenber 2003 63 channels, or the term hation
processi ng has been executed, the program proceeds td é*@?@&es¥§@, wherein
the contents of the output buffer OBO are oversanpled at a frequency four
times of the equivalent sanpling 5 frequency (4-nultiple over sanpling) to
obtain data of 128 sanples which is added to data in the output buffer
OB2. Further, the contents of the output buffer OB1 are. oversanpled at a
frequency two tinmes of the equivalent” sanpling frequency (2-nultiple over

the' out put buf Pors QoA B dtiahd HABRP ke WHids, SeBHETin 4 Bobbigt but er

OB2 is gHBbRGILd to reverberation processing at a step S194, and the
reverberated waveformdata in the output buffer 15 OB2 is reserved at the

DVA control | ep f fgstf,&@%%ggpqu&gvﬁl@ pRHothahk€ Mfoahdton; BY Virtue of the above
setting of the data the sanpling frequency is changed to generate

nusi cal  t one awav@idaeaving éibs bf (88 E5g ddlecBOs BifdpBidn® generate 20 nusi cal
tone waveforns depending on the capacity of the CPU 1. 25 30 35 In the

fourth enbodi meyeheratiiestemei camyingwube musfeal thoneagdtrar alidurgos haeasinset 0 be
sounded sinmultaneously by the software tone generator is limted to 32 or
| ess to said received performance information, for generating a sequence of a plural number of
musical tone waveform samples, and selectively subjecting said generated sequence of
plural number of musical tone waveform samples to a plurality of characteristic control
processings according to said selection information, said plurality of characteristic control
processings being different in at least one of processings contents and calculation amount
from each other, and storing said generated sequence of the plural number of musical tone
waveform samples selectively subjected to said plurality of characteristic control
processings in a memory, a manner of the musical tone waveform calculation being
changed according to the characteristic control processing selected by said selection
information; and
a reproducing sfep of playing back said sequence of the plural number of musical
tone waveform samples for generating musical tones by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one correspanding to said predetermined sampling frequency.

13. A method as claimed in claim 12, wherein said selection information comprises
information for determining at least one of (i) an order of a digital filter used for processing
the musical tone waveform samples, (ii) whether to use the digital filter, {iii} a number of

musical tone waveform samples to be used in interpolation executed




as data CDG beforehand, and the term nation processing at the step S141 in
Fig. 18B is executed based on results of a determnation as to whether or
not the nunber of currently sounded tone-generating dR&sRtEMber B3 r eached
the limted maxi mum nunber. That is, according to the fourth enbodi nent,
the data (1) indicative of the maxi mum number  of t one- generating channel s
to be sounded sinultaneously is set by the wuser at the nmaxi num

t one- generating channel nunber- setting display section 38 in Fig. 15, and
then the software tone generator gerd€fates nusical tones based 10

Sept ember_ 2003 64 on the data e he maxi mum nunber of t one-
gener at i r?B%E%@Hﬂ@?"Fd"%@fc’%ﬁﬁagggéwﬁﬁg’hoﬁ %é”tﬁrpoé“%‘ V) yethg™ @™ Yi i t ed
ﬁBXIﬁUﬁ]nU

(duty rat HERE i Blonle BT 4Bl EORAN By i iRy thtrE%eﬁ%fﬁa“E%ag R nunber
gescﬁfgflgﬁ8@§%%H3&&ﬁﬂgﬁgﬁ£?néﬁkggﬁﬁ%yagﬁg?ﬁ% Pﬁggﬁhvé#%ﬁgﬁ In t he second

and third enbodinments described before, the upper Iimt of the 10
capacity of the CPU 1 to be used for the software tone generator processing
out of the whole capacity of the CPU 1l is controlled based on the duty
ratio DR set by the user. On the other hand, according to the fourth
enbodi ment descri bed above, the nmaxi num nunber of tone 15 generating
channel s to be sounded by the software tone generator is |imted to the
value CD6 set by the user. |In each of the enbodi nents, the nunber of tone-
generating channel s sounded by the software tone




generator is changed. However, the change is effective 20 only inside the
tone generator processing for generating waveforns at the step S108, but
not effectively applied to processings other than thd0Espembged®Bat or
processing, e.g. to the tone generation- assigning processing
(tone-generating channel 25 assignnent processing). According to the
present enbodi nent, when note- on event processing is executed in a tone
generator which can change the nunher of tone-generating channels to be
sounded si nul taneously, the tone-generating 30 channel assignnment at the
step S121 is changed according to the nunber of tone-generating channels
to be current A siethoded caimel timolabnsRyinclidimg a displap stdpeof digplayingmoswent
processing at the step S121, the nunber of channels to be sounded

si mul t angspls) sn aatouas poealculgticdSretoirdd by cadasaqugnde of mukiehl one vegpabirtry)  of
the CPU 1 10 Septenber 2003 65 according to the data duty ratio DR, or the
dat a CDGanpled, egleiitish afhd nulbenvfngsitaltions @sergodatsaid sepraduditigestepwi t h

t he maxi mum nunber of tone-generating channels MP set by the value of the
received data. If the nunmber 5 PN of channels currently generating nusica
tones in the tone generator register is smaller than a value (MP 1), an

enpty channelisar AemBihodCaRBRANEd WP it 23 SvBEeRh baidt sulectiBAnAfodtbtioh id . €.
set to generate. nusical tones. On the other hand, if the channel 10

nunber RhforaticH &2 'add@anod Rttt HeieadPone characRrisiiabstol demént used by

said plurality of characteristic control element used by said plurality of characteristic

control processings to which said generated musical tone waveform samples are

subjected,
an amount of calculation by said musical tone waveform calculation required for
generating a musical tone waveform for one musical tone varying according to said

addition or omission of said at {east one characteristic control element,



25 30 35 or channels corresponding in nunber to a nunber (PN - MP + 1)

whi ch exceeds the value (MP - 1) are set as a channel or channels to be
subj ected to tone generation- decaying, and a command P&epteaper 03
generation is issued to the channel or channels, and at the same tinme a
single enpty channel is preserved as a channel assigned to tone
generation. According to the processing, the nusical tone assignnent is
carried out based on the nunber of channels currently sounded, which can
prevent assignnent of tone generatiohnio too many channel s which causes
noi ses or assH%n neratJo to too few channel s which causes

t
unsatisfactory u %aEHéﬁqﬁg%PgﬁﬁggﬁﬂgPﬁFF &m%hﬁﬁvawgbf the tone generator.
The number of CE&HFngrsfotr )gﬁutl ol sq% ?It%”ggﬁ%gty léroggslscana/n Og{pugncessant Ly

changes with & pse of Ceéssing r'°channel
s changerdtaP 1éids CRGnahg ' BomhaBA GAE AaveRm "RRiH h%m@?ews% Rhet he

value CD6 is angé%ﬁ%urlng perPornance Of CIUSi ¢, ﬁ%hever accorglng to

t he pre§gngm 488 Bbmpridas tHadRrorof channel's to be sounded
si mul t aneously by the tone generator is obtained when the nusical tone

assi gnment i s #&GedeBihg S0 rédaRitgtdeffemeincainfiingtish? event, etc., to enable
coping with such a quick or incessant change in the nunber of channels
sounded si nul taseeonbleyeivildistep bErtbening Eeldgipi mrdd@aticd)03 5 10

a generating step of carrying cut a musical fone waveform calculation in response

to said received performance information received at said first receiving step, to generate a

sequence of a plural number of musical tone waveform samples, and selectively subjecting

said generated sequence of plural number of musical tone waveform samples to a plurality

of characteristic control processing according to said selection information, said plurality of

characteristic control processings being different in at least one of processing contents and
calculation amount from each other, and storing said generated sequence of the plural
number of musical fone waveform samples selectively subjected to said plurality of
characteristic contrel processings in a memaory, a manner of the musical {one waveform
calculation being changed according to the characteristic control processing selected by
said selection information; and

a reproducing step of playing back said sequence of the plural number of musical
tone waveform samples for generating, musical tones by sequentially reading said

sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency.



15.20 25 66 is not limtative to the software tone generator but also
applicable to all types of tone generators which are c%gbl e of changi ng
t he maxi num nunber of channels to be sounded sinult arf@estenbgedd3di ng t o
conditions. Although in the above described enbodi nents, the on/off
setting of the digital filter DCF is carried out on the whole software
tone generator, the on/off setting nay be carried out on each tone color
part and/or each tone-generating channel. That is, a digital
filter-setting register CD3(i) may be79breset for each of tone color parts
and/ or tone- erati channel s, and the on/off-setting of the digital
fiter  DOF wy b et PLASTRRRDa AN A VDL FoPechEd Bna cORBHEE. par
and/ or thm%ﬁé}%,generati ng channel. In the aforedescribed tone generator
processi ng ‘'gs. 18A and 18B, the determ nation at the step S137 is
carried out f ; = | i b0l ' .cope wWth
the on/of f - setaﬁr?]tg@g%mﬁiggﬁiggféﬁgﬁw %Ig‘%hgrrgﬂ?gr%lece%cﬁ I%? gﬁ%ﬁgg?@ rh}\ré t'%rgr ts
and/ or t afeoaRRALRY tdgencf@MISES todey! t her, the other data CD1, CD2, etc.
may be preset for each tone color part and/ or each tone- generating
channel, sim laagdcgnd Tecedmigestas of réteivingl KinitaBO® nforRiatiéh dERMMEE B Th&Gmird
general |y unnecessary, and therefore the data CD2 is set to O (no
i nt er pol ahioan)) of Toodessieg NMapadtgl oft GreesomhputeroWhizh Fals ibeabmplBgdd foretths,
however, the data CD2 may be set to 1 to control the pitch.

generation; and

a generating step of carrying out a musical tone waveform calculation for a plurality
of channels being sounded which said performance information commands to generate
tones, for generating musical tone waveforms in said plurality of channels being sounded,
wherein when said performance information commands to start generation of a new tone,
one new channel is added to said plurality of channels being sounded, and when tone
generation in one of said plurality of channels being sounded is finished, said one new
channel'is removed from said plurality of channels being sounded;

said generating step generating said musical tone waveforms by said musical tone
waveform calculation which has an amount of calculation thereof limited such that a
maximum number of said plurality of channels being sounded for which said musical tone
waveform calculation is carried out is limited in accordance with the limitation information
by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calcuiation for said plurality of channels being sounded
exceeds the maximum amount defined by said limitation information.

18. The method of claim 17 including the step of terminating waveform calculation
when a limitation amount indicated by the limitation information is reached.

19. A method as claimed in claim 17, wherein said limitation information can be

set by a user on the computer.




In the above descri bed enbodi nents, the M DI event processing is not
considered in carrying out the 30 duty ratio control cal culation. The duty
ratio control calculation may, however, take the M D Hy/egpigmbar@deing into
consi deration as one of operations carrled out by the software tone
generator. Display of the CPU power and the nunber of 35 generated nusical
tones (tone-generating channels) can 10 Septenber 2003 67 change at a high
speed, and therefore, for easy matchlnggby t he user, snoothing processing
of the display nmay be carried out y be so arranged that the software

5 f MDI d
froman exterdll darg oﬁefa%'rg% Melfehee e e ofeed astsfw%pgw e
f t t
Fone. " genal aei o RGP AT aﬁ%@%ﬁ%&@ b oG Gk € B8k D O, 1
.20 25 Th%h eis"@'{ @sgle e%ﬁg@?@\kWe %’ﬁcﬁﬁc%laﬂgn %?Féagt Ie!a:ﬁ‘éﬁ@%*&pd H%tg whi ch

i npl enent ed, descri ore, by a general purpose conputer

an operatoifagangmgmggbee(nct)g}m,,sé{g@ as Wndows (Registered Trademark) is
installed. But, this is not limtative. The software tone generator my be

i mpl emented by a control CPU provided in an el ectronic nusical instrunent
with performance operating el enents such as a keyboard or a

21. A method of generating musical tones which is executed on a computer,
comprising:

a first receiving step of receiving a plurality of pieces of performance information,
for commanding to generate musical tones;

a second receiving step of receiving limitation information defining a maximum
amount of processing capacity of the computer which can be employed for tone
generation;

a generating step of carrying out a musical tone waveform for a plurality of
channeils being sounded which said performance information commands to generate tones
for generating of musical tone waveforms in said plurality of channels being sounded,

wherein when said performance information commands to start generation of a new tone,




tone generator nodule with no performance operating elenent. In the latter

case, a tone generator section conventionally forned by an electronic
circuit muy be reduced or omitted. Alternatively, a HaSg¢pgmber 2108
generator section and the software tone generator may be both enpl oyed. In
the effect control according to the above described enbodi nents, one of
no- ef fect-executing processing, |ow pass filter processing and the
reverberation processing is selected gased on the value of the data CM.
In other words, two different types $62 of effects, "i.e. the | ow pass
f||ter pracessin verber tion pro ng.can b ctlvel i nparted
e oPlF TRl bR B D s oI B E Poed orBi b e gar dec
as sel ec n [ ho ce55|ng
CLbltath ] Jggecrfgafgf Y o thheis VM A GAN! drRfed Olaid B feR ey

O her e e pOSSi exanp

Sept enbeich£Hdfis rertQed HomGatePol Fality H\S&Tanﬁ@??éﬁ% &6ind QJ‘e Of a pl ur a' ity Of

effect prograns which are the sane In type but different in the

grade of eff eghidReR&BHR &b goHerdting ssiaInfuscal toROwAVEHMs by's8RUNsRBI foRé
processing. That is, if the grade of effect processing is increased, the

cal cul at waRefan® ¢akulatictWwhick thakodn amdart §F afcsdion Gherbsf KHIRIICARA Ghat! gsul ti ng
in a decreased nunber of tone-generating channels to be

maximum number of said plurality of channels being sounded for which said musical tone

waveform calculation is carried out is limited in accordance with the limitation information

by inhibiting said musical tone waveform calculation for some of said plurality of channels

being sounded when a total amount of processing capacity of the computer which is used

by said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information; and

a step of terminating waveform calculation when a limitation amount indicated by

the limit information is reached.




sounded si nul taneously. Therefore, the user may control the bal ance
bet ween t he nunber of channels to be sounded sinulta3§2%$l and t he effect
grade by setting the CD4 value. Further, the tinme fl K%Fﬁﬁgggﬁng
executed by the software tone generator, shown in Fig. 4, shows only an
exanple. The tine correlations between frame size, inputting of
performance data, waveform cal cul ation, and readi ng and reproduci ng of
waveform data are not limted by the {igure. For exanple, the timng of

t he performance data inputting, wavef 8t m cal cul ation, and readi ng and

duci f f t it h t to the f be diff tl
ot Bosi des, APy rongR s EriletiRGIRT Bret damPrshE ™ < fixed in the above
or asent i nvents eapeer eelind S KA Captd o KFdmel A Froli iR R <ampi e

e T on'Ts™ chafact'et izbd: A anpl
10 Sopt onar i BB (i R R L Ry e Aol PSS WD cn

I's executyfleRfim &akOBEMH RF o HOERY 08 CRShnelstdRY $RNEBNGRIch RERAM PBMohRshcecel vi ng
step of receiving performance informati on which designates a pitch of each

of the nusberdtioh edemahds 1d&cHERRS 1Bh&S] for Yehdratiigdhusic] @B o4id bREMVdMg St ep
of receiving control information; a waveform sanpl e-generating step of

gener at i mpaeneteipiensriIndéd, mieidalvhénssd pagsrefancaintamplicascohoiandaeh sft a
plurality of channels during a predetermned time period in response to
sai d r ecdaenedtipeof newioe. oné oewwhamne| isvitsed itm said giurglidy uvecremnelt beimgsi cal
tone waveform sanpl es generated has the pitch designated by said
sounded, and when tone generation in one of said plurality of channels being sounded is
finished, said one new channel is removed from said plurality of channels being sounded;
said computer generating musical tone waveforms by said musical tone waveform
calculation which has an amount of calculation thereof limited such that a maximum
number of said plurality of channels being sounded for which said musical fone waveform
calculation is carried out is limited in accordance with the limitation information by inhibiting
said musical tone waveform calculation for some of said plurality of channels being
sounded when a total amount of processing capacity of the computer which is used by

said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.

23. A method of generating musical tones which is executed on a computer,

comprising:




performance information, and the nunber of said waveform sanpl es generated
during said predetermned tine period for each sequence is controlled by
said control information; and a reproducing step of PPIgPEHPEEEE3sai d
sequence of nusical tone waveform sanples generated by said waveform

sanpl e-generating step. 2. A nmethod as clained in claim1l, wherein said
control information is information relating to a sanpling frequency at

whi ch the mnusical tone waveform sanples are generated. 3. A nethod as
claimed in claim1, wherein said confi®l information can be designated by a
user on said cogputer. 10 Segtenber, 2003 70 4.. @ met hod as clainmed in claim
1', i ncl udi ng 2a"di SFFYP9 SteRpTr S PPN ENNErmafiog oy 6" 4eUANANS Ag
frequenc it t fvvhi chf he rrusitcal tt g}ne vvave&,ormsanpl es are generated. 5. A
met hod o '%b%&?&??ng’em}?f"éaf’"?soﬂ 98RTERY s executed on- a conmput er,

conpri sing. ?ars%ﬁ&d;’ﬂe@éivﬁﬁc?@ of reE&Giﬁ%\éét@tgatﬁ)nq Midoh' orﬂnfati&} Pe?a%ﬁ ¥ a
performance i nformtion or?espondl g respectively to a plura 9ty of

per for ”H%‘a‘ﬁnp%_rff-e%ﬁeo &k ®hiB g@gigﬂrt&re%(@%m@%@g elafORRERL | ON

. h
designates a pitc each e nusical tones to be generated; a

generating st %R;eﬂfera_ﬂ?"ﬁé@bi ErymB DA GREBical tond wheatért &ikianay &f @Egansanpl es
corresponding to said plurality of performance parts during a predeterm ned
time perit®daidi geroRadeB SefointativAifer geicraingsn equehts biiusienl, tonbevaefrmai d
sequences of nusical tone waveform sanples generated have pitches
desi gnat edmblgs saict hper the pitendszignatel dy saiti iperiormanck iafotrmatendensi ty of sai d
sequences of nusical tone waveform sanples for each of said nusical
i nstrunment parstid geevdting Istepagdnesdting sdaifl piveicalstond veweidrm eamipliesdby paidf or mance
information corresponds is i-ndependent of the tine densi tTy of said
sequencedgnusicahige waveferonealgwalion shighdwemsaledlatias repeletiont therpofisiasBorted B e
instrunment  parts as well as of the pitch of each of the nusical tones to
be gener &fEFalcylafi@pieseiuionigfosmatign. arheitiaheymbse Rf i Buer) IBRVEYeBfMnusi cal
tone waveforlm v . , o .

samples per unit time is controlled by said calculation resoiution information.




sanpl es. 10 Septenber 2003 71 6. A nethod of generating nusical tones which

is executed on a conputer, conprising: a performance |jnformation-receiving
step of receiving performance information which desi gifate®embeseelh of each
of the musical tones to be generated; a control information-receiving step
of receiving performance informati on which designates a pitch of each of
the nusical tones to be generated; a waveform sanpl e-generating step of
carrying out a rnusical tone-generatin calculation to forma waveform
based on data stored in a nmenory beforehand, in response to said

f a s A to s:

DT e PACATHE R el BP0 BB, AEMENGE LA iRk eR 5 Lo

i nf or mat iRy ah dhduhi® cggﬁiﬁqi&nyreﬁ\ﬁfeﬁ%gggﬂa%%%af B8 @bk éaaahaﬁ'oﬁ%ﬁé gation;
p g back one

and a reproducing step o ayl sal d sequence oOf nmnusica

wavef or MnumdBPdfefisicaPtbAbs MBI BySAMRh &I QFRAE Maldompiftuifidhr Yi ng out said
musi cal tone-generating calculation to forma waveform by selectively
using different data of said data stored in said nmenory according to said
control information. 10 Septenber 2003 72 7. A nethod of generating nusical
tones which is executed on a conputer, conprising: a first storing step of
storing in nenory a sequence of first waveformdata sanpled at a
predet erm ned sanpling frequency; a second storing step of converting said
sequence of first waveformdata to a sequence of second waveform data
sanpl ed at a sanpling frequency different from said predeterm ned sanpling
frequency and having an identical waveshape with that of said sequence of
first waveform data, and storing said sequence of said second waveform
data in nenory; a performance information-receiving step of receiving
performance information




whi ch designates a pitch of the nmusical tones to be generated; a contro
information-receiving step of receiving control information; a waveform
sanpl e-generating step of generating nusical tone wavdP&eremdgn#l0ds, based
on said sequence of first waveformdata or said sequence of second
wavef orm data stored in nenory; and a reproducing step of playing back said
sequence of nusical tone waveform sanples generated by said waveform

sanpl e-generating step; said maveforukfanple-generating step generating
said nusical tone waveform sanples ch have the pitch designated by said
per formange i nformation at time. density corresponding to said control
PRt or mt 28n ATAPRE B ssPeeine U SR, S RRG: " aaver or m dat & and sai d
sequence of r. | NG id.. r ol il tion. 10
Sent ember 20030 HAy B LA FRA RGOl ch 8RR bRl o LR, 0

density iyg fiebeat BHeRCBE %H&afeﬂ st Chid Retioh YEShIRBAiABImAHBh ALER %pa 9. An

apparatus for generating fusical tones, conprising: a conputer

execut i NGaRpRdSteRBbndy MRhBR RRIREI BSE RERSGRSsoRTMEsQUM BiHdritdd forBkebfy tones
correspondi ng to nusical tone waveform sanpl es, wherein said tone

gener at i ROMPSIEH e5ife GETFRIING PTodcBE ahl ARPuBhg rAusiRl tMeSRBEEsponding to said

i nformation-receiving step of receiving performance information which

desi gnat esusizapiche lwavkfoeactanples! Mderiis baidltorico p@aterdting KRo@ss ebmpssks #decont r ol

i nformation-receiving step of receiving control information; a waveform
sanpl e- getepeatii ng step of generating a sequence of nusical tone waveform
sanples in a plurality of channels during a predetermned tinme period in
response to s&icdloulatied stepl oheartyingrawh 8 enusishbione waafornneriguldtion énchpasguence of :
nmusi cal tone waveform sanpl es generated has the pitch designated by said -
per f or mait &2id; Rerfeprance daformatign ek denaRdiBe dEequsnge whvesisrhiosamve®™ener at ed
during said redeterm ned tine period for each seqyenge is controlled by
sai d conF?'@P'e?ﬁ‘mﬁ?P RaYS BR P't%thQF%"g@BP&&ﬁ'@ipﬁﬁorﬁa@ﬁe BompRlan ng back said

sequence of nusica } ne wavef orm . : .
said calculating step génerating musical tone waveform samples by said musical

tone waveform calculation which has calculation resolution thereof designated by said

calculation resolution information, wherein the number of said musical tone waveform

samples per unit time is controlled by said calculation resolution information.




sanpl es generated by said waveform sanpl e-generating step. 10 Septenber
2003 74 10 . An apparatus for generating nusical tones, conprising:. a
conputer for executing a nusical tone generating procd¥SeRanten2ofls ti ng
nmusi cal tones corresponding to nusical tone waveform sanples, wherein said
tone generating process conprises the steps of: a performance
information-receiving step of receiving a plurality of pieces of
performance i nformation correspondi ng Jespecti vely to a plurality of
performance parts, wherein said inpu? performance information designates a

pitch of eachaf KNG MRl Lahanid AMERIM Qohfy ﬂﬁ&ﬁ\%?d 6:?u%elogt£o%pu¥er to

i nformation-receiving step of recelving a plura eces "or control

| nf or mat igRRo®PA FRHRAREEHAIRG RRShMEAS WHknt@hibrigddr al i ty of performance
parts; a generating step of generating a sequence of nusical tone waveform

sanpl es in s géroimdreasfforPatidn-Rbeiding Siep biiedbilihy c@HtroCiRRRARIGH: I N response to
said performance information, wherein said sequence of nusical tone

wavef or m sanpleewagsaer sdrasle-haneatirighstepiot gbnatatiiganabqibnby of audicaefcher mance
information, and a tinme density of said sequence of nusical tone waveform
sanpl es fwawefer baroplestar daghenf B@luraiitce’ chanrets duning wiprezibtegrainbd the paiiad ipi eces of
sai d received performance information corresponds is controlled by each of
sai d pl uredrnse tsf s3ill sensivedfpedformance inforimatiomwherein aach sequepreodfumissicel st ep of
pl ayi ng back said sequence of nusical tone waveform sanples. 10 Septenber
2003 75 fone wRveipihrsampliest genejaipérhesi g Aitehi desionatatedy eaidrerfoinmance a
conputer for executing a nusical tone generating process and outputting

nusi cal trgERtieyr AR KHIRdMHGPEO ¢ Avaveiie wavRiesr asneiaipl eduring ngaig,
f . for stori f dat a; in id at i
Compr | s SrEtned im3 e AR SpieN Fredbroln oA sael g mefam g~ °°°S

recei ving perfaoF i whi ch. desi gnat eFm%Sigi tch of e (r:nq of the

musi cal tongs tgﬂ@@ﬁ%g%eﬁe%[ gﬁ%fa%ﬂg back %aid sequénce o al tone wavefo

samples.




a control information-receiving step of receiving control information; a
wavef orm sanpl e-generating step of carrying out a musical tone-generating
cal culation to forma wavef orm based on data stored iﬁoﬁ?éteﬁ@#bggm

bef orehand, in response to said performance information, to thereby
generate a sequence of nusical tone waveform sanples, which has the pitch
desi gnated by said performance information, at a tinme density
corresponding to said control information; and a reproducing step of

pl ayi ng back sai d sequence of nusi cal®% one waveform sanpl es; said waveform

| e- i t i t j d i [, t - ti
Sa o 0eneT 20 SR SR Be 0L R Bl B S IR Mo <
dat t i i i i trol inf ti . 10
Gata o 06l RSB RS ek PP ofgiihcl | oreLon 10
execut ed on 2 LABNRG step GPHRHEE ridtalt F pdcBE S eRGBLER iRbrigRR! Vi N9

performance information; a second recel Vi step receiving selection

i nf or mat ic@ﬁés_p’én&ﬁ@%rsﬁéétiﬂé1¥ & £PuRlity SRAUYEA Shsitfnedt JBHS | Areih QB8 rdKREOr M
cal culation in response o0 said received performance information, for

gener at i p@rfamBRes BfE@atith desighate@b plo eI @actPdf thamasica konks REvd\gMRfAEdN sanpl es,
and sel ectively subjecting said generated sequence of plural nunber of
musi cal tone wayeieesting Steppbiegencatiag pegucnkéd v aiusichlatbAs nelvkfin GamprEr ol
processi ngs according to said selection information, said plurality of

char act ercogespondiogto slid plpality o perfogsainei pags dufirfigez prtietermiatd timagerianie of
processi ngs contents and cal cul ati on anmount from each other, and storing
sai d gendespoast degaidnpefoyhandseinfdrmation, whersin seid pemieseds obmusicalatoséor m
sanpl es sel ectively subjected to said plurality of characteristic control
processi N§¥eiPRn samalgp ognerateddave pithes drgEgnaled by raid pedoimanes éfermaliesul at i on
bei ng cha‘gged accor dcipfgs,% to the characteristic control processing selected

by sai d $8f diMaensithelorithisayances R mysicd SersoRisiRIMstEp s opgadifh§aiBack sai d
f th I I nb ical .t f I f
gener at 1 R AIEREEPHDn B B, Aenatafl Perry of ShieRg FeLParo e RAFEE PN he
plural mégpgsrpoﬂés @ﬂdgﬁlénd%f?pgf %Vﬁ%grégn@m# es%idf Eé’cfﬂeﬁc%sdoﬁ%%k& otnea
waveform samples for the other performance parts as well as of the pitch of each of the

musicai tones o be generated; and

a reproducing step of playing back said sequences of musical tone samples.




predet er mi ned sanpling frequency, said generating step being executed with
a repetition period |onger than one corresponding to said predeterm ned
sanpling frequency. 13. A nethod as claimed in clai m 19 Sepisaer #0033 d
selection information conprises information for determning at | east one
of (i) an order of a digital filter used for processing the nusical tone
waveform sanples, (ii) whether to use the digital filter, (iii) a nunber of
nmusi cal tone waveform sanples to be useg n |nterpolat|on executed 10

Sept enber 2003 76a on the nusical tone Qaveforn1sanples (|v) a type of

the interpol atjon, %éﬁ}n g@?&atﬂ,% #rg?gﬁhgl)é%s?& ngupﬁ'?fgﬁ%\%g | O(Q, g%r

whet her to carry ou and

(vii) whed g%@éﬁx%{héﬁ@d 6fr$§ﬁ%r9ﬁfg§fsiﬁsu a?to%@@w%ﬁb@ﬂﬂms% nes to be generat ed 10

Sept enmber c almed 1n c including a display

step of displaypdmini HFchRhidh- @Ebnﬁﬁ@'éféb &f re‘éébuﬁ?”p%ﬁfb%n&@%’fbfn?éilohy sai d
sequence of nusical tone waveform sanples, calculation and a nunber of

nusi cal WhRAYeSigRRENS B! e86H &tﬁe&ﬂﬁ@&ﬂ}lwnagto%eajéneeb%d A nmethod as cl ai med
in claim14, wherein said selection information is information for adding
or omtting ata doa@d infefatiohaiceiong sieplof Receiving taltrotinfiiaatonysed by said
plurality of characteristic control elenent used by said plurality of
characteri sti @ wewidrmokamplegessatingsstep @f warrghg at d gesieal dbedgenesatiogl t one
wavef orm sanpl es are subjected, an anount of cal culation by said nusical

t one wave&hiovlatiandp duma Warefarmdasecen dae stogsiie raanmyy befrebanhlin tespansaavef or m
for one nusical tone varying according to said addition or om ssion of
said at [e#eid ppdorepase difeagen ctoc Bier IQ@leéfﬁ%rﬁ Se&'@ﬁ”S@p‘ffeﬁ’ﬁé’Fa‘Z@Os 78 16.
An appar at us for@_generatl ng nusi cal tones, nprising: a_conputer for

execut i n§/24eTRTR SrAples dfﬂ@hd'@ﬁé'i‘%ﬂt“t‘i'gdeﬁkgﬂétég ?Y éﬁ'ﬂ pSUPrﬁiﬁ"F‘? Hﬁormﬁh% @hf tones
gener at i NG® %a%&gg“ﬂé%ﬂ%‘é‘vmgﬁo? S PG dEORBR A, 8t ocoi ving Step of
receiving perfor %g ing {e ' QP E)llaylng back said sequence of musical tone waveform
samples;

said waveform sample-generating step carrying out said musical tone-generating

calculafion to form a waveform by selectively using different data of said data in said

memory according to said control information.




a second receiving step of receiving selection information; a generating
step of carrying out a nusical tone waveformcal culatign in response to
sai d received performance information received at saidaﬁq@ﬁ“W%§¥Pving
step, to generate a sequence of a plural nunmber of nusical tone waveform
sanpl es, and selectively subjecting said generated sequence of plural
nunber of nusical tone waveform sanples to a plurality of characteristic
control processing according to said i;lection information, said plurality
of characteristic control processings being different in at |east one of
processi g Conjeen! 5 AL 1SR BlLEAMR ALyl AR EAG BEARG 2 A REOr I N9
sai d generat ed sequence O e pldaral” nu e 10T TS Pcal T Re” wavet or m

sarmpl es. e bafihEhdingd B RAb S BuSiEh ok Whith chifioles: characteri stic cont rol

processings in a nenory, a nanher o musi cal tone waveform cal cul ation

bei ng changed aafﬁa%&ﬁah?gteb%f 5BAndFiR AIreh k84 uehcd Bt QavBibR B ish@pRe! ect ed
by said selection information; and a reproducing step of playing back said

sequence #0h ptd&]@teﬂhmé@.harﬁplmg%q@ncﬁusi cal tone waveform sanples for
generating, nusical tones by sequentially reading said sequence of the

pl ural nunber ao$econs istaihg tstapeofnamesrongrssid ngelyeshck rad s atabefanatay & aa
predeterm ned sanpling frequency, said generating step being executed with
a repeti tsequencpef sedntl avagefprm Hata sampledGrt mesmppiich frggueocysdifferept femhe saidm ned
sanpling frequency. 10 Septenber 2003 79 17. A nethod of generating

musi cal thersisteriiied Isamplingxisenuesdy anl baviranuidentical wewgshiaps wigh that fof said
receiving step of receiving a plurality of pieces of performance

i nf or mat iSéAuence gt firglyvavaerm Sgtar endydtering-aaid seguencelof sajf sscong waweferg datacei vi ng
step of receiving limtation information defining a maxi num anount of
processi MYMEBERAci ty of the conputer which can be enpl oyed for tone

I e A e T
per f or Mg/ AN IIRL L AR ATIANSS Rrde Al crd@iies, for generating musi cal
y of C S

tone waverorms rn sard plurali ann ei’ng sounded, wherein when
ey b Tl L T O
when tone a waveform sample-generating step of generating musical tone waveform samples
based on said sequence of first waveform data or said sequence of second waveform data
stored in memory: and
a reproducing step of playing back said sequence of musical tone waveform
samples generated by said waveform sample-generating step,
said waveform sample-generating step generating said musical tone waveform
samples which have the pitch designated by said performance information at a time
density corresponding to said control information, using one of said sequence of first

waveform data and said sequence of second waveform data according to said control

information.




generation inm one of said plurality of channels being sounded is finished,
said one new channel is renoved fromsaid plurality b channel Being
sounded; said generating step generating said nusicalq SWB%QE9@%@ ns by
sai d nusi cal tone waveform cal culation which has an anount of cal cul ation
thereof limted such that a maximum nunber of said plurality of channels
bei ng sounded for which said nusical tone waveformcalculation is carried
out is limted in accordance with the |imtation information by inhibiting
sai d nusical tone waveform cal cul ati o for some of said plurality of

h I bei | . Of. ' i f th

cComuter uni chti & Haghe By ERE b eI Bl LARR e BRebPRR % or < o
I | i ' . i defined b
Caia 1 i BT AT Bt O o BB R o, 177 el i ng the st op

of term nati ng fpav&ERIN .Sfé%lCﬁ*ﬁc@fvinﬁ%rdﬁm%gc@iﬂ“dr%t?@t,i on anount indicated by
[

the limtation information i s reached. ) method as clainmed in claim 17,

wherein sai d lhisgtdratsi@ing isthosirBddivity sehitidtfinfoRBhtioRy a user on the conputer.
10 Septenber 2003 80 20. A nethod as clained in claim17, wherein said

generating st ageneratinyges oC@itying Dubal nusiagaldomaighestdrm I8 Bif re§ibnse
calculation for a |least one of said plurality of channels once said

nmusi cal tosad wav@mhmanca infdroationt fop yehantirgea dequientecats plusal uobesaf rdugidalir al ity
of channels has been term nated. 21. A nethod of generating nusical tones
whi ch i s tareravetsdm camales oansusadectively suipedting hyysaid generatied seqwinee vpletabp of
receiving a plurality of pieces of performance information, for conmmanding
t o gener 8U@ber,§f deysicabriens waveferd rammiase oy ian glusalisp obfchpesstsiisticngontraki t at i on
information defining a maxi num anpunt of processing capacity of the
conput er PIRFPIINGE ACBENS oA sdpcion infamationgsaid FRArPGeristic CoEiRbPracesi9st ep of
carrying,out nusical, tone veformfor a plurality of chapnels being
Sounded WANG FTEETG a3 PRA G PI9FP B0 IR LU, B aFIEion Al B8 BBRes I or
gener at i f i.cal_.tone forms i.n said plyrality . of channel s being
doundod, Sehand¥Rhifia ARG RobNE i< Rk aL RSk i b MBSt
gener at i Qompits AeBEWely WiBiected to said plurality of characteristic control processings in a

memory, a manner of the musical tone waveform calculation being changed according to

the characteristic control processing selected by said selection information; and

a reproducing step of playing back said sequence of the plural number of musical
tone waveform samples for generating musical tones, by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency.

31. A machine-readable storage medium stforing instructions fo cause a computer
to perform a method of generating musical tones which comprises:

a first receiving step_of receiving a plurality of pieces of performance information
for generatiﬁg musical tones;

a second receiving step of receiving limitation information defining a maximum

amount of processing capacity of the computer which can be employed; and




10. Sept enber 2003 80a one new channel is added to said plurality of
channel s bei ng sounded, and when tone generation in one of said plurality
of channel s being sounded is finished, said one new dJdR&eRtEMbes2d08npved
fromsaid plurality of channels being sounded, said generating step
generating said nusical tone waveforns by said nusical tone waveform

cal cul ati on which has an amount of cal culation thereof limted such that a
maxi mrum nunber of said plurality of channels being sounded for which said
nusi cal tone waveform calculation i $%arried out is linited in accordance

ith the limtati i nf tion by inhibiti id ical t f

ool ul ati on { GrOBBREGTRE Bra Pk A FHER ORARERL" BT Hp B TR hen &
t ot al an%gqtéangfls@rpcegsr{dn wfid %cii tpf\_é Or];ntheein (r)ngtutn_er whi 8h is used by said
musi cal tORE &Y ?89?11%afcu el rof? 3_5fd r?l'ﬂ 2 !Cto{}m}?ﬂ%ha_nnelfs being
sounded tc?’@‘éﬁ&gt% s, T éﬁﬁmtimkaﬂﬁﬁé %Qeiiayms\?ﬁe%ai% 'p’HIrém?J bOBhdnHLIS" ma:' on,

and a stepo termnating wavel ormcal cul ation m-tati on anmoun

i ndi cat egepy soliltd! Widrbin WAER 5 HB bk RéHmafcd RRANSHN chRmaRRE RIBSE gé%%o]&l 22.

An apparatus for generating nusical tones, conprising: a conputer for

recei Vi ngf a nelvibmd, lohy nol cRARGES s@led®! aff PIBARE of SHPREBLERY sb@ided @RAEr at i on
of nusical tones and limtation information, and carrying out a nusi cal
tone wawgiearomecgdnetdtian iroonef sfrsall @lirdiitalof thyanaéls Glamg elisddaas ngsissaissied whi ch
said performance information conmands to generate tones, for generating
nmusi cal tooaeswichars@l id rggheved frotmysaaf plurefta ninhlasnddebainy sondeted, wher ei n when
said performance information commands to start generation of a new tone.
one new channehidigeneratitgisteoewraling lsaid atsicpl tofie wheaieraisdylseidyusicabtonded, and
when tone generation in one of said plurality of channels being sounded is
fi ni shed Waygform salsulgtion whishmas ans amerpveldcaleuntion dhere lipitadi sychothalcAannel s
bei ng sounded; said cogguter gfnerating nusi cal tone waveforns by said

nusi cal {RAENYRPRMBETAT seid ARy ploThanRfitPrirthsounreh foh Which seiddRYSiad Peon
thereof |imted such that a maxi.mim npunber of sajd plurality of channels
bei ng. soUVREET GRCAToBHE Saned Rl Jaed Briecodaeor i B AMEaoR omen car i o
out is ! !bg]ilfh?lﬁtiﬂ L0 igaqltqo%% Va\fwga ort .rc]:glmljlI t?gntfg;[ éo%]eé s]caP ﬂgr%iogf ?lya{nlnglgl bi'ting
sai d nusi al’tone Wwaver'or m cal cul'at'on " Tor' sone of sal'd plurality of
channel s bgf?l'grégunded when a total amount of processing capacity of the computer which is used

by said ‘musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.




sounded when -a total anmount of processing capacity of the conputer which is

used by said nusical tone waveformcal culation for said plurality of
channei s bei ng sounded exceeds the nmaxi num anount deflPReateRpeszy
limtation information. 23. A method of generating nusical tones which is
executed on a conputer, conprising: 10 Septenber 2003 81 a a first
receiving step of receiving performance information which designates a
pitch of each of the nusical tones to _be generated; a second receiving step
of receiving cal culation resolution i ¥ or mat i on relating to a sanpling

frequency at ich nusical tope wavef.orm s | es.are generated:. and a
generati ng st of of "eeoain heliin i G “PRer i PurF chrt feeRER o
response i d e 4.nf.or i far i . of

et ot caRgelaBfed SLTBRRhG AL AN o wAERTH Rolliuth RIREREE.
per f Of TGN ki oUelBhd Sout BrdRAARLAIGTGaSEM SRBRAdRPccRshiassal tone
wavef orm sanpl'es by said mnusical tone waveform cal cul ation I C as

cal cul at isaQ lirfRaRInUkb@iktibher eof designated by said cal culation resolution
i nformation, wherein the nunber of said nusical tone waveform sanples per
unit time is controlled by said calculation resolution information. 10
Sept enber 2003 82 24. A nethod as clainmed in claim23, including a display
step of displaying on a display an anount of cal culation required by said
nmusi cal tone waveform cal culation and a nunber of nusical tones generated
by said nusical tone waveform cal cul ation. 10 Septenber 2003 83 25. An
apparatus for generating mnusical tones, conprising: a conputer for

recei ving performance information which designates a pitch of each of the
nmusi cal tones to be generated and cal cul ation resol ution information
relating to a sanpling frequency at which nusical tone waveform sanples
are generated, for executing a nusical tone generating process and

out putting mnusical tones corresponding to said nusical tone waveform
sanpl es, wherein said tone generating process conprises the




steps of: a calculating step of carrying out a nusical tone waveform
calculation in response to said performance information for generating a
sequence of nusical tone waveform sanples which have 10iFepieimbeh2@Ssi gnat ed
by said performance information; said cal culating step generating mnusi cal
tone waveform sanpl es by said nusical tone waveform cal cul ati on which has
cal cul ation resolution thereof designated by said calculation resolution
i nformation, wherein the nunber of said nusical tone waveform sanples per
unit time is controlled by said calcut%tion resol ution information. 10

Sept enber 200% 84A 26.. A ma Ell ne-readabl e nmedi u toring instructiqgns to
cause a conput’ar td"??@ﬁﬁ?qﬂ% en‘H?‘h‘ﬂH ‘?”naecr?g}‘%”g]ﬁ ornci%riy@@ov_ﬁ@n@ga i ch
conpri ses,; . ipnformation-recejiving step.of receiving control

i mm(;r mat ?%nr??g as\rﬁ’é%&%&%gg’ﬁpf%@x&gﬁtﬁ S?Pﬁame?tslg"%’f‘p’g%’wer ating a gequence of

S et er m e oL AR MY Fecllo RAG Mo il ilal bt SLofBRGlRdUTT NG 2

predeterm ned tine peri res se to sald recelved pertormnce

i nf or mat ig@BadR kRl HuSAERneELBURYeRe@legmusi cal  tone wavef or m sanpl es
generated has the pitch designated by said performance information, and

t'he nunber of as@tshdvRy&ting Blep AMRESFinG eMBIIARRtesBRitoR Shisiation RIARGESEM ned
time period for each sequence is controlled by said control information,
and a r epaogding frgusicgat @hich haigicalgokatdveminGamprY aRce:nefatddiaheal tone

wavef orm sanples. 10 Septenber 2003 85 27. A machine-readabl e storage
medi um st or i n@ genstating $tep nEcaryingaws e nasicentpod ervdfanpeidutation in repdred of
generating nusical tones which conprises: a receiving step of receiving a
pl ur at i t yo stidpiesioesanse ipfermpaionderc geriendtiog renséquence of nesisaintbhagvaveopect i vel y
to a plurality of nusical instrunment parts, wherein said received

per f or mafé®PRhMpichBeYORe fie dasignaled kY paid pRrfgmagegiRfosnatioke nusi cal tones to
be generated; a generating step of generating sequences of nusical tone
wavef or m sanplF8¥d 9805MAtRg r??ﬁ?dﬂ‘?f&ralt'ﬁg SHI MyPiGRl atene YvayefopR rseBIPlRgnkYe SHEr t s
during a predetermned ti eriod in response to. sajd f or mance

[ nf or mat MURCERET SRYEQH CAUANGR WS TP cRGURLER repqfiion therebl designaied by

- said calculation resolution information, wherein the number of said musical tone waveform

samples per unit time is controlied by said calculation resolution information.




wavef orm sanpl es generated have pitches designated by said performance
information, and a tine density of said sequences of nusical tone waveform
sanpl es for each of said performance parts to whi ch &8cdeptembea?@3pi eces of
said received performance informati on corresponds is independent of the
time density -of said sequences of nusical tone waveform sanples for the
ot her performance parts as well as of the pitch of each of the nusica
tones to be generated; and a reproduc&gg step of playing back said
sequences of nusical tone sanples. 10”Septenber 2003 86 28. A

machi ne-r eadahl,e st diumstoring.instructions to cause a conputer to
perform a netﬁ%d gﬂgéﬁﬁgng?%%gﬁﬁsTE%Fgﬁ%ﬁé§” EnSXeSHIGH | W COWPRER £ or mance
infornatugpfﬁgﬁfiving step of receiving performance information which

desi gnat es A pitch of each of the nmusical tones to be generated; a control

i nformation-recebydgng! ﬁlﬁbrﬁifélticyner‘é@éi\‘ﬁh@%}iébom Fé?:lailvf-ngfﬁgrfaprﬁén%g;int%rrwﬁi\ﬂﬁf orm

sanpl e-generating step of carrying ou musi cal tone-generating

cal cul at ivhichtdesigR&tas 8 pheVecaENMb MRS Blsied) téhak % 5 gerRfhtdd? @ menory bef or ehand,
in response to said performance information, t0 thereby generate a

sequence of musdigidy stomef digmayiisim SRPBY a6 leavirehvfine mdben@h vale degi gnat ed
by said performance information, at a tinme density corresponding to said
cont r ol iratfocof mapdciyn pf saittcompuésp toskusiang st ggmendftiopbByie rusibaddnssas dhslequence

of nusical tone waveform sanples; said waveform sanpl e-generating step

car ryi ng cepacity fiegeaf(8) acelrrenbysueyeitiey @tid nbthe caparily att sahcamputenisparad Vumvef or m
by selectively using different data of said data in said nenory according
to said @Gﬂ%rﬁegq“ ofireompgical innes iothseyholengspaciydogedy (i) 2samplingitdrusecyratadabl e
storage nedium storing instructions to cause a conputer to performa nethod
of gener RGN one WayRloEm RRMEIES @Fhpenesaed, () an edect sugentygmearted taf
storing i,n nenory a sequence of first wavefaorm data sangl ed at a

pr edet er HiSHEYSEY PGS Jeeaieds: () ABEERVALO P A GUEPELOTdP &8 I ng sai d

sequence cﬂgnrre'lsrtgbe\@%l\)/r?cre%rs%lﬂt%}'lgouts& gnd (vi) 2 maximum value of the number of tone-

generating channels to be sounded simultaneously;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical
tone waveform samples generated has the pitch designated by said performance
information, and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.




sequence of second waveform data sanpled at a sanpling frequency different
fromsaid predeterm ned sanpling frequency and having an identical
waveshape with that of said sequence of first wavef orihSeatembepdP3st ori ng
sai d sequence of said second waveformdata in nenory; a performance

i nformation-receiving step of receiving performance information which
designates a pitch of the nusical tones to be generated; a control

i nformation-receiving step of receivi % control information; a waveform
sanpl e-generating step of generating si cal tone waveform sanpl es based
on said sequenge @f {i s [ equence of second waveform
data stored F{? n’gnrg%tbg:;ét%g@%e?%@ :?(n) u%a?ﬁ‘g{egﬁ@ﬁg‘ofs %Iegk}eﬁgonb%ccgmgléea
sequence @fypMgi-cal tone waveform sanples generated by said waveform
sanpl e-generating step, said waveform sanpl e-generating step generating

sai d nusi cal tDPEHOMURIL HBmafiilcBsviNg skl BENRARG RitbrbrieShanaled by said

performance information at a tine density corresponding to said control

i nf or nat ivwich désighgte® 8 @it@f ofsatiofRSIMEEER totes td BeSdenchaef orm data and sai d
sequence of second waveform data according to said control information. 10

Sept enber 2002 d&iay3fep o displaking en heiapal aeleastona 9 (ale divent $410& bNratio
instructions to cause a conputer to performa nethod of generating nusical
t ones whiof hapseitpef sikcompmitdrispared fegenenation ofttes mabical eareis\to Rolpaapavitpance
information; a second storing step of receiving selection information; a
gener at i tereafanddp) @ guirgritivgluef asnumbst ehtone-gaeeraingedhannels & beilsadrided i n
response to said performance information, for generating a sequence of
pl ural n§kBéEnegushn and gimultangausha dispayiRg sinfiee display dat slepsbceney 6f ye)sabj ect i ng
to said generat eq sequence of plural _nunber of musical tone wavefarm
sanpl es TR Y7ide Pt e Fatio oh Hieepacty of $3id EYRRUteN to P seed & ggreraliv i di ng t o
said selection infor ion, said.characteristic control processings being
di fferent(:%hei pugigal ogggﬁhﬁg’hBP P deregy ( )osh'?%?l'{’i'gg gﬁﬂl”e@ﬁ}' EUT‘"H? ‘BHS'g‘?HDunt
from eac 0, a orjn i ner nce of . the plural nunber
of nusi cg? % %%\ge-ff%p\/%in rlr'\ﬁ B%a%pq%éﬂstsds 3?@_0? i%bgﬁy&ggﬁﬁe'g’tbggeq 3)0 §1 i GUtdlrality
of charagdfek! Bt he geRELtel! aRd QS MdXRunt Valde of the number of tone-generating

channeils to be sounded simultaneously;

a waveform sample-generating step of generating a sequence of musical fone

waveform samples for each of a plurality of channels during a predetermined time period in

response to said received performance information, wherein said sequence of musical

tone waveform samples generated has the pitch designated by said performance

information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.




menory, a manner of the nusical tone waveform cal cul ati on bei ng changed
according to the characteristic control processing selected by said
selection information; and a reproducing step of playi'PPepiRmbesdPd sequence
of the plural nunmber of nusical tone waveform sanples for generating

musi cal tones, by sequentially reading said sequence of the plural nunber
of nusical tone waveform sanples fromsaid nenory at a predeterm ned
sanpling frequency, said generating s%%p bei ng executed with a repetition
period | onger than one correspondi ng sai d predeterm ned sanpling
frequency. 31. | ne- | e storage nmedi.ymstoring instructions to
cause a corrputsg"rA\ Hﬁﬁ&bgareP égﬁ%zgwgt]‘ﬁ%sd‘gazgongegn%' lsnif(eﬁﬂtgﬁcogl 2 C8NRYCHA ch
conprise§bn$ﬂ&%&st receiving step of receiving a plurality of pieces of
performance 1 nformation for generating nusical tones; a second receivVing

step of receiy Bgfdrjnahéeaidf&ﬁ,a{imrgﬁaﬁh%%ﬁbpdﬁf iré!:ieﬂ&gaa WEIQ}'@& n@é‘@%gr}g of

processi ng capacity of the conputer ich can be énploye ept enber

2003 88a peffofings airbriaitist eraxbosdig b@ispgctioéw t& aNplrafit! of AR aVREREREAD
calculation for a plurality of channels being sounded which said

per f or nanats, whesinahidodcdennpafbsmanzedrioahdtiof dedigRstes BQfitchOnea& bn@enusi cal
tone waveforns in said plurality of channels being sounded, wherein when
sai d per fnorsicahtoees nfbergeadrefed; commands to start generation of a new tone,
one new channel is added to said plurality of channels bei ng sounded and
when tone genéx earitiohinfammetinn-reteigng dtepl ofrrabeiving af pladabiv e | edeeiafigosimeinded i s
finished, said one new channel is renoved fromsaid plurality of channels
bei ng sourHerawtion gerepsgeifinadesnagtivelydp sgidmbiralty eignusttatingtiusmephparisone wavef or ms
by said nusical tone waveform cal culati on which has an anount of
cal cul ation t Re4SP6ING AP OHIYFEHING Rateayenchedt MusitRiNORD WRvESMsEnPIss iral ity
i.ch said nusical tone veform cal cul ati on

'S carri GUEBRPD! f PGP oRRRERAT HFRBAT BRY PR BETEROPRFRRL | on by
ol ur i | 8Bt o Uicel i SRRl i SRl e AR SR By ng
cal cul at (98 PAPrERTR BRIrAR ni e SRE seqtly BT0u IR KR, P S Bngl ¢
Maxi mim gpReim 48hhies r RYcP & Gid hiRilAsROmERTRHEE LABH oddh FeRIGHIGE 2003
of said received performance information corresponds is controlled by each of said
plurality of pieces of control information;

a reproducing step of playing back said sequence of musical tone waveform

samples.

37. A method as claimed in claim 36, wherein said control information includes
information relating to a sampling frequency at which said sequence of musical tone
waveform samples are generated, said sampling frequency being set to different values
between said sequence of musical tone waveform samples for at least one of said plurality
of musical instrument parts and said sequence of musical tone waveform samples for the

~ other musical instrument parts.




89 32. The storage nmedi um of claim31 wherein the nusical tone waveform
calculation is limted by term nating said nusical tone waveform

cal cul ation inmediately when a processing anmount for 19538EEHCEI i on
reaches a certain anmount corresponding to said limtation information. 10
Sept enber 2003 90 33. A nmachi ne-readabl e nmedi um storing commands for
carrying out a nusical tone-generating nethod which is executed on a
conputer, conprising: a first receiving ﬁtep of receiving perfornmance

i nformati on which designates a pitch of ‘each of the nusical tones to be
generated; a $800nd R Yk NS An bS8 LGRS A Skl Pllinh S8GH Ui O
information relating to a sanpling frequency ar I Ch must cal " tTone

vavef or masaimliahgal SRIEIA! G huskificAe 4ENEHAN 1AHHRE 3R Qld GABLAIAG HUt a

musi cal tone waveform cal culation 1 n response sai performance

i nf or mat isgi mmn@@nﬁ{uakanas@mqgmsn@%aimh@@.lcetd?rﬁﬁ.smv%@waveﬁ,ﬁﬂpl es

whi ch have the pitch designated by said performance information; said

gener at i Bgmsles for gRN RN nuBGasastAinfEAs paal wHiONGe BN hted Bt Ssihmiieentaiesl d

nmusi cal tone waveform cal cul ati on which has cal cul ati on resol uti on thereof
desi gnat el dmd ssaipbhg dlequérayj andr ehelelnt iseid repraluciabi sp plhey &apk tthe nunber
of said nusical tone waveform sanples per unit tine is controlled by said
cal cul at imctunmuiated seduencasnif orusizal fone walefGepsanties a2 643 s&juende of usiedlhod of
generating musical tones which is executed on a conputer, conprising: a
per f or mafie WaYElOrmEemeias.r ecei vi ng step of receiving performance infornmation
whi ch designates a pitch of each of the nusical tones to be generated; a

di splay step of displaying on a display at |east one of (i) a maxi mum val ue
of a ratio of capacity of said conputer to be spared for generation of the
nmusi cal tones to whole <capacity thereof, (ii) a current value of the ratio
of the capacity of said conputer spared for generation of the nusica

tones to the whole capacity thereof, (iii) a sanpling frequency at which
nmusi cal tone waveform sanples are generated, (iv) an effect currently
inparted to




the nusical tones to be generated, (v) a current value of a nunber of
tone-generating channels to be sounded S|nultaneously and 2 a maxi num
val ue of the number of tone- generating channels to bé 003

si mul t aneousl y; a waveform sanpl e-generati ng step of generatlng a sequence
of nusical tone waveform sanples for each of a plurality of channels during
a predetermned tine period in response to said received perfornance

i nformation, wherein said sequence of nusical tone waveform sanples

gener at ed has t he pltch desi gnat ed by ai d performance information, and a
reproducing s uence of .nusical tone maveform

{L;'g 0 Br%?(&/g\gacrksalds 0 o T
sanpl es gener eé‘ 5“9 E () 8% 8?%@%% ﬁ?er?g?"'ﬁﬁ% step 10 Septenber
2003 92 35. % Q@rﬁmg‘ Por &%g\ﬁ(natérl‘g %?It(? ﬁé;[?elr}% gvmg}oéev ﬁ% Squgnblh@g

conputer, conprising: a pe nance fon

recei vi ngnpenf g %ﬁegwnefng% flsio aggpﬁg vaa%foﬂﬂaé Hbidk Rirefdih %L.d%ge of the

nmusi cal tones to e generat ed; ay step of spI’ aylng on a display at

| east oNQeRérafify précdel E6BMHseY Helifefora ratio of capacity of said conputer
spared for generation of the nusical tones to whole capacity thereof and

(b) a current avpérfgmaricedinfiniBRIn-reéeilifg &tcPeperaabiving FerRiRlcs ihBrifioounded
si mul t aneousl y, and sinultaneously displaying on the display at | east one

of (c) awhichxdesignatesih pikchalf ehdteofitiad masicdl tdnde tclapgatietafed)f sai d conputer to be
spared for generation of the nusical tones to the whole capacity thereof,
(d) a sanpli ng dispayusterr yf digplayimigcdn andispleplat lebsinmevediVie B onadianpklas chae
generated, (e) an effect currently inparted to the nusical tones to be
gener at edatiogi gagacity ef seigkdompirier tl heespafed forganaraten oighe trtuﬁiealg@mrt@whoig

channel s to be sounded sinultaneously; a waveform sa generating step of
gener at i $8P2Fits BGIROAIH aoFurmenkyaius of theniatio aktpe canasity afrﬁ?E@merr SBRRA&T a

plurality of channels during a predetermned tine period in response to

sai d rec8FUEIPR! 5 MuFical ks & hamnels, Caﬁﬁ‘é?/éh‘?{egaﬁ”ﬂ SR EEENMA| cal

tone wavef orm sa(t%)l eswg r}grrat ed Ihasrthe F 2 desi g tedrﬁ %}%dt

por 1 o et My O e R et QUL SR eagr Y Baefedda: o

sequenceﬂpef mms'igélqgtlles BV &QI ?thé rR/) a current value of a number of tone-generating
channels to be sounded simultaneously, and (vi) a maximum value of the number of tone-
generating channels to be sounded simultaneously;

a waveform sample-generating step of generating a sequence of musical fone
waveform samples in a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical
tone - waveform samples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

40. A method of generating musical tones which is executed on a computer,

comprising:




sanpl es generated by said waveform sanpl e-generating step. 10 Septenber
2003 93 36. A nethod of generating musical tones which is executed on a
conputer, conprising: a performance information-receil@Sspleabep2Gop
receiving a plurality of pieces of performance information corresponding
respectively to a plurality of nusical instrunent parts, wherein said
recei ved perfornmance information designates a pitch of each of the nusical
tones to be generated; a control infor ion-receiving step of receiving a
plurality of pieces of control informfi%n corresponding respectively to
said plurality iLcal. instrunment . parts:. a generating st of generating
2 sequence of  mer Tl o REyH SrMIgR Y g Pefir o hfdmggond

plural |t Yok RUBANEL 3 phdh dr BIBPHSE hBsiSA I deDR diBARS, | N or MRl i on, wherein

sai d sequence nmusi tone wavef orm sanpl es generated has the pitch

desi gnat ed by 5 $RkfbrReLBlTBAGSy b8 Of FRLIhG TuskEGoRe WalBoitESindits Mim Sai d
sequence of nusical tone waveform sanples for each of said mnusical

i nstrumeRtm@addys to which each of said pieces of said received perfornance
information corresponds is controlled by each of said plurality of pieces
of control i nfaflin@dpblation gep efse@dutinl igepblafiorodn bk ayddgudial tong ailedgguence of
musi cal tone waveform sanples. 37. A nethod as clainmed in claim 36,

wher ei n samgdies ord mahner sélocted hecondingiolandetructionfienmatsepn rel ating to a
sanpling frequency at which said sequence of nusical tone waveform sanples
are gener at ed a waveforeasqrilergefaratipg estery obgénryatingt a sequeinté ef enisicalalones

bet ween sai d sequence of nusical tone waveform sanples for at |east one of
sai d pl umgveferm syrplesfor eaah of apluralibesfichprielssiuang a pridetespiged e pericdinisi cal
tone waveform sanples for the other nusical instrunent parts. 10 Septenber
2003 94 '#PONK fRecAiddreseived aeHumanee dfaMatiay andchasas Ry Hie AwEiGAuicAti ng step

of accunul ating said sequence of nusical tone waveform sanmples for said at

eant - onRUFOmE SRRse RO PV AR L PoIHER, ERGn N IE S RETEFA Yoquence

of nusi C%us}cgﬂ%nm\é\?gfgrw%amples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

41. A method as claimed in claim 40, wherein said selected manner designates a

number of musical tone waveform samples to be used in the interpolation.




sanpl es for the other nusical instrunent parts which are generated at said
different values of said sanpling frequency, and mherel sai d reproduci ng
step plays back the accunul ated sequences of nusi cal Péﬁéeﬁﬁﬁég m sanpl es
as sai d sequence of mnusical tone waveform sanples. 10 Septenber 2003 95
39. An apparatus for generating nusical tones, conprising: a conputer for
executing a nusical tone generating process and outputting nusical tones
correspondi ng to nusi cal tone wavef or sanples, wherein said tone
generating process conprises the step a perfornance
i nformation- r e e|V|n$ é EI rece i Vi or e,

agqed

i ch
desi gnat es ap t t"ﬁg QQN en?"bﬁ%g S‘?I &%%maa%eé dtg?]@rc‘latea di spl ay
step of m val ue of a
rati o of pclafl‘ﬂl}étlyetg c??’ Egg?%b%gér}(%%l{t%&ror{ﬁg%usggg?@% é\}()e%forr% %‘&g? on of the
nmusi cal tones to whole <capacity thereof, (ii) a current value of the ratio
of the capacity of said conputer spared for generation of the nusica
tones to the whole capacity thereof, (iii) a sanpling frequency at which
nmusi cal one waveform sanpl es are generated, (iv) an effect currently
inparted to the nusical tones to be generated, (v) a current value of a
nunber of tone-generating channels to be sounded sinultaneously, and (vi)
a maxi mum val ue of the nunber of tone- generating channels to be sounded
si mul t aneousl y; a waveform sanpl e-generating step of generating a sequence
of nusical tone waveformsanples in a plurality of channels during a
predeterm ned tine period in response to said received performnce
i nformation, wherein said sequence of nusical tone waveform sanples
generated has the pitch designated by said performance information; and a
reproduci ng step of playing back said sequence of nusical tone waveform
sanpl es generated by said waveform sanpl e-generating step. 40. A nethod of
generating musical tones which is executed on a conputer, conprising: 10
Sept enber 2003 95a




a performance- i nformati on-receiving step of receiving performance

i nformati on which designates a pitch of each of the nusical tones to be

generated; a waveform sanpl e-readi ng step of reading AiSepiemben#03navef or m

sanples from a nenory; an interpolation step of executing interpolation on

the read nusical tone waveform sanples in a manner selected according to

an instruction froma user; a waveform sanpl e-generating step of generating

a sequence of nusical tone waveform sanples for each of a plurality of

channel s during a predetermned tine Period in response to said received
erformance i ntor, ' on.t nusi cal .tone waveform sanpl es

P o B R s RE R BT R R g

i nterpol ated by’ sai Y sequence of nusi cal

one vaver o mpaphts, ML DI BId SOIEPORLED o Mgy,

performance ini tion; reproducing’s (
sequence nisidal $dried! corRESoniRY SloOmiicsl BRE GRavBRIR " RinfibsDyhaff saﬂ\/%fngr m
sanpl e-generating step. 41. A nethod as clained in claim40, erein said

sel ect ed gapérafig sIesdss Bahpfeed tHaiRrorof nusi cal tone waveform sanples to be
used in the interpolation. 10 Septenber 2003 96 42. A method as clained in

clai m 40, wheraeparfs@ibebes Rf@ebeth-reBaVIey seS bl ReRbioBg parfppearet ihfdenation
interpolation to be executed on the nusical tone waveform sanples. 10

Sept enbewhRDQ@sigRated 8 pitohpf apgavfdbeinudical tapes &r iad gengratedsi cal t ones,
conprising: a conputer for executing a nusical tone generating process and
out putting masvavgformsaawlecseadies piondf regding nmsisiattahe worafowasatgesrfreranpl es,
wherein said tone generating process conprises the steps of a perfornmance
i nf or mat NGO Bcei ving step of receiving perfornmance i nformati on which

designates a pitch of each of the nusical tones to be generated; a waveform
sanpl e- r eadi nGNditgRolgFon gk Phexeruipdnpreighen drthereadudsa fane wavsformnenor v;

an interpol altion st ep of exgcuticp i nterpol ation on the read nusical tone
wavef Ormsamp es In a manner selected according to an instruction from a user,

a waveform sample-generating step of generating a seguence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information and based on the musical tone
waveform samples interpolated by said interpolation step, wherein said sequence of
musical tone waveform samples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

44. An apparatus for generating musical tones, comprising:

a computer for executing a musical tone generating process for generating musical
tone waveforms and outputting musical tones corresponding to the generated musicaj tone
waveforms, wherein said musical tone generating process comprises the steps of:

a first receiving step of receiving performance information;

a second receiving step of receiving state information; and




sanples in a manner selected according to an instruction froma user; a
wavef orm sanpl e-generating step of generating a sequence of nusical tone
wavef orm sanpl es for each of a plurality of channels d8Serigmbept®et er mi ned
time period in response to said received performance information and based
on the nusical tone waveform sanples interpolated by said interpolation
step, wherein said sequence of nusical tone waveform sanpl es generated has
the pitch designated by said performance information; and a reproducing
step of playing back said sequence of nusical tone waveform sanples
generated by said maveforn1sanp|e-ge@ﬁ5ating step. 44. An apparatus for
generating nusical tones, conprising: a conputer for executing a nusical

tone gengr ki RgPIAERES fséﬂargr g‘g il Sﬂ%‘hﬁg“%gébs"! GHle wg\%?&?w\eé’ax etgl%-@%leﬁ?@ﬂe

out putting mnusical tone he genera nusi

vavef or Mgha MR BhdbdSeH ShidBerGRbndLRRNYSIYR FhbRth PHR&RRM ROMPE f8snd-he steps
of a first receiving step of receiving performance 1nformation; a second

recei Vi ngeférafhgObhdrReRi Whittd cih et sbutded erhil@Reo @Rl ok oPemt snbay ©RQA3 97a a
wavef orm generating step of generating nusical tone waveforns in

t'one- gengendraiiry chahagin ehsngeb asedding tc said sps fnfarmaniae ahafaoiumder @ saidherein a
maxi mum nunber of tone- generating channels which can be sounded

si mul t anémesgeperabng crennels Whizh asasalntiehis-detgemiped besvgdinhreael erfoiteange s
according to said state information, and a nunber of said tone-generating
channel s iniprimgtiorar e sounded i s determ ned according to said performance
information. 45. An apparatus as clained in claim44, wherein said state
information conprises information relating to the nmaxi mum nunber of -
tone-generatigg channel s to be sounded  sinultaneously. 46. An apparatus as

clai med in cl &PnfBAPPYAWE @p Alangddn slpim &4 iirerimeald slatedoirpnatior sompies mat i on
relating.t.o a.nmxXi m,rati o qof capagit f said comuter to be spared for
Genar at L ATOBRIHERDE e Hle Parmutbities Shihoe Seedpi Bipnoes obs counted

simultaneously.

46. An apparatus as claimed in claim 44, wherein said state information comprises
information relating to a maximum ratio of capacity of said computer to be spared for

generation of the musical tones to the whole capacity thereof.




MUSI CAL TONE- GENERATI NG METHOD AND MUSI CAL TONE- GENERATI NG APPARATUS
ABSTRACT. OF THE DI SCLOSURE A net hod and apparatus for generating nusical
tones are provided. Misical tones are generated based 100tePi¥deE 8903 one
wavef orm sanpl es generated through a plurality-of channels., and
performance information is input. Control information is input depending
on an anount of operation of -an opeggting el enent operated by a user.
Musi cal tone waveform sanples are generated for each of the channels
corresponding to the ,performance information input within a predeterm ned
time period,. in a nunber corresponding to the input control information,
whenever the predetermned tinme period el apses. Miusical tones are

gener at e FTHAEEAL GFONE HEENERAPENG (METHOD AAND @S TeNE§ PONESGRRERATIREIUr € 1
APPARATUS

ABSTRACT. OF THE DISCLOSURE

A method and apparatus for generating musica

tones are provided. Musical tones are generated based

on musical tone waveform samples generated through a

plurality'qf channels} and performance information is

A input. Control information is input depending on an
amount of operation of an operating element operated by
4 user. Musical tone waveform samples are generated
for each of the channels corresponding to the

Performance information input within a predetermined
time period, in a number correspondihg to the input
control information, whenever the Predetermined time
pPeriod elapses. Musical tones are generated based on
the g@nerated nusical tone waveform samples,

Figure 1



