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and 20 simlarly the terms "tone wavefornt are used to enbrace a waveform
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of a nusica

tone al one. The so-called "waveform nenory readout"” nethod has

been wel | &powtheirn dsfsidtedvasmiradsn st ahéi basiswafefwave f fm sdaphserdatda) ,

encoded by“a desired encoding technique, such

5 out from a waveform memory or the 1like, and more

particularly to an improved waveform production method and

apparatus capable of producing waveforms that are

faithfully representative of color (timbre) variations

effected by wvarious styles of rendition or articulation

10 peculiar to natural musical instruments. Note that the

present invention is applicable extensively to all fields

of equipment, aﬁparatus or methods capable of producing

waveforms of musical tones, voices or other desired sounds,

such as automatic performance apparatus, computers,

15 electronic game apparatus or other types of multimedia

equipment, not to mentiqn ordinary electronic

instruments. It should also be appreciated that

musical

in this

specification, the term "tone" is used to refer to not

only a musical tone but also a voice or other sound, and

20 similarly the terms "tone waveform" are used to embrace a

waveform of a voice or any other desired sound,

rather

than to refer to a waveform of a musical tone alone.

The so-called "waveform memory readout" method has

been well known, in which waveform data (i.e.,

waveform

25 sample data), encoded by a desired encoding technique, such

| as the PCM (Pulse Code Modulation), DPCM (Differential PCM)



as the PCM (Pul se Code Modul ation), DPCM (Differential PCM - 2 or ADPCM
(Adaptive Differential PCM, are prestored in a waveformmenory so that a
t one waveform can be produced by reading out the waveformdata fromthe
nmenory at a rate corresponding to a desired tone pitch. There have been 5
known various types of waveform nenory readout techniques. Mst of the
known waveform nenory readout techniques are intended to produce a
waveform from the beginning to end of- & tone to be generated. Anobng

exanpl es of the known waveform nenory readout techniques is one that
prestores 10 vvavefor?négata_of an entire _wavengrm fromthe begi nning to end

of a tone Pb BPESRhefAfaRt1NRY i aneRtiftesPOMes %R cPEPRLRELS R adf ul |
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specificatlon, t erns o0op wavert or are used to re a wavert orm
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readout techniques preStoring 20 waveform data of an entire waveform from

the begi NNkAgwhOva@idudf Bypddeot Owbedonar aictbyy Yeuebet Mdahaighuesd.ful |
waveform section for an attack portion or the like of a tone, there nust

be prestorMdsa rf tthei dirdowrof waaefonm memwalfpr Meddba tcotd@apiniksgatre a
variety of rendition 25 styles (or articulation) and thus a great storage
capacity istemdeflr e fproduoei iy vaeefiormi fran t Yhef beguiendng Uat &nd
of a tone to be generated. Among examples of the known
waveform memory readout techniques is one that prestores
10 waveform data of an entire waveform from the beginning to
end of a tone to be generated, and one that prestores
waveform data of a full waveform section for an attack
portion or the like of a tone having complicated variations
but prestores predetermined loop waveform segments for a
15 sustain or other portion having little variations. In this
specification, the terms "loop waveform" are used to refer
tb a waveform to be read out in a repeated (looped)
fashion.
In these waveform memory readout techniques prestoring
20 waveform data of an entire waveform from the beginning to
end of a tone to be generated or waveform data of a full
waveform section for an attack portion or the like of a
tone, there must be prestored a multiplicity of wvarious
waveform data corresponding to a variety of rendition
25 styles (or articulation) and thus a great storage capacity
is required for storing the multiplicity of waveform
data.

Further, although the above-mentioned technique



Further, although the above-nentioned technique 3 designed to prestore
wavef orm data of an entire waveform can faithfully express color (tinbre)
variations effected by various rendition styles or articulation peculiar
to a natural musical. instrunent, it can only reproduce. tones 5 just in
the sane manner as represented by the prestored data, and thus it tends to
encounter poor controllability and editability. For exanple, it has been
very difficult for the technique to perfermcontrol of waveform
characteristics, such as tine axis control, according to 10 performance

data, of the waveform date correspondi ng t desired rendition style or
o feur bt | ST Ea T Bt SR S5 o TRVt Bafe S o eniade opeSHérh

sophi sticate chni s, for facilitating ea%is i ¢ __repr.oducti and
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t he case of such SAEM techni ques, when a plurality of 20 rendition style

wavef og m npelst eSnar €né0 diind | MBnAGE add Y repeeReated twgetthey ppesteata a
continuous tone waveform it is desired to connect the rendition style

wavef or m ndaltih £S and tthoud Lbnatewds nessenkbunitew Qfodiecéntegblagilityi s an
object of the 25 present invention to a waveform production nethod and
appar at us &ind ckedd&abplddyce hFgh- gxamptle .wavtef bam deea wory edpbfdcngtto
various rendition styles (or articul ation)
for the technique to perform control of waveform
characteristics, such as time axis control,. according to
1Q performance data, of the waveform date corresponding to a
desired rendition style or articulation.

To address the above—discussed inconveniences, more
sophisticated techniques for facilitating realistic
reproduction and control of various rendition styles (or

15 articulation) peculiar to natural musical instruments have
been proposed in Japanese Patent Laid-open Publication No.
2000-122665 and the like; these techniques are also known
as SAEM (Sound Articulation Element Modeling) techniques.
In the case of such SAEM techniques, when a plurality of

20 rendition style waveform modules are to be time-serially
connected together to create a continuous tone waveform, it

is desired to connect the rendition style waveform modules

without unnaturalness.

In view of the foregoing, it is an object of the
25 present invention to a waveform production method and
apparatus which can produce high-quality waveform data

corresponding to various rendition styles (or articulation)



- 4 in an easy and sinplified manner and with abundant controllability.
It is another object of the present invention to provide a waveform
production nmet hod and apparatus which, 5 in producing high-quality
wavef orm data corresponding to various rendition styles (or articul ation),
can interconnect rendition style nodules w thout unnaturalness. It is
still another object of the present invention to provide a waveform
production nmet hod and apparatus which- M) facilitate creation of nusic

. pi ece data and can be operated mﬁth ease. According to a first aspect of
t he presen{_invention, the gihérd d a waveform roductron me o%

which conmpfi s&8%: §Qﬁ¥ﬂ)?ﬁ suﬁbW 1efly BRRSEFan i tH HR def® Tg 8P i ne,

pi eces of ger%orf?nge e ent informati on designating rendition style
nodul es; R eD mﬁ Yy gi ven pi ece of perfornance event information at

a given time igt }?)e M gegssedp A CYFHange WL LRg Py 8%%61

per f or mance event i nformation supplied in accordance with t he order of

tinme, obtajpbpgaanat ht@év@f@frﬁ ok AMBNEEthEY €Bhd B Amd i @h aliahed to
one or nore events, followng the given piece of perfornmance event

i nf or gt i op lgroam/ﬂ@emfgmqwaed&tyerwheedoeﬁﬂ giaed dorareipurndialy Okot he
ot her piece of performance event information; a step of 25 generating
control datartousesenditignt stglesnfotri antstullationdyl eadesngsatednkytat
| east one of the given piece of performance event information and the
ot her pi eceenditpenf stiydecemedwehes i witheati omrebtw algtess. advance by the

It is still another object of the present invention
to provide a waveform production method and apparatus which

10 facilitate creation of music piece data and can be operated
with ease.

According to e first aspect of the present invention,
there 1is provided a waveform production method which
coﬁprises: a step of supplying, in accordance with order

15 of time, pieces of performance event information
designating rendition style modules; a step of, when a
given piece of performance event information at a given
time is to be processed in accordance with the pieces of
performance event information supplied in accordance with

20 the order of time, obtaining another piece of performance
event information related to one or more events, following
the given piece' of performance event information, in
advance of a predetermined original time position of the
other piece of performance event information; a step of

25 generating control data corresponding to a rendition style
module designated by at least one of the given piece of

performance event information and the other piece of

performance event information obtained in advance by the



- 5 step of obtaining, on the basis of the given pirece and the other
pi ece of performance event information; and a step of synthesizing
wavef orm data corresponding to the designated rendition style nodule on
the basis of the 5 control data. The present invention is characterized in
that when a given piece of perfornmance event information at a given tine
point is to be processed in accordance wwth the pieces of performnce
event information supplied in 10 accordaénce with the order of tinme, another
pi ece of performance event information related to one or nore events
follow ng the given piece of, performance event information is obtained in
hvance of S bRy e PbEALAIR dor i ridhe | PASLS pOS! (5 Grvathe HrHer 2Bfe theor
per f ormance _event .15 infgrnati n._and then cgntr&%igata.ggyrg% onding to a
rendi tion %Fy?lé Hodti% 3 sipgeﬂ: ogéparﬁfeat SVehRl: PHO grven ?oi BEE&Pof
erf ormancgsev | g | on ot pi mance e t
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I nformati on obtaine ance are genera e given

piece and §8gigRaPLACT rOhEECi0h PSEYPE MBRSGu Y €Yn | MY MfdsQl  TBi Sthe
arrangenment permts creation of control data taking into consideration

rel atignshipstbei Wwagr ar.endi ti on styl e nodul es based on successive pieces
of performance event information. For exanple, the present invention thus
25 arranged canThepbyespnftopimivadret ipmcEsstchgrhetehezedntinol thatatwhench t hat
rendition style waveforns designated by rendition style nodul es based
successi vegpvenePigce perff operficemaneat everor nanformadnobpe aht & cgaveont ed
time point 1is to be processed 1in accordance with the
pieces of @performance event information supplied in
10 accordance with the order of time, another piece of
performance event information related to one or more events
following the given piece of performance event information
is obtained in advance of a predetermined original time
position of the other piece of performance event
15 information and then control data corresponding to a
rendition style module designated by at ieast one of the
given piece of performance event information and the other
piece of performance event information obtained in advance
are. generated on the basis of the given piece and the
20 other piece of performance event information. ' This
arrangement permits creation of control data taking into
consideration relationships between rendition style modules
based on successive pieces of performance event
information. For example, the present invention thus
25 arranged can apply appropriate processing to the control
data such that rendition style waveforms designated by

rendition style modules based successive pieces of

performance event information can be interconnected



- 6 - smoothly. According to a second aspect of the present invention,
there is provided a waveform production nmethod which conprises: a step of
sequentially designating rendition 5 style nodules; a step of obtaining
trailing end information related to a characteristic of at |east a
trailing end portion of a preceding rendition style nodule and | eading
end information related to a characteristic of at |east a |eading end
portion of a succeeding rendition styl-eémndule; 10 a step of nodifying a
characteristic of at |east one of the preceding and succeeding rendition
style nodul es on.the basis of the obtained trailing end information and

| eadi ng eFEC? mati on; and a step of synthesizing a waveform
corresponding tp the desi nated rendi tion yl 15_accordance
with the rmdif.é ORaraa: EB7er RectHL st iof iy phstPut cnPaRRLPRTeg i n

t hat trai engsl n%gg@tdl gn reI q;e,qa ng:\ %@?’&?&@{6&“ e%ogtleagl agt a

trailing en portlon a prece I ng ren t|o nodul e "an ng end

i nfor mati ogofstpbed: tchfié@éﬁhQﬁﬁC%%hh%hkﬁagﬁyatdE%%%Ba%lh%adkEHdﬁﬂﬁon
portion of a succeeding rendition style nodul'e are obtai néd by way of a

so-cals ed stpheansahiepti ar steprdifudbtaitiesi 6r&i1tngvenef @hfbrmation
corresponding to the preceding rendition style nodule. Characteristic of

at | east onelatedhetpr acedhaga@benndtidcoediatg Leadtt i®on txailld npdehds i s
nodi fied, in accordance with rel ationshi ps between the thus-obtained
trailing epertbon| eddiangpeadednngr nendiitigo shmlet medujeccaud ndeaddng
succeeding rendition style nodul es can be
end information related to a characteristic of at least a
leading end portion of a succeeding rendition style module;
10 a step of mcdifying a characteristic of at least one of
the preceding and succeeding rendition style modules on the
basis of the obtained trailing end information and leading
end information; and a step of _synthesizing a waveform
corresponding to the designated rendition style module in
15 accordance with the modified characteristic.
The present invention is characterized in that
trailing end information related to a characteristic of at .
least a trailing end portion of a preceding rendition style
module and leading end information related to a
20 characteristic of at least a leading end portion of a
succeeding rendition style module are obtained by way of
a so-called "rehearsal" prior to actual synthesis of a
waveform corresponding to the preceding rendition style
module. Characteristic of at 1least one of the preceding
25 and succeeding rendition style modules 1is modified, in
accordance with relationships between the thus-obtained

trailing end and leading end information, so that the

preceding and succeeding rendition style modules can be



7 interconnected snoothly. The thus-nodified characteristic is retained
as a paraneter or control data. Then, a waveform corresponding to the
designated rendition style nodule is actually synthesized in accordance
with the 5 nodified characteristic. In this way, rendition style waveforns
based on the successive (preceding and succeeding) rendition style nodul es
can be interconnected snoothly. According to a third aspect of the present
invention, 10 there is provided a wawefbrim producti on net hod which
conprises: a step of supplying rendition style designation information

I ncl udi ' ti desi ti dit] tyl e npdu] d paranet
 nf or mat 1 oH FOFCRBRET BPRT (A FrendtFor B3RO G, CHSEPESGRS thfien
i nf or mat I PEPPI AP HE HrendleFort MIROGA €; Sa°geEpeoh.s
nocessary Br SRLER A At oR 2 AREEERy BRe PaRkPRY Fatdccar 5 00 ant er

i nformat i op.yLtfrg RS JAdah TRAndALd PALATRLELat GRS, SURhgTeNt
e3|%§1 on; %ﬂx syn hes?

the rendition style atron i nformfi a stéep o zing 20

wavef orm dab@uearr egpopdifd1ig t BgntRAdiLEAN $hy! sceeelahﬁcede%g_ﬂat gfeon
the basis of the rendition style designation 1nformation including the

suppl esrent geldi £06at | OMabiyteridesegnat inh ivHiy NMRayon Wehlithen style
predeterm ned standard paraneter information. 25 The present invention is

char act eriwadeformbat bhesad angnsuppheed sabdetsakest yl(prdesddnati oand
information is lacking in paraneter information necessary for synthesizing
a renditi opusceedingy efrandiduirarespdndiengnad e s endnt iteh interconnected
smoothly.
According to a third aspect of the present invention,
10 there is provided a_'waveform production method which
comprises: a step of supplying rendition style designation
information including information designating a rendition
style module and parameter information for controlling the
rendition style module; a step of, when the supplied
15 rendition style designation information is 1lacking in
necessary Bparameter information, £illing the lacking
necessary parameter information with a predetermined
standard parameter to thereby supplement the rendition
style designation information; and a step of synthesizing
20 waveform data corresponding to the rendition style module
designated on the basis Qf the rendition style designation
information including the supplemented rendition style
designation information with the predetermined standard
parameter information.
25 The present invention is characterized in that when
any supplied rendition style designation information is
lacking in parameter information necessary for synthesizing

a rendition style waveform corresponding to a rendition



8 style nodul e designated by the designation information, the |acking
information is automatically filled wwth a predeterm ned standard
parameter to supplenent the rendition style designation infornmation so
that the rendition style 5 waveform corresponding to the designated
rendition style nodule can be synthesized w thout any inconveni ences. For
exanple, if the designated rendition style nodule is a nodule of a
rendition style waveform having vi brat-o8 characteristics, control
paranmeters indicative of a vibrato 10 depth and the |ike have to be

di | . _.Ho inth wh h ne
bar anet er sSEATG ABAIENARFARATRS: Y ridtf 49 SHORT, TR (LATGRRRFOAR - the
i nf ti illi f .th ' ti
ot onoey slackifa P AELMacddd | " el CohlESnat EAT AR PR 108 MR B

i th . : - : .ets to b
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used, there may e prepare | Xe ul't val uesS correspondi ng

par anet er sgf i e ey ilgHat 1o rE0ehEhap1sh Yl MRkH € cneAlAdidnti gel ¥eyhher e

may be stored, in nenory, |ast-used 20 (nost-recently-used) values of the
par anes er swave 860 drrasshding heost endarde Pegrdtd @ Ten@rdidy esdghaul t

val ues). Because the present invention can thus elimnate a need to
i ncl ude alhodretessany bearsyretessized t Wetheadi bingn isiodrererdiesi @t | ORor
information, it can effectively lessen the load 25 and tine and | abor in
creating dexampiea MiSi dche edestignaltedaurenditiehl yspelé ommethiléAcder dang to
a fourth aspect of the present invention, there is provided a waveform
producticwﬂ%@?%%d @i clk Trendition style waveform having vibrato
characteristics, control parameters indicative of a vibrato
10 depth and the 1like have to. be prepared in normal cases.
However, even in the case where such necessary parameters
are not contained in the rendition style designation
information, the parameter filling feature of the present
invention arranged as above can synthesize the desired
15 rendition style waveform without any inconveniences. As
the predetermined standard parameters to be used, there may
be prepared _fixed default values corresponding to the
parameters for each type of rendition style module.
Alternatively, there may be stored, in memory, last-used
20 (most-recently-used) wvalues of the.parameters so as to be
ﬁsed as the standard parameters (variable default wvalues).
Because the present invention can thus eliminate a need to
include all necessary parameters in the rendition style
designation information, it can effectively lessen the load
25 and time and labor in creating data of a music piece to
be automatically performed.

According to a fourth aspect of the present invention,

there 1is provided a waveform production method which



9 conprises: a step of supplying, in accordance with order of tine,

pi eces of performance event information designating rendition style
nodul es; and a step of * generating waveform data corresponding to a
rendition style 5 nodule on the basis of given perfornmance event

I nformati on, wherein when a waveformincluding at |east attack and body
portions is to be synthesized, said step of supplying supplies, as the
performance event information, first 4rmodu e event data for designating a
wavef orm of the attack 10 portion, note-on event data and second nodul e

event data for_ designating a waveform of the bod 8ortion, and wher.ein
sai d step SPUBEAEPSE iy FhP esSHBRLYARFon 0t SHEOTHADEFoMHITY PRESE t ack

portion inOEesp nse to said first._. nodule event data su&glied bef ore the

note-on event data. ‘15 Bﬁﬁc?ﬁitigfes B%ﬁg?ﬁ??gﬁeof FHen ve%8FﬁFgﬁtﬁﬁg body

portion indé§§§92§§n%;° Sraén%isc%gg?mgggglae fefh dat a daﬁalpplai edsé'% erﬁg“e

not e-on event data. Tn the wave uct1 on met’hod accordi ng t

fourth aspggherdfengawhd¥ebehmMaatel WdiMe flor & f0dy fBdaiePonekegie
portions iS to be synthesized, said step of supplying may supply, aS the

per f or sEancRo QY EBt ohNftleMbalsd, off YISl LoHEnte davént O neeEhaRabNNg a
waveform of the release portion and note-off event data, follow ng said

second nodwhereirnwheéat a fwavestmnahchgdihg wavdfeeist ot 2ock han@oBydy
portion, and wherein said step of generating initiates generation of the

wavef or m oporhiéongl edse por then synthesigedte tsaishi ¢ tep r dfnodubplyient
data supplied before the note-off event data, after having generated the

supplies, as the performance event _information, first

module event data for designating a waveform of the attack

10 portion, note-on event data and second module event data

for designating a waveform of the body portion, and wherein

said step of generating injitiates generation of the

waveform of the attack portion in response to said first

module event data supplied before the note-on event data,

15 and initiates generation of the waveform of the body

portion in response to said second module event data

supplied after the note-on event data.

In the waveform production' method according to the

fourth aspect, when a waveform including at least body and

20 release portions 1is to be synthesized, said step of

supplying may supply, as the performance event information,

third module event data for designating a waveform of the

release portion and note-off event data, following said

second module event data for designating the waveform of

25 the body portion, and wherein said step of generating

initiates generation of the waveform of the release portion

in response to said third module event data supplied before

the note-off event data, after having generated the



- 10 waveform of the body portion in response to said second nodule event
data. The present invention may be, constructed and inplenented not only as
the nethod invention as discussed 5 above but al so as an apparat us

i nvention. Also, the present invention may be arranged and inplenented as a
sof tware program for execution by a processor such as a conputer or DSP,
as well as a storage nediumstoring such a program Further, the processor
used in the present 10 invention nmay eodprise a dedi cated processor with
dedicated logic built in hardware, not to nention a conputer or other

gener al - pur pos pe abl e of runni a desired software
or ogr am | RTEEPHE ecﬁ‘go%ﬁ 40t SRR el Hhod HRIe « Er Segopfe
preferred f t invention, it is to be understood t hat
vari ous %8¢P%§tf%%% Wi %ggccur to those skilled in the art w thout

departing from ‘ﬁﬂ@ Spﬂr::EéEeRE NSy E AV E %;he b’ OP & o Ns Il et%rcsegfnd

I nvention is erefore to eterm ne y by the appen | ains. 20

For beFteriﬂPﬂéhéhﬁa@'Hbﬂﬁoﬁ alj egis ﬁ@@h@&hﬁhvéﬂ%ﬁ&Heésoﬁleﬁsﬁéﬁsent
i nventi on, s enbodinents wilT be described in greater detail hereinbel ow

Wi th referapedet Obut heaBE6OMRANYAMY dfpntadfs IimveitGion Fi 9. Alldos athkock
di agram showi ng an exenplary 25 hardware organi zati on of a waveform
product i onpappanat ubknventhes omdancden alrrangedbodndenimmlemdret ¢d esEnt a
invention; Fig. 2 is a diagramexplanatory of an exenplary data - 11 -
software program for execution by a processor such as a
computer or DSP,'as well as a storage medium storing such
a program. Further, the processor used 1in the present
10 invention may comprise a dedicated processor with dedicated
logic built in hardware, not to mention a computer or
other general-purpose type processor capable of running a
desired software program.
While the embodiments to be described herein represent
15 the preferred form of the present invention, it is to be
understood that wvarious modifications will occur to those
skilled in the art without departing from the spirit of

the invention. The scope of the present invention is

therefore to be determined solely by'the appended claims.

20 For better understanding of the objects and other
features of the present invention, its embodiments will be
described in greater detail hereinbelow with reference to
the accompanying drawings, in which:

Fig. 1 1is a block diagram showing an exemplary

25 . hardware organization of a waveform production apparatus in
accordance with an embddiment of the present invention;

Fig. 2 is a diagram explanatory of an exemplary data



format of a rendition style nodule; Fig. 3 is a diagramschematically
illustrating various waveform conponents and el enents constituting an
actual waveform section corresponding to a given rendition style 5
nodul e; Figs. 4A and 4B are di agrans explanatory of an exenplary general
organi zation of an automatic performance data set (file) of a given nusic
piece; Fig. 5is a flow chart show ng a rough step sequence 10 of
rendition style waveform produci ng precé$sing performed in the enbodi nent
of Fig. 1; Fig. 6 is a schematic timng chart roughly show ng general

rel ati onships apong variousg.operations carctied out by various processing
bl ocks contg%Tﬁg?ﬁ% ﬁher?BaHEEPBnS %ﬂ@WéP {ef or m produci ng processing
in the enbodi mept; FiLg. 7A is _a _di agram show an, exanple,of a__rendition
styl e event tra hoobPedt, Safl BIg™ FEIera Lt hgt ERaF trahtianyagTots

reIationsgigvgggyﬁencgéggﬁgn{gr arfd OGOSSIdIE & SR SNy tan SEyl.§ievent

and advan readout™ of a succeeding rendition style event; Fig. is a

timng Cha&éyé@&%hn%é@%f@ﬁ”%%f%&sﬂ@ﬂ&fﬁ% it W@iﬁﬁvéﬁmﬂéﬂdﬁkfﬁﬂ|§t2§€U|es
fromthe beginning to end of a tone to be generated are conbi ned; Figs. 9A

to 9D mre fb@meharts show ng exanpl es of 25 rehearsal processes
corresponding to various rendition style nodules; Fig. 10 is a diagram
showi ng exanpl eBigé.veanhor andfl 4lBar rare ¢ Giahrandharesplanadboppneats an an
attack-portion - 12
exemplary general organization of an automatic performance
data set (file) of a given music piece;

Fig. 5 is a flow chart showing a rough step sequence

10 of rendition style waveform producing processing performed
in the embodiment of Fig. 1;

Fig. 6 1is a schematic timing chart roughly showing
general relationships among various operations carried out
by various processing blocks constituting the rendition

15 style waveform producing processing in the embodiment:

Fig. 7A 1is a diagram showing an example of a
rendition style event train object, and Fig. 7B is a
timing chart showing a relationship between timing for
processing a current rendition style event and advance

20 readout of a succeeding rendition style event;

Fig. 8 is a timing chart showing an exemplary manner
in which rendition style modules from the beginning to end
of a tone to be generated are combined;

Figs. 9A to 9D are flow charts showing examples of

25 rehearsal processes corresponding to various rendition style
modules;

Fig. 10 is a diagram showing examples of vectors of

harmonic and nonharmonic components in an attack-portion



rendition style nodule (sections (a) and (b)), and exanples of vectors of
har noni ¢ and nonhar noni ¢ conponents in a body-portion rendition style
nodul e (sections (c) and (d)); and 5 Fig. 11 is a di agram show ng exanpl es
of vectors of harnonic and nonharnoni c conponents in a joint-portion
rendition style nodule (sections (a) and (b)), and. exanples of vectors of
har noni ¢ and nonhar noni ¢ conponents in a release-portion rendition style
nmodul e (sections (c¢) and 10 (d)). [Hard?are Setup] Fig. 1 is a block
di agram show ng an exenplary hardware organi zati on of a waveform
roduction_apparatus in. accqrdance wi.th an enbodi pent of the present
anention.rﬂgg*ﬁé°ﬂa§ﬁyé?nWB%Bchﬁﬁﬁﬁt&ﬁﬁﬁﬁdFﬂE‘?F?ug?}bteﬁnﬂeﬁ§awgles
constructed_using a co ter, and predeterm.ned waveform_ producin
processi ng°T s Vceacrqtr(?resd ?d%? E}?r{"ﬁglgon%ﬁ&erno%%%ﬁ?rfjh% pcroé'EPec{Drb‘?qﬁ%edg\Nagef orm

o1 acessi ng o0 naye beof rePARAE R e Mbadle (D RO oo

(Digital Siggal Processor), rather than by such conputer software. Al so,
t he wavef orm produci ng processing of the invention nmay be inplenented by a

dedi cag ed hardveig. appaiftes diwdramCkHBRSngl SHAFLES F o4 thedFor 1t BEr at ed
or 25 large-scale integrated circuit. Further, the waveform production
appar at us wdrmbeicnvandi ononbByrieniopl eompbadnas an ehectbantcpbusieal
i nstrunent, karaoke apparatus, f - 13
rendition style module (sections (a) and (b)), and examples
of vectors of harmonic and nonharmonic components in a
release-portion rendition style module (sections (c¢) and

10 (4)).

[Hérdware Setup]

Fig. 1 1is a block diagram showing an exemplary
hardware organization of a waveform production apparatus in
accordance with an embodiment of the present invention.

15 The waveform production apparatus illustrated here is
constructed using a computer, and predetermined waveform
producing processing is carried out by the computer
executing predetermined waveform producing programs
(software). Of course, the waveform producing processing

20 may be implemented by microprograms to be executed by a
DSP (Digital Signal Processor), rather than by such
computer software. Also, the waveform producing processing
of the invention may be implemented by a dedicated hardware
apparatus that includes discrete circuits or integrated or

25 large-scale integrated circuit. Further, the waveform
production apparatus of the invention may be implemented.as

an electronic musical instrument, karaoke apparatus,



el ectroni c gane apparatus, nultinedia-rel ated apparatus, personal conputer
or any other desired formof product. In Fig. 1, the waveform production
apparatus in accordance with the instant enbodi nent includes a CPU 5
(Central Processing Unit) 101 functioning as a main control section of the
conputer, to which are connected, via a bus (e.g., data and address bus)
BL, a ROM (Read-Only Menory) 102, a RAM (Random Access Menory) 103, a
switch panel 104, a panel display untt1305, a drive 106, a waveform i nput
10 section 107, a waveform output section 108, a hard disk 109 and a
conmmuni cati on |nterface 111. The CPU 101 ﬁarrlgs out _vari_ous Brocesses

directed tOTeTERAFLFonI¥T§| 2PHATRFBF m pPBULETEana - Tebr P Har §PPERATYS

synt hesi s based on a__software tone erat Qn th basi.s of 15
TS50 Be
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prograns are suppligd. for exgpple, 4Jé¥gf%ré§ﬁ%ﬁﬁ§68%§ ggﬁﬂggggaglcghlon

interface 111 or fronTfan ~éxternal orage as a CD or

(Magnet o- @ébf&anéSKME’HU“{:ﬁg Imnghsn@rl gﬁbw@meﬁed §heRugkered i apgo the
hard di sk 109. For execution of a desired one of the prograns, the desired

progragn i s(¢oreeslf pesrbbeingr dnditgk 10h0F it ddimdAdd 183mahaWeyRErotihe
programs nmay be prestored in the ROM 102. The ROM 102 stores therein

various pregeebsnand dalea codpitede exeghied ater efodinerttdd, byid he o8 101
The RAM ' 103 is used as a working nmenory for tenporarily storing various
per f or mancéer@l at datianfajydraaddneaad bua)i ABls, dat ROMje(Read €c@nby Mbmo€PY 101
executes the prograns, or as a 14
102, a RAM (Random Access Memory) 103, a switch panel 104,
a panel display unit 105, a drive 106, a waveform input
10 section 107, a waveform output section 108, a hard disk
109 and  a communication interface 111. The CPU 101
carries out various processes directed to "rendition style
waveform production", "ordinary tone synthesis based on é
software tone generator", etc. on the basis of
15 predetermined programs, as will be later described in
detail. .These programs are supplied, for example, frbm a
network wvia the communication interface 111 or from an
external storage medium 106A, such as a CD or MO (Magneto-
Optical disk) mounted in the drive 106, and then stored in
20 the hard disk 109. For execution of a desired one of the
programs, the desired program is loaded from the hard disk
109 into the RAM 103; however, the programs may be
prestored in the ROM 102.
The ROM 102 stores therein various programs and data
25 to be executed or referred to by the CPU 101. The RAM
‘103 is used as a working memory for temporarily storing

various performance-related information and various data

generated as the CPU 101 executes the programs, or as a



menory for storing a currently-executed programand data related to the
program Predeterm ned address regions of the RAM 103 are allocated to
various functions and used as various registers, flags, tables, nenories,
etc. The 5 switch panel 104 includes various operators for entering
various setting information, such as performance conditions and waveform
produci ng conditions, editing waveformdata etc. and entering various

ot her information. The switch panel 21024may be, for exanple, in the form
of a ten-button 10 keypad for inputting numerical value data, keyboard for
I nputting character data and/or panel switches. The switch panel] 104 may

al so i ncl UBENS et BpePhPoilo it SHLEFEDtIY -eXestesy BRAILaM: 4 i Agta
itch, I f t, etc. of h t tpo be. ted. Th | di_spl
ni ¢ 105 15Lahet 585 B BEParERye: o ereFr e RERDR ek e il R
Tube) and/ pfot il ks (Lo dhppbaylig Yar LAY obldf SRl Glhe CIET G0 3ot he
switch panél 104, sanpled waveformdata, efc. The waveform'i npuf section

107 Contai0§r§8u§/EEe%QsEQB¥?rt§iaBQE_CQQSQEElUQméﬂoéﬂéEQQ kepe si gngk.
i ntroduced via an exiernal waveforminput device such as a m crophone,

into dégitakitehadamel eom daden s@e®| vadhiouwdndop8patsrheort heateanmged
digital waveformdata into the RAM 103 or hard disk 109 as digital
wavef or m deapiokendetitangstiyife raa timnef aruehladsibpsef 6amaheeceeatedionst he
basis of the above-nentioned input waveform data. Al so, waveform data
produced tandugravwefmaimr predachicid opopdatéessng d&ditimg CRavelfdrmar dagaven
via the bus BL to the wavef orm out put 15
etc. and entering various other information. The switch
panel 104 may be, for example, in the form of a ten-button
10 keypad for inputting numerical value data, keyboard for
inputting éharacter data and/or panel switches. The switch
panel 104 may also include other operators for selecting,
setting and controlling a pitch, color, effect, etc. of
each tone to be generated. The panel display wunit 105
15 comprises a liquid crystal display (LCD), CRT (Cathode Ray
Tube) and/or the like for displaying various information
entered via the switch panel 104, sampled waveform data,
etc. |
The waveform input section 107 contains an A/D
20 converter for converting an analog tone signal, introduced
via an external waveform input device such as a microphone,
into digital data (waveform data sampling), and inputs the
thus-sampled digital waveform data into the RAM 103 or hard
disk 109 as digital waveform data. Rendition style
25 waveform database 'can 5e created on the basis of the
above-mentioned input waveform data. Also, waveform data

produced through waveform production processing by the CPU

101 are given wvia the bus BL to the - waveform output



section 108 and then stored into a buffer thereof as necessary. The
wavef orm out put section 108 reads out the buffered waveformdata at a
predet er mi ned out put sanpling frequency and then sends the waveform data
to'a sound 5 system 108A after D/ A-converting the data. In this way, each
tone signal output fromthe waveform out put section 108 is sounded or

audi bly reproduced via the sound system 108A. Here, the hard disk 109 is
provided to function as a database stoibng data (various data of a

| at er-described 10 rendition style table, code book, etc.) for synthesizing

wavef orm correspondj n ndi tion st ordlnar wayv ef rn1data a
plurality %?CF§8%S tﬁgpéFrﬁr - ri o JdﬁFh §hcﬁ%§§ern§ e5P8E dafa
conposed of varlous to aramneter and._ cont reI ed dat a, such
as those oFeCS5SEEYT oue rog?gﬁﬁgm SUCBPEs At ISP | A e ShBfi ve

106 functi0selpedr WG edd ¢ sk pLeyteLRal natao Yrh10R ) for
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storing data (various ater- escri ren I

code b00kfr§%ﬁe%c§ora d MRS Zisg & W@H%fO&Q%éﬁéfﬁsﬂﬂﬁgéngxio a ggund
rendition style, ordinary waveformdata, a plurality of types of

per f orgrancey s ebmt a® sdat af &N DIA VM3 idlg dahe de@Rosednoftived | Qg ,t one
col or paraneters and control- related data such as those of various

prograns teabke tenecusiigndy durpudtl £06dm THhe exheefakrmstaitgget medecuiioh06A
25 to be driven by the drive 106 nmay be any one of various known
renovabl e-1§pe isediandrd hons aadfibdpypyrepsddydds) , visopectscusd& 6CBLROM or
CD-RAM, magneto-optical (MO disk or digital versatile disk (DvD). Stored
contents (t@®drol Herpg the hard disk 109 is provided to function as
a database storing data (various data of a later-described
10 rendition style table, code book, etc.) for synthesizing
waveform corresponding to a rendition style, ordinary
waveform data, a plurality of types of performance-related
data such as tone color data composed of various tone
‘color parameters, and control-related data such as.those of
15 various programs to be executed by the CPU 101.
The drive 106 functions to drive a removable disk
(external storage medium 106A) for storing data (various
data of the later-described rendition style table, code
book, etc.) for synthesizing a waveform corresponding to a
20 rendition style, ordinary waveform data, a plurality of
types of performance-related data such as tone color data
composed of various tone color parameters and control-
related data such as those of various programs to be
executed by the CPU 101. The external storage medium 106A
25 to be driven by the drive 106 may be any one of various
known removable-type media, such as a floppy disk (FD),
compact disk (CD-ROM or CD-RAM), magneto-optical (MO) disk

or digital versatile disk (DVD). Stored contents (control



program of the external storage nmedium 106A set in the drive 106 may be

| oaded directly into the RAM 103, without being first |oaded into the hard
di sk 109. The approach * of supplying a desired programvia the external
storage 5 nedium 106A or via a comuni cation network is very advantageous
in that it can greatly facilitate version upgrade of the control program
addition of a new control program etc. Further, the conmunication
interface 111 is connected 10 to a cenmenication network, such as a LAN
(Local Area Network), the Internet or telephone lines, via which it may

be connected to a _desired sever conputer or the like (not. shown) so as to
i nput a coREPEramy od?famtaﬁd FRFEORL B teTage p’@?flbl“ﬁan]c%ﬁﬁ nf&tmat? ofPo the

f d 15 mhg | a
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data can be server comnputer via he communicat1 on
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maveforn1product|on apparatus of the 1 nvention Isa "client", ®sends

a comgnd pegiamuedioehne ¢xer v¢ia CORPURnmulnd AW athd fito LNt 181 Re@gr am
and various data by way of the comunication interface 111 and

conmmuni cat h@anehyeblis 25n! nthesponse dan t heampnddoiantdie chieegtiont he
server conputer delivers the requested control programand data to the
wavef or m pupduatieomfapyiss atvstyrod tdgemmunadattbon o€ veor kew Teenwawdf or m
producti on apparatus receives the - 17
program, etc.
Further, the communication interface 111 is connected
10 to a communication network, such as a LAN (Local Area
Network), the Internet or telephone lines, via which it may
be connected to. a desired sever computer or the like (not
shown) so as to input a control program and various data
or performance information to the waveform production
15 apparatus. Namely, in a case where a particular control
progfam and various data are not contained in the ROM 102
or hard disk 109 of the waveform production apparatus,
these control program and data can be downloaded from the
server computer via the communication interface 111 to the
20 waveform production apparatus. In such a case, the
waveform production apparatus'of the invention, which is a
"client", sends a command to request the server computer
to download the control program and various data by way of
the communication interface 111 and communication network.
25 In response to the command from the client, the server
computer delivers the requested control program and data to

the waveform production apparatus via the communication

network. The waveform production apparatus receives the



control programand data fromthe server conputer via the comunication
networ k and communi cation interface 111 and accunul atively stores them
into the hard disk 109.- In this way, the necessary downl oadi ng of the
control program5 and various data is conpleted. It should be obvious that
t he wavef orm producti on apparatus may further includes a MDI interface so
as to receive MDI performance information. It should al so be obvious that
a music- perform ng keyboard and nusi e aperati ng equi pnment may be 10
connected to the bus BL so that performance information can be supplied to

t he maveforn1£roduct|on apparatus by an actual real-tinme performance. O
course, thEOBkFELnATrO R ndatamtEeda et SPRVRY ARG RIhcEla the
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el emengs ohngVaEirdhs’ &utd | 98 Towpattela.e. ,Iya&h%ﬁadarﬁé Cyi)aibﬁa) that
wel | as data groups pertaining to the rendition style nodules. Each of the

rendition shyl ava¥psid®s bFodudtibendapparathy! masaveheenewniindhalesan. be
processed as a single block in a rendition style waveform synthesis
system i nMoDher iwtebsfacde rendi bison tbyl erexeliNe | MIDI r epdirfoamancyl e
waveformunit that can be processed as a - 18
information. It should also be obvious that a music-
performing keyboard and music operating equipment may be
10 connected to the bus BL so that performance information can
be supplied to the waveform production apparatus by an
actual real-time performance. Of course, the external
storage medium 106A containing performance information of
a desired music piece may be used to supply the
15 performance information of the desired music piece.
[Outline of Rendition style Module]

In the rendition style waveform database constructed
using the above-mentioned hard disk 109 or other suitable
storage medium, there are stored a multiplicity of module

20 data sets (hereinafter called "rendition style modules")
for reproducing waveforms corresponding to elements of
various rendition styles (i.e., various articulation), as
well as ‘data groups pertaining to the rendition style
modules. Each of the rendition style modules is a

25 rendition style waveform unit that can be processed as a
single block in a rendition .style waveform synthesis

system; in other words, the rendition style module is a

rendition style waveform unit that can be processed as a



single event. In the instant enbodi ment, the rendition style nodules

I ncl ude those defined in accordance with characteristics of a rendition
style of a performance tone, those defined in correspondence with a
partial section of 5 a tone such as an attack, body or rel ease portion,
those defined in correspondence with a joint section between successive
tones such as a slur, those defined in correspondence wth a speci al

per formance section of a tone such as &8vibrato, and those defined in
correspondence with 10 a plurality of notes |ike a phrase. The rendition

tyl dul be cl 1 fi I nt I | t t he basis of
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portion (i.e., attac portio tone froma si t state;

“Normal Fiphefe GRRALRW aiedcobFelpoRaBatki Qitist ¥ @aredahe J&pr£senbative
of a fall portion (i.e., release portion) of a tone leading to a silent

state;53) aNabiel skedht as(ahbrevitatryd bidy) oRendiecase it MPduhese
representative of a joint portion 25 interconnecting tw successive tones
with no i nfefieednginsiceantespaidende 'Widrhmala SHorinhtBodgttiahbr betated
"NSB"): Rendition style nodule representative of a short non - 19
successive tones such as a slur, those defined in
correspondence with a special performance section of a tone
such as a vibrato, and those defined in correspondence with

10 a plurality of notes like a phrase.

The rendition style modules can be classified into
several major types on the basis of characteristics of
rendition styles, timewise segments or sections of a
performance, or the 1like. For example, five major types

15 of the rendition style modules in the instant embodiment
are:

1) "Normal Entrance" (abbreviated "NE"): Rendition
style module representative of a rise portion (i.e., attack
portion) of a tone from a silent state;

20 2) "Normal Finish" (abbreviated "NF"): Rendition
style module representative of a fall portion (i.e.,
release portion) of a tone leading to a silent state;

3) "Normal Joint" (abbreviated "NJ"): Rendition
style module representative of a joint portion

25 interconnecting two successive tones with no intervening
silent state;

4) "Normal Short Body" (abbreviated "NSB"):

Rendition style module representative of a short non-



vi brato-inparted portion of a tone in between the rise and fall portions
(i.e., non-vibrato-inparted body portion of the tone); and 5) "Vibrato
Long Body" (abbreviated "VLB"): 5 Rendition style nodule representative of
a vibrato-inparted portion of a tone in between the rise and fall portions
(i.e., vibrato-inparted body portion of the tone). The classification into
the above five nodule types is just illustrative, and the classification
of the rendition 10 style nodules may b8 made in any other suitable
manner; for exanple, the rendition style nodules may be classified into

than fi . _Further, th dit] tyl dul- . al
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nodul e includes the follow ng vectors. Note that ™"harnonic" and
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rendition style waveformin question into a waveform segnent having a
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The classification into the above five module types is

just illustrative, and the classification of the rendition

10 style modules may be made in any other suitable manner;
for example, the rendition style modules may be classified
into more than five types. Further, the rendition style
modules may also be classified according to original tone
sources, such as musical instruments.

15 In the instant embodiment, the data ‘of each rendition
style waveform corresponding to a single rendition style
module are stored in the database as data of a group of
a plurality of waveform-constituting factors or elements;
each of the waveform-donstituting elements will hereinafter

20 be called a vector. As an example, the rendition style
module includes the following vectors. Note tﬁat
"harmonic" and "nonharmonic" components are defined here by
separating an original rendition style waveform in question
into a waveform segment having a pitch-harmonious component

25 (harmonic component) and the remaining waveform segment
having a non-pitch-harmonious component (nonharmonic
component) .

1) Waveform shape (timbre) vector of the harmonic



conponent :

This vector represents only a characteristic of a waveform

shape extracted from anong the various waveform constituting el enents of
t he harnoni c conponent and normalized in pitch and anplitude. 5 2)

Anpl i t ude

characteristic of an anplitude envel ope waveform extracted from anong the
waveform constituting elenments of the harnonic conponent. 3) Pitch vector

vector of the harnonic conmponent: This vector represents a

aof the harnonic conponent: This 10 veckOr-represents a characteristic of a
pitch extracted from anong the waveform constituting el enments of the

h [ t; f . le, it t ti ' iteh
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here. For synthesis of a rendition style waveform waveforns
waveform extracted from among the waveform-constituting

elements of the harmonic component.

3) Pitch vector of the harmonic component: This
vector represents a 'characteristic of a pitch extracted
from among the waveform-constituting elements of the
harmonic component: for example, it represents a timewise
pitch fluctuation characteristic relative to a given
reference pitch.

4) Waveform shape (timbre) vector of the nonharmonic
component: This vector represents only a characteristic of
a waveform  shape (noise-like waveform shape) with
normalized amplitude extracted from among the waveform-
constituting elements of the nonharmonic component.

5) Amplitude vector of the nonharmonic component:
This vector represents a characteristic of an. amplitude
envelope extracted from among the waveform-constituting
elements of the nonharmonic component.

The rendition style module may include one or more
other types of vectors, such as one indicative.of a time-
axial ~progression of the waveform, although not
specifically described here. |

For synthesis of a rendition style waveform, waveforms

I tude vector

of

of

21

wavef or m

a



or envel opes corresponding to various constituent elenments of the
rendition style waveform are constructed along a reproduction tinme- axis of
a performance tone by applying appropriate processing to these vector data
in accordance 5 with control data and placing the thus-processed vector
data on the tinme axis and then carrying out a predeterm ned waveform
synthesis process on the basis of the vector data placed on the tinme axis.
For exanple, to produce a desired perfdilmance tone waveform i.e. a
desired 10 rendition style waveform exhibiting predeterm ned ultimte

diti tyl teristi . f t of 1 '
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shape vector with an 20 anplitude and tinme variation characteristic thereof

correspondiwidfht enthesihadatd C aa@nPeIe&dings Y| ithude preie®sed Thertokhe
desired performance tone waveform can be produced by additively
synt hesi zi dgtahe drhus-tpeodutddeharasois ¢ anmdl nahkar nocacrgimgonenits’ a
wavef orm segnments. 25 This and foll ow ng paragraphs descri be an exenpl ary
data for neprefeteeminadi tvarefenm e sypdhlesds vprocees eraancthet ddgis 2f As
an exanple, each rendition style nodule can be identified or specified via
a hi er ar chFka| vggiterodata placed on the time axis. For example, to
produce a desired performance tone waveform, i.e. a desired
10 rendition style waveform exhibiting predetermined ultimate
rendition style characteristics, a waveform segment of the
harmonic component is produced by imparting a harmonic
component’ s waveform shape vector with a pitch and time
variation characteristic thereof corresponding to a harmonic
15 component’ s pitch vector and an amplitude and time
variation characteristic thereof corresponding to a harmonic
component’ s amplitude vector, and a waveform segment of the
nonharmonic component is produced by imparting a
nonharmonic component’' s waveform shape vector with an
20 amplitude and time variation characteristic thereof
corresponding to a nonharmonic component’ s amplitude vector.
Then, the desired performance tone waveform can be produced
by additively synthesizing the thus-produced harmonic and
nonharmonic components’ waveform segments.
25 This and following paragraphs describe an exemplary
data format of the rendition style modules, with reference

to Fig. 2. As an example, each rendition style module can

be identified or specified via a hierarchical data



or gani zat i
rendition
I D (identi

on as shown in Fig. 2. At a first hierarchical level, a
style nodule is specified by a conbination of "rendition sty
fication information)" and "rendition style paraneters”. The

"rendition style ID'" is information uniquely identifying the rendition
styl e nmodul e and can function as one piece of information for reading
vector data from the database. The "rendition style IDs" at the
first hierarchical |evel can be classitked, for exanple, 10 according to
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the database. The "rendition style 1IDs" at the first
hierarchical level can be classified, for example,
according to combinations of "musical instrument
information" and "module part 'name“. Each piece of the
“musicallinstrument information" represents the name of a
musical instrument to which the rendition style module is
applied, such as a violin, alto saxophone or piano. The
"module part name" is information indicative of the type
and character, such as "normal entrance" or "bend
entrance", of the rendition style module. Such "musical

instrument information" and "module part name may be
included in the "rendition style ID". Alternatively, the
"musical instrument information" and "module part name" may
be added to the "rendition style ID" in such a manner that
a user is allowed to know, from the "musical instrument
information" and "module part name", the character of the
rendition style module to which the rendition style ID"
pertains.

The "rendition style parameters"™ are intended to

control a time length and level of the waveform represented

by the rendition style module, and they may include one or



nore types of paraneters differing fromeach other depending on the
character of the rendition style nodule. For exanple, in the case of a
given rendition style nmodule specifiable by a conbination of nusical
instrument 5 information and nodul e part name "Violin [Normal Entrance the
rendition style paraneters may include different types of paranmeters, such
as an absolute tone pitch and volune imrediately after Entrance or attack.
I.n the case of another rendition style2Bodul e specifiable by a conbination
10 of musical instrunent information and nodul e part nane

"Vi ol in[BendupEntrance]", _the rendition st arameters may i nclude

it feront BYHRs GHDER arid or SATSNEHEES arfibeeh (e CORD pidash at OETend
of BendUpEptrance, initial bend depth valuye at the tine of BendUpEntrance,
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i nstrument 20 information and nodul e part nane "Viol i n[ Nor mal Short Body] ",
the resdi tiRPfobhit SoRaR®IREGuI@Y paitel Utendli Feoenh [ NypRsS1EAtrAatanet ers,
such as an absolute tone pitch of the nodule, start and end tines (i.e.,
end tine -tlséarentdingpn oftyNey npdSime t &osly magy nardlagieat A1 ffe begt noypgsof 25
Nor mal Short Body, and dynamics at the end of Nornal Short Body. The

"renditi onoft plagapertemns .er sichayshbean padsiodudge | romenpiychr amke wvolkemel ong

with the corresponding rendition style IDs or entered by user' s - 24
immediately after Entrance or attack. In the case of

another rendition style modgle specifiable by a combination
10 of musical instrument information and modﬁle part name
"Violin[BendupEntrance]", the rendition style parameters may
include different types of .parameters, such as an absolute
tone pitch at the end of BendUpEntrance, initial bend depth
value at the time of BendUpEntrance, time length from the

15 beginning (note-on timing) to end of BendUpEntrance, tone

volume immediately after Entrance, and/or timewise
stretch/contraction of a default curve during
BendUpEntrance. In the case of another rendition style

module specifiable by a combination of musical instrument
20 ° information and module part name "Violin[NormalShortBodyl",
the rendition style parameters may include different types

of parameters, such as an absolute tone pitch of the

module, start and end times (i.e., end time - start time)
of NormalShortBody, dynamics at the beginning of
25 NormalShortBody, and dynamics at the end of
NormalShortBody. The "rendition style parameters" may be

prestored in memory or the like along with the

corresponding rendition style IDs or entered by user’ s



| nput operation, or existing paraneters may be nodified via user operation
to thereby provide the rendition style paraneters. Further, in a situation
where only the rendition style ID has been supplied with no rendition 5
style paraneter at the tine of reproduction of a rendition style waveform
standard rendition style paraneters for the supplied rendition style ID
may be automatically inparted. Furthernore, suitable paraneters may be
automatically inparted in the course-oR4processing. 10 The data at the
second hierarchical level of Fig. 2 conprise data of vector |IDs each

speci fiable by the ndltlon style ID. The data of vector may be
sBeC|f|ed b?pﬁBtOBﬁFﬁ tR8 - r@ﬁdl %ﬁ?%ﬂ%ﬂQ?q?T%ﬁﬁr%J@%yth% mPQﬁEFFéoN1§tyle
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(i.e., vec of a plurality of waveforn constituting nts

vectors, fPénEQE%hUC&t{?Qethﬁ)rMtb@@nzoséﬁiéhﬁeﬁoc%’i% rn%or%%atl%qolay the
respective rendition style 1Ds. Nanely, data of desired vector IDs and the

li ke can Bey0bt parateter’ eadi fige t Bemeedd tiedrsdudidribe hAnreaga@ridance
with the rendltlon style ID. Also, the data of desired vector IDs and the

i ke may bstphéawaeedfbra iStandarde didridit isdry| €tbd| patamateps da@vee tivet h
the rendition style 1D and the rendition style paraneter. Note that the
data of theppéiedd Henddidrichm catylevED giagr die i autdeateoallyonmpsirtled.t abl e
may i nclude other necessary data in addition - 25 _
Furthermore, suitable parameters may be automatically
imparted in the course of processing.

10 The data at the second hierarchical level of Fig. 2
comprise data of vector 1IDs each specifiable by the
rendition style 1ID. The data of vector IDs may be
specified by not only the rendition style ID but also the
rendition style parameter. The rendition style dJdatabase

15 includes a rendition style table or memory. In the
rendition style table, there are prestored, in association
with the rendition style 1IDs, identification information
(i.e., vector 1IDs) of é plurality of waveform-constituting
elements, i.e. vectors, for constructing the rendition

20 style modules represented by the respective rendition style
IDs. Namely, data of deéired.vector IDs and the 1like can
be obtained by reading the rendition style table in
accordance with the rendition style ID. Also, the data of
desired vector IDs and the like may be obtained from the

25 redition style table in accordance with the rendition style
ID and the rendition style parameter. Note that the data

of the second hierarchical 1level stored in the rendition

style table may include other necessary data in addition



to the data of the vector IDs. The rendition style table may include, as
the ot her necessary data, data indicative of nunbers of representative
sanple points to be nodified in a train of sanples (hereinafter called a
"train of 5 representative sanple point nunbers"). For exanple, because
data of an envel ope waveform shape, such as anplitude vector and pitch
vector data, can reproduce the waveformshape if only they contain data of
several representative sanple points; 26 s not necessary to 10 prestore
all data of the envel ope waveform shape as a tenplate, and it suffices to

restore onl he data o e train of representative sanple point
Ir[:unbers. , ?githﬁ*f tdg?t,a ?%egcgﬁt é’eﬁfthrheIQ$aPn% rr(fﬂ}de‘ste‘rﬂl}rir}t)?'%fgaﬁﬁpéepoi nt
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may be included in the above-nentioned rendition style paraneters; stated

di fferent| yepgesenkhattge Ofsdnipae engbinen atmbergananet ergofny eR@mpher,ed in
the rendition style table along with the corresponding rendition style
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rendition style table along with the corresponding rendition style ID may
be changedawmplituder oldaddibhyand hpdtcbndredtor sdgta, paaanetepsodueoen the t he
first hierarchical level. - 26
waveform shape if only they contain data of several
representative éample points, it 1is not necessary to
10 prestore all data of the envelope waveform shape as a
template, and it suffices to prestore only the data of the
train of representative sample point numbers. Hereinafter,
the data of the train of representative sample point
numbers will also be called "Shape" data. Thé rendition
15 style table may further include information, such as start
and end time ©positions of the vector data of the
individual waveform-constituting elements, i.e. waveform
shape, pitch (pitch envelope) and amplitude (amplitude
envelope). All or some of the data of the time pbsitions
20 and the 1like may be included in the above-mentioned
rendition style parameters; stated differently, some kinds
of the rendition style parameters may be stored in the
rendition style table aiong Iwith the corresponding
rendition style 1ID. The some kinds of the rendition stylé
25 parameters stored in the rendition style table along with
the corresponding rendition style ID may be changed or

controlled by other rendition style parameters given at the

first hierarchical level.



The data at the third hierarchical level of Fig. 2 conprise vector data
specifiable by the corresponding vector IDs. The rendition style database
i ncludes a nenory "called a "code book", in which specific vector data
(e.g., 5 tenplates of Tinbre waveform shapes) are prestored in association
with the vector IDs. Nanely, specific vector data can be read out fromthe
code book in accordance with the vector ID. The foll ow ng describe an
exanpl e of various specific 10 data, -i @86l uding the vector | D and Shape
(train of representative sanple point nunbers) data of the rendition

tyl dul tored in th dit.i tyle: Data 1: Sanpled |ength of
Tho rendition sEJPe CHAIIRG: A5 DRPHTS BOSFEFORLGRLnded i PEmidy: D a 3
Vect | D it I t of the ' t d_tr.ai f
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of the hargpmigaCaAMPQRRIY (b&&u @, 6inVenlieh |Podidie FPEdtudges! qaeny, of

the 25 nonharnonic conmponent and train of representative sanple point
nunbers; DetmpYat¥ect ek | Bibrehewwdvebemm shapes(Ti akee) prelseoriia ofint he

nonhar noni ¢ conponent; 27
association with the vector 1IDs. Namely, specific vector
data can be read out from the code book in accordance with
the wvector ID.
The following describe an exaﬁple of various specific
10 data, including the vector ID and Shape (train of
representative sample point numbers) data of the rendition
style module prestored in the rendition style:
Data 1: Sampled 1length of the rendition style
, module; | |
15 Data 2: Position of note-on timing;

Data 3: Vector ID of the amplitude element of the
harmonic component and train of representative sample point
numbers;

Data 4: Vector ID of the pitch element of the

20 harmonic component and train of representative sample point
numbers;

Data 5: Vector ID of the waveform shape (Timbre)
element of the harmonic component;

Data 6: Vector ID of the amplitude element of the

25 nonharmonic component and train of representative sample
point numbers;

Data 7: Vector ID of the waveform shape (Timbre)

element of the nonharmonic component;



Data 8: Start position of a waveform bl ock of the waveform shape (Tinbre)
el ement of the harnonic conponent; Data 9: End position of a waveform
block (i.e., 5 start position of a |oop portion) of the waveform shape
(Tinbre) elenent of the harnonic conponent; Data 10: Start position of a
wavef orm bl ock of the waveform shape (Tinbre) el enment of the nonharnonic
conponent; 10 Data 11: End position of a waveform block (i.e., start
position of a |oop portion) of the waveRdrm shape (Tinbre) elenment of the
nonhar noni ¢ conponent; and Data 12: End position of the |loop portion of the
wavef orm shape (Tinbre) elenment of the nonharnonic 15 conponent. Data 1 -

Data 12 nentioned 2®tRedni I9taid RWIFHRY OfelDdWEREHPED: SR P Weh
reference to FLg. 3. F'g. 3 Ta@? aqgram schematically iLéustrsﬁing vari ous
wavef or m c‘ﬁ?ﬁﬁ%hgﬁ?‘s aﬁh 8|eema§t§‘ d'"r?gtiuﬁ"ﬂ'be’b acttal *26 wavefBPR-C
section CO§6ﬁ§8§Qﬁ£Dg to the rendition style nodule in question. Fromthe
top to bottonio '§g. 3, there are shown the anplitude el enent, pitch

el ement and wavef pupsshape gnl NBEE) tebAMESE af hPe FEHATHIGSOMRENENt .
and the anplitude el enent and waveform shape (Tinbre) 25 el enent of the

nonhar§oni §+ §PEP Pt ¥H CBrhayve 1bepn péet £6h £d JfN the URMAIFY IR Sgﬁhb@n-
Note that nuneral values in the figure correspond to the above-nentioned
data (Dat a(Timbr®at @1kdlent- @8 the harmonic component; '

Data 10: Start position of a waveform block of the
waveform shape (Timbre) element of the nonharmonic
component ;

10 Data 11: End position of a waveform block (i.e.,
start position of a loop portion) of the waveform shape
(Timbre) element of the nonharmonic component; and
Data 12: End position of the loop portion of the
waveform shape (Timbre) element of the nonharmonic
15 component.
Data 1 - Data 12 mentioned above will be described
below in greater detail with reference to Fig. 3.
Fig. 3 is a diagram schematically illustrating various
waveform components and elements constituting an actual
20 waveform section corresponding to the rendition style
module in question; From the top to bottom of Fig. 3,
there are shown the amplitude element, pitch element and
waveform shape (Timbre) element of the harmonic component,
and the amplitude element and waveform shape .(Timbre)
25 element of the nonharmonic component which have been
detected in the waveform section. Note that numeral values
in the figure correspond to the above-mentioned data (Data

1 - Data 12).



More specifically, numerical value "1" represents the sanpled |ength of
the wavef orm section (length of the waveform section) corresponding to the
rendition style nodule, which corresponds, for exanple, to the total tine
5 length of the original waveformdata fromwhich the rendition style
nmodul e in question is derived. Nunerical value "2" represents the position
of the note-on timng, which can be variably set at any tine position of
the rendition style nodule. Although; 28 principle, sounding 10 of the
performance tone based on the waveformis initiated at the position of the
note-on timng,  the rise star oi nt_of. the wayef orm conponent nay precede
' 3iRg 10 ! she

the note-on tiNPhg SBFEAELSGIN -t HBEEIFREL oV adUBar th c FRTT TS &

styl e such en ck.. Fqr,_ i nstan i n the .case 15 of .a vi.oli '
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rendition style waveformprior to e act soundi ng. Nuneri cal

"3" represghig1d NewASEhOTcd i dishtid! | Rert NGcaeldr 20 daled @ftdierime

anplitude el ement of the harmonic conponent ("Harnonic Anplitude") and
train of regigernt 8k vehsamplra gik@int Wil staied i firéhe wRIenboeke i N

the figure, two square marks filled in wth black indicate these
repr esent ateneishopl etgdientmodidsrei hc djuestiom "#8 AbrieeKdesenNamebecugct or
| D designating the vector data of the pitch element of the harnonic
conponent YdHae ndi?"c Peprhasentandhe apaosdtivhe afeptbsematta van saaplisgpoi nt
nunbers. Nunerical value "6" represents the vector ID - 29
which can be variably set at any time position of the
rendition style module. Alfhough, in principle, sounding
10 of the performance tone based on the waveform is initiated
at the position of the note-on timing, the rise start
point of the waveform component may precede the note-on
timing depending on the nature of .a particular rendition
style such as a bend attack. For instance, in the case
15 of a violin, rubbing, by a bow, of a string is initiated
prior to actual sounding, this data 1is suitable for
accurately simulating a beginning portion of the rendition
style waveform prior to the actual sounding. Numerical
value "3" represents the vector ID designating the wvector
20 data of the amplitude element of the harmonic component
("Harmonic Amplitude") and train of represéntative sample
point numbers stored in_the code book; in the figure, two
square marks filled in with black indicate these
representative sample points. Numerical value "q"
25 represents the vector ID designating the vector data of the
pitch element of the harmonic component ("Harmonic Pitch")

and train of the representative sample point numbers.

Numerical value "e" represents the vector ID



designati-ng the vector data of the anplitude el enent of the nonharnonic
conponent (" Nonharnonic Anplitude"”) and train of representative sanple
poi nt nunbers. The representative sanple point nunbers are data to be used
for 5 changing/controlling the vector data designated by the vector 1D,
and designates sone of the representative sanple points. As the respective
time positions (plotted on the horizontal axis of the figure) and | evels
(plotted on the vertical axis of the-fR8ure) for the designated 10
representative sanple points are changed or controlled, the other sanple
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rat herst hagh&dhgin§asphervalifng t breselgesorThaashapaeshignatedavesiyor tHat a,
| .e. shape of the envel ope waveform can be changed by noving the

repr esent atéveosalpl, eapdi des ignartg st oMb dbrikenteprazestitive agample
and/or vertical axis (level axis). Nunmerical value "5" represents the
vector | D podéstgnat iAry the vresrectdyea bime hpogatddosm(PHade«@ri omr she

el ement of' the harnoni ¢ conponent ("Harnonic Tinbre"). 30
horizontal axis of the figure) and levels (plotted on the

vertical axis of the figure) for the designated
10 representative sample points are changed or controlled, the
other sample points are also changed so that the overall
shape of the vector can _be changed. For example, the
representative sample point numbers represent discrete
samples fewer than the total number of the samples;
15 however, the representative sample point numbers may be
values at intermediate points between the samples, or
values at a plurality of successive samples over a
predeterﬁined range. Alternatively, the representative
sample point numbers may be such values indicative of
20 differences between the sample values, multipliers to be
applied to the sample values or the like, rather than the
sample values themselves. The shape of each vector data,
i.e. shape of the envelope waveform, can be changed by
moving the representative sample points along the
25 horizontal axis (time axis) and/or vertical axis (level
axis). Numerical value "5" represents the vector ID
designating the vector data of the waveform shape (Timbre)

element of the harmonic component ("Harmonic Timbre").



Further, in Fig. 3, nunerical value "7" represents the vector ID
designating the vector data of the waveform shape (Tinbre) elenent of the
nonhar noni ¢ conponent (" Nonharmonic Tinbre"). Nunerical value 118"
represents the start 5 position of the waveform bl ock of the waveform shape
(Tinmbre) element of the harnonic conponent. Nunerical value "9" represents
thé end position of the waveform bl ock of the waveform shape (Ti nbre)

el ement of the harnonic conponent (i-e30 the start position of the |oop
portion of 10 the waveform shape (Tinbre) elenent of the harnonic

t). Namely,. the triangle_starti t i nt,_denoted by, "8"
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portion of the waveform shape (Tinbre) elenent of the nonharnonic - 31
of the waveform shape (Timbre) element of the harmonic

component (i.e., the start position of the loop portion of

10 the waveform shape (Timbre) element of the harmonic
component). Namely, the triangle starting at a point
denoted by "8" represents a nonloop waveform segment where
characteristic waveform shapes are stored in succession,
and the following rectangle starting at a point denoted by

15 - "9" represents a loop waveform segment that can be read
out in a repeated fashion. The nonloop waveform segment
represents a high-quality waveform segment that is
characteristic of the rendition style (articulation) etc.,
while the loop waveform segment represents a unit waveform

20 of a relatively monotonous tone segment having a single or
an appropriate plurality of wave cycles.

Numerical value "10" represents the start position of
the waveform block of the waveform shape (Timbre) element
of the nonharmonic component. Numerical value ™"11"

25 represents the end position of the waveform block of the
waveform shape (Timbre) element of the nonharmonic
component (i.e.,'the start position of the loop portion of

the waveform shape (Timbre) element of the nonharmonic



conponent). Further, nunerical value "12" represents the end position of
the 1 oop waveform segnent of the waveform shape (Tinbre) el enent of the
nonhar nmoni ¢ conponent. Data 3 - Data 7 are ID data indicating the vector
data stored 5 in the code book in association with the individual waveform
el ements, and Data 2 and Data 8 - Data 12 are tinme data for restoring the
original waveform (i.e., the waveform before the waveform separation or
segnentation) on the basis of the veetddl data. Nanely, the data of each 10
of the rendition style nodules conprise the data designating the vector

data and tine data, Using suc rendi tion st l.e dat t d
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t hereof (twavefisrml elienedrctiy coapdesBata 225andntdatla . 8Wher Pasat h2 paeeedi ng
par agr aphs have described the case where each of the rendition style
nmodul es i ntimeedatid fof tresfamidegrethel aweheireain weveformt i 0. @l enthes
(waveform - 32
waveform before the waveform separation or segmentation) on
the basis of the vector data. Namely, the data of each
10 of the reﬁdition style modules comprise the data
designating the vector data and time data. Using such
rendition style module data stored in the rendition style
table and the waveform producing materials (i.e., vector
data) stored in the code book, any desired waveform can be
15 constructed freely. Namely, each of the rendition style
modules comprises data representing behavior of a waveform
to be produced in accordance with a rendition style or
articulation. Note that the rendition style modules may
differ from each other in the type and total number of the-
20 data included therein and may include other '‘data in
addition to the above-mentioned data. For example, the
rendition style modules may include data to be used for
controlling the time axis of the waveform for
stretch/contraction thereof (time-axial stretch/compression
25 control).
Whereas the preceding paragraphs have described the

case where each of the rendition style modules includes all

of the fundamental waveform-constituting elements (waveform



shape, pitch and anplitude el ements) of the harnonic conponent and the
fundanent al waveform constituting el enments (waveform shape and anplitude
el enents) of the nonharnonic conponent, the present invention is not so
limted, and 5 each or sonme of the rendition style nodules nmay, of course,
I nclude only one of the waveformconstituting elenments (waveform shape,
pitch and anplitude) of the harnonic conponent and the

wavef orm constituting elements (wavefoBb shape and anplitude) of the
nonhar nmoni ¢ 10 conponent. For exanple, each or sone of the rendition style
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reproducing rendition style waveforms, so that the rendition style
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data. For exanple, the automatic - 33
harmonic component and the waveform-constituting elements

" (waveform shape and amplitude) of the nonharmonic

10 component. For example, each or some of the rendition

style modules may include a selected one of the waveform

shape, pitch and amplitude elements of the harmonic

component and waveform shape and amplitude elements of the

nonharmonic component. In this way, the rendition style

15 modules can be used freely in a combination for each of
the waveform components, which is very preferable.

[Performance Datal]

In the instant embodiment, a set of automatic

performance data (music piece file) of a desired music

20 piece includes performance event data for reproducing

rendition style waveforms, so that the rendition style

waveforms are produced on the basis of the performance

event data read out in accordance with a progression of an

automatic performance sequence. Each automatic performance

25 data (music piece file) in this embodiment is basically in

the SMF (Standard MIDI File) format, and comprises a

mixture of ordinary MIDI data and AEM (Articulation Element

Modeling) performance data. For example, the automatic



performance data set of a nusic piece conprises performance data of a
plurality of tracks, and one or nore of these tracks are allocated for an
AEM per f ormance seguence contai ning AEM performance events (rendition
style events) 5 while the remaining tracks are allocated for an ordinary

M DI performance sequence. However, M Dl data and AEM perfornmance event
(rendition style event) data may be mxedly included in a single track, in
whi ch case, .basically, the AEM perferBanee event (rendition style 10
event) data are described in the MDI format and one or nore of the MD

channel s are gllocated fgr thg %VI performance data. Further, _even in the
case wher ePEhTOERERPE £7 8ks a stdtE-T R AERPHLPESr REREQTHAPSS ¢ he
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mixedly included in a 31ngl¢ track in which case,
‘basically, the AEM performance event (rendition style
10 event) data are described in the MIDI format and one or
more of the MIDI channels are allocated for the AEM
performance data. Further, even 1in the case where an
entire track is allocated for the AEM performance data, the
data may be described in the MIDI format in principle.
15 Namely, identifiers indicative of AEM performance events
(rendition style events) may be added to the data described
in the MIDI format. Of course, any other suitable data
fdrmat than the MIDI format may be employed in the instant
embodiment. The performance data of each of the tracks
20 comprise performance data of different performance parts.
Further, because the performance data of a plurality of
MIDI channels can be mixedly present 1in the performance
data of a single track, even the performance data of a
single track can constitute performance data of different
25 performance parts for éach MIDI channel. For example,
performance tones of one or more performance parts are

reproduced by rendition style waveform synthesis based on

the AEM performance data. As an example, rendition style



wavef ornms can be synthesi zed separately, on the basis of the AEM
performance data, for a plurality of performance parts, such as violin and
pi ano parts. Fig. 4A shows an exenpl ary general organization of an 5
automati c performance data set of a nusic piece, which includes a header
and performance data trains of tracks 1, 2, 3. .... Fig. 4B shows an
exanpl e of a performance data train of one of the tracks (e.g., track 2)
i.ncluding AEM performance data. Sim lasldy-to the well-known 10 structure
of ordinary performance sequence data, the performance data train of Fig.

4B conprises caqnbi nati ons of tlne dj fference data (duration data) and
event rrI(::I)at awaxeg°£{“§o ‘?ﬂﬂ I bR thetred FﬁBaFlaFrﬁﬁﬁi'f R etbE o%ﬂ%tz“( d@fat i on

d di ff b 5 t t of

Civen evontRgndEl BeEEef ﬁcéﬁff‘%t%ﬁf HBe" R R EVere? " Ens O rRaRE on

style even ag@Ea'éh%§2h54glo&ﬁHJ éggnga?%ﬁg }he_flrst hlerarchlcm
t|o

| evel sho in Fi ren styl I ndicative of a rendition

style 20 nodul eplig, bea efHReHICeH b&ehﬁi@??s%etn%rgle 6P§'§hii iS4 YbE agvent

and rendition style paranmeters related théreéto. forth above, all of
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style event data. In the illustrated exanple of Fig. 4B, rendition 25
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data train of one of the tracks (e.g., track 2) including
AEM performance data. Similarly to the well-known
10 structure of ordinary performance sequence data, the
performance data train of Fig. 4B comprises combinations of
time difference data (duration data) and event data. As
also well known, each of the time difference data (duration
data) represents a time difference between an occurrence
15 time point of a given event and an occurrence time point
of a next event.
Eéch rendition style event data in Fig. 4B includes
the data of the first hierarchical level shown in Fig. 2,
i.e. "rendition style ID" indicative of a rendition style
20 module to be reproduced in response to the rendition style
event and rendition style parameters related thereto. As
set forth above, all of the rendition style parameters negd
not necessarily be in the rendition style event data.
In the illustrated example of Fig. 4B, "rendition
25 style event (1)" includes a rendition style ID indicative
of a rendition style module of an attack (i.e., entrance)

portion, and "note-on event" data instructing a tone

generation start is stored in paired relation to "rendition



style event (1)". Tone generation start point of the rendition style
waveform of the attack (i.e., entrance) portion instructed by "rendition
style event (1)" is designated by the "note-on event" data given in paired
5 relation to "rendition style event (1)". Nanely, for the attack portion,
"rendition style event (1)" and corresponding "note-on event" are
processed together. Thus, the arrival or occurrence tine of "rendition
style event (1)" corresponding to the astack (i.e., entrance) 10 portion
only indicates that preparations should now be initiated for producing the
rendition shéie mavefornwég“the attack (i. entrance) portion; never
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Thus, the arrival or occurrence time of "rendition style
event (1)" corresponding to the attack (i.e., entrance)
10 portion only indicates that preparations should now be
initiated for producing the rendition_stYle waveform of the
attack (i.e., entrance) portion; it never indicates the
tone generation start time. As will be latef described,
production of the rendition style waveform of the éitack
15 (i.e., entrance) portion can be initiated here prior to the
start of generation of the corresponding tone, and thus the
tone generation can be initiated at an enroute point
corresponding to the occurrence time point of the note-on
event, not from the beginning of the produced rendition
20 style waveform of the attack (i.e., entrance) portion.
Such an arrangement is helpful in simulating a situation
where, at the beginning of human player’ s performance
operation (e.g., at the beginning of rubbing, by a bow, of
a string of a vidlin), vibrations responsive to the
25 performance operétion are not instantly produced as a
vibrating sound audible by the human hearing. In other

situations as well, the arrangement can help to enhance

flexibility and controllability of waveform production.



Further, in the illustrated exanple of Fig. 4B, "rendition style event
(2)" includes a rendition style ID indicative of a rendition style nodule
of a body portion,  "rendition style event (3)" includes a rendition style
LD 5 indicative of a rendition style nodule of a joint portion, and
"rendition style event (4)" includes a rendition style |ID indicative of a
rendition style nodul e of another body portion. The rendition style nodule
of the joint portion represents a corndéting rendition style waveformthat
is 10 used for connection froma preceding tone to a succeeding tone

wi thout silencipng the preceding tone, e.g. in a rendition_style such as a
tie or slur. ThﬁgftgFﬁ?IaFPy ﬁi?"r%%&ﬂ%' ted v ex@Rhe (25" 589t he 4Bt ack
portion dgscribed aboyve,. "note-pn ent. ta instructy. tone, 1
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processed together. "rendition style event (4)" indicates a rendition
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preceding tone via the above-nentioned joint portion. "rendition style
event (5)"andnc¢rends tdorensityionesente (UD"i ndicdaidess of randedioni etyde
style nmodule of a release (finish) portion, and "note-off event"” data
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relation to "rendition style event (5)". "rendition style event (5)" of
the rel easPopbiPhen -Tlyy rendition style module of the joint portion

represents a connecting rendition style waveform that is
10 used for connection from a preceding tone to a succeeding
tone without silencing the preceding tone, e.g. in a
rendition style such as a tie or slur. Thus, similarly
to "rendition style event (1)" of the attack portion
described above, "note-on event" data instructing tone
15 generation start timing of the succeeding tone is given in
paired relation to "rendition style event (3)"; namely, the

"note-on event" occurs immediately following "rendition

style event (3)". "rendition style event (3)" of the
joint portion and corresponding "note-on event" are
20 processed together. "rendition style event (4)" indicates

a rendition style module of a body portion of the
succeeding tone connected with the preceding tone via the
above-mentioned joint portion. "rendition style event (5)"
includes a rendition style ID indicative of a rendition
25 style module of a release (finish) portion, and "note-off
event" data instructing a start of tone deadening (release)
is stored in paired relation to "rendition style event

(5)". "rendition style event (5)" of the release portion



and corresponding "note-off event" are processed together. Simlarly to
the note-on event, production of the rendition style waveform of the

rel ease (i.e., finish) portionis initiated in the instant enbodi nent

prior to the start of 5 deadening (note-off event) of the corresponding
tone, so that the tone deadening can be initiated at an enroute point
corresponding to the occurrence tinme point of the note-off event, not from
t he begi nning of the produced rendittoB7style waveform of the rel ease
(finish) portion, 10 for the same reasons as stated above in relation to
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wavef orm produci ng processing generally conprises an easy pl ayer section
20, a rendthabn tisd ylteneeqdeadensegt ican 2be aipitiatedncet pamt eredbuba 22,
25 a rendition style synthesis section 23 and a waveform synthesis section
24. Fig. 6poEnh suhamdpandind nfochtihe ostmwinenagensiake tpoiwk s@f the

rel ati onshi ps anbng various operations carried out by the above-nenti oned
processingnot%8°ff event, not from the beginning of the produced

rendition style waveform of the release (finish) portion,

10 for the same reasons as stated above in relation to the
note-on ' event. Such an arrangement is helpful in
simulating a situation when performance operation on some
musical instrument is terminated. In other situations as
well, the arrangement can help to enhance flexibility and

15 controllability of waveform production.

[Rendition style Waveform Production Processing]

The waveform production apparatus of Fig. 1
synthesizes an ordinary tone waveform and rendition style
waveform by a computer executing an ordinary tone generator

20 program, predetermined program for rendition style waveform
producing processing, etc. As schematically shown in Fig.

5, the rendition style waveform producing processing
generally comprises an easy player section 20, a rendition
style sequence section 21, a performance part section 22,

25 a rendition style synthesis section 23 and a waveform

synthesis section 24. Fig. 6 is a schematic timing chart

showing general timewise relationships among various

operations carried out by the above-mentioned processing



bl ocks or sections 20 to 24 constituting the rendition style waveform
produci ng processing. Blocks 30, 31, 32, 33 and 34 denoted in parallel in
Fig. 6 roughly indicate time zones in which the easy player section 20,
rendition 5 style sequence section 21, performance part section 22,
rendition style synthesis section 23 and waveform synthesis section 24
performtheir respective assigned operations.. The reason why bl ocks 30,
31, 32, 33 and 34 are denoted in paralBsl-in Fig. 6 is to indicate that

t he operations 10 of the sections 20, 21, 22, 23 and 24 are perforned in a
paral l el fashion. (1) Eas Player Sectlon 20: The easy player section 20
per f or ns: ﬁf‘?ﬁlﬁﬁu%‘h gtections n& Qufa ¢4t HANShAGHRATSE Jdie oF FBALE 1Rt a
(rusic gce f ired nusic |ece to reprqduced. fr a
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anpunt Settl ng operation, tone volune a J usti ng oper
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reproduction stop .instruction and the |ike pertaining to the desired
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controlling various displays including a display of a currently reproduced

position (tén@)ltien 2bylenclyindheafisf idddtigpmer®ssnd ywanépoormt sgnrhasds
others. Tine block 30 of Fig. 6 illustrates the tine zone in which the
easy pl ayesesttonor2{0 pexdoumnesthedrasse spect i operastsigned Thperasyjopkayer
section 20 operates froma - 39
The reason why blocks 30, 31, 32, 33 and 34 are denoted
in parallel in Fig. 6 is to indicate that the operations
10 of the sections 20, 21, 22, 23 and 24 are performed in a
parallel fashion.
(1) Easy Player Section 20:
The easy player section 20 performs: a function of
reading out a set of automatic performance data (music
15 piece file) of a desired music piece to be reproduced from
a storage medium containing such an automatic performance
data set; a function of accepting various setting operation
(e.g., transposition amount setting operation, tone wvolume
adjusting operation and the like) and instructing operation
20 (e.g., reproduction start instruction, reproduction stop
-instruction and the 1like), pertaining to the desired music
piece and the 1like, performed via input operators; a
function of controlling various displays including a
display of a currently reproduced position (time); a
25 functionlof filling necessary information; and others.
Time block 30 of Fig. 6 illustrates the time 2zone in

which the easy player section 20 executes its assigned

operations. The easy player section 20 operates from a



time when an automatic-performance reproducing programis started up to a
time when the automatic-performance reproducing programis brought to an
end. When a reproduction start instruction PLAY is given, the easy 5

pl ayer section 20 reads out a set of automatic performance data (mnusic
piece file) of a desired nusic piece to be reproduced fromthe storage
medi um and then interpreting the read-out automatic performance data, at
timng of the tine zone 301. O course39the readout of the automatic 10
performance data (nusic piece file) may be initiated upon selection of the
desired nmusic piece prior to receipt o t he regrodu tion start instruction
PLAY. The eH%§y 3B e A tGNAG 9P ®dTFBrBEVGLPE RTPHANI &5
automatic rforgance data having ordipnary M.DI 15 data.and AEM

per for manchC HAL 80 m BBdl Lt of ed 'eMCa S e (PhckiBroRePiEEtatEPEParFey o
tracks in {06 J8O0LL43Sp 8?%%&1‘ bad, eqfldgint FUELhety, the £asy M a
section 20 Carries out Cbasi ¢ I nterpretation operations on the
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(music piece file) and reconstruct the individual rendition style evént

data as a peagéeti gBcelivhe 200vediad reht abjsedt dfPattefaviépbireBrababes.
The "basic interpretation operations” include, for exanple, accunulating
the tinme didter gmesidepieer tHicleyentts 40 dds readt aulsiice piasps Hor behe
i ndi vi dual events (a series of absolute tinme information for the nusic
pi ece) on réprodeced dramhethenesthrfdees emeddumlhandeddrest r iotedpretndngi on
style event train object with such tine stanps is sent to the 40
the read-out automatic performance data, at timing of the
time zone 301. Of course, the readout of the automatic
10 performance data (music piece file) may be initiated upon
selection of the desired music piece prior to receipt of
the reproduction start instruction PLAY.
The easy player section 20 is constructed to be able
to handle automatic performance data having ordinary MIDI
15 data and AEM performance data mixedly stored on a single
track or across a plurality of tracks in the manner as
described earlier. Further, the easy player section 20
carries out basic interpretation operations on the AEM
performance data included in the —read-out automatic
20 performance data (music piece file) and reconstruct the
individual rendition style event data as a rendition style
event train object imparted with time stamps. The "basic
interpretation operations" include, for example,
accumulating the time differences between the events to
25 create time stamps for the individual events (a series of
absolute time information for the music piece) on the basis

of the time differences. The reconstructed rendition style

event train object with such time stamps is sent to the



rendition style sequence section 21 (i.e., witten into a nenory

associ ated with the sequence section 21). The perfornmance data
interpretation and reconstruction of the rendition style event train

obj ect are conpleted before the 5 tinme zones 301 and 302 of Fig. 6 end. To
put it briefly, the easy player section 20 functions to convert the AEM
performance data (as illustratively shown in Fig. 4), simlar in
construction to existing automatic perf#0rrance data, into a data train
that 10 can be readily handled by the rendition style sequence section 21.
Note that the_ordinary M DI performance data _are, processed via a known
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performance data causeS 20 no substantial time delays. Therefore, the

Instang egbRdi FoMles S3@I r anaeddo eonpulgsore | gndel ay the processing, by
the M DI player, of the ordinary M D performance data in accordance with
a delay tinme intdheputendit i oprsé§le, wathbor magyodysiayepr osession based on
the 25 AEM perfornmance data and t hereby achi eve accurate synchronism
bet ween twbunohiengendrat edobyetriie prlozesdENy pérfbemandenardatd DI (as
performance data and the processing of the AEM performance data. - 41
illustratively shown in Fig. 4), similar in construction to
existing automatic performance data, into a data train that
10 can be readily handled by the rendition style sequence
section 21. Note that the ordinary MIDI performance data
are proceséed via a known MIDI performance seqguencer (MIDI
. player) provided in the easy player section 20; however,
the processing of the ordinary MIDI performance data is not
15 specifically described here because it is a well-known
technique. Further, while the rendition style waveform
producing processing based on the AEM performance data
entails considerable time delays., the processing, by the
MIDI player, of the ordinary MIDI performance data causes
20 no substantial time delays. Therefore, the instant
embodiment is arranged to compulsorily delay the
processing, by the MIDI plaYer, of the ordinary MIDI
pérformance data 1in accordance with a delay time in the
rendition style waveform producing processing based on the
25 AEM performance data and thereby achieve accurate
synchronism between two tones generated by thé processing

of the ordinary MIDI performance data and the processing

of the AEM performance data.



Function to Fill Omtted Necessary Information: |If a necessary rendition
style paraneter is omtted fromthe AEM perfornmance event data (rendition
style event data) of the read-out automatic performance data (nusic 5
piece file), the easy player section 20 perforns another function of
filling the omtted paraneter to thereby supplenent the AEM perfornmance
event data. For exanple, in the case where the ID of a given rendition
style event is "Vibrato Long Body" anrd4if -a control paraneter 10

i nstructing, for exanple, a vibrato depth has not been set, there would be
caused the inconveni ence that. the user can. not know a_degree of vibrato
with which to sYWRRELPRe to Kihbi PMohtety NeqRRRAF n;nﬁﬂﬁ'g?tagﬁéndi ng on
the type of reggition st)éle nodul e(z the r nd_Lition stglte event hatht% 15
have added t her &Fo hof eSSy e TRRAHHOR WS | BApaPetaF st B uohiste
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parameter. 20 This information supplenenting function i1s carried out at
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fromthe easy player section 20 to the rendition style sequence section 21

i ncl udes sgahcéhoadded mFaNAMRIEr .thAs ofiri kel payamayedl 8ot orhieiredyl v
filling 25 the | acking necessary paraneter, predeterm ned default ,
(st andar d) suppliemeanft vihe 0AEMppenbdEnancay elyenir edabaed Faor exampilepe of
rendition style nodule so that one of the default val ues corresponding to
t he rendition téey|eass ewhere4the ID of a given rendition style event

is "Vibrato Long Body" and if a control parameter
10 instructing, for example, a vibrato depth has not been set,
there would be caused the inconvenience that the user can
not know a degree of vibrato with which.to synthesize a
rendition style waveform. Thus, depending on the type of
rendition style modules, the rendition style event has to
15 have added thereto not only the rendition style ID but
also such a necessary parameter. Thus, the easy' player
section 20 checks to see whether each rendition style -event
data includes such a necessary parameter, and if not
included, it automatically adds the necessary parameter.
20 This information supplementing function is carried out at
timing of the time'zone 302. The rendition style event
train object sent from the easy player section 20 to the
rendition style sequence section 21 includes such an added
parameter. As one exemplary way of automatically filling
25 the lacking necessary parameter, predetermined default
(standard) values of various parameters may be prestored
for each type of rendition style module so that one of the

default wvalues corresponding to the rendition style event



I n question can be used to fill the necessary paraneter. As one exenplary
way of determ ning the default values, predetermned fixed default val ues
of the various paranmeters nay be prepared in advance, or |ast-used (nost 5
recently-used) values of the various paraneters may be buffered, so that
the predeterm ned fixed default values or buffered |ast-used values can be
determ ned and used as the default values; of course, the default val ues
nmay be determined in any other suitabl e2manner. 10 Predeterm ned tines are
previously reserved as the tinme zones 301 and 302 to be used by the easy

pl ayer section 20; nanely, .in response to the reproduction start
|nstructlothER?SqHﬂPr%%ﬁoﬁ?(ﬁs? tSMf%&&oﬁﬁ?nﬁeﬁﬁﬁﬁ%ﬁﬁmﬁegaﬂﬁﬁérand
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wavef or m ptoduci fig proceSS|ng and Or m various %ti ng2operation,
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section 20 gives uence reproduction start’ instruction to th

rendi tgon §é&éﬁ‘t§§qu§88? spaihes s atride ik fis t @%xtama&exzsonﬁla%OZbeAfter
an actual reproductive performance is initiated in response to the

reproduct i pafséaed, 28oi hlatudhed hrddet xibindd aytked eféf 811 20vatGBEY g,
fromthe waveformsynthesis section 24, information indicative of a
changi ng couffetredi iespousedoivailluesr eano e tdetee petied namd euséd. as, the
changi ng current reproduced position), and displays 43
default wvalues; of course, the default values may be
determined in any other suitable manner. |
10 Predetermined times are previouély reserved as the
time zones 301 and 302 to be used by the éasy player
section 20; namely, in response to the reproduction start
instruction PLAY, the readout of the SMF automatic
performance data and necessary information'supplement are
15 performed within the time zones 301 and 302. Although not
specifically described here, the user can set various
processing time information to be used in the rendition
style waveform producing processing and perform various
other setting operation, before giving the reproduction
20 start instruction PLAY. The easy player section 20 gives
the sequence reproduction start instruction to the
rendition style sequence section 21 at the end of the time
zone 302. After an actual reproductive performance is
initiated in response to the reproduction start
25 instruction, the easy player section 20 receives, from the
waveform synthesis section 24, information indicative of a

changing current time point of the reproductive performance

(i.e., changing current reproduced position),'and displays



the current time of the reproductive performance. Small bl ocks 303a, 303D,
303c, ... in Fig. 6 represent timng of- a display change process carried
out as a periodic "interrupt process for periodically displaying the
changing 5 current time of the reproductive performance. (2) Rendition
styl e Sequence Section 21: The rendition style sequence section 21 buffers
the ‘rendition style event train object (nanely, rendition style event
data train) with the tinme stanps, and-i#3sequentially 10 reads out the
rendition style event data in accordance with the reproducing tines

i ndi cat ed bgathe time stanps. The., sequentjal readout of the rendition

styl e eventRBatGRirentof i d Yut the PP Iiesi RgFEREPaPSeexecfMBdtever y
ti [ di t ired " t f "..15.Fi.g. 6
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reproduction start instruction, how many AEM perfornance parts aré present

in thescurg@pteAdsitand €6 RAel Fdppsduct ARl paskbemhntle performance part
section 22 to set a 25 necessary nunber of the AEM performance parts for

reproduction. Th¢n Redid tiesidi §tphe sSelgRienegueswet S&ct e 21 interprets the
rendition style event train object (nanely, rendition style event data
train) with theThenxendidtion style sequence section 21 buffers the
rendition style event train object (namely, rendition style
event data train) with the time stamps, and it sequentially
10 reads out the rendition style event data in accordance with
the reproducing times indicated by the time stamps. The
sequential readout of the rendition style event data is
carried out as batch processing that is executed every time
period corresponding to a desired "qutput frequency".
15 Fig. 6 illustratively shows a succession of the time
periods
- Part Management:
Since the rendition style waveform synthesis is
performed for different performance parts in a parallel
20 fashion, a first taék of the rendition style sequence
section 21 is to check, prior to receipt of the sequence
reproduction start instruction, how many AEM performance
parts are present in the current music piece performance,
and instruct the performance part section 22 to set a
25 necessary nhumber of the AEM performance parts for
reproduction. Then, the rendition style sequence section
21 interprets the rendition style event train object

(namely, rendition style event data train) with the time



stanps supplied fromthe easy player section 20 and sets (buffers) the
rendition style event data train on the part- by-part basis. Thus, the
sequential readout of the rendition style event data after the receipt of
the 5 sequence reproduction start instruction is carried out for each of
t he performance parts. Therefore, in the following description, a phrase
"read out in advance an event following a given event" or sonething |ike
that discusses two successive events-i#4the rendition style event data 10
train of a sanme performance part. The terns "part” or "performance part”
in the foll owi ng descriptjopn refers to an "AEM perforpnmanc art. her
Prelim narflt?ﬁ%galsiué’rﬁllﬁsd anb?tfhe ;lﬁr Cinnt nB}9Y85gr%ﬁ"rtb’qu hgﬂptar{éd aB&vE- 15
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Frequency pinaipeoRendiciyhan shbkhe SREURNCRRGL I Ofhe Ased0ifd €8fli ehe
this is a paranmeter for setting a frequency with which the rendition style

sequense sggghencdl repedlddhcaiioputsidier PRstPEBBIER gveMardaled tout héor
performance part section 22 25 and succeedi ng processing sections. Nanely,

at a gi veneaont pfit thienpepdiorinah@er it . NeTlperefdre f hinr ehdi foadowtinge
sequence section 21 collectively sends out the performance event data
present widésaripeioonirespoptiraget i feegast i cthd5 in  advance an event
following a given event"™ or something like that discusses
two successive events in the rendition style event data
10 train of a same performance part. The terms "part" or
| "performance part" in the following description refers to
an "AEM performance part".
* Other Preliminary Operation:
-As another preliminary operation than the above-

15 described part management, the rendition style sequence
section 21 performs a process 1in accordance .with time
parameters taking into consideration wvarious operational
time delays. Examples of the time parameters include the
following.

20 "Time period Corresponding to Output Frequency of
the Rendition Style Sequence Section": As noted earlier,
this is a parameter for setting a frequency with which the
rendition style sequence section 21 should output the
performance event data to the performance part section 22

25 and succeeding processing sections. Namely, at a given
output time point (current time point), the rendition style
sequence section 21 collectively sends out the performance

event data present within the corresponding time period



Note that the instant enbodinent is arranged to not only read out the
performance events of the current time (nore specifically, performance
events present in the current time period ) but also read out in advance
one or nore 5 succeeding (future) performance events so as to send the

t hus read-out performance events to the performance part section 22, as
wll be later described in detail. In the performance part section 22 and
foll owi ng processing sections, necessaay eperations for rendition style
waveform 10 reproduction are carried out on the basis of the performance

event data_supplied every . such tinme perjod "Advance Processing Tinme_in the
Rendi ti on %?E/‘ige té@(’fuem"é SBELABL :e“\*ﬁ‘?%l‘]‘%nﬁ BEr AEEHIGDr t8ettIhgOReW f ar

the rendition.stvle sequence section 21 shoul ocess _ 1h information in
hdvance. TSRaneY PRI PREFaFBERRR! eSEnTE € BhE” Skrahk:  Cime "TheES,
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reproduction start position by an amobunt equal to this tone generation

| atency pesh@feedaage! (Eutidie: SegereemanBBr Gt PNt Ad POSiddi khe
del ayed by the tone generation |atency period Mre specifically, because,

25 at the tiegs nmeadl-afutt hpesEgqumaneer epraitict iton, thée perdudinidrge Spuke
wavef or m produci ng processing has to be perforned collectively not only on
t he perf orseetiorv@2t, s agpreskht bai tlatert edcmiberkr inddedaidspontn ngheo t he
- 40 | performance part section 22 and following processing
sections, necessary operations for rendition style waveform
10 reproduction are carried out on the basis of the
performance event data supplied every such time period
"Advance Processing Time in the Rendition Style
Sequence Section": This is a parameter for setting how far
the rendition style sequence section 21 should process
15 information in advance.
"Latency Period before Initiation of Tone
Generation": This a parameter for offsetting an operational
delay time at the beginning of sequence reproduction.
Namely, an oberation start time in the waveform synthesis
20 section 24 1is set apparently ahead of the sequence
reproduction start position by an amount equal to this tone
generation latency period : namely, the sequence
reproduction start position is delayed by the tone
generation latency period . More specifically, because,
25 at the Dbeginning of the sequence reproduction, the
rendition style waveform producing processing has to be

performed collectively not only on the'performance events

present within the time period corresponding to the



out put frequency of the rendition style sequence section 21 but also on
the performance events to be processed for the advance processing tinme , a
delay tinme that would result fromthe collective processing is set as the
tone 5 generation |latency period to allow for the processing load, to

t hereby conpensate for the operational tine delay at the beginning of the
reproduction. "Prefetch Tinme for Access to the Code Book": This 1is a tine
parameter for setting how far the data abter the 10 current time should be
read in advance or prefetched by the waveform synthesis section 24 fromthe
hard disk (i,e. t he code book stored therein) jnto the RAM The rendition
styl e sequéHEBugeEFFSHeQEYSQFSqﬁ%z¥?ﬂd%qﬁ99[ﬁ%ﬁ ?cﬂe??ﬁ%ceiﬁeFEéoﬂaggform

t hesi tion 24. "L Per j od_b Audj o Devi ce":
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section 24. For exanple, the waveform synthesis section 24 perforns
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used later than its operating timng by the |atency period 25 The

above- descrLbha( tionethEarebiet compenyabe Foxedh# opespendnak pimdedenaiyned
val ues or nmay be variably set by the user. In the latter case, the tine
par anet er satr éhevabeagbhyiset olfy thesetrépngdoptiani on of the easy player 47 -

"Prefetch Time for Access to the Code Book": This

is a time parameter for setting how far the data after the

10 current time should be read in advance or prefetched by

the waveform synthesis section 24 from the hard disk (i.e.,

the code book stored therein) into the RAM. The rendition

style sequence section 21 sets data of this prefetch time

in the waveform synthesis section 24.

15 "Latency Period before Output to Audio Device": This
is a time parameter for setting how earlier than operating
timing of an output audio device the waveform synthesis
section 24 should start performing the waveform synthesis
process. The rendition style sequence section 21 sets data

20 of this latency period in the waveform synthesis section
24. For example, the waveform synthesis section 24
performs control to write synthesized waveform data into an
output buffer that is used later than its operating timing
by the latency period

25 The above-described time parameters may be fixed at
respective predetermined values or may be variably set by

the user. In the latter case, the time parameters are

variably set by a setting operation of the easy player



section 20. Advance Readout of Future Event: Let it now be assuned that a
rendition style event train object of a given performance part. is
buffered, in 5 the nenory associated with the rendition style sequence
section 21, in a manner as shown in Fig. 7A. In the figure, EV1, EV2,
represent individual events, and Tsl, Ts2, ... represent tine stanps
corresponding to the events. Let' s also assune that an initial value of a
readout 10 pointer to this nmenory is set7te correspond to an initial tine
point to. Fig. 7Bis a timng chart schematically showi ng event processing
timng of the rendltlon styl e sequence section 21. First event processing
timng ar r¥SeE  Mer Oa sequence 15 reproductlon start instruction has been

given fromthe, ega¥ﬁgg ?ﬁaﬁg%qﬁlog %QH%E¥9 flrst event processing

timng is set as Eedlng processing timng

arrives each tipg, the thgs RAl| agsufnl o egpopdy ngrégdwg R gugRCY O

the rendition 2 sty e sequence sec elapses h succeedi ng

processi nge 4 NGuiiactelofS al IJB/dIP Pbs blrmahée ‘part A tﬂl?ff da al Bi me
point to, the rendltlon style sequence section rea s out, Oﬂ]t

menorys of fhd. mehortye astvRilateldl eGeRh WhS reh G Tdt sttH‘I% zeeeuéae@ fied
by the 25 first tinme period (current events) along wth t ti st anps.
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noted earlier, all of these data pertaining to the event are read out

t oget her aBigusé ngE¥148EV2, ... represent individual events, and Tsl1,

Ts2, ... represent time stamps corresponding to the events.

Let' s aiso assume that an initial wvalue of a readout

10 pointer to this memory is set to correspond to an initial

time point tO0.

Fig. 7B is a timing chart schematically showing event

processing timing of the renditioﬁ style sequence section

21. First event processing timing arrives when a sequence

15 reproduction start instruction has been given from the easy

player section 20, and the first event processing timing

is set as the initial time point tO. Succeeding
processing timing arrives each time the time period

corresponding to the output frequency of the rendition

20 style sequence section 21 elapses, and these succeeding

processing timing is set as time points tl1, t2, .... At

the initial time point t0, the rendition style sequence

section 21 reads out, from the memory of Fig. 7A, the

events present within a current time zone specified by the

25 first time period (current events) along with the time
stamps. Because each event includes a rendition style 1ID,
parameters, etc. as noted earlier, all of these data

pertaining to the event are read out together as a single



set. Fig. 7B illustrates a case where first and second events EV1 and EV2
are present within the tine zone specified by the first tine period ; the
first event EV1 i$ norimally a rendition style event of an attack portion 5
that is processed together with (in paired relation to) the next note-on
event EV2 as noted earlier. O course, in sone case, no event is present
within the current tine zone Tinme positions of the individual events EV1,
EV2, ... can be identified fromthe regpeetive tinme stanps Tsl, 10 Ts2,
In the instant enbodinent, the rendition style sequence section 21
reads out not only such current rendition style events but al so one or
nore rendi $¢bn st%/(?'g' NentL1PFEERRESWId hFASEhIRER EimEtpadtddSeraPrbre 15
events). Nanel i he_ illu ated exanple of Fig.,.7B, .. the _next rendition
styl e event &V sisEYiadaBGt,§§% aﬁ§8nc€¥g§Fn hewéghéntiﬁgeastﬂwg e?8Rts Evi
and EV2. T read-,qut nt .and fut.ure renditian I VEeN EVi
EV2 and e(\tfmgglﬁe?h(;%%r etg%}ecfly%/gégt }t%&gs aelrgﬁs%d:re’pgglge Jtrgéi%lhgvgﬂgf gléllovm' ng
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part-by-part basis, ter ich the rendition style sequence section 21 is

pl acedsin gnyRi § 5NGrodesseandgetinRire wilt hﬁirh%@@@é’&'f'éﬁ&ﬂ@ﬁdté') r gpgement
that not only the 25 current rendition style events but al so the next

(future) nerdi tioye-Hryl evenentEvAr asr aiskedit eadidel.i veDgd doutde, in
performance part section 22, waveform synthesis for rendition style
nodul es pestmenicasd 0 hioe evenentis empdielsemt - wd®hin the current time
zone . Time positions of the individual events EV1l, EV2,
... can be identified from the respective time stamps Tsl,
10 Ts2,

In the instant embodiment, the rendition style
sequence section 21 reads out not only such current
rendition style events but also one or more rendition style
events present within the next +time period (future

15 events). Namely, in the illustrated example of Fig. 7B,
the next rendition style event EV3 is read out in advance
at .the same time as the events EV1 and EV2, The thus
read-out current and future rendition style events EV1l, EV2
and EV3 with the respective time stamps are passed to the

20 following performance part section 22. These operations
are carried out on the part-by-part basis, after which the
rendition style sequence section 21 is placed in a waiting
or standby state.

With the above-described arrangement that not only the

25 current rendition style events but also the next (future)
rendition style events are read out and delivered to the
performance part section 22, waveform synthesis for

rendition style modules pertaining to the current rendition



style events can be perfornmed in the part section 22 and subsequent
processi ng sections, taking into consideration relationships between the
rendition style nodul es based on successive performance events. For
exanpl e, appropriate 5 processing can be applied to achieve a snooth
connection between rendition style waveforns pertaining to the rendition
styl e nodul es based on the successive performance events. Further, in the
Ll lustrated exanple of Fig. 7B, the 104precessing by the rendition style
sequence section 21 is resumed upon arrival of the next processing tinme
point tl. In_case no event is present, the rendition style sequence

section 215bY b8 eSYED Yot FRhg PEWRET MG 0dBs dihfy BITEhECGtdnd tonakby| e
sequence sec%ion 21 is resumed upon %nrival %5%of thetfrpcesngg tine point
to and if THRSPERAPE F WGAT " LvEFE RIS s PPESRAL Wi'thi fOPREETAFARD tine
zone  corr £3poPdbRgnt B! RS elLs AL riflas LHSn" SUYL! AL S na5ONoBRE
section 21 reads out every event present Wihin € current tirne period

(i.e., eve 0 ead t J nc : nt
CENCEHEEEDE SYEFE J rfil & g?e(?fg:vsre.ry FORt 5’%&@%‘?’. ApBYBpYiare

present within the next tine peri use the

perforsrancsrsaébssﬁg_tiéah 2BesStayPSi &y ety rRapiaed avedostdl cBhAseryes it
until the correspondi ng event process is perfornmed, each already-read-out

event needbe8btwebs rarthditiioldb agéyhehervavd¥smmy, perthenexanpl o of theg.
7B, the event EV3 present within the current time period corresponding to
the processendgitioe ptyie moduwilleisclbdwesl adm ety bHeecessiud perfasmbhee
future event during the |ast readout, need - 50
events.
Further, in the illustrated example of Fig. 7B, the
i0 processing by the rendition style sequence section 21 is
resumed upon arrival of the next processing time_point tl.
In case no event is present, the rendition style sequence
section 21 processes nothing. When the processing by the
rendition style sequence section 21 is resumed upon arrival
15 of the processing time point tn and if the rendition style
event EV3 1is present within the current time zone
corresponding to the time point tn, the rendition style
sequence section 21 reads out every event present within
the current time period (i.e., every current event) and
20 also reads out in advance every event present within the
next time period (every future event). Because the
performance part section 22 stores every received event and
preserves it until the corresponding event process 1is
- performed, each already-read-out event need not be read out
25 again here. Namely, in the example of Fig. 7B, the event
EV3 present within the current time period corresponding

to the processing time point tn, which has already been

read out as the future event during the last readout, need



not be read out again. In the event that the further next event EV4 is
necessary for processing of the current event EV3, the event EV4 and its
time stanp are read out and supplied to the performance part section 22.
In this 5 case, the performance part section 22 adjusts the connecting

rel ati onshi ps between the rendition style nodules pertaining to the

al ready-recei ved current event EV3 and currently-received future event

EV4. In Fig. 6, small blocks 31l1a, 311ib503%1c, ... 10 illustrate timng at
whi ch the above-descri bed event readout of the current and future events
I's carried out QX the rendition style_sequence section 21. (3) _Performance

Part SectiBAt22€ TREer PRF mthart $Rctl syeltor ERabadifs e AYFLPER 15
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in the foll'ow ng rerdifion style synthesis ese operations

of the perfQrMaNGHINYE t5CEheODedd ot iandes L 5841280 93 .thern tnis
part-by-part basi's. In Fig. 6, small blocks 321a, 321b, 321c, ...

iIlustsat ecakbM Nard WpeeRolth@nkteheapsat PrsReaSord S 8arriad ks by thehe
performance part section 22. 25 Rehearsal Process: The rehearsal process is

i nt ended teoAfibteYAgsPedabiofiennpet befween theerandilkeval stglecembaunesn the
respective start and end points of the various waveformconstituting - 51
pertaining to the already-received current event EV3 and
currently-received future event EV4.
In Fig. 6, small Dblocks 31l1la, 311b, 31l1c,
10 illustrate timing at which the above-described event
readout of the current and future events is carried out by
the rendition style sequence section 21.
(3) Performance Part Section 22:
The performance part section 22 stores each rendition
15 style event with the time stamp having been sent from the
rendition style sequence section 21, performs a
predetermined rehearsal process on the basis of the
rendition style event, and manages a process to be
performéd in the following rendition style synthesis
20 section 23. These operations of the performance part
section 22 are also carried out on the part-by-part basis.
In Fig. 6, small blocks 32la, 321b, 321lc, ... illustrate
timing at which the rehearéal process 1is carried out by
the performance part section 22.
25 * Rehearsal Process:
The rehearsal process 1is intended to achieve smooth

connections in time and level value between the respective

start and end points of the various waveform-constituting



el enments, such as waveform shapes (Tinbre), anplitudes and pitches, of
successive rendition style waveforns after the rendition style synthesis
is performed. For this purpose, the rehearsal process, prior to the actual
rendition style 5 synthesis, reads out the vector |IDs, trains of
representative sanpl e point nunbers and paraneters corresponding to the
rendition style events by way of a "rehearsal", and perforns simulative
rendition style synthesis on the basi-ssaf -t he thus read-out information,
to 10 thereby set appropriate paraneters for controlling the tine and

| evel values at the start and end _points of the successive rendition style
nmodul es. TRHSMERRE. s&&&@sﬁ%ewaveﬁarwl shaned o ThRFe! ns 2PR ifgdes and

i nt er connect for each of the waveform constitutin e% | ement suc as the
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waveforms or 20 wave constituting elenents to achi eve a snoot

connecgi onghriNEEAst he peadsti ogust Y| eneaveh@cipror mavef ordpLenst i tat i ng
el enents, the performance part section 22 in the instant enbodi nent,

i edi at el yepeésentaetial | ysamplehesipsing t hayumdedist i orarsd vl araneitrs or
wavef orm 25 constituting el enents, perforns the "rehearsal” process to
si mul ati vetyrsgapbeding tte thedi tendistighe stoplef opnents by way of a
waveform constituting el enments and thereby set optinmal paraneters rel ated
to the tintrahdaregdl'  .valand awerformss? simulative rendition style

synthesis on the basis of the thus read-out information, to
10 thereby set appropriate parameters for controlling the time
and level values at the start and end points of the
successive rendition style modules. Thus, the successive
rendition style waveforms can be interconnected, for each
of the waveform-constituting elements such as the waveform
15 shape, ampiitude and pitch, by the rendition style
synthesis section 23 performing a rendition style synthesis
process using the parameters having been set on the basis
of the rehearsal process. Namely, instead of adjusting or
controlling already-synthesized rendition style waveforms or
20 waveform-constituting elements to achieve a smooth
connection between the rendition style waveforms or
waveform-constituting elements, the performance part section
22 in the instant embodiment, immediately before actually
synthesizing the rendition style waveforms or waveform-
25 constituting.elements, performs the "rehearsal" process to
simulatiﬁely synthesize the rendition style waveforms or
waveform-constituting elements and thereby set optimal

parameters related to the time and level values at the



start and end points of the rendition style nodules. Then, the rendition
~style synthesis section 23 perforns actual synthesis of successive
rendition style waveforns or waveformconstituting el enents using the
thus-set optimal 5 paraneters, so that the successive rendition style
wavefornms or waveformconstituting el enents can be interconnected
snmoothly. In the rehearsal process, necessary operations are carried out
depending on the type or character of -rerdi-tion 10 style nodules to be
processed. Al though a main object to be processed in the rehearsal process
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portion, (4) rendition style event EV4 designating a rendition style
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event EV6 designating a rendition style nodule of a body portion, (7)

rendition styl wacgeoimE¥Ydnabidastignat engmantendicanon el ylim taxbdmhexft eal
rel ease (finish) portion and (8) note-off event EV8, in the order

ment i oned. shootheyil | ustrated exanple of Fig. 8 when a rendition 53

In the rehearsal process, necessary operations are

carried out depending on the type or character of rendition

10 style modules to be'processed. Although a main object to

be processed in the rehearsal process is the rendition

style event, occurrence times of note-on and note-off

events are also considered. For reference purposes, Fig.

8 shows an example of a manner in which rendition style

15 modules from the beginning to end of a tone to be

generated are combined. The combination shown in Fig. 8

includes (1) a rendition style event EV1 designating a

rendition style module of an attack (entrance) portion, (2)

note-on event EV2, (3) rendition style event EV3

20 designating a rendition style module of a body portion, (4)

rendition style event EV4 designating a rendition style

module of a Jjoint portion, (5) note-on event EV5, (6)

rendition style event EV6 designating a rendition style

module of a body portion, (7) rendition style event EV?7

25 designating a rendition style module of a release (finish)
portion and (8). note-off event EVS8, in the order
mentioned.

In the illustrated example of Fig. 8, when a rendition



style waveformis to be synthesized in accordance with the attack
(entrance) -portion rendition style nodul e designated by the rendition
styl e event EV1 and note-on event EV2 then set as current events, the next
rendition style event EV3 5 is read out in advance as a future event as set
forth earlier, in response to which the rehearsal process determ nes
necessary paraneters for a snooth connection between the two rendition
styl e nmodul es. Then, when a rendition sByl-e waveformis to be synthesized
i n accordance 10 mﬁth t he body-portion rendition style nodul e desi gnated by
the rendition_style event EV3 then set as a current event, the next

rendition StyL& @@ﬁ?°€m4%ﬁ5F%n9F|ﬁ§¥¥HQﬁﬁﬁ¢d[iﬁt?ﬁﬁoF@ﬁBF?lﬁﬁnﬁyﬁﬁf
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imlarly, €n a ren tion's e waveformi s bée syn esized i n

accordancegsutt yd Ne,iplit - QQETnLt%n t{r?@dh&kenI%Mlecl@fiuéﬁyﬂé%%ﬁttecﬁxby the
rendition style 20 event EV4 and note-on event EV5 then set as current

eventss the nesdaroudi tifAn sdvieceVely BEVorhtur&advaliit | Asad¥30CE ot a
future event as set forth earlier, in response to which the rehearsal

process deterlhiges nd@esSPEspPasaneter s wHidh a SH®Ot reheaieali orplmiesen
the two rendition style 25 nodules. In the illustrated exanple, the tone to
be generadetlerminesponeeesoarie paramehetre- ofioevemt divPotind cdrredtoimn t o
be generated in response to the next note-on event EV5 are interconnected
via the reh@tveen sthe e twos4rendition style modules. Then, when a
rendition style waveform is to be synthesized in accordance
10 with the body-portion rendition style module designated by
the rendition style event EV3 then set as a current event,
the next rendition style event EV4 designating a joint-
portion rendition style module and note-on event EV5 are
read out in advance as future events, in response to which
15 the rehearsal process determines necessary parameters for
a smooth connection between the two rendition style
modules. Similarly, when a rendition style waveform is to
be synthesized in accordance with the joint-portion
rendition style module designated by the rendition style
20 event EV4 and note-on event EV5 then set as current events,
the next rendition style event EV6 is read out in advance
as a future event as set forth earlier, in response to
which the rehearsal process determines necessary parameters
for a smooth connection between the two rendition style
25 modules. In the illustrated example, the tone to be
generated in response to the first note—én event EV2 ‘and

the tone to be generated in response to the next note-on

event EV5 are interconnected wvia the rendition style



waveform of the joint portion. Simlarly, when a rendition style waveform
Is to be synthesized in accordance wwth the body-portion rendition style
modul e designated by the further next rendition style event EV6 then set
as a 5 current event, the following rendition style event EV/ designating
a release-portion rendition style nodule and note-off event are read out

I n advance as future events, in response to which the rehearsal process
determ nes necessary paranmeters for a Sapeth connection between the 10 two
rendition style nodul es. Furthernore, when a rendition style waveformis

to be synthesized in_accordance with the release (finish)-portion,.
rendition ‘§?‘§‘F§°ﬁ‘5d9f‘etg‘§sijgj’rﬂ’tte(PorbVqrh'e r%ﬁ‘ﬂ?‘i?ﬁiﬂ’st Yhe e\%erﬁenl‘:g\?‘fjé’ﬁ’d
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termnated I n response to ﬁé not e-o or tone deadening I nstruction and
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foll owi ng paragraphs describe specific exanples of the rehearsal process

in relsti ofutpeseVesvént ypegndf foEIGindn énd e iowlul fspl1sAldwasile  EV7
(Entrance) Module> Fig. 9Ais a flow chart show ng an exenplary step 25

sequence ofleshgnathegr sl rlecess purdidmerendieibnevedyle dasoQuibd eanil
rendition style nodule of an attack (entrance) portion ("Attack Mdul e
Rehear sal mpbeegff) eviintst @peSlmeadachutr émdi advanseylas efehureo eyentshs
in response to which the rehearsal process determines
necessary parameters for a smooth connection between the

10 two rendition style modules. Furthermore, when a rendition
style waveform is to be synthesized in accordance with the
release (finish)-portion rendition style module designated
by the rendition style event EV7 and note-off event EVS8
then set as current events, the rehearsal process taking a

15 further next event into consideration is not carried out
because the rendition style waveform of the release
(finish) portion is terminated in response to the note-off
or tone deadening instruction and thus need not be
connected with a next rendition style waveform.

20 The following paragraphs describe specific examples of
the rehearsal process in relation to several types of
rendition style modules.

<Attack (Entrance) Module)
Fig. 9A 1is a flow chart showing an exemplary step

25 sequence of the rehearsal process when .the current event
designates a rendition style module of an attack (entrance)
portion ("Attack Module Rehearsal Process").

At step Sla, each rendition style event to Dbe



currently processed (current event) (events EV1 and EV2 in the illustrated
exanple of Fig. 8) is sent to the rendition style synthesis section 23,
and the vector IDs, trains of representative sanple point nunbers (Shape)
and other 5 paraneters corresponding to the rendition style ID designating
a particular attack-portion rendition style nodule are read out, as
rehearsal data, fromthe above- nentioned rendition style table by the
synthesis section 23. The thus read-eubsrehearsal data are given to the 10
performance part section 22, on the basis of which the part section 22
determ nes or adjusts paraneters (control dat?)x such as levels _and tine
At
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performance part section 22, on the basis of which the part section 22
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time values, in the manner to be described. At next step S3a, predeterm ned
| evel and modeleatare f oeatiheoutendids oneBegrsabodidEa peiftrarmi tige t abdwee -
eurrent - Sgntioned rendition style table by the synthesis section
23. ‘The thus read-out rehearsal data are given to the
10 "performance part section 22, on the basis of which the part
section 22 determines or adjusts parameters (control data),
such as levels. and time values, in the manner to be
described below.
At step S2a, a next rendition style event or future
15 event obtained by advance readout (event EV3 1in the
illustrated example of Fig. 8) 1is sent to the rendition
style synthesis section 23, and the vector IDs, trains of
representative sample point numbers (Shape) and other
parameters corresponding to the rendition style ID
20 designating a particular body-portion rendition style module
are read out, as rehearsal data, from the rendition style
table by the synthesis section 23. The thus read-out
rehearsal data are given to the performance part section
22, on the basis of which the part section 22 determines
25 or adjusts parameters (control data), such as 1levels and
time wvalues, in the manner to be described.

At next step S3a, predetermined level and time data

for the rendition style module pertaining to the current



rendition style event are determ ned on the basis of the read-out data of
the current and next rendition style events. Thus, it is only necessary
for steps Sla and S2a above to read out, fromthe rendition style table,
data 5 necessary for the operation of thIS step. Exenplary details of the
rehearsal process to be perforned here are described below with reference
to (a), (b), (c) and (d) of Fig. 10. Section (a) of Fig. 10 shows exanpl es
of the vectors 10 of the harnonic corp6bent in the attack-portion
rendition style nDduIe specifically, "HA" represents a train of

representatlve sa oi nt nunbers (in the illystrated anpl e, three
sanpl e poi hgRdipion: ftpa']'r?d e’ée?tofali%edeﬁﬁﬁ?‘?'Pﬁ e QfecthP g’fa i A M ¢
caonponent, " HP" pr nts train of repre entatlve s
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wavef orm shape vector HT basically conprises sanple data representing an

entireswavpbeessae¢t | €8r0f thel | 5BepAktibAN o2f anti@nes has M@ lary
representative of a |oop waveform segment at the end ‘the waveform

section. Thetdals 2F rewpés ezeheairse? @Prddesd 00p mve;ﬁe)rmmgmentarer earead
out in a repeated or |ooped fashion for cross-fade synthesis with an
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defining a start tinme of the harnonic - 57
Fig. 10.
Section (a) of Fig. 10 shows examples of the vectors
10 of the harmonic component in the attack-portion rendition
style module; specifically, "HA" represents a train of
representative sample point numbers (in the illustrated
example, three sample points "0", "1" and "2") of the
amplitude vector of the harmonic component, "HP" represents
15 a train of representative sample point numbers (in the
illustrated example, three sample points "0", "1" and "2")
of the pitch vector of the harmonic component, and "“HT"
shows an example of the waveform shape vector of the
harmonic component (the waveform shape is shown here only
20 by its envelope). Note that the harmonic component’ s
waveform shape vector HT basically comprises sample data
representing an entire waveform section of a rise portion
of a tone, and has data representative of a loop waveform
segment at the end of the waveform_ section. The data
25 representative of the loop waveform segment are read out in
a repeated or looped fashion for cross-fade synthesis with

an immediately succeeding waveform section. Parameter

"preBlockTimeE", defining a start time of the harmonic



conponent in the attack-portion rendition style nodule, specifies a

di fference between an actual tone-generation start point and a
wavef orm generation start tine of the harnonic conponent in the attack
waveform For this 5 purpose, the tinme stanp of the correspondi ng note-on
event (event EV2 in the exanple of Fig. 8) is obtained to know the actual
tone-generation start point ("noteOnTine" in the exanple of Fig. 10), and
the difference between the actual toresgenreration start point and the
start tine represented 10 by the paraneter "preBl ockTi reE" ("noteOnTi ne"
"preBIockTineE"%%is set as the start tine of the harponic conponent in the

at t ack- por FPBRORERE; t1Bn BRG| AHAF POTF 1A  TrRIPEF et T EL Y e M HL an
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can be determ ned as "noteOnTinme + (postBl ockTinegE + fadeTineE)". This
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as data defining a start tine of the harnonic conmponent in a rendition
styl e nodutbedesitgaat ednexrgemensrttiarensiidrionpsinte (EneneOaFimet!’ BEW3 the t he
exanple of Fig. 8. In this way, the rehearsal process is carried 58
example of Fig. 10), and the difference between the actual
tone-generation start point and the start time represented
10 by the parameter "preBlockTimeE" ("noteOnTime" -
"preBlockTimeE") is set as the start time of the harmonic
component in the attack-portion rendition style module.
Of various parameters defining an end time of the
harmonic component in the attack—portion' rendition style
15 module, "postBlockTimeE" is a parameter defining a
difference between the actual tone—generatién start point
and an end time point of the body of the harmonic
component in the attack waveform, and "fadeTimeE" is a
parameter defining a cross-fading time length at the end of
20 the attack waveform. Thus, the end time "endTimeH" of the
harmonic component 1in the attack-portion rendition style
module including the <cross-fade end portion can |Dbe
determined as "noteOnTime + (postBlockTimeE + fadeTimeE)".
This end time "endTimeH" is send to the rendition style
25 synthesis section 23 as data defining a start time of the
harmonic component in a rendition style module designated

by a next rendition style event (event EV3 in the example

of Fig. 8). In this way, the rehearsal process is carried



out to set a start tine of the harnonic conponent of the next rendition
style nodule in accordance with the above- nentioned end tine "endTi mneH' of
t he harnoni ¢ conponent. Section (b) of Fig. 10 shows exanples of the
vectors 5 of the nonharnonic conponent in the attack-portion rendition
style nodul e; specifically, "NHA". represents a train of representative
sanpl e point nunbers (in the illustrated exanple, two sanple points "0"
and "1") of the anplitude vector of th&8nenharnoni c conponent, and " NHT"
shows an 10 exanpl e of the waveform shape vector of the nonharnonic
conponent Sthe wavef orm shape i s, shown here only by its envel ope).
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represented by the paraneter "preTi neNH' ("noteOnTi ne' "preTimeNH") is

set as thessyaet modElef tspeqichharloni Cc "NeAYponepireisenttbe at téackipords on
rendition style nodule. 25 Paraneter "postTinmeNH', defining an end tine of
t he nonharepnesenbapivent samplée peimtk-pontens rEeimi tihen sithiluestoadcd e,
I's one specifying a difference between the actual tone-generation start
poi nt and eX¥amBplei | wposampde tDednts59"0" and "1") of the amplitude

vector of the nonharmonic component, and "NHT" shows an
10 example of the waveform shape vector of the nonharmonic
" component (the waveform shape is shown here only by its
envelope). Parameter "preTimeNH", defining a start time of
the nonharmonic component in the attack-portion rendition
style module, specifies a difference between an actual
15 tone-generation start point and a waveform-generation start
time of the nonharmonic component in the attack waveform.
For this purpose, the time stamp of the corresponding note-
on event (event EV2 in the example .of Fig. 8) is obtained
to know the actﬁal tone-generation start point ("noteOnTime"
20 in the example of Fig. 10), and the difference between the
actual tone-generation start point and the start time
represented by the parameter "preTimeNH" ("noteOnTime"
"preTimeNH") is set as the start time of the nonharmonic
component in the attack-portion rendition style module.
25 Parameter "postTimeNH", defining an end time of the
nonharmonic component in the attack-portion rendition style
module, is one specifying a difference between the actual

tone-generation start point and an end time point of the



nonhar noni ¢ conponent in the attack waveform Thus, the end tine

“endTi meNH" of the nonharnonic conponent in the attack-portion rendition
styl e nmodul e can be deternmined as "noteOnTinme + postTimeNH'. This end tine
"endTimeNH'" is 5 sent to the rendition style synthesis section 23 as data
defining a start tinme of the nonharnonic conponent in a rendition style
nodul e designated by a next rendition style event (event EV3 in the
exanple of Fig. 8). In this way, the-rélbearsal process is carried out to
set a start tinme 10 of the nonharnonic conponent in the next rendition
style nodule in accordance wi'th the above-nentioned ﬁnd tinme_ "endTi meNH"
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of Fig. attack-portion rendition style nodule pertaining to the

curreng regéhtl b stike RAfiticNdst eSSttt 18 ke¥elion o3 vakuasad the
begi nning of the anplitude vector (position "0" of HAin (c) of Fig. 10)

and pitch ge€iningb 4 pexiaritontife &f HPhen nédhafmdhfc LHdmpdhdnte in a
body-portion rendition style nodule pertaining to the next rendition
styl e eventen&@étioonstylleomddyj.e ldestgvateXabyl as nektt hendddtions Hfyle
event (event EV3 in the example of Fig. 8). In this way,
the rehearsal process is carried out to set a start time
10 of the nonharmonic component in the next rendition style
module in accordance with the above-mentioned end time
"endTimeNH" of the nonharmonic component. As may be clear
from the fofegoing, the time adjustments of the nonharmonic
component are carried out independently of those of the
15 harmonic component.
For the amplitude and pitch levels, the rehearsal
process makes adjustments for a match between the end-point
_levels or values at the end of the amplitude vector (e.g.,
position "2" of HA in (a) of Fig. 10) and pitch vector
20 (e.g., position "2" of HP in (a) of Fig. 10j of the
attack-portion 'rendition style module pertaining to the
current rendition style event, and the start-point levels
or values at the beginning of the amplitude vector
(position "0" of HA in (c) of Fig. 10) and pitch vector
25 (position "0" of HP in (c) of Fig. 10) of the body-portion
rendition style module pertaining to the next rendition
style event.

Section (c) of Fig. 10 shows examples of the vectors



of the harnonic conponent in the body-portion rendi tion styl e nodul e;
specifically, "HA" represents a train of representative sanple point

nunmbers (in the illustrated exanple, two sanple points "0" and "1") of the
anplitude 5 vector of the harnmonic conponent, "HP" represents a train of
representative sanple point nunbers (in the illustrated exanple, two

sanple points "0" and "1") of the pitch vector of the harnonic conponent,
and "HT" shows an exanple of the wavefé0om-shape vector of the harnonic
conponent (the 10 waveform shape is shown here by black rectangul ar

bl ocks). The waveform shape vector of the harmgni ¢ conponent in the body
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decreased further, the body-portion waveformmay be read out in a
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bet ween t hef Ntheopaxmeafier mosmpnents ignd GIT" shows an example of the

waveform shape vector of the harmonic component (the
10 waveform shape is shown here by black rectangular blocks).
The waveform shape vector of the harmonic component in the
bédy portion comprises N (N is an integral number) loop
waveform segments as represented by N black rectangular
blocks (0, 1, ..., N-1), and a body-portion waveform of a
15 predetermined time 1length 1is produced by sequentially
reading out and connecting the successive loop waveform
segments. If the time length of the body-portion waveform
is to bé decreased or increased (contracted or stretched),
it just suffices to decrease or increase the looping or
20 repetition time of the loop waveform segments. In case the
time length of the body-portion waveform is to be decreased
further, the body-portion waveform may be read out in a
thinned-out manner, i.e. with desired one or more of the
N loop waveform segments be skipped as appropriate. If,
25 on the other hand, the time 1length of the bédy-portion
wavefornl is to be increased further, desired two or more
of the N loop waveform segments may be inserted

additionally between the N loop waveform segments in



predeterm ned order or randomy. At step S2a in (a) of Fig. 9, data

I ndicative of the level at the start point (start-point |evel) of the

har noni ¢ conponent' s anplitude vector HA (position "0" of 5 HAin (c) of
Fig. 10) of the body-portion rendition style nodule pertaining to the next
rendition style event is obtained fromthe rendition style table. Then, at
next step S3a, a velocity value, volune setting value, etc. are added to
t he obtained start-point |evel data te shereby 10 cal cul ate an actual
start-point |evel of the harnmonic conponent’' s. anplitude vector HA of the

body-portion _rendition style nodule, and the thus-cal cul ated actual
st art - poi eTeegEeTPLNE oFdes, AnpFRPAaB¥evel (value) at the end point

iti "2" HA.I f Fig., 10 f 15_.th ' ' h
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pertaining to the next rendition style event is obtaine romthe ren i on
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start-point pitch value data to thereby cal culate an actual start-point
pi tch val uro@filé hepdwt aDmitg 2k copenenkxts pehahtyeat ostyiPeofetdret is
body-portion rendition style nodule, and the thus-cal cul ated act ual
start-poi nobtpined fatame thesetemditipnt gtwila utabhlet he &henpoiat next
(position "2" of HP in (a) of Fig. 10) of the harnonic - 62
step S3a, a velocity value, volume setting value, etc. are
added to the obtained start-point level data to thereby
10 calculate an actual start-point 1level of the harmonic
component’' s. amplitude vector HA of the body-portion
rendition style module, and the thus-calculated actual
start-point level is set as an amplitude level (value) at
the end point (position "2" of HA in (a) of Fig. 10) of
15 the harmonic component in the attéck-portion rendition style
module pertaining to the current rendition style event.
Similarly, data indicative of the value at the start
- point (start-point level) of the harmonic component’ s pitch
vector HP (position "0" of HP in (c) of Fig. 10) of the
20 body-portion rendition style module pertaining to the next
rendition style event is obtained from the rendition style
table. Then, a pitch control value is added to the
obtained start-point pitch value data to thereby calculate
an actual start-point pitch value of the harmonic
25 component’ s pitch véctor HP of the body-portion rendition
style module, and the thus-calculated actual start-point

pitch value is set as a pitch wvalue at the end point

(position "2" of HP in (a) of Fig. 10) of the harmonic



conponent in the attack-portion rendition style nodule pertaining to the
current rendition style event. Section (d) of Fig. 10 shows exanples of the
vectors of the nonharnonic conponent of the body-portion rendition 5
style nmodul e; specifically, "NHA" represents a train of representative
sanpl e point nunbers (in the illustrated exanple, tw sanple points "0"
and "1") of the anplitude vector of the nonharnonic conponent, and "NHT"
schematically shows an exanple of the waveform shape vector of the 10
nonhar noni ¢ conponent. Here, the nonharnoni c conponent’ s waveform shape
vector includes three, blocks; the first hlock conprises a full waveform

section of CPRORGRhar #Bni ERCcofbSAEKT POE tHRPef SERAAALR f GtYaSpr APA%H ST ned
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the tine Iength of the body portion is perforned by" adjusting the | ooped
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conponent' s waveform shape to be |ooped (Loop). At step S2a in (a) of
Fig. 9, datepreséntatieeofsample2pdivel mimbdwes st@rd prent idflddtrated
nonhar moni ¢ conponent’' s anplitude vector NHA (position "0" of NHA in (d)
of Fig. l1&xamgplehe thadyspopleopaiaridi tI'oh snd e" bbdlulof ptheaiamplgitude t he
next rendition style event is obtained fromthe 63
vector of the nonharmonic component, and "NHT" schematically
shows an example of the waveform shape vector of the
10 nonharmonic component. Here, the nonharmonic component’ s
waveform shape vector includes three blocks; the first
block comprises a full waveform section of the nonharmonic
component ' s waveform shape for a predetermined time period
"NHBlockTimeO", the second block comprises a nonharmonic
15 component’ s waveform shape to be looped (Loop), and the
third block comprises a full waveform section of the
nonharmonic component’ s waveform shape for a predetermined
time period "NHBlockTimel. Adjustment of the time 1length
of the nonharmonic component’ s waveform shape relative to
20 the time 1length of the body portion is performed by
adjusting the 1looped (r'epeated) reproduction length_of the
second block, i.e. the nonharmonic component’ s waveform
shape to be looped (Loop).
At étep S2a in (a) of Fig. 9, data indicative of the
25 level at the start point of the nonharmonic component’ s
amplitude vector NHA (position "0" of NHA in (d) of Fig.

10) of the body-portion rendition style module pertaining

to the next rendition style event is obtained from the



rendition style table. Then, at next step S3a, a velocity value, volune
setting value, etc. are added to the obtained start-point |evel data to
t hereby cal cul ate an actual start-point |evel of the nonharnonic
conponent’ s anplitude 5 vector NHA of the body-portion rendition style
nodul e, and the thus-calculated actual start-point level is set as an
anplitude | evel (value) at the end point (position "1" of NHA in (d) of
Fig. 10) of the nonharnonic conponent'- 3 anplitude vector in the
attack-portion rendition style 10 nodule pertaining to the current
rendition style event. _Upon conpletion of the above-described operations,
the reheaFeBfipieRessvdbedaty st eptR2R i AL DXt FFEP 932wnér ¥eliqeity
instructs the rendition st*l synt hesi s section 23 init%pte nt hesi s
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rendition style event (event EV3 in the exanple of Fig. 8). Once the

rehear sal phecanushamlrante@pacted]l sharft-@puieft Figvel5 igovast oast an
processing by the rendition style synthesis 25 section 23 to be descri bed
| at er. Theahplibtudag learedgr Gpdbue Headr ithee t brdr plodatsal pgs dtbss Carricd out
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NHA in (d) of Fig. 10) of the nonharmonic component’ s
amplitude vector in the attack-portion rendition style
10 module pertaining to the current rendition style event.
Upon completion of the above-described operations, the
rehearsal process goes to step S4a in (a) of Fig. 9, where
it instructs the rendition style synthesis section 23 to
initiate synthesis of an attack-portion rendition style
15 module pertaining to the current rendition style event. At
next step Sbha, the end times of the harmonic and
nonharmonic components "endTimeH" and "endTimeNH" for the
current rendition style event (event EV1l in the example of
Fig. 8), which have been determined in the above-described
20 manner, are set as data defining module start times of the
‘harmonic and nonharmonic components for the next rendition
style event (event EV3 in the example of Fig. 8). Once
the rehearsal process has been completed, the flow of Fig.
5 moves on to processing by the rendition style synthesis
25 section 23 to be described later. The following paragraphs
deséribe the rehearsal process carried out for other types

of rendition style modules.

<Body-portion Module)



Fig. 9B is a flow chart showi ng an exenplary step sequence of the
rehearsal process when the current event designates a rendition style
nodul e of a body portion ("Body Mdul e Rehearsal Process"). 5 At step Slb,
each rendition style event to be currently processed (current event)
(event EV3 or EV6 in the illustrated exanple of Fig. 8) is sent to the
rendition style synthesis section 23, and the vector IDs, trains of
representative sanpl e point nunbers (Shasge) and other 10 paraneters
corresponding to the rendition style ID designating a particul ar

body-portion rendition style nodule are read out, as rehearsal data, from
the above-ment i 5h8d $BndiSti 8n W e WMAFite SROWRBISyARNRFLRERYY 0rF B2 The

t hus read-out rehears IEﬁata re given to the performance 15 ggﬁt sect.ion
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rendition style are used e as they are. step S2b, a next rendition
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rendition style synthesis section 23, and the vector IDs, trains of
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corresponding to the rendition style ID are read out and given to the
per f or mancthealllasttrhdrd22xamplichef Risgs ®f whi shnthéopahte seotdioni aiv
determ nes or adjusts paraneters (control data), such as levels and tine
val ues, 65style synthesis section 23, and the vector IDs, trains of
representative sample point numbers (Shape) and other
10 parameters corresponding to the rendition style ID
designating a particular body-portion rendition style module
are read out, as rehearsal data, from the above-mentioned
rendition style table by the synthesis section 23. The
thus read-out rehearsal data are given to the performance
15 part section 22, on the basis of which the part section 22
determines or adjusts parameters (control data), such as
levels and time values, in the manner to be described
below. Note that those of the parameters hafring already
been adjusted or changed during the rehearsal process for
20 the last rendition style are used here as they are.

At step S2b, a next rendition style event or future
event obtained by advance readout is sent to the rendition
style synthesis section 23, and the vector IDs, trains of
representative sample point numbers (Shape) and other

25 parameters corresponding to the rendition style ID are read
out and given to the performance part section 22, on the

basis of which the part section 22 determines or adjusts

parameters (control data), such as levels and time values,



in the manner to be described. The body-portion designating rendition
style event is followed by a rendition style event designating a releas

portion or
event EV4

joint portion. In the exanple of Fig. 8, the rendition 5 sty
designating a joint-portion rendition style nodule and

correspondi ng note-on event EV5 foll ow the body- portion designating

rendition

style event EV3, and the rendition style event EV7 designatin

rel ease-portion rendition style nodul-eéand correspondi ng note-of f event
| ow t he body-portion designating rendition style event EV6. At

EV8 10 fol
steps S3b

and S5b, predetermned tine and | evel data of the rendition
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rendition style event EV7 designating a release-portion
rendition style module and corresponding note-off event EVS
follow the body-portion designating rendition sfyle event
EV6.

At steps S3b and S5b, predetermined time and level
data of the rendition style module pertaining to the
current rendition style event are determined or adjusted on
the basis of the thus-obtained various data of the current
and next rendition style events. At step S4b, the
rehearsal process instructs the rendition style synthesis
section 23 to initiate synthesis of a Dbody-portion
rendition style module pertaining to the current rendition
style event.

Basically, the start time of the body-portion rendition
style module is adjusted to match the end time of the
immediately preceding rendition style module, and the end
time of the body-portion rendition style module is adjusted
to match a start tihe of the immediately succeeding
rendition style module. Further, as the respective start-
and end-point 1levels of the amplitude vectors of the

harmonic and nonharmonic components and the start- and end-

e
| e

g a

of
I

tion style nodule Is adjusted to mat'ch the ‘end time of

t he



point |levels of the pitch vector of the harnonic conponent of the
body-portion rendition style nodule, those of the preceding and succeeding
rendition style nodule are used. Nanely, the rehearsal process is
performed such that the 5 end-point |evels of the preceding rendition style
nodule are set to match the start-point |evels of the body-portion
rendition style nodule and the start-point |levels of the succeeding
rendition style nodule are set to matceheéwhe end- point |evels of the
body-portion rendition style nodule. 10 The start tinmes of the harnonic and
nonhar moni ¢  conponents of the body-portion rendition style nodul e need

not be detBPifhedeN&ls HectiRePihE) WARECA r¥hdiPBebATTRRLE HHRPH Y he
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nodul e. Then, at step S3b, the thus- determ ned start tines of the harnonic

and nonhar gp8i getCcampoaidls e t itanexpoinddibivanssoyfl enhddy {pattease or

25 joint portion) are determ ned as the respective end tinmes of the

har noni ¢ anenddhhennsiyleompdodet sand tthe cetarhtpoboty-Jmordélisnofenthe i on

style nodule. Details of such tine determ ning operations nmay be - 67
succeeding rendition style module are set to match the end-
point levels of the body-portion rendition style module.

10 The start times of the harmonic and nonharmonic
components of the body-portion rendition style module need
not be determined here, because they have already been
determined by the rehearsal process performed for the
preceding rendition style event (e.g., the above-described

15 attack-portion rendition style module event).

In order to determine the respective end times of the
harmonic and nonharmonic components of the body-portion
rendition style module, the next rendition style module
(release or joint portion) is subjected to the rehearsal

20 process at S2b so as to determine the respective start
times of the harmonic and nonharmonic components of the
next rendition style module. Then, at step S3b, the thus-
determined start times of the harmonic and nonharmonic
components of the next rendition style module (release or

25 joint portion) are determined as the respectiVe end times
of the harmonic and nonharmonic components of the current

'body-portion rendition style module.

Details of such time determining‘ operations may be



carried out in substantially the sanme manner as described above in
relation to the attack-portion rendition style nodule. For reference

pur poses, section (a) of Fig. 11 shows 5 exanples of the vectors of the
har noni ¢ conponent in the joint-portion rendition style nodule follow ng

t he body- portion rendition style nodule, and section (b) of Fig. 11 shows
exanpl es of the vectors of the nonharnonic conponent in the joint-portion
rendition style nodul e. Reference 10 characters "HA", "HP", "HT", "NHA",
"NHT", etc. have the sanme neanings as explained earlier in relation to

Fi g. 10. In (a) .of Fig, 11, a paraneter "preTinmeH', defining a start _tine
of the harﬁ%ﬁFéeéoﬂ&iuﬁﬁ sybstiontdald Yoi ther 6ARE Wﬁﬂ%%%naﬁlﬁﬁ%QQ%p%Qent

occurrence_time in the jaoint 1 por ion (event EV5.in the e of Fig.
8) and a ﬁBQg?othgéﬁﬂkﬁPth ar t Fln%£5?0€h%°ﬁﬁ+ﬂﬁniﬁe%€hﬁb ntSi¥le t he
j oi nt porti ?8@%%” the rehearsal process, the tinme stanp of the note-on
event (even in the exanple of Fig. 8) is obtained to know the act ual
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11), and the d| erence betwe e acf ual tone-generatlon start point and
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“preTimeH") is set as the start time of the harmonic conponent i n the.
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t he harnonic conponent in the joint-portion rendition style nodule having
been det erponetfiohy rehditdbearsatlgrocésse| sanfetseastiide eémp dbENFigf. tite
har noni ¢ conponent in the body 68
shows examples of the vectors of the nonharmonic component
in the joint-portion rendition style module. Reference
10 characters "HA", "HP", "HT", "NHA", "NHT", etc. have the
same meanings as explained earlier in relation to Fig. 10.
In (a) of Fig. 11, a parameter "preTimeH", defining a start
time of the harmonic component, specifies a difference
between a note-on event occurrence time in the joint
15 portion (event EV5 in the example of Fig. 8) and a
waveform-generation start time of the harmonic component in
the Jjoint portion. In the rehearsal process, the time
stamp of the note-on event (event EV5 in the example of
Fig. 8) is obtained to know the actual tone-generation
20 start point ("noteOnTime"” in the example of (a) of Fig.
11), and the difference between the actual tone-generation
start point and the start time represented by the parameter
"preTimeH" ("noteOnTime" - "preTimeH") is set as the start
time of the harmonic component in the joint-portion
25 rendition style module. In this way, the start time of
the harmonic component in the joint—ﬁortion rendition style

module having been determined by the rehearsal process is

set as the end time of the harmonic component in the body-



portion rendition style nDduIe. Simlarly, the rehearsal process is
performed using a paraneter "preTi meNH', denoted in (b) of Fig. 11 and
defining a start tinme of the nonharnonic conmponent, so that the start tine
of the 5 nonharnonic conponent in the joint-portion rendition style nodule
Is determ ned and set as the end tine of the nonharnonic conponent in the
body-portion rendition style nodule. The respective start-point |evels of
the anplitude 10 vectors of the harneniég and nonhar noni ¢ conmponents and
start-point |evel of the pitch vector of the harnonic conponent in the
body- portion rendition style nodul e have already been set y the
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vector of the harnonic conponent in a rendition style nodul e designated by
a next rendnhaomosfiyl ecamorier(tf utior etley ey -Petraiilon ofesdthibevaltyle
determ ni ng operations may be - 69
module.
The respective start-point levels of the amplitude
10 vectors of the harmonic and nonharmonic components and
start-point 1level of the pitch vector of the hafmonic
component in the body-portion rendition style module have
already been set, by the rehearsal process performed for
the preceding (e.g., attack-portion) rendition style module,
15 as the respective end-point levels of the amplitude vectors
of the harmonic and nonharmonic components and end-point
level of the pitch vector of the harmonic component in the
preceding (e.g., attack-portion) rendition style module.
Therefore, at next step S5b, the respective end-point
20 levels of the amplitude vectors of the harmonic and
nonharmonic components and end-point level of the pitch
vector of the harmonic component in the body-portion
rendition style module are set as start;point levels of the
amplitude vectors of the harmonic and nonharmonic components
25 and start-point level of the pitch vector of the harmonic
component in a rendition style module designated by a next

rendition style event (future event).

Details of such level determining operations may be



carried out in substantially the sanme manner as described above in
relation to the attack-portion rendition style nodule. Nanely, data

i ndicative of the level at the end point of the harnonic conponent' s
anplitude vector HA 5 (position "1" of HAin (c) of Fig. 10) of the
body-portion rendition style nodule pertaining to the current rendition
style is obtained fromthe rendition style table. Then, a velocity val ue,
volume setting value, etc. are added to69t he obtai ned end-point |evel data
to thereby calculate an 10 actual end-point |evel of the harnonic
conponent’' s anplitude  vector HA of _the body-portion renditiaon sgxle
nmodul e, anSPTFhedt RYL- cif c§RREEANEdaddY e pSPRe IMARdes sagedegoribed
anmplitude | evel (value), at. the start poipnt ositjon "0" of. HAin_ (a) of
BE 10) CoFBERE R e Cshonnt Ehe atbr R ROTERR Rt I . RS on
styl e nod tainy t e jtion.style nt. Sinjlarly, . data
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value is added to the obtained end-point pitch value data tothereby
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pitch vector HP of the body-portion rendition 25 style nodule, and the
t hus- cal custy®e det uabtaidegoifitonpi thé nealdidiich setyade aghiliech valhem.at
the start point (position "0" of HP in (a) of Fig. 11) of the harnonic
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the obtained end-point level data to thereby calculate an
10 actual end-point level of the harmonic component’ s amplitude
| vector HA of the body-portion rendition style module, and
the thus-calculated actual end-point level is set as an
amplitude level (value) at the start point (position "0" of
HA in (a) of Fig. 11) of the harmonic component’ s amplitude
15 vector of the rendition style module pertaining to the next
rendition style event. Similarly, data indicative of the
value at the end point of the harmonic component' s pitch
vector HP (position "1" of HP in (c) of Fig. 10) of the
body-portion rendition style moduie pertaining_ to the
20 chrent rendition style event is obtained from the
rendition style table. Then, a control value is added to
the obtained end-point pitch value data to thereby
calculate an actual end-point pitch wvalue of the harmonic
component’ s pitch vector HP of the body-portion rendition
25 style module, and the thus-calculated actual end-point pitch
value is set as a pitch value at the start point (position

"O0" of HP in (a) of Fig. 11) of the harmonic component’ s

pitch vector of the body-portion rendition style module



pertaining to the next rendition style event. Similarly, data indicative of
the level at the end point of the nonharnonic conponent' s anplitude
vector NHA (position "1" of NHA in (d) of Fig. 10) of the body 5 portion
rendition style nodule pertaining to the current rendition style event is
obtained fromthe rendition style table. Then, a velocity val ue, volune
setting value, etc. are added to the obtained start-point |level data to

t hereby cal culate an actual end-point kevel of the nonharnonic 10
conponent’' s anplitude vector NHA of the body-portion rendition style
nodul e, and the thus-cal cul ated actual_ end- point level is set as an

anpl i t ude PeYEpiniRgudpP ofhe heex§t Handidiimn (pbelei 68¥en$ of NHA in (b) of
Fig. 11) of the_ nonharnoni¢c conponent' s anplitude vectqr of the rendjtion
15 5t yl ¢ modul SSHBIEEFhYng 9854 hd PSR ti¥e PFortRE yHeved cht, the en

<Joi nt-portion Mquleg> Fig. ,9C is .a flow chart.show ng .an _exenpl ar

sequence. ofofRE Pehetig artrseni G e ROPREENF; o YRR TReREE N,
rendition ul & of J Rt rtj Y J Qi | eoRehgas s _
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processed LGHEEEAT RURID1dEY SRS EVlodlfle EVR vtk diftfy | ltbUsthat @i &eip! e

of Fig. 8) is sent to the rendifion 25 style synthesis section 23, and the
vector | Dsrehd@tiénOktyllepreaait alsvebtannea Fidd fnEbeesalithane)stdngd

other paraneters corresponding to the rendition style ID designating a
parti cul artapiat - paddmn 4 endilbtanystigl@me, Aolume setting value, etc.
are added to the obtained start-point level data to thereby
calculate an actual end-point 1level of the nonharmonic
10 component’ s amplitude vector NHA of the body-portion
rendition style module, and the thus-calculated actual end-
point level is set as an amplitude level (value) at the
start point (position "O" of NHA in (b) of Fig. 11) of the
nonharmonic component’ s amplitude vector of the rendition
15 style module pertaining to the next rendition .style
event.
<Joint-portion Module)>

Fig. 9C is a flow chart showing an exemplary step

sequence of the rehearsal process when the current event
20 designates a rendition style module of a joint portion
("Joint Module Rehearsal Process").

At step Slc, each rendition style event to be
currently processed (current event) (events EV4 and EV5 in
the illustrated example of Fig. 8) is sent to the rendition

25 style synthesis section 23, and the vector IDs, trains of
representative sample point numbers (Shape) and other
parameters corresponding to the rendition style ID

designating a particular Jjoint-portion rendition style



nodul e are read out, as rehearsal data, fromthe above- nentioned rendition
style table by the rendltlon style synthesis section 23. The thus read-out
rehearsal data are given to the performance part section 22, on the basis
of 5 which the part section 22 determ nes or adjusts paraneters (control
data), such as levels and tinme values, in the manner to be descri bed
below. Note that those of the paraneters having already been adjusted or
changed during the rehearsal process-fgn the preceding rendition style are
, 10 used here as they are. At step S2c, a next rendition style event or
future event obtained by advance readout is sent to the rendition style
synt hesi s Be@¢lenare sAAAt M YecSr ¥%ea¥?§1néﬂ4ﬁa' r EpPBs et et iAPOVEanpl e

poi nt nunbers (Shape) and other 15 paraneters corr nd| to the
rendition 'B??F%WI‘ areeRehion s gi YA€ 0 Bhe Par 59 i on
22, on the S. of whi par, se tion_22 det rn1 es_or sts

par anet er SYREREIS. BRFHTPsach acnvares araat: st  APieer2arndhnd Beener

to be descwgﬁ' £hGd naéﬁ{;fﬁlaseé 9!%8' 1819 5ENdId Ofh Sl KhE1 GVYE 1S

fol |l oned rend event ~desi gnating a sécond body poriion
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9C, predetermned tinme and level data for the rendition styl'e nodul e

pertai ni ng(&ont261t ity f edfuckendit | pavely| earfyertin@ evadetes i Nl Ghe
.adjusted on the basis of the thus-obtained various data of the current

and next reaghétontst Pee aesriribedt BeéRpwS4AC, Ndtee rnhhear sabspr ceSthe
I nstructs the rendition style - 72
parameters having already been adjusted or changed during
the rehearsal process for the preceding rendition style are
10 used here as ‘they are.

At step S2c, a next rendition style event or future
event obtained by advance readout is sent to the rendition
stylé synthesis section 23, and the vector IDs, trains of
representative sample point numbers (Shape) and other

15 parameters corresponding to the rendition style ID are read
out and given to the performance part section 22, on the
basis of which the part section 22 determines or adjusts
parameters (control data), such as levels and time values,
in the manner to be described. The joint-portion

20 designating rendition style event is followed by a
rendition style event designating a second body portion
(e.g., event EV6 in the example of Fig. 8).

At steps S3c and S5¢ of Fig. 9C, predetermined time
and level data for the rendition style module pertaining to

25 the current rendition style event are determined or
.adjusted on the basis of the thus-obtained various data of

the current and next rendition style events. At step S4c,

the rehearsal process instructs the rendition style



synthesis section 23 to initiate synthesis of the joint- portion rendition
style nodul e pertaining to the current rendition style event. Basically,
in the rehearsal process, the respective 5 start-point |levels of the

anpl itude vectors of the harnmonic and nonharnoni c conponents and
start-point |evel of the pitch vector of the harnonic conponent in the
joint-portion rendition style nodule are adjusted to nmatch the end-point

| evel s of the corresponding vectors of tthe-precedi ng body 10 portion
rendition style nodule (e.g., EV3 in the exanple of Fig. 8), and the
respective_end-point |evels of the nﬁlltude vectors, of the harnonic and

nonhar noni EYBBH' ShENESECHAP ehd- Pt nd E%QFeofSYIhEh%?’t%h ofectht oriMe
har nmoni ¢ onent i n. the 0|nt portign.rendition st nogdul e are 1

adj ust ed tBSREEER sﬁeMltaoth s oty e Bt Shaid Fe  ther sy,
succeedin t ren n style nodul e e.g., EV6 in the exanple
o? Fig. IS?rg§§¥tP§ﬁ %% e r%&%%gtlveystart BO|nt(Ie8eIs of the anpli?Ede

vectors of the hacypgi gyand QoA MaheasauRONSbEes2) 2k SLAUdsRAI e

| evel of the pItC vect t he harnoni ¢ conponent in j oi nt-portion
rendi tgon style- ﬂ@ﬂﬂtelaaéis I eafly Lmeni ded&r vb8edrhy oehaneehRaniilic
process performed for the preceding rendition style event (step S5b in
Fig. 9B),andd neilk€riidiebe daigonmsity latldel stare -poaatheleve5 of the
Accordingly, the operation of at step Sac is perfornmed, using the
rehear sal petcht sectorhefnebtie Hoaymeroic | comporeadtt don tdtey | jeo imdchg cer taicgui r ed

at step S2c above, in such a manner that the respective end-point |evels
of the - 7Bendition style module are adjusted to match the end-point

levels of the corresponding vectors of the preceding body-

10 portion rendition style module (e.g., EV3 in the example of

Fig. 8), and the respective end-point 1levels of the

amplitude vectors of the harmonic and nonharmonic components

and end-point level of the pitch vector of the harmonic

component in the Jjoint-portion rendition style module are

15 adjusted to match start-point levels of the corresponding

vectors of a succeeding body-portion rendition style module
(e.g., EV6 in the example of Fig. 8).

Note that the respective start-point 1levels of the

amplitude vectors of the harmonic and nonharmonic components

20 and start-point level of the pitch vector of the harmonic

component in the joint-portion rendition style module have

already been determined by the rehearsal process performed

for the preceding rendition style event (step S5b in Fig.

9B), and hence these start-point levels are used here.

25 Accordingly, the operation of at step S3c is performed,

| using the rehearsal results of the next body-portion

rendition style module acquired at step S2c above, in such

a manner that the respective end-point levels of the



anpl itude vectors of the harnoni c and nonharnoni ¢ conponents and
start-point level of the pitch vector of the harnonic conponent in the
joint-portion rendition style nodule are set to correspond with the
start-point levels of the 5 correspondi ng vectors of the succeedi ng
rendition style nodule. The operation of step S3c may be perforned in a
simlar manner to step S3a of Fig. 9A and hence will not be descried in
detail here. Start times of the joint-pestion rendition style nmodule 10
are set in substantially the same nmanner as described above in relation to

(a) of Fig. 11 Nanely, the tinme stanp of A the next event, i.e. note-on
event, (evRP Eﬁ%d?nV?ﬁE°r§xaﬁpFBeoPaFW8n1§)an SOPRETERTES ISR NER Lt ual

1) and (PR oPRAEFREA el YRR LG AR E R eGRE: A1 oh et JRETRANG and
pr eTi ot OREORERE 3T fle o bt AR T §$%%ﬁ§@ca‘np2ﬁ%§§ﬁ%"%¥e
j oi nt - porg%gn £&§ndLbi-PassbnGe W@l{j' €thet aE—:TtaE:‘t”Bo‘iBtt h§ e 100NRE

conmponent the jornt-portion rendition style rimodule is also g@tern1ned
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Fig. 11. These start tines may be determ ned during the rehearsal
operati on mbdsiep SlThe 2bpERdtibAESoOf st8p [SBANIm@Pr bieOpdEfvkmd®nifit \d e

nodule are also set in substantially the sane manner as described above
In rel ati osimblén) mahnleirg. td 1stepned3g OEcHise tOk apdr dvagiee Wpddt TiateH',
defining an end tine of the harnonic 74
be descried in detail here.
Start times of the joint-portion rendition style module
10 are set in substantially the same manner as described above
in relation to (a) of Fig. 11. Namely, the time stamp of
the next event, i.e. note-on event, (event EV5 in the
example of Fig. 8) is obtained to know the actual tone-
generation start point ("noteOnTime" in the example of (a)
15 of Fig. 11), and the difference between the actual tone-
generation start point and the start time represented by
the parameter "preTimeH" ("noteOnTime" - "preTimeH") is set
as fhe start time of the harmonic component of the joint-
portion rendition style module. Start time of the
20 nonharmonic component of the joint-portion rendition style
module is also determined in substantially the same manner
as described above in relation to (b) of Fig. 11. These
start times may be determined during the rehearsal
operation of step Slc.
25 End times of the joint-portion rendition style module
are also . set in substantially the same manner as described

above in relation to (a) of Fig. 11. Namely, because the

parameter "postTimeH", defining an end time of the harmonic



conponent, specifies a difference between a next note-on event occurrence
time in the joint portion (event EV5 in the exanple of Fig. 8) and a
wavef orm generation end tine of the harnonic conponent of the joint
portion, the tine 5 specified by the paraneter "postTineH' is added to the
occurrence tinme "noteOnTine of the in the joint portion (event EV5 in the
exanple of Fig. 8), and the resulting sum"noteOnTine + postTinmeH' is
determned as the end tinme of the harngri e conponent of the joint-portion
rendition 10 style nmodule. Thus, at step S5c, the end tinme of the harnonic
conponent in the Lgint- ortion rendition stxle nodul e havinngeen

det er mi ned“BYPPRE Feh es%’rfjp?%céssd?'gge’é%? &s REUERR & nRedF R %fhoni ¢

t i next _body- ti ; [ ti St.yl dule., Sim.l , fhe 15
Fenearsal BYOREeS IR TIAH nERTBoi D BBar il br PO OSET (ROIH . “BUNorkh i n
(b) of Fi gtla(:-]sl.e fci%f' ”91@(‘ d ah&™ QfaddiEoAen %ﬂé‘Pé“cf £ OBRA" e SO
that the end tine of = tRe nonharnonic conponent Tn e JOlﬁ?-portlon
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nonhar moni ¢ conponent in the next body-portion~rendition style nodule.
<Rel eage (Epatshielbdsy exHd 9. paanieted f "PWsthderhowsNdaddegXet®! arne st ep

sequence of the rehearsal process when the current event 25 designates a
rendi tion stghersnddl etirhe a ")t ifdd Nbgh) theorin onhe" Rgdbease phackien
Rehearsal Process"). At step Sld, each rendition style event to be
currently peveBts&&VT canr etiie eectamp leeveht Fil6V7 ahd B8l i hhe Aesulting
sum "noteOnTime + postTimeH" is determined as the end time
of the harmonic component of the joint-portion rendition
10 style module. ‘Thus, at step S5c¢, the end time of the
harmonic component in the joint-portion rendition style
module having been determined by the rehearsal process is
set as a start time of the harmonic component in a next
body-portion rendition style module. Similarly, the
15 rehearsal process is performed using a parameter
"postTimeNH", denoted in (b) of Fig. 11 and defining an end
time of the nonharmonic component, so that the end time of
the nonharmonic component in the Jjoint-portion rendition
style module is determined and set as a start time of the
20 nonharmonic component 1in the next body-portion rendition
style module.
<Release (Finish) Module>
Fig. 9D is a flow chart showing an exemplary step
sequence of the rehearsal process when the current event
25 designates a rendition style module of a release (finish)
portion ("Release Module Rehearsal Process").

At step Si4, each rendition style event to be

currently processed (current event) (events EV7 and EV8 in



the illustrated exanple of Fig. 8) is sent to the rendition style
synthesis section 23, and the vector IDs, trains of representative sanple
poi nt nunbers (Shape) and other parameters corresponding to the rendition
style ID 5 designating a particular rel ease-portion rendition style nodule
are read out, as rehearsal data, fromthe above- nmentioned rendition style
table by the rendition style synthesis section 23. The thus read-out
rehearsal data are then given to the-pg6fermance part section 22, on the
basis 10 of which the part section 22 determ nes or adjusts par anet ers

(control data), _ such as levels and tinme values, in the manner to be
descri bed BR®owlINgtEatRd: exkRBRd oL FHé’p&?hnh?eF%nﬁa$Pn§h§IF@ﬁﬁviﬁéﬁh
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rendition style nodule, and section (d) of Fig. 11 shows exanples of the
vectors of mp@el8ondiy N"eehE S@EPORENt réRebhgal el ®@aSe; pEromoNthiendidovat

styl e nodul e. 25 Reference characters "HA", "HP', "HT", "NHA", "NHT", etc.
have t he smertieaadngsenaditiphai sieyleartaklei rbyeHate orrdmiltﬁcgl ko:yJJm (c)
of Fig. 11, of paraneters defining a start time of the harnonic conponent,
"fadeTi nreFsyhthesis76ection 23. The thus readfout rehearsal data are
then given to the performance part section 22, on the basis

10 of which the part' section 22 determines or adjusts
parameters (control data), such as levels and time values,
in the manner to be described below. Note that those of
the parameters having already been adjusted or changed
during the rehearsal process for the preceding rendition

15 style event are used here as they are. Normally, at this
stage, all data necessary for the current rendition style
event have élready been obtained by the rehearsal process
performed for the previous rendition style events, and
thus, in practice, this step S1d may be dispensed with.

20 For reference purposes, section (c) of Fig. 11 shows
examples of the vectors of the harmonic component in the
release-portion rendition style module, and section (d) of
Fig. 11 shows examples of the vectors of the nonharmonic
component in the release-portion rendition style module.

25 Reference characters "HA", "HP", "HT", "NHA", "NHT", etc.
have the same meanings as explained earlief in relation to
Fig. 10. _ In (c) of Fig. 11, of parameters defining a

start time of the harmonic component, "fadeTimeF" is a



parameter specifying a tine for cross-fade synthesis between a trailing
wavef orm segnent of the preceding rendition style nodule and a | eading
wavef orm segnent of the release- portion rendition style nodule, and

"preBl ockTinmeF" is a 5 paraneter specifies a tine difference between the
end time of the cross-fade synthesis and an occurrence tinme of a next
event, i.e. note-off event, (event EV8 in the exanple of Fig. 8). Start
time of the harnonic conponent in the- el ease-portion rendition style
nodul e is determned on the 10 basis of the occurrence time of the note-off

event "noteOfTinme", nanely, by "noteXfTine - (fadeTinekF +
preBIocleHEF?meE?ErFPFPﬁgyéPQtﬁetﬁ@ﬁh§PﬁDﬁ?9%ﬁﬁE%¥éﬁWﬁF?e%Hﬁabetween
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nodul e (step € al ready- d erm ned
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anplltude vectors noni ¢ an arnn c conponents and
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rel ease-portion renditfion style nodule are adjusted to match the end- poi nt

|l evel s of bhe 1y r esperdifagie VELhOhes 0§ tdifl paacestagrbonlye parinieonof a
rendition style nodule 25 (e.g., EV6 in the exanple of Fig. 8). These

| evel s t oonekaveventeady. deenotleteffii rednlly t(feereargheBV8alinprihecsskample
performed for the precedi ng body-portion rendition style nodule (step S5b
of Fig. 9Bpf dnd@.th8k.theStaratjme PL -the harmonic component in the

release-portion rendition style module is determined on the

10 basis of the occurrence time of the note-off event

"noteOffTime", namely, by "noteOffTime - (fadeTimeF +

preBlockTimeF) . Start time of the nonharmonic component in

the release-portion rendition style module is determined by

"noteOffTime - preTimeNH. These start times have already

15 been determined by the rehearsal process performed for the

preceding body-portion rendition style module (steps S2b and

S3b of Fig. 9B), and thus the already-dgtermined start
times can be used here. |

The respective start-point levels of the amplitude

20 vectors of the harmonic and nonharmonic components and

start-point 1level of the pitch vector of the harmonic

component in the release-portion rendition style module are

adjusted to match the end-point levels of the corresponding

.Vectors of the preceding body-portion rendition style module

25 (e.g., EV6 in the example of Fig. 8). These levels too

have already been determined by the rehearsal process

performed for the preceding body-portion rendition style

module (step S5b of Fig. 9B), and thus the already-



determ ned | evels can be used here. Nanely, because the rehearsal
operations necessary for the tone-generation-termnating release (finish)
portion should have been conpleted by now, the rehearsal operation 5 of
step Sid is unnecessary in practice. At step S4d, the rehearsal process
instructs the rendition style synthesis section 23 to initiate synthesis
of the release-portion rendition style nodule pertaining to the current
rendition style event. 10 Note that thg7operations of steps S5a, Sbb and
S5¢ shown in Figs. 9A to 9C nay be performed during actual rendition
style synthesis by the rendition style synthesis section 23, rather than
during t hedpbRERIREGE Jreyedss €3t Re of®RPce part section 22. 15 (4)
Rendition Style %zn%hesbs Section 23: In F'i%Jr 5, thﬁ,rendition style
synthesi s sectiUAM98Y  pRECERSE (e FRRATF A nQRCTFRRYPPF o ReSEPFETYy fiMesi s
process og Lhe basis of the tL”EiSt%”Ee% rendi,tion st%ggi%%ﬁnt J.85¢81 ved
fromthe p P?orﬁgﬁgegﬁg?F Ee@?igﬁ 22"4na"dat 2 }8 |ﬁﬁiéat|ve f e

esults

-of the rehgﬁéﬁgh REQECSeed “c&ﬁ‘ﬁle{ggd:b%it Hyw! YI;ﬁeS%-Q}ng%lsglpro%ﬁ]q:&ig,be

rendition sty synthesis sectfion erprets and processes

rendi tson ot Whep ZaNd; panaRRsSay CaNt pPhcEdta. Of Adestepdishiaon td vl e
event, on the baSis of which the synfhesis section 25 23 reads out the

i ndi vi dual rgreaPEal Dproiy£senkiruees pehdt rendler do asfglanGMiiedlss

paraneters fromthe rendition style table. Then, the synthesis section 23

nodi fies, s@ahfjes 023 priocedsdtilaite t byatheadsoudfdatlee antkl&hse-portion
rendition style module pertaining to the current rendition
style event.

10 Note that the operations of steps S5a, S5b and S5c
shown in Figs. 9A to 9C may be performed during actual
rendition style synthesis by the rendition style synthesis
section 23, rather than during the rehearsal process by the
performance part section 22.

15 (4) Rendition Style Synthesis Section 23:

In Fig. 5, the rendition style synthesis section 23
performs the predetermined rendition style synthesis process
on the basis of the time-stamped rendition style event
received from the performance part section 22 and data

20 indicative of the results of the rehearsal process. In the
rendition style synthesis process, the rendition style
synthesis section 23 interprets and processes the rendition
style ID and parameters or control data of the rendition
style event, on the basis of which the synthesis section

25 23 reads out the individual vector 1IDs, representative
point number trains and various parameters from the
rendition style table. Then, the synthesis section 23

modifies, changes or processes the thus read-out data and



paranmeters. Further, the synthesis section 23 packets (makes a packet of)
the vector |IDs, representative point nunber trains, various paraneters,
etc. and the paraneters (control data), such as tinmes and |evels,

determ ned by the 5 rehearsal process, and outputs the packet as
time-serial streamdata. In Fig. 6, small blocks 331a, 331b, 33lc, .
illustrate timng at which the synthesis section 23 perforns the rendition

styl e synthesis process. Further, in-Fi7g. -6, block 330 represents an
out put process section 10 for outputting the packeted streamdata, in which
smal |l bl ocks 330a, 330b,_330c, ... illustrate output timng of the

i ndi vi dual Pa¥#BehfBSta. (BYTWRSEf or TSy MRS R ctIYH W 143 FRECKSLS ne
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prefetch tine , creates énvel ope waveform shapes of the anp
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paraneters, etc. ahead of the current tinme by the above-nentioned out put
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performs the rendition style synthesis process. Further,
in Fig. 6, block 330 represents an output process section
10 for outputting the packeted stream data, in which small
blocks 330a, 330b, 330c, ... 1illustrate output timing of
the individual stream data.
(5) Waveform Synthesis Section 24:
In Fig. 5, the waveform synthesis section 24 receives,
15 from the rendition style synthesis section 23, the packeted
stream data including the vector IDs, representative point
number trains, etc., reads out waveform template data and
the like from the code book of the waveform dJdatabase in
accordance with the vector IDs ahead of the current time
20 by the above-mentioned prefetch time . Ccreates envelope
waveform shapes of the amplitude and pitch vectors on the
basis of the representative point number trains, parameters,
etc. ahead of the current time by the above-mentioned
output latency period ., and then produces harmonic and
25 nonharmonic components’ waveforms of the rendition style
waveform on the basis of the envelope waveform shapes and

the like. After that, the synthesis section 24 pastes the

harmonic and nonharmonic components’ waveforms of the



rendition style waveformto predetermned tine positions in accordance
with their respective tine data and then additively synthesizes these
waveforms to ultinmately synthesize a rendition style waveform Each
reproduction 5 tine (i.e., current tinme) data established here is given to
t he easy player section 20 and used for real-tinme display of a changing
reproduced position (tinme). In Fig. 6, blocks 341, 342, 343,

illustrate timng for data prefetch £ram the code book of the waveform
dat abase. hbte 10 that to allow the synthesis section 24 to create

rendi tion ile waveform data on the basis of the above-nentioned
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buffer are out at a pre eter ed sanpling frequency an
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been descri bed above as performng the data readout of each current

rendi ti on shyl easgvaiiayper sdeanen oAt san@€adeed oo cealespmadidigpldyr e
25 rendition style event every predeterm ned tine period the present

I nventi on of rot mrgingd edepfrodumedippesittien ddtamedadout Imf Regh durrent
rendition style event and advance data readout of the corresponding future
renditi on plogies 341, 342, 343, ... illustrate timing for data
prefetch from the code book of the waveform database. Note
10 that to allow the synthesis section 24 to create rendition
style waveform data on the basis of the above-mentioned
waveform template data, envelope waveform shapes of the
amplitude and pitch vectors, etc. as noted above, there may
be employed, for example, a technique commonly known as
15 "software tone generator". The rendition style waveform
data created by the synthesis section 24 are given to an
output buffer that is provided within the waveform output
section 108 of Fig. 1. Then, the rendition style waveform
data thus stored in the output buffer are read out at a
20 predetermined sampling frequency and audibly sounded via the
sound system 108A of Fig. 1.

Whereas the embodiment has been described above as
performing the data readout of each current rendition style
event and advance data readout of a corresponding future

25 rendition style event every predetermined time period ,
the present invention is not so limited; for example, the

data readout of each current rendition style event and

advance data readout of the corresponding future rendition



style event may be perforned at any desired tine. In sumary, the present
invention is characterized in that when a given piece of perfornmance event
information at a given time point is to be processed in accordance with 5
t he pieces of performance event information supplied in accordance with
the order of tine, another piece of performance event information rel ated
to one or nore events follow ng the given piece of performance event
information is obtained in advance of gopredeterm ned original tinme 10
position of the other piece of performance event information and then

control data corresponding to a rendition style nodul e designated by at
| east one PEYIReVENFeMIY et PETFOT GG et e2BYefteSiHest bt Pen and the

ot her piece of gerfornance vent i nformation qgbtained jn adyance éS,are
generated on t hE" bSHEEH +¢ H %ﬂ?ﬁﬁsﬁ?gcéngﬁﬁqﬂﬂg %ﬁh%haﬁ?8¥8r6Fe in

performancg event information.. This _iny Y rran nb rm.t.s_creation
of  cont rol CHAY avhelPngvero bt o dbrbroriralh oAU RS theBEndsdar a0

-style ”Dduéeﬁﬁ%ﬁedtﬂﬂ?ZBB;iﬁ%Sii\@ RLEGRS gEoESEEQ ”%QP%@QoE&%HI:e wit

i nformation. “For exanp e present 1 nvention thus arranged can apply

appropg i at ehPr QLRSS0 J0 LRerePhbnee d9bAtSULRrdARALtISNdidisph Add! &n
wavefornms designated by rendition style nodul es based on successive pieces

of perforagsseagnest watar mihieon dr@ehe Mt et cRONechadthde spaeida y.oB81 -
CLAIM5S 1. A waveform production nethod conprising: a step of supplying, in
accor dancepatrforoanee efehitnminformation related to one or more events
following the given piece of performance event information
is obtained in advance of a predetermined original time
10 position' of the other piece of performance event
information and then control data corresponding to a
rendition style module designated by at least one of the
given piece of performance event information and the other
piece of performance event information obtained in advancé_
15 are generated on the basis of the given piece and the
other piece of performance évent information. This
inventive arrangement permits creation of control data
taking into consideration relationships between rendition
style modules based on successive pieces of performance
20 event information. For example, the present invention thus
arranged can apply appropriate processing to the control
data such that rendition style wéveforms designated by
rendition style modules based 6n successive pieces of

performance event information can be interconnected

25 smoothly.



pi eces of performance event information designating 5 rendition style
nodul es; a step of, when a given piece of performance event information at
a given tine point is to be processed in accordance with the pieces of
performance event information supplied by said step of supplying in
accordance with the 10 order of tine, obtaining another piece of
performance event information related to one or nore events, follow ng the
given piece of performance event inforngtlien, in advance of a
predeterm ned original tinme position of the other piece of performance
event information; 15 a step of generating control data corresponding to a
rendition style nodul e desi gnated b$LAIMBeast one of the given piece of
performance event information and the other piece of perfornmance event

i nformation obtained in advance by said step of obtaining, on the basis of

t he given Pi. ece ngaar‘l,% or]\:% ot]poeé g'lege oLtB%rdf ormance event i nformation;
and a step°of synthesizing Verornt dal'a corresponding 1o the designated

-rendi tion styl eangggbeog_n 5“%%.13’32193. ?n{ﬁtg‘g?ﬁﬁgﬁégl with@order” odavef g m

production nethod as claine erein sald step of generating

contr ol dﬁ#i‘eé‘éQCeséﬁs Pere GAMAGE dadFeOr I SSDUYRAG diP | e JGfHH L4

style nodule 82 designated by at |east one of the given piece o
per f orsrancee fE €0 oh NfsAy RS i @ @néls § he ot her piece of performance event

i nformation obtained in advance, on the basis of the given piece and the

ot her piece of aerdtwprapnce whewer ghttenngiiece of performance event
information at a given time point is to be processed in
accordance with the pieces of performance event information
supplied by said step of supplying in accordance with the

10 order of time, obtaining another piece of performance event
information related to one or more events, following the
given piece of performance event information, in advance of
a predetermined original time position of the other piece
of performance event information;

15 a step of generating control data corresponding to a
rendition style module designated by at least one of the
given piece of performance event information and the other
piece of performance event information obtained in advance
by said step of obtaining, on the basis of the given piece

20 and the other piece of performance event information; and

a step of synthesizing waveform data corresponding to

the designated rendition style module on the basis of the

. control data.

2. A waveform production method as claimed in claim 1
25 wherein said step of generating control data processes the

control data corresponding to the rendition style module



3. A conputer programcontaining a group of instructions for causing a
conputer to execute the waveform production nethod as clainmed in claiml
or 2. 4. A waveform production apparatus conprising: 10 neans for
supplying, in accordance with order of tinme, pieces of perfornmance event
information designating rendition style nodules; neans for, when a given
pi ece of performance event information at a given tinme point is to be
processed in 15 accordance with the pi eees of performance event

i nformation supplied by said neans for supplying in accordance with the
order of tinme, obtaining another piece of perfornmance event information
rel ated t @FEIRRtedr eD¥verfts, 18RFbW MR& heff gi FBR piEcEEDf BePFEr n@fce
event information, in advance aof 20 a predeterm ned orhgénal ti.me pos%{ion

of the ot RFFEPERACE! BYPREr ndMEQTBAMON nidltdmt 1%, ALARS 1 8iGenef i ng
east one BIERENSBFGer BiceBFOBB PRty B T hi GG and S

n_ o
ece o?nance event information an

.ot her 25 pj of <p or e t 10§ o t] biapped e qﬁﬁgyﬁ?
sai d rreangﬂ) %%Jr?s o%f‘a?%{engﬁ%& tpﬁ\g&%asall{s}{ o#ﬂ?hgefg??ge%%e&o'fpip%ce an ntc%é
ot her pi ecg,oftPeLfFR-ARRGSEVENt Iinformation;, and neans for synthesizing
waveform data corresponding to the designated rendition style nodule on
the basis of the 5 control data. 5. A waveform production nethod
conprising: a step of sequentially designating rendition style
3. A computer program containing a group of instructions
for causing a computer to execute the waveform production

method as claimed in claim 1 or 2.

4. A waveform production apparatus comprising:

10 means for supplying, in accordance with order of time,
pieces of performance event information designating
rendition style modules;

meahs for, when a given piece of performance event
information at a given time point is to be processed in

15 accordance with the pieces of performance event information
supplied by said means fcr supplying in accordance with the
order of time, obtaining another piece of performance event
information related to one or more events, following the
given piece of performance event information, in advance of

20 a predetermined original time position of the other piece
of performance event information;

means for generating control data correspcnding to a
rendition style module designated by at least one of the
given piece of performance event information and the other

25 piece of performance event information obtained in advance

by said means for obtaining, on the basis of the given



nodul es; a step of obtaining trailing end information related 10 to a
characteristic of at least a trailing end portion of a preceding rendition
style nmodule and leading end information related to a characteristic of at
least a l|eading end portion of a succeeding rendition style nodule; 15 a
step of nodifying a characteristic of at |east one of the preceding and
succeeding rendition style nodules on the basis of the trailing end
{nformation and | eading end informatiog3obtained by said step of
obtaining; and a step of synthesizing a waveform corresponding to the 20
rendition style nodul e, designated by said step of sequentially
desi gnat i ngie¢a apdoftbgneihfnt (Piare efapacfermanre fyEPti dRARFMatiiPsit ep
of nodifying. 6. A waveform production nmethod as clainmed in claim5
wherein ea®®dof the trailing end informati on and | eading 25 end
i nformation includes %t | east gne.of tinme_inform Lgn and | evel..
i nformation. 84M€INS ATOFFYRINGTHHT A ¥ENE Pﬁi"‘ngéad 3r §OB-6FPPRSEPIC Y %ns
.for causin r. t h ef oductian oda
ol ai mod 1 nERf a R e fSREHE Fob 08 0T IR OB Tl naBLS e ene
nmeans § or éSHH?Biiﬁbk designating rendition style nodules; neans for
obtaining trarling end information related to a characteristic of at | east
atrailing end portion of a preceding rendition style nodule and | eadi ng
end

5. A waveform production method comprising:

a step of sequentially designating rendition style
modules;
a step of obtaining trailing end information related

10 to a characteristic of at least a trailing end portion of
a preceding rendition style module and leading end
information related to a characteristic of at least a
leading end portion of a succeeding rendition:  style
module;

15 a step of modifying a characteristic of at least one
of the preceding and succeeding rendition style modules on
the basis of the trailing end information and leading end
information obtained by said step of obtaining; and

a step of synthesizing a waveform corresponding to the

20 rendition style module, designated by said step of

sequentially designating, in accordance with the

characteristic modified by said step of modifying.

6. A waveform production method as claimed in claim 5
wherein each of the trailing end information and 1leading
25 end information includes at least one of time information

and level information.



10 information related to a characteristic of at |least a |eading end
portion of a succeeding rendition style nodule; nmeans for nodifying a
characteristic of at |east one of the preceding and succeeding rendition
style nodules on 15 the basis of the trailing end information and | eadi ng
end information obtained by said neans for obtaining; and neans for

synt hesi zi ng a waveform corresponding to the rendition style nodule,

desi gnated by said nmeans for sequenti-alglsy -desi gnating, in accordance with
the 20 characteristic nodified by said neans for nodifying. 9. A waveform
production nmethod conprising: a step of supplying rendition style

desi gnati of- i nfAraempPeher n@rearal IfMiraitinsh ¥egronRt Pfg R stematians -
style nodule and parameter information for controlling the 25 rendition
styl e moduf@r £asdpDHfa GRERUERE rehdPEPEHTSt iRe dE_T§RaFMoprodistion
information supplied by said step .of, supplying is lacking in necessary
par amet er ?ﬁ?ﬁgaaﬁﬁmfi%+m? nbntﬁgiP§%k$n§¥' ‘cessary paraneter information
.wWith a predeterm ned standard paranmeter to thereby suppl enent the
rendition style 5 designation information; and a step of synthesizing

wavef of M dgta CORr GARANAIAN §Loalbe15RNALLAN (SY| Sorfpdil gpdesi gnat ed on

the basis of the endi tion style designation infor Lon | cl uding the
renditson styl em@ﬁﬁ‘sgnﬁbkonsb&h@h%%fg‘l‘i? SRRl gMRRHIAY Wrldhaikd dhe style

predet er mi ned standard paraneter. .. A conputer program containing a group
of 1 nstruchbaises;
means for obtaining trailing end information related
to a characteristic of at least a trailing end portion of
a preceding rendition style module. and leading end
10 information related to a characteristic of at least a
leading end portion of a succeeding rendition style
module;
means for modifying a characteristic of at least one
of fhe preceding and succeeding rendition style modules on
15 the basis of the trailing end information and leading end
information obtained by said means for obtaining; and
means for synthesizing a waveform corresponding to the
rendition style module, designated by said means for

sequentially designating, in accordance with the

20 characteristic modified by said means for modifying.

9. A waveform production method comprising:

a step of supplying rendition style designation
information including information designating a rendition
style module and parameter information for controlling the

25 rendition style module;

a step of, when the rendition style designation



for causing a conmputer to execute the waveform production nethod as
claimed in claim9. 11. A waveform production apparatus conprising: 15
means for supplying rendition style designation information including
information designating a rendition style nodule and paraneter infornation
for controlling the rendition style nodule; neans for, when the rendition
style designation 20 information supplied by said neans for supplying is
{acking in necessary paraneter informagkon, filling the |acking necessary
paranmeter information with a predeterm ned standard paraneter to thereby
suppl enment the rendition style designation information; and 25 nmeans for
synt hesi zi Hf oEvatbem GaPP1ded eRpoFdify 3P t RE BRIV si§l daskdie
designated_on the basis of the 86 rendition style designation informtion

i ncl udi ng he PREPPFRFENIRAFIBALAT i oM XYL grigtt biY nidtatidsiking. A
wav ef duct i t hod i Sing: t f lying, | d
with orderPGFSTFAEY PHANGELr SOLESTREACE oVBAER! niibr mblseiF SREGHIRA | ng
renditi | dul es: L f t,

corr espondt W858 BrERnpPRE, Bl bFR-AhylFaBkELPAR 2R S an styie

perforgancgisgﬁﬁg£%%ﬁfqu%&h%Qio%g &%ﬂﬁein when a waveform i ncl udi ng at

| east attac . y portions iIs -be synthesized, said step of
supplying  supphi @tepaSoft heyREAESL FRAGE WA Hornf QA ¥R £8RrebpbaliARIW
event data for designating a waveformof the attack
the rendition style module designated on the basis of the
rendition - style designation information including the

rendition style designation information supplemented with

10 the predetermined standard parameter.

10. A computer program containing a group of instructions
for causing a computer to execute the waveform production

method as claimed in claim 9.

11. A waveform production apparatus comprising:

15 means for supplying rendition style designation
information including information designating a. rendition
style module and parameter information for controlling the
rendition style module;

means for, when the rendition style designation

20 information supplied by said means for supplying is lacking
in necessary parameter information, filling the lacking
necessary parameter information with a predetermined
standard parameter to thereby supplement the rendition style
designation information; and

25 means fof synthesizing waveform data cofresponding to

the rendition style module designated on the basis of the



portion, note-on event data and second nodul e event data 15 for
designating a waveform of the body portion, and wherein said step of
generating initiates generation of the waveformof the attack portion in
response to said first nodule event data supplied before the note-on event
data, and initiates generation of the waveform of the body 20 portion in
response to said second nodul e event data supplied after the note-on event
data. 13. A waveform production nethod 8% elained in claim12 wherein when
a waveformincluding at | east body and rel ease portions is to be

synt hesi zed, said step of supplying 25 supplies, as the performance event
i nf or mat i oﬁen@hF?‘ﬂnm)diHYée eveRFigRabie, JafoFmatial a wAGEPSIRPOr e
rel ease - gortl n_and nate-of f eve nt data, follow ng said second

nodul e eveﬁ?pa R ?dd§§ 9%y §he ﬁaQ@F&?HP&FOPhé' a1 on, and

wherein said step of generating initiates generation 5 of the waveform of
the rel ease portion in response to said third nodul e event data supplied

-bef ore the,pot e- off w%\(,%rgompa% @é{:f{)nhﬁ\\élt gdg%ﬁ%ﬁ@e wavef orm of the

body portion in response to second uIe ev ata. 14. A conputer

program cont ai Nhng+apdb®URupp 1§EHdlK4ﬂC%Ecoﬁ@aﬁ@é ﬁiHﬁ'B&dérC%Ep%&HetO
execute the maveforn1product|on nethod as clainmed in claim12 or 13. 15. A

wavef o m ppogdueki ONoAPPIs&t ESrHRMPE | SidxgenSUPRInEsReNSidOr AgHilgHdtding n
accordance with order of tinme, pieces of performance event information
desi gnat i ngendbtiendisttiydre shydelewdukbes; and :

a step of generating waveform data corresponding to a
rendition style module on the basis of given performance
event information,

10 wherein when a waveform including at least attack and
body portions is to be synthesized, said step of supplying
supplies, as the performance event information, first module
event data for designating a waveform of the attack
portion, note-on event data and second module event data

15 for designating a waveform of the body portion, and

wherein said step of generating initiates generation
of the waveform of the attack portion in response to‘said
first module event data supplied.before the note-on event
data, and initiates generation of the waveform of the body

20 portion in response to said second module event data

supplied after the note-on event data.

;3. A waveform production method as claimed in claim 12
wherein when a waveform including at least body and release
portions is to _be synthesized, said step of supplying
25 supplies, as the performance event information, third module

event data for designating a waveform of the release



generating nmeans for generating waveformdata corresponding to a rendition
style nodul e on the basis of given performance event information, wherein
when a waveformincluding at least. attack and 20 body portions is to be
synt hesi zed, said supply neans supplies, as the perfornmance event
.information, first nodule event data for designating a waveform of the
attack portion, note-on event data and second nodul e event data for

-desi gnating a waveform of the body portBo@n- and 25 wherein said generating
means initiates generation of the waveform of the attack portion in

response to said 88 first nodule event data sugg#ied before the note-on
event datROThHhHN | R{ atRRE Ykl at$ P b dHE maFH oYW d19 t 1F2sbdPeS9H% i on

in response to said sec nmodul e _event dat a upplied after_the note-on
event - dat o818 “eReREy Shitn FbaaEr L Bnehhar SPfa AV AT | Abgl BT 15
wher ei n mgfgr@.g@vef%ﬁnlincluding at | east body and release portions is to
be synt he ed, sai & supply neans supplies, as the perfornmance event

Intormtion. {ugdgniule: YepLytaie banedepidhat ng eyl te

rel ease 10 portion and note-o at a, oW ng sai

event dlat ayf OghdeiagR g eV ebaeakel Jdia iRRdYin PPEEHORseaRE WRAIEI N
said generating neans initiates generation of the waveformof the rel ease

portion i nthes@onsaulie iidht l@athi sdppndelie vifote dati@ aupBlbed Refedite the
not e-of f event data, after having generated the waveform of the body
portion i ndatsponsetén Seavisgcoyeshemaited® ettent wkteform of the body

portion in response to said second module event data.

14. A computer program containing a group of instructions
10 for causing a computer to execute the waveform production

method as claimed in claim 12 or 13.

15, A waveform production apparatus comprising:
supply means for supplying, in accordance with order
of time, pieces of performance event information designating
15 rendition style modules; and.
generating means for generating waveform data
corresponding to a rendition style module on the basis of
given performance event information,
wherein when a waveform including at leést attack and
20 body portions 1is to be synthesized, said supply means
supplies, as the performance event information, first module
event data for designating a waveform of the attack
portion, note-on event data and second module event data
for designating a waveform of the body portion, and
25 wherein said generating means initiates generation of

the waveform of the attack portion in response to said
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first module event data supplied before the note-on event

“data, and initiates generation of the waveform of the body

portion 1in response to said second module event data

supplied after the note-on event data.

16. A waveform production apparatus as claimed in claim
15 wherein when a waveform including at 1least body and
release portions is to be synthesized, said supply means
supplies, as the performance event information, third module
event data for designating a waveform of the release
portion and note-off event data, following said second
module event data for designating the waveform of the body
portion, and

wherein said generating means initiates generation of
the waveform of the release portion in response to said
third module event data supplied before the note-off event
data, after having generated the waveform of the body

portion in response to said second module event data.



