15 MR 2005 MJSI C SOUND SYNTHESI S W TH WAVEFORM CACHI NG BACKGROUND OF THE
I'NVENTI ON *@00001* [0001] The present invention relates to a sound db§ 8AR 2005
transfer nmethod, a sound data transfer apparatus, and a programthereof

for generating nusical sounds, voices, and any other sounds based on

reading of waveformdata froma relatively | ow speed storage nﬁmwmmwmmmmmn
as a hard disk, - which has a relatively slow access rate to sto m
More particularly, the present invention relates to generation or g6+
synt hesi s qfyyvveionis swiehs§ast uith| yAeXPORSSCACHIRNGre of nusical sound
in response to perfornmer's various performance styles or arti i
characteristic of natural nusical i1nstrunents. The present inﬂ%“@mgmmﬂmmw
wi dely applicable to not only electronic nusical instrunents,

devi ces, apparatuses or nRAOKAROUNDaDF THE| BRVERVIAY a capabi | i ty*a8gor*
generating mnusi cal sounds, voices or any other sounds such as nechani cal

i nstrunments, conpubens]) electronic ganme apparatuses and other nultinedi a

devices. In this specification, a nusical sound waveformis not limted to
the pure nusical Tsenpeesbot AayensePndEcadhselsr i SPRNVERE or  any

sound. [0002] There is widely known the "wa eforn1nengr rg%%?%??
t echnol ogyr awhs £ér smetesdwadefBRRAJERE2 (FrRNSTGEVEPBRA R gépl data) encoded

wth any’encoding system such 2 PO (pulsg: 1,115 MAB:2008 cos, ana

any other sounds based on reading of waveform data from a
relatively low-speed storage medium such as a hard disk,
which has a relatively slow access rate to stored data. More
particularly, the present invention relates to generation or
syﬁthesis of waveforms which faithfully express a timbre of
musical sound in response to performer's various performance
styles or articulation characteristic of natural musical
instruments. The present invention is widely applicable to
not only electronic musical instruments, but also devices,
apparatuseé or methods in all fields having a capability of
generating musical sounds, voices OIr any other sounds such as
mechanical instruments, computers, electronic game
apparatuses and other multimedia devices. In this
specification, a musical sound waveform is not limited to the
pure musical sense, but may include a waveform of a voice or
any sound.

[0002]

There is widely known the "waveform memory reading"
technology which stores waveform data (i.e., waveform sample

data) encoded with any encoding system such as PCM (pulse



code nodul ation), DPCM (differential PCM and ADPCM (adaptive differenti
PCM, and which reads the stored data according to gesi?ed nusi cal pihéhgéﬂm5
to generat? or synthesize a nusical sound. Further, there are known vari ous
't'ypes of wavef orm menory readi ng systent technol ogies. Mst conventional
wavef orm menory reading systent technologies are used to generate a
waveform of a single sound fromthe beginning to the end of sounding
duration. One exanple is to store waveformdata of a whol e waveform of a
sound frpddignodesi PbAY, t DPLReE (andfefehheadodt)ngnduP@Hh. ( kgt Higre
exanple is to store waveformdata of a partial at an attack portion of the
sound Wi tdh foapdh casedrchangesdandith stede ahespEereicedAGoF R Gt of a
subsequent part at a sustain portion with little changes. In this
speci fi cald Al sthedteusicalopptaeel 6PNUCHEFAIE OF & r4fi vihich is read
repeatedly 1in a loop. [0003] As neans for storing waveform data,_there
are knowmus@4l RAMinfar dFdcsker . CODROR| 28€c KRR/ @ i e dndCh-Hom

provide a low unit price per unit storage capacity and ar suited f
storing & wageafonRoNRANOEY §§t3§.ln90\ﬁ/§§éle,%"t ﬁ@cﬁ‘é‘ﬁp&%gdiesﬁ(‘ a%o ROM 0191[ er a

sl ow and unstabl e access speed, incapable of imed ately, eading;
wavef or ma e P isenaat " YA¥ e PH ™ §eBP U Sz¥srmesn|E ca eéoun%&g}ég]%;ﬁssgcr)?/

this reason, the follow ng technol ogi es ar r P.
_ , s hapa nt
gtne;(am ge@lr@u‘bﬁﬁéaFPoﬁeﬂﬁ?%ﬁ@i a é’-aV§%§§§‘4 chgrafe%g%%g?nsg to tﬁe&&n?%gd
a
©s agggingi§83t%8%h% %%dN%§ %%%%ding duration. One example is to

) store waveform data of a whole waveform of a sound from the
' beginning to the end of the sounding duration. Another
example is to store waveform data of a partial at én attack
portion of the sound with complicated changes and to store a
specified loop waveform of a subsequent part at a sustain
portion with little changes. In this specification, the term
"loop waveform" signifies a waveform which is read repeatedly
in a loop.
[0003]
As means for storing waveform data, there are known
J ROM, RAM, hard disks, CD-ROM, etc. A hard disk and CD-ROM
provide a low unit price per unit storage capacity and are
suited for storing a great émount of data. However, the hard
disk and CD-ROM offer a slow and unstable access speed,
incapable of immediately reading necessary waveform data Jjust
at the timing of outputting a musical sound signal. For this
reason, the following technologies are proposed.

Japanese Patent Unexamined Publication No. Hei. 6-

308964 corresponding to the United States Patent 5,463,183



di scl oses the technology of prelimnarily transferring to RAM a begi pnin
portion of a plurality of waveformdata stored in a hard di sk. Nanel !/5 MAI??DUE
when a sounding instruction is supplied, an operation starts advance

readi ng of a succeeding portion of the pertinent waveformdata fromthe
hard di sk, and concurrently reproducing the beginning portion of the data
previously stored in RAM After the operation conpletes the reproduction
of the beginning portion of the data, the succeeding portion of the

wavef or mgata | se & eprodueednol 0994br JapaneseaPafgnt renekeFrred Bkt i on
No. Sho. 63- 181188 di scl oses the technol ogy of reproduci ng wavef orm data
by sequent igdd¥nkeadi pertiaveber m dataaloteofeyarntioarm ya So PG &P
predefi ned. as sequence data. This technology predeternines the tinme o
start readimg-@faearh weeekdym ghea acerradpdsdiing tEdd 198qden & BTy so
that the start tine becones earlier than the note-on tie{g&n%}a SUNMARY OF
THE | NVENTA Qb4 PQOSPn Bdweter 2dvias ceesRAGHOGy Odc CorrfiGT§ & " Fagahese Pat ent
Unexam ned Publication No. Hei. 6-308964 needs_ to pr%vidolugéy dd ansfer

begi nni ngoporhé onersfingnt WRAYELsEm datd £&oRAVDe &%y hinderi ng t he

efficient use of the precious RAM. . Since the t qul Yo AGGN didigs t O
Japanese m@@ﬁrr@ﬁé%aﬁ%oﬁd’&%“@aﬁpﬁnHaﬁg.mgﬁ‘&g g% 1 10%80 i s based on the

assunption that a nusical. sou ig i NaN-d 1d#®s tieis 15
MAR 2005 PRPBLSHEIY £4°F55 vt [ﬁlﬁt e@%lr?o rggtyg}lee?g{%et%sle whe?? musi ¢

sequence ggé%oh%c%g%@Ié¥j{ﬁ§ﬂgédyﬁning portion of the data, the

succeeding portion of the waveform data is reproduced.
)
’ [0004]

Japanese Patent Unexamined Publication No. Sho. 63-
181188 discloses the technology of reproducing waveform data
by sequentially reading. Waveform data to bhe sequentially
sounded is predefined as sequence data. This technology
.predetermines the time to start reading of each waveform data
corresponding to a seguence timing so that the start time

becomes earlier than the note-on timing.

) SUMMARY OF THE INVENTION

[0005]

However, the technology according to Japanese Patent
Unexamined Publication No. Hei. 6-308964 needs to previously
transfer beginning portions of all waveform data to RAM,
thereby hindering the efficient use of the precious RAM.
Since the technology according to Japanese Patent Unexamined
Publication No. Sho. 63-181188 is based on the assumption

that a musical sound signal is generated non-realtime, it 1s

93]



The present invention has been nmade in consideration of the foregoig% | t
is therefore a first object of the present invention to provide a s H&?HM5
data transfer nethod, a sound data transfer apparatus, and a program
thereof for efficiently and extensively using RAM and for realtine
generating a nusical sound signal concurrently by using a hard disk etc.
The technol ogy according to Japanese Patent Unexam ned Publication No.
Hei . 6-308964 needs to previously transfer beginning portions of . al

wavef orm dat a_ The,1t,eehnel egynacqondi g o FEFandsy: Patent”
Unexaninéﬁm9$%%$Pg§?%8n ﬁg.&Sho. 63-181188 always requires a hard disk to

be accessed \Eglr)cﬁV8%¥ae\i%ntsuptthI'e@b)teiaﬁﬂﬁH%i ng a noise from the hard disk
and shorteﬁ?ng the life thereof. In addition, frequent accesshggaggoghe
hard di sk consumegyextia desouroestiamhiis sheeh d"8ee at P oCaP 8 16 of her
processes. The present invention has been nmade in conséder@tggnthgf t he

f oregoi ngy ¢l t kS Foh@Rfi0rEe a sedond hegjef@rofa thie ShreSent -i Avention to
provide a sound data transfer nethod, a sound data fransfer appacatus, and
a progranbgggégqfﬂhﬂénmmmreampﬁPWMM%dé§§¥®ﬂa%%%@s%% Y9 & hard disk etc

Conventionally, the "waveform nenory readi ng system .techoeLegy felrores
wavef or m datia dofa sex anhiot an sdease f ap i ot t Whe a%%u%dp¥?%ﬁ$%hgﬂbeginning to the

end of the sounding duration, or stores, wav r akg,of-ca1Ramle of one
sound as amfawwaﬂ¢kyJéﬁ@ﬂ#¥§§%ﬁ?¥ﬁﬁ¥i%ﬁ?n%u%%ﬂtg%ﬁnolggy nmust store a

great nurber of  vari ous, vevel oL dat 2, 5oL eeBABdiRanteyvay ausd a1 ng

F—

hard disk etc.
The technology according to Japanese Patent

Unexamined Publication No. Hei. 6-308964 needs to previously

rransfer beginning portions of all waveform data to RAM. The
technologf éccording to Japanese Patent Unexamined

Publication No. Sho. 63-181188 always reguires & hard disk to
be accessed for every event, thereby increasing a noise from

the hard disk and shortening the life thereof. In addition,

| ;tra re urces,
frequent accessing of the hard disk consumes extra reso

which should be allocated to other processes.
The present invention has been made in consideration
of the foregoing. It is therefore a second object of the

a
present invention to provide a sound data transfer method,

or
sound data transfer apparatus, and a program thereof f
decreasing unnecessary &CCESSeS to a hard disk etc.
Conventionally, the "waveform memory reading system

3 of one
technology stores waveform data of a whole waveform

sound from the beginning to the end of the sounding duration,

attack
or stores waveform data of 2 part of one sound as an a

4



(or articulations), requiring a huge storage capacity for storing thHese
di verse waveform data. The aforenenti oned system for storing vvaveforrﬁ%dﬂﬂﬁ
of the whol e waveformcan faithfully express tinbre variations due to

various playing styles (or articulations) specific to natural nusical

i nstrunents. However, such system may sinply reproduce nusical sounds just
in accordance wth the stored waveformdata, providing limted

controllability and. editability. For exanple, it is very difficult to
provide characteristics c |1 SUEHast tifbng a axteatontmbErobinavef orm
data cor r%%ﬁgﬁapng rc%lc?? %rs}‘f}{ncebdl Playing style (or articulation) acﬁégr di ng
to, the nusical = perforance datd Jhepoiesegt conventtbon pasybddn StEaé=in
consi der a¥ Fon° 5t p'{%‘r%e&; ore% ng. Tt e?fpt herefore a third object of the
present igggnggqchqaogj%gp, a- MY Ef 0F §) syptbess sometkodapacidoudf@rdat a
transfer apparatus, and a programthereof capable of easily, sinply and

real time ?%F}‘E&% i NG ghsgpatdd ywaveretor tedat a avail abl e for various
pl ayi ng styl'es (or articulations). The technol ogy accordi nvg to Ja anese
Patent Unexani nedribsibsfsatment Noneblesys6e80864 RaedFs- NS HERS YUL|

transfer beginning portions of all waveform data of variaqu tinbres to
RAM t her gby t$achiHo X ngatatoRAMaRi FRZEDESALY FHPERES, ?ﬁ@ﬁeechnol ogy

according to Japanese Patent 15 MAR 1005 Unexami_ned Publai Ctaféﬂb{\ﬁ%ns%ho-
63- 181188 vahvaysi creguitesta vanigudi Skayénle S&¥EESsEq™ & every” event

thereby increasing a noise fromthe_ hard di sk and shor, i,n life
thereo?. specifig to natural musical instrumeﬁ%s. ﬁ%ﬁéﬁglg é@@h

- system may simply reproduce musical sounds just in accordance
with the stored waveform data, providing limited
controllability and editability. For example, it is Very
difficult to provide characteristics control such as timing
awxis control of waveform data corresponding to a desired
playing style (or articulation) accerding to the musical
performance data.

The present invention has been made in considexration
of the foregoing. 1+ is therefore a third cbject of the
present invention to provide a waveform synthesis methecd, &

) sound data transfer apparatus, and a program thereof capable

of easily, simply and realtime enerating high-guality

(8]

waveform data available for various playing styles (or
articulations).

| The technology according to Japanese Patent
Unexamined Publication No. Hei. 6-208264 needs TO previously
transfer beginning portions of all waveform data of various
timbres to RAM, thereby sacrificing the RaM utilization.

Further, the technology according to Japanese Patent



I n addition, frequent accessing of the hard disk scarifies limted
resources of a nmachine. The present invention has been made in ]SMARZME
consideration of the foregoing. It is therefore a fourth object of the
present invention to provide a sound data transfer nethod, a sound data
transfer apparatus and a programthereof for saving accesses to a hard

disk etc. [0006] In order to achieve the first object, the present
invention is characterized by having the following configurations. It

shoul d be, ot ed, DAt pEKATBLES BT Ro. PBLEN! hesilaad 8 8THe warH i TRAELTOh 2
accordi ng Po*a"Ti'F st aspect of the invention is a sound data transfer

met hod of , us nglgklQgﬁbgpgeeeggaﬂaggrdQWEQq elvand ditdlersm) FFredviitg
sound data ?vector at of nusical sound waveforns and a hlgg speed

storage dgvigestCcacha %ﬁgnhﬁré4b;%&ra@@ChmwgﬂHﬂaﬁﬂnﬁhﬁ(kﬂ%P %HeOf
transferring a part of sound data stored in the | ow speed storage device
to the high- speed 1shor agectievitc eccbive imat Indd thes et Lt i 284 by Rdvi ng: a
tinbre specification reception process of receiving tinbre specification
(M DI prognmmme@hamg@ua@§§a@€)aa§§6%¥é¥bd with sound data to be transferred

to the high-speed storage device; a sou dat tion essthshep
S30) of predictindhe dquredaldt elfb‘fe%wr}b%? ab?%gé'ﬁ%ggl\/k& 58{3%9%e sSeci fied

| at er based on the received tinbre fic d.gpEecegsthst ep S43)
for transﬁéﬁﬁﬂﬁ@3@$R99Q$ﬂéblcﬁéd:EbJﬁHP éia cg%d8%g¥€gt% {he hi gh- speed

storage present invention to provide a sound data transfer method. a

sound data transfer apparatus and a program thiereof for

A
}

saving accesses to a hard disk etc.

[0006]

In order to achieve the first object, the present
invention.is characterized by having the following
configurations. It should be noted that gxamples are
parenthesized.

The configuration according to a first aspect of the
invention is a sound data transfer method of using a low-
speed storage device (hard disk 109) for storing sound data

) (vector data) of musical sound waveforms and a high—speed
storage device (cache memory 44) for caching the sound data,
and transferring a part of sound data stored in the low-speed

storage device to the high-speed storage device. The method
is characterized by having: a timbre specification reception
process of receiving timbre specification (MIDI program

change message) gssociated with sound data to be transferred

to the high-speed storage device; a sound data prediction

process (step 530) of predicting a candidate of sound data to



device fromthe | ow speed storage device. Préferably, t he sound datﬁ%ﬂéﬁgm?
in the | owspeed storage device includes first sound data. correspo

to a sounding start portion (an attack portion) and second sound data
correspondi ng to subsequent portions (a body portion) other than the
soundi ng start portion, and sound data predicted according to the tinbre
specification is the first sound data. The nethod is characterized by
further having: a first sound data specification reception process of

recei ving, specifieahi earel daxck Lt tpeundcaatad @ isdvond sound dat a

predi ction process (step S30) of predicting a candidate of second sound
data to Speel Ebedohat ghabaseg oo stshéd sftiepsts 4 sourad datan SFRIEF 1 ¢ aton:
and a. process (step S43) for transferring-the predicted second sound data
to the highssspeed sbanagaadeyvicemdiname e Itowe Syt sperdget dedfte.
Preferably, the sound data stored in the | owspeed storage device further

i ncl udes b fdeseuba daka lw-ralesabestqmdd G rC%: joint portion) to pe
used after the first and second sound data. The nethod is characterized by
further having: @reseorablspuntheateubedd$d catPBRdr sepPPon®Pro8sss  of
recei ving specification of any second sound data;, a third ggﬁgg data

pr edi ct i ostpragesseysicep 1S8IUAAS pFigd ttIHh IREhIT YRt &°BP thi Fd sound
data to be. specified |ater based on the second. so ngngaggcéggcgghgation;
and a prosessdfisgeptssd) roution (R FPERCH HOT TN eFFing the predicted

hi he hi gh- | f
T Ao a0 e AN SRR SIOLA0% SEvi s {ambbls bevrseagd

other than the sounding start portion, and sound data

) predicted according to the timbre specification 1s the first
sound data. The method is characterized by further having: a
first sound data specification reception process of receiving
specification of any first sound data:; a second sound data
prediction process (step S$30) of predicting a candidate of
second sound data to be specified later based on the first
sound data specification; and a process (step 543) for
transferring the predicted second sound data to the high-
speed storage device from the low-speed storage device.

] Preferably, the sound data stored in the low-speed
storage device further includes +third sound data (a release
portion or a joint portion) to be used after the first and
second sound data. The method 1is characterized by further
having: a second sound data specification reception process
of receiving specification of any second sound data; a third
sound data prediction process (step $33) of predicting a
candidate of third sound data to be. specified later based on

the second sound data specification; and a process (step S43)



Preferably, the inventive sound data transfer ne
PLSEE?VIdlng identification information (settin;hﬁgnbgrréuggaPﬁz ﬁéﬂ%@%ﬁﬁs
e ) which is kept in the high-speed storage device upon receipt of any
he sound data specifications and indicates possibility of releasing a
candi date of sound data wth failed prediction. Preferably, the inventige
sound data transfer method further has a process of previbusly
transferring basic sound data (substitutive page) to the high-spee
storage deyy cerf@sreereny thabpeepitvedt bhih@ sPHBAe dgfécit g’é’ﬁ @ng“'
reception process. Wen sound data specified in the first, second, or
third datg,seecifbeaybotenecepticon phecésy-Foesdt SteaRdeddd G0 t he
hi gh- speed storage device, the basic sound data. is used instead he
speci fied sound datafetmtdwdethoi@@ﬁméigetﬁ@qa@bﬁﬁﬂéhﬂﬂﬁﬁgﬁa§%63% 3Bj ect
the present invention is characterized by having the fallown Jee
confi gur afiposer htsshoprddsssnefe@reNatiagamsesd ! ércéltda%r?trh%%ﬁ%%io%he

configuration according to a second a i i i
: S .af the i.nv -
dat a tranébettiBBhaEMERIUSRT & YSok® sﬁ%@ﬁ? gt 8"}13%21 ergvﬁ{cg 15()hrELaIl# 3“3?2?289)

for storing sound data (vector data) of i qﬂq,
hi gh- speeliioht 6P§§8 ESP-ES Y SEHE ERSTY I%%Jgpgtlr Oc's;fgchi n\é@ft/ﬁ%%égﬁ%%ﬁga?a

and transferring s part of the spu '
devi ce todeke RPGRILFEET 6t a?é‘éio &@\%l%%ﬁosf tég%éﬂl\/lﬁ\ﬂﬁ Oo%p%wa?/ﬁ?i?ﬁrjﬁgtarage

synthesis. The _nethod is char i A ik a4 i
pr epar i ngC&8anG &t <"§’queﬁoélrnnq{an‘:‘fal‘a ateylzt%d £ AV aidepseparation process of

Preferably, the inventive sound data transfer method

)

further has a process of previously transferring basic sound
data (substitutive page) to the high-speed storage device for
every timbre prior to the timbre specification reception
process. When sound data specified in the first, second, Or
third data specification reception process 1is not transferred
to the high-speed storage device, the basic sound data is

used instead of the specified sound data.

In order to achieve the aforementioned second object,
the present invention is characterized by having the
) following configurations. It should be noted that examples

are parenthesized.

The configuration according to a second aspect of
the invention is a sound data transfer method of using a low-
speed storage device (hard disk 109) for storing sound data
(vector data) of musical sound waveforms and a high-speed
storage device (cache memory 44) for caching the sound data,
and transferring s part of the sound déta stored in the low-

speed storage device TO the high-speed storage device for



be used or predicted to be used (supplying a vector ID or a packet froma
predi ction control section 41 or a playing style synthesis section 10§C to
a prefetch section 42); a synthesis start instruction process of ] MAR 2005
instructing to start synthesis by using sound data which is previously
instructed for preparation and is stored in the high-speed. storage

device; a transfer process (steps S42 an S43) of, when the sound data
instructed for preparation is not stored in the high-speed storage device,

transferrf ngthey sound data, o e gl speed) stacages dex g hromshe

| ow speed”’$ and ing a count value (nmenber dwCount) to an
initial value correspondi t.0 }£ﬂ§ﬁ r &6h.,5@Unshk dagat eaRinkBCEBMENL
process o?,PﬁBBErFﬁéOEO&%g’ é?ﬁcﬁﬂg?%;ctedﬁ{or preparation is already
stored in_the_hi.gh-speed . wlevisss i L Ng Ae60YRt TBAbYEa
(menber dReolRt ngeﬁﬁghﬁg%%ﬁgﬁﬁata; a mavggggg?sy%thesis process of

starting %@X?EW B 5y U hESid Dy disi i 481 seawsel @at 1 aégoadpngytiagt he start
n

i nstructi romthe synthesis start instruction process and decrenenting
(FILLED stagee Riefeteth aAtss¥d)ord roumttvad uerefaenhesednOounty lassoci at ed

with the used sound data; and a setup process of detecting sound data
which is syﬁmﬁdéﬂmtdﬁarﬁﬂxﬂEEmmﬁmﬁQn(nxgﬁﬁﬁ%vpﬁei&ﬁﬁrﬂﬁFéﬁgi§°n§ﬁart
schedul ed to be wused for a subsequent start instruction based on a_ caunt
val ue cor sgspbrdiing 0 wWHTHg soered dia ke %h@cgeiﬁiHﬁeYﬁ@usé¥té@F§Ju§§ﬁﬁd
data to an erasable state jshifting the FILLED 9;1§N1k10_5 %t%%¢8864 to the
USED st at §086Pnwraratiomesmerigvebirtd rabheshighyspeed stolay
- device; a transfer process (steps S42 an s43) of, when the
) sound data instructed for preparation is not stored in the
high-speed storage device, transferring the sound data to the
high-speed storage device from the low—speed'storage device
and setting a count value (member dwCount) to an initial
value corresponding to the transferred sound data; an
increment process of, when the sound data instructed for
preparation is already stored in the high-speed storage
device, incrementing a count value (member dwCount) for the
sound data: a waveform synthesis process of starting waveform
) synthesis by using the sound data according to the start
instruction from the synthesis start instruction process and
decrementing (FILLED state: prefetch at S64) a count value
(member dwCount) associated with the used sound data; and a
setup process of detecting sound data which is stored in the
high-speed storage device and which is not scheduled to be
used for a subseguent start instruction based on a count

value corresponding to each sound data, and setting the

detected sound data to an erasable state (shifting the FILLED



Preferably, the inventive sound data transfer nethod is characterized by
further having a prefetch process of prefetching event data from an event
sequence (nusical performance data) prior to a reproduction start EkqﬂQZMS
where the preparation process determ nes sound data associated wit
preparation instruction based on the prefetched event data, and thereby
shares the transfer process anong a plurality. of event data for which
common sound data is used. Preferably, the inventive sound data transfer

method is char terl Z,Tg%b’@ﬁfﬂﬁ thet hayihngya  pLecesen®e Siddh@

reproduct?Bﬁ %t f1 P inme lag froma tinme when event data is
suppl i ed. % éuch,, nner, the prepar atl on process can determ ne common
sound dath®85868i ate ‘wWith a preparation instruction based on the

sequenti al |y SUPDIF.Scke eIy, AAId hdiivn JdI&dir deG wnh ¢her chytirog
share the transfeér process anong the plurality of event data for which

the commn SSH@Q data 1,5 1980 £ R2iefeer aldhindt e priedeayat imrogessess per for ms
a pl ural i't ‘e preparation instructions for the same sound data based

on singl 98%@@%&@@ oAt e avavehnEn syrtesdsuararessigeerkmrent s the

count valtie each time the sound data is used for the single event data. In

order to pehirey@dhe afnfnpiticneas tahirebroliuedtion tea 1t elsne i Weheion is
characterized by having the follow ng configurations. It should be not ed

t hat exanmphes pk@ pkr diR il G crrses shreETHaE S EPUTthd@lehid 9303t 7 bR akEbPdi ng
to a third aspect of the
a preparation instruction based on the prefetched event data,

and thereby shares the transfer process among a plurality of
event data for which common sound data is used.

Preferably, the inventive sound data transfer method
is characterized by further having a process of setting a
reproduction start time with a time lag from a time when
event data is supplied. By such a manner, the preparation
process can determine common sound data associated with a
preparation instruction based on the sequentially supplied
event data within the time lag, and thereby may share the
transfer process among the plurality of event data for which

) the common sound data is used.

Preferably, the preparation process performs a
plurality of the preparation instructions for the same sound
data based on single event data; and the waveform synthesis
process decrements the count value each time the sound data
is used for the single event data.

In order to achieve the aforementioned third object,
the present invention is characterized by having the

following configurations. It should be noted that examples

10



invention is a waveform synthesis nethod characterized i ng: [
process of receiving a packet stream conprising a pIurgritSag;ngéc%;;InDUt
including at |east specification information (vector ID) about vectorﬁﬂgw@
stored in a | owspeed storage device (hard disk 109) and timng
information about waveform generation; a transfer process of transferrin
vector data specified by the specification information included in theseg
packets fromthe |ow speed storage device to a hi gh-speed storage device

wherein the t é&fﬁ i i C A
ner _tNe, -PIpggsSs starts prior to a timn i ndi cat ed
timng |§¥orﬁg?$on included in each packet; and a mgveforn1synthggighe

process executed af et RenthBuRatiear kesparddineg tico a Héitxdr ¢ 0P Fre [
each packet for reproducing the vector data stored in tﬁzﬁiigh?sﬁgiiﬁn a
o

storage deyige; andispacitivedoby egamhepdsi fiecaidoehiarastiftt each of

t he packet and for synthesizing a waveform based

_ _ on the reprod
gst?urrag&gﬁﬁ@@yzaphenpnte@tbmeswawéfm@@@@Wﬁﬁ@éﬁ:?@ﬁﬁQRth'%a%ﬁgsgcrgfyg;d

urt onprising a process of deternining whether o

speci fi edcbyptheinyeaepledapacieti Paghedady st ' QIFEriﬁag—hYESLga data
storage deV|ceﬂ wherein the transfer process s erforqgg ngkp
ﬁpnﬂltlonzphaifspecnbmedniééﬂﬁﬁl&@téW%?qﬁﬁ ihﬁ ?4§ﬁEﬁ%ﬁre%9 o ?he
i gh-speed storage device. Preferably, the tran [ :
15 VAR, 10050p0ed8s Sof Rt AP AARR 1V STS ot her e o a Sur et ont

capacity Lg;iigoagg%fﬁg¥£gh(Eﬁé%g(%é¥%fg¥%3@éﬁé¥§%f%ﬂ?dat9ransfer
process of transferring vector data specified by the
specification information included in these packets from the
low-speed storage device to a high-speed storage device,
wherein the transfer process starts prior to a timing
indicated by the timing information included in each packet;
and a waveform synthesis process executed at the timing
corresponding to the timing information in each packet for
reproducing the vector data stored in the high—speed storage
device and specified by each specification information 1in
each of the packet and for synthesizing a waveform based on

) the reproduced vector data.

Preferably, the inventive waveform synthesis method
is characterized by further comprising a process of
determining whether or not vector data specified by the
received packet is already stored in the high-speed storage
device, wherein the transfer process is performed on the
condition that specified vector data is not yet transferred
to the high-speed storage device.

Preferably, the transfer process comprises: a

11



t he hi gh-speed storage device; and a rel ease process of, if the free]
capacity is insufficient, releasing a storage area of old vector dataEMAR 2005
al ready used for waveform generation or of unused (unsuccessfully

predi cted) vector data so as to yield a free area (setting nenber dwStatus
to "FREE' ). In order to achieve the aforenentioned fourth object, the
present invention is characterized by having the follow ng configurations.
It should be noted that exanples are parenthesized. The configuration
accor ding  o.a. £ OyEt BeB8PREh 10 whbenemvent hon itbexesdand Gatd er

met hod of"using a | ow speed storage device (hard disk 109) for staring
sound data, . fuecl 0k dakabroahgnusictalr ﬁamﬁdtwaWQf@ﬁW@Yaﬁ&@QQﬁ%ﬁF%%ééﬂ

st orage dev?ce (tache nenory 44) for caching the sound data, aogrg :
transferring aiBatkpebaseuntadat desticeedand theeleassH&d® CStorige evi ce
to the high-speed storage device for waveform synthesis. The inventg_’lve

met hod i sygharackertapadiby haviimguf facieansf &relseeddSs § P 13) ot
transferring sound data from the | ow speed storage device t&t&@ or of

hi gh- speedsrsboragecdevi detaade®ady &seSuddnd Tt YTt (hote-on); and a
retention process of retaining the sound data, after salre, | for
wavef or m synskési(snsueoetss fyilgh éﬁ%é‘éjd-%eéir)a@’eedcfe 'cd:aﬁénh;go stat%s%yaiggl e of

use in the future (setting nenber dwStatus . to ./ USERpe: Preferably, the
transfer pr&Eess aneans & ST SF 1%%%0%0 } I%EI(at a fr om the | ow speed
storage device to fgnggéghégegghieve the aforementioned fourth ohject,

L

the present invention is characterized by having the

! following configurations. It should be noted that examples

are parenthesized.

The configuration according to a fourth aspect of
the invention is a sound data rransfer method of using a low-
speed storage device (hard disk 109) for storing sound data
(vector data) of musical sound waveforms and a high-speed
storage device (cache memory 44) for caching the sound data,
and transferring a part of sound data stored in the low-speed
storage device to the high-speed storage device for waveform
synthesis. The inventive method is characterized by having:
a transfer process (step S43) of transferring sound data from
the low-speed storage device to the high-speed storage device
based on a sounding instruction (note-on); and a retention
process of retaining the sound data, after the same 1s used
for waveform synthesis, in the high-speed storage device in a
state capable of use 1in the future (setting member dwStatus
to 'USED').

Preferably, the transfer process transfers sound

12



storage device in units of specified ca iti i i
pacities (in units of

3I?cks). Preferably, the transfer process conpriges: a prgcesgennry 15 HAR 2005
dgtgctlaﬁ whether or not there is a sufficient capacity for storing sound
dat fpge Za;;ng;er{gd_to %Pe _high-speed storage device; a process of, if

_ insufficient, releasing a storage area of i ol
rgkglpeq sound data to create a free area (setting negber detaPL§VESUS|y

E'); and a process of transferring sound data to be newy transferred

to the free area. Pre bl YootBes 68
_ HEde dataits usedhiohiwiveinmad
synthe5|§QGﬁ é;ﬁﬂ,%%%i??“ dp%%rt?on %%dulei and the ééfhod IS

characteri d
nagenerﬁtze b &%\fl g;llgcelgﬁg%glag sgeéiQ@@aScabacartrJ&mgl(ngl datigts of
p orage device so that sound data used at the

beglnnlngnq% g? gion is not
or easily released in conpariso
sound data nn% ?ﬁcatlon of adding vector data to bemgachedn W th other

preferential ly topi-BeeRagingni rgeoft ranisifielce ghriciosts samPmRHSE?

vector data in the mddle of the linked list) BRIEF DESCRIEEIg%.8Lh$LE
DRAW NGS (h&xedsi 6radbteck idgaghathkor ogxanpl |ti5ﬁfﬁg 1F %hat &-©
configuration of the waveform generator accordin the rese

i nventi ongafh&it? ESrastbmmmaaSPU§ﬁ0@ﬁﬁ@ @ﬁwéﬁbégi @h%o Wavef or m

dat abase creation process” performed in the
13
gener at orh i &h Gspdesc hewarigealdey isions Moé@é”r?plcééo:‘mg ﬁgone getahibity

is insufficient, releasing a storage area of previously
retained sound data to create a free area (setting member
dwStatus to 'FREE'); and a process of transferring sound data

to be newly transferred to the free area.

Preferably, the sound data is used for waveform
synthesis for each specified portion (module), and the method
is characterized by further comprising: a process of
arranging data management in the high-speed storage device soO
rhat sound data used at the beginning of each portion 1is hot.
easily released in comparison with other sound data (a
modification of adding vector data to be cached

) preferentially tc the beginning of a linked 1list and

inserting other vector data in the middle of the linked list).

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram for exemplifying a

hardware configuration of the waveform generator according to

the present invention;

FIG. 2 is a flowchart showing an embodiment of the

"waveform database creation process" performed in the



and el ements constituting an actual waveform corresponding to a
performance style nodule; FIG 4 is a flowhart show ng an enbodi ment] 5(HARJUUS
"musi cal sound synthesis process based on the database"; FIG 5 is a block
di agram show ng an enbodi nent of configuring the same waveform synt hesi s
process as that in FIG 4 in the formof dedicated hardware; FIG 6 is a

bl ock diagramfor illustrating a flow of the perfornmance synthesis process
in the aforenentioned perfornmance synthesis section; FIG 7 is a flowhart
showi ng in detail an_ enbodi nent of the performance synthesis process

per for ned*# Ve PRE BEPESATEIce synthesis section; FIG 8 is schematic

di agram for explaining.a li racess Whahs anbedfaipbnces stgyhpomenits e
corresponds to thg%anpﬁ i“tcl}%%tlple(%ents}sor the pitch element; FIG 9 is a

schemati c_diagram f or i i NG 1 JvaMe RN 4 hi vk d o wh ero it rhess et @k pe? t i on
wavef or m F89 %gﬁwggﬁgdcﬁ%ﬁ%gﬁgy@%m“ on waveform FIG 10 is a schematic

di agram f gr Ihkng é/s@;/]eg Qkdad1d ;nni ng when the body waveformis
connect edgtBQ?%an?‘llell ease waveform FIG 11 is a schematic diagram for

describing wavef grm t hi nné ng nhenctdret bemow an g agk eEVed HPeR F sO€ofinect ed
to the rel ease waveform 14 15 MAR 2005 FIG 12 is a schematic djagram for
descri bi ngmuwavehorasdrhi neymghedien phecess nedsed t AR KRRV BT NEFE

FIG. 5 is a block diagram showing an embodiment of
configuring the same waveform synthesis process as that in
FIG. 4 in the.form of dedicated hardware;

FIG. 6 is a block diagram for illustrating a flow of
the performance synthesis process in the aforementioned

performance synthesis section;

FPIG. 7 is a flowchart showing in detall an
embodiment of the performance synthesis process performed in

the performance synthesis section;

FIG. 8 is schematic diagram for explaining a link
process when a performance style module corresponds to the

amplitude element or the pitch element;

) FIG. 9 is a schematic diagram for describing
waveform thinning when the attack portion waveform is
connected to the body portion waveform;

FIG. 10 is a schematic diagram for describing

waveform thinning when the body waveform is connected to the

release waveform;

FIG. 11 is a schematic diagram for describing
waveform thinning when the bend attack waveform 1is connected

to the release waveform;

14



connected to the rel ease waveform having a | oop portion; FIG 13 is a

schematic diagram for describing a waveform connection
style nodul e ends before another performance style nDdurgegugsggLLﬁgqﬁ@%ﬁm
that performance style nodule starts; FIG 14 is a schematic diagram for
describing a packet streamgenerated in the perfornance synthesis section
FIG 15 schematically shows an embodi ment of the overall configuration for1
expl ai ning operations in the waveformsynthesis section; FIG 16 is a

bl ock di agram for.cancisely ghaw i 1 tovk
I ag _ WhBEad i of lsawdafant Horo\irsadtivwavef or m
synthesis; FIG 1777 a bFock di agram for explaining a vector |oader; FIG

18 is a bl ock-diagrAMbohgeHRkAl Bl 1519 |
: a : ge¥Rkal RhBgnarmadt ar t acieretveror® GS 19
di agr am f'or e%%#alnlng a vector recorder; FIG 20 schematically Lﬁo&sbLﬁCk

e?bom!ﬂﬂgoﬁge hgg dat anst ruckuke ahvesotar hiatiang B Gol BWOWsR he cont ent
o] nu§|ca performance data created in the score interpretation_section
10113; FIG 22 shews.the tiismian @ dhemasuipp| dji sy packet s3¢$@FPEAE Ber f or mance
synt hesis section to the waveform synthesis section; 15 15 MAR 5005 FI G

ggcifoﬁ_b&@@@f@kﬁgbaﬁh&hmwbngwa@no@em@nfonmqqﬁgLﬁgy%ﬁ L8R8 ont r o

before another performance style module subsequent to that

performance style module starts;

FIG. 14 is a schematic diagram for describing a
packet stream generated in the performance synthesis section;

FIG. 15 schematically shows an embodiment of the
overall configuration for explaining operations in the

waveform synthesis section;

FIG. 16 is a block diagram for concisely showing a
flow of the overall waveform synthesis;

FIG. 17 is a block diagram for explaining a vector

loader;

FIG. 18 is a block diagram for explaining a vector

operator;

) FIG. 19 is & block diagram for explaining a vector

recorder;

FIG. 20 schematically shows an embodiment of the

data structure of vector data;

FIG. 21 shows the content of musical performance
data created in the score interpretation section 101B;
FIG. 22 shows the timing for supplying packets from

the performance synthesis section to the waveform synthesis

section;



FIG 24 is a state transition diagramfor prediction operations in thﬁz
predi ctive control section; FIG 25 is a flowhart which shows a Iodcf’ AR 2005
process performed in the pre-fetch section; FIG 26°is a flowhart which
shows a packet reception process performed in the pre-fetch section; FIG
27 describes operations for configuring a cache page; FIG 28 is a signal

fl ow di agram between the perfornmance synthesis section and the waveform
synthesis section; FIG 29 shows the |ink structure of a page header in
the cache menory; FIG _30.is a stahe dsansididbwiagram deeneeh pages in

t he cache nmenory; Fifd Are*S3f isatim ng chart which outlines the timng

control for the afor Nt J embediyentse B ;LED DESCRI PTI ON OF THE
| NVENTI G\Flfﬁﬁé‘ﬁelﬁﬁrﬁ&m%%gd]ceonfi guration according to enbodi nents of

the invention Enbodigrents «of 4 her pre&sepins iwvent i aregrah ber BESECHEE i n
further detail w th reference to the acconpanying draw ngs. J. 25 MAR 2005

FIG 1 i sogeglagfc[%nc;i agr amexarmididyivng ddrethal dweeeloronfiguration of a
wavef orm generafor according to the present invention. This har %\As/%re
configuration exanpl® useSis a flowchart which shows a load proc

performed in the pre-fetch section:

FIG. 26 is a flowchart which shows a packet

reception Process performed in the pre-fetch sectiaon;:

FIG. 27 describes operations for configuring a cache

page:
FIG. 28 is & signal flow diagram between the

. . N i s
performance svnthesis section and the waveform synthesi

section;

FPIG. 29 shows the link structure of a page header in

the cache memory:

FIG. 30 is a state transition diagram between peges

in the cache memory; and

FIG. 31 is & timing chart which outlines the timing

j control for the aforementioned emmbodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0007]

' rati ~d3 embodiments
1. Hardware configuration according to

of the invention

Embodiments of the present invention will Dbe

described in furthex detail with reference to the

accompanying drawings.



a conputer. In this configuration, the co i fi

_ , nput er executes a specifie
B;ggreﬁ{n i(ﬁefe';]}[/v?(r)ﬁ) t09 i npl enment Lhe wavef orm generation accolrodi ng tgft%?ﬂﬂfi

. course, the waveform generation is not |im
L?grgo;n1of computer software, but is also available in the forn1g$dato
mavefgrﬁgégggfggfgzs?g byta|DSP (glgital signal processor). Further, the
no imted to the form of these types of 1

but is also available in the form of dedicated hardware Cgﬁflguregr?grans,

i ncl ude discrete &ECUIt i
: ( N A Bhegkaked geiat eixemp lidngar s cate pa
circuits, etc. Tﬁe wave orn1generator may be applicable to any¥%?iﬁiggs

such as elegggggbg sb@ag
i iASkrvreNben ckartack @ cappariailses, t
game appa?%?usés mul ti medi a devi ces personal conpute %I:gzronlc

¥0008] Ergggn@a&gw@ﬁel@anflgmmatmamdwmawpb@nﬁigqnat%Pneﬁy%ﬁﬁﬂﬁoﬁses
unctions as a main control section of the conputer. Via a bus L ne_BL

(data or addpesstbys, &hc.thist kenERGUIGE o . A STt F
r%ﬁﬁ e
éRCN? 102, random access nenory (RAM 1083, panel mntch 104 QF%azgrDry
Sgiflg% 1%g§cafdﬁﬁv?r§gﬁfmldSMﬁRﬁQﬁQﬁlqﬁxﬁW %ﬁ%ﬁ?%n 0774 mageforn1output
a har i sk 109, and a comuni cat
101 perf opemenEacess ARy RSSO &%ﬂ%ﬁ?%}t L e 26e JizsIne O

"musi cal sound synthesis (software soun
0
cr eat ed dam&ba§UBfQﬁN:9%%%?%%9%%5%?“5% asedilgo1?%%@E?%gd5§Pg;$gngn 2

These prograns a
111 OrpeX%QmﬁHtJ§5§Eé¥¥A§§’féé%“lémﬁfﬁgkévgifa$b@ £emayai cattmofi rt er f ace

v -

\ microprogram processed by a DSP (digital signal processor).
/ Further, the waveform generation is not limited to the form
of these types of programs, but is also available in the form
of dedicated hardware configured to include discrete circuits,
integrated circuits, large-scale integrated circuits, etc.

The waveform generator may be applicable to any products such
as electronic musical instruments, karaoke apparatuses,
electronic game apparatuses, other multimedia devices,

personal computers, etc.

[0008]

} In the hardware configuration example in FIG. 1, a
CPU 101 functions as a main control section of the computer.
Vvia a bus line BL (data or address bus, etc.)., the CPU 101 is
connected to read-only memory (ROM) 102, random access memory
(RAM) 103, a panel switch 104, a panel display 105, a drive
106, a waveform import séction 107, a waveform output section
108, a hard disk 109, and a communication interface 111. The
CPU 101 pexrforms processing such as "creation of a waveform

database",'"musical sound synthesis (software sound source

17



storage nedia 106A etc. such as CD, MO, etc. nounted on the drive 106 and
are stored in the hard disk 109. At the tinme of execution, the progrBi¥iR 2005
are |loaded fromthe hard disk 109 to the RAM 103. Alternatively, it nmay be
preferable to record prograns in the ROM 102. The ROM 102 stores various
prograns, data, etc. executed or referenced by the CPU 101. The RAM 103 is
used as working nenory for tenporarily storing various information about a.
nmusi cal performance or various data generated when the CPU 101 executes a
program . The RAM 103-is:8hS@avsBdsas, mesory (tor bst deiseg ib@dekaspd on
executing prograns or related data. Specific address areas in the RAM 103
are all Oﬁ;g}quiffeésﬁﬁgr%ﬁéﬁg.fumﬁéisensragdamseamgeéua?@llte@gifé?toé‘l’ s, flags,

t abl es, nory, etc. e panel switch 104 is configured to include various
oper ation, geyvices $04 thesubmgunastrioni éngerdassnpl RAfsiccdl® ds,
editing sanpled waveformdata, etc., enteri n% various infor tir?”the etc.
The oper afi o= glevineesai nobadeta .nsmehi @sk&Ppa X.ortent®¥YHg hutferi 't dat a,

a keyboard for entering character data, anel swi.tches, ete tlfé'r hee, it
se

may be prefevableet andi arkudsorad diis thge AL o FdvilcEs f ot : éc%| ng,

setting, or ~controlling pitches, tinbres, effects etc, The.pangl 16esplay
105 di spl @y sexacigdsni. ntoempEiosd 281% &-&d N iR rfterd“batn%? %%m&%c 104 or

sanpl ed waveform data, etc. For exanple, .a |iqui gisptay (LCD),
CRT, etc.tar ghas8aM 803t he M. 1@ 1% R 3bod pdi (i %%f/@%%o. [00091 The
maVEforn1Lng;%'%%%%E%gﬁlglIgﬁglﬁgﬁ;fHEfV[%he ROM 102 stores various

li programs, data, etc. executed or referenced by the CPU 101.

) The RAM 103 is used as working memory for temporarily storing
various information abhout a musical performance Or various
data generated when the CPU 101 executes a program. The RAM
103 is also used as memory for storing currently executing
programs oI related data. Specific address areas in the RAM
103 are allocated to associated functions and are used as
registers, flags, tables, memory, etc. The panel switch 104
is configured to include various operation devices for
issuing instructions to sample musical sounds, editing

) sampled waveform data, etc., entering various information,
etc. The operation devices include a numeric keypad for
entering numeric data, a keyboard for entering character data,
panel switches, etc. Further, it may be preferable to
include various operation devices for selecting, setting, o©oTr
controlling pitches, timbres, effects, etc. The panel
display 105 displays various information entered from the

panel switch 104 or sampled waveform data, etc. For example,

a liguid crystal display (LCD), CRT, etc. are used for the

18



converter for converting (sanpling) an anal og nusical sound signal

(external waveforminput, e.g., input froma mcrophone) to digital Mq% 005
The digital waveformdata is- inported to the RAM 103 or the hard disk Sg
as original waveformdata (waveform data as a material for waveform data
to be generated). The CPU 101 performnms processing of "waveform database
creation" to create a "waveform dat abase" according to the present

i nvention based on the inported original waveformdata. Further, the CPU
101 performs _pr.ocessin 5%f "musi cal sound synthesis based on the database”
to creat ePAAGEf erﬁpggtya f'or any nusical sound signal corresponding to

nmusi cal perfornang%qu’gfrnati on by using the "waveform database". O
course, it is possible€ to simultaneously generate a plurality of nmnusical

sound signals. \Myef qrmdal.a, fofpdhe aaneiat etb Tusichbdsouad /8nal is
supplied to the wavetf orm out put section 108 via the bus Iine BL and_is

buf fered appLRRfdeat eddr Jdifyaraviefpr(mapiitinutg ) see taronl 49 8newit pat sS PR
buffered waveformdata according to a specified output sanpling frequency,
di gi t al - aRalye@ 1cqMerdal hedvealaimy amhtserrisd it HPE sl Syst em 108A.
Finally, the sound system 108A sounds the nusical_ sound s]iérgn | .Qutput from
t he wavef rmr@frite seos | angils. dete hartheli Gkoipol sY3Y 850 g‘?ﬁ?ah ty of
types of data associated with a nusical performance éuch as.vvav_g&orm dat a,
data for sympdresizing the® RS MR @005 advaldrikStot P éspondf ng 6™t he

nmusi cal performance (data for a performance style table, baok, etc.
to be descravesibrrh alaty (W@W@rfﬂaﬁa&t%o‘?ﬁ')r?ﬂ%@gwﬁh?#oggrtw%rgggggr gmetaers,

et.c. .
to be generated). The CPU 101 performs processing of

N,
A
)

"waveform database creation” to create a nwaveform datahase”
according to the present invention based on the imported
original waveform-data. Further, the CPU 101 performs
processing of »musical sound synthesis based on the database"”

to create waveform data for any musical sound signal

corresponding to musical performance information by using the
nwaveform database". Of course, it is possible to
simultaneously generate a plurality of musical sound signals.
Wwaveform data for the generated musical sound signal 1is

) supplied to the waveform output section 108 via the bus line
BL and is buffered appropriately. The waveform output
section 108 outputs the buffered waveform data according to a
specified output sampling frequency, digital-analog converts
that data, and sends it to a sound system 108A. Finally, the
sound system 108A sounds the musical sound signal output from
the waveform output section 108. The hard disk'lo9 stores a .
plurality of types of data associated with a musical

performance such as waveform data, data for synthesizing
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The hard disk 109 al so stores data for controlling various prograns etc.
executed by the CPU 101. [00103 The drive 106 drives a renovabl e dilskMAR 2005
(external storage medium 106A) for storing a plurality of types of data
associated wth a nusical performance such as waveform data, data for

synt hesi zi ng waveformnms corresponding to the nusical performance (various
data for a performance style table, a code book, etc. to be described

| ater), tinbre data conprising diverse tinbre paraneters, etc., and data

for controll aLL Qs sPLOGHARE tot €heexeauleed Ipertferremedofdatahechedi a
106A dri v"‘e%%%/&tgrﬁé gri veS 06 ca%sbe not only a floppy disk (FD), but also

a conpact _ dj v RAMLe . a rmgieetbaapt.i otic disk ReOjesSarbed
(Digital %gééﬁ%?%%%'k)%, y@?nd ot her types of renovabl e nedia. \Wen the
external i stQrageARGHMALAGA cehrpiriing ray cantimls priogiemm AT ABaheEd - ofitt he
drive 106, 1t may be preferable to directly load its content écontrol
program iRtonkhe BAMKIOID wiltdvoust comsyidrfd tEox c Qe Bt HEi ¥RT1B8° 1t is
convenient to provide the control programby using the external storage
medi um 10pAcgramegi & tiche e¥eaadred Bt duixe %Pdhtf%%' programs can be easily
added or upgraded. [00111 The conmunication interface 111 is connected to
a 20 15 MAR 2005 ddHrafhl cation network (not shown) such as a LAN, the

Internet, a telephone_ line, etc, The conmuni i on -i nt.er &% 1 connect ed
to a server conput®te (%%V%hjo%)djé:’t‘é?sv?ar?rﬁésgmg ahBkeeaR

storage medium 106A) for storing a plurality of types of data
associated with a musical performance such as waveform data,
data for synthesizing waveforms corresponding to the musical
performance (various data for a performance style table, a
code book, etc. to be described later), timbre data
comprising diverse timbre parameters, etc., and data for
controlling variocus programs etcC. executed by the CPU 101.
The media 106A driven by. the drive 106 can be not only a
floppy disk (FD), but also a compact disk (CD-ROM or CD-RAM) ,
a magnet optical disk (MO), a DVD (Digital Versatile Disk),
and other types of removable media. When the external

j storage medium 1062 storing a control program is mounted on
the drive 106, it may be preferable to directly load its
content (control program) into the RAM 103 without copying it
to the hard disk 109. It is convenient to provide the
control program by using the external storage medium 106A o;
via the network because cocntrol programs can be easily added
or upgraded.

fo011]

The communication interface 111 is connected to a

20



comuni cation network for inporting the control program various data, or
nmusi cal performance information fromthe server conputer, etc. to qlgeMAR 2005
wavef orm generator. .Wien the ROM 102 or the hard disk 109 stores no
control programor data, the conmunication interface 111 is used for

downl oading the control programor various data fromthe server conputer.
The wavef orm generator, working as a client, sends a coomand to the server
conput er for downl oading the control programor various data via the

communi cat g0} nEeEfagenthorihenocr eneiu) nguchi ssconkald, thife 19dEFdeT
conput er <tores the requested control programor data in the hard di sk 109

via the gomggﬁ%gomig}@t’e@&@ce raeconphenecehidodowAtead2CeFdrt her, it may
be preferable to include a MDl interface for receiving MDI's nusical
per f or mangg, ,pEeEARLLOR. sGhvieausbyputarmisosashperfofiince Weybbard or a
performance operation device may be connected to the bus |line BL for

real ti me ~SpMRRhYICRE 1WS inGal opdr Formanee Nitdhdr FRei SR.HtIf@gI FrHore it may
be preferable to supply mnusical perfornmance infornmati Qn nbyf}b%i\ ntf;né he
external gherage madiayMcrO6AsMriadh PEEFOEEENGEs it ER ™ %’ niisi ca

performance information. [0012] 2. Waveform dat abase .creatipn.progess 2.1
Qut |l i ne oketherprargss el .Getx | £ tfheo\iof?ﬁ’ﬁ’ﬁto%h&ﬁnﬁ%raaﬁ&ehbo i ment of the

21 15 MAR 1005 "wavef or m dat abase creati onoeprocescsé'ntpte(;lf Ppe-in bhe

af or ement Roied Ofavesf drire deet &6k T SPYdceds’ creates Vector data based

on mavefo%gi;ﬁ fﬁg”gfh%ﬂﬁ?@gk{%&'}ﬁ%ﬁ}f&%@ 111 is used for downloading

the control program or various data from the server computer.
The waveform generator, working as a client, sends a command
to the server computér for downloading the control program OL
various data via the communication interface 111. When
receiving this command, the server computer stores the
requested control program or data in the hard disk 109 via
the communication interface to complete the download.
Further, it may be preferable to include a MIDI interface for
receiving MIDI's musical performance information. Obviously,
a muéical performance kevboard or a performance operation

) device may be connected to the bus line BL for realtime
supplying musical performance information. Furthermore, it
may be preferable to supply musical performance information
by using the external storage medium 106A which stores
desired song's musical performance information.

[0012]

5. Waveform database creation process

2.1 Outline of the process

FIG. 2 is a flowchart showing an embodiment of the



performance styles (or articulations) in order to conply with various
performance styles (or articulations). At step Si, the process prepares a
database for storing the perfornmance style table and the code booRSGM@]mg
described). For exanple, the hard disk 109 is used as a nediumfor the
dat abase. The process collects waveformdata according to various
performance nodes of natural nusical instrunents (step S2). Nanely, actua
per formance sounds of various natural rmusical instrunents are capthred

froman exterpal WauehQLmMa R (1810 j !
_ , précdd £t qphoheymed aibheheavef or m
i mport sec?lon %87. The process stores waveformdata (original waveform

data) for  thesgepenhboiBnes oy dietatepeciTied preacss theahasd di sk
109. The waveform data for performance sounds to be inported may include

al'l of t hgortofUSGRl el grRREss O oxtharatt erisd s cppay edt Wetbovagheksas a
gi ven phrase, one note, an attack portion, or a release portion. [0013]

The.mavefgggfggh%ddétéﬂ#ﬂdﬂn&ﬂﬁmﬂkﬁidmﬂimﬂdmﬂhﬁﬁ@eoséand§Oa§§@P&Wn§iFB
various performance nodes characteristic of natural rnusical instrunents.

The processrtiben segrentmsndeisteve! 0P datbcihtbl8pPeeific portions, tunes
and filenames it (step S3). Nanely, the process separates the . inmported
ori gi nal wavef or mAfatstémt Bl pakBe AP REGEE OPREPEESH. 22918 fﬁﬁgpattack

portion waveform body portion waveform release ti Q@
orti on naFerang Gk 9L B SHT VB BFoLhaniBstrh PRAS Ay oS hape.

([1
L] described). For example, the harda disk 109 is used as a

)

medium for the database. The process collects waveform data
according to various performance modes of natural musical
instruments (step S2). Namely, actual performance-sounds of
various natural musical instruments are captured from an
external waveform input (e.g., a microphone) via the waveform
import section 107. The process stores waveform data
(original waveform data) for these performance sounds in a
specified area on the hard disk 109. The waveform data for
performance sounds to be imported may include all of the
musical performance or characteristic part thereof such as &

) given phrase, one note, an attack portion, or a release
portion.

[0013]

The waveform data is thus obtained from performance
sounds according to various performance modes characteristic
of natural musical instruments. The process then segments
this waveform data into specific portions, tunes and
filenames it (step S3). Namely, the process separates the

imported original waveform data into partial waveforms {e.g.,



segnentation). The process determ nes a pitch for each separated waveform
data at one or nore cycles ([2) tuning). The process further assigns a
filenane to each separated waveformdata ([3] filenamng). This wﬂgqﬂggmh
separation ([1l] segnmentation) can be omtted when the process inports

part of the performance waveform data such as the attack portion or the
rel ease portion. The process then separates conponents by neans of the
frequency analysis (step S4). Nanely, the process separates parti al

wavef orm dat a separ at_ el enerated . at. sten . .S3 i uralilysef
conponent §t59cﬁ'e§r?§acdfor¥r¥%ﬂﬁf{r'lo’ir‘f ’asl%OdchPu%telr%} r%%‘g %? “analysis. In this
enbodi ment, the waveform data i.s separ ' argphi ¢ conponents and
non- har nBRFE *OSnPEhe %ﬁm’ﬂﬂfﬁﬁ%éggé (%$S%§é%§ﬁ@écts gharacteristics f or

respective el ements such as the yaveforige e fbishsnape thejanplitude
from each Sgﬁbonen ar noni ¢~ conponent, non-harnoni ¢ conponent, and the

i ke). Naggl Yren tdl SodBaNSrt 016, L0 AL LI+ Stih LSe SEPAP 2EEWNEof VBRBNL he
wavef orm aga I's separated I nto harnonic conponents and non- harnonic

conponent $epkhe fiid GhhEensFmRt d Ofa | St Wmeestedndoe ayches- hazhohioiseiponent
because it ﬁ%s no pitch.) For exanple, the "wavefornt (tinbre) elenent is
an extractred Ghatasd efisther cosptgss ng Hhlgnahe havehornseRapet@ft h t he
normal i zed pitch and anplitude. The "pitch" elenment 23 '15 MAR 2005

conpri ses waweddmaciedh pi th #atémanong tharBeiervayeEoRHaFABET241P8f er ence

pitch. The "anplitude" el enment conprises an extracted anplitude envel ope
char act eri(dtlilc.segmentation) can be omitted when the process imports

\ part of the performance waveform data such as the attack
| portion or the release portion.

The process then separates components by means of
the freguency analysis (step S4). Namely, the process
separates partial waveform data separately generated at step
S3 into a plurality of components by means of the FFT (fast
Fourier transform) analysis. In this embodiment, the
waveform data is separated into harmonic components and non-
harmonic components. The process further extracts
characteristics for respective elements such as the waveform,

/ the pitch, and the amplitude from each component (harmonic
component, non-harmocnic component, and the like). Namely,
this means the characteristics separation. _(When the
waveform data is separated into harmonic components and non-
harmonic components, the pitch separation 1s unneeded for a
non-harmonic component because it has no pitch.) For example,
the "waveform" (timbre) element is an extracted

characteristic comprising only the waveform shape with the

normalized pitch and amplitude. The "pitch" element

23



[0014] At step S5, vector data is created. Nanely, the process discretely
or, as needed, continuously extracts a plurality of sanple val ues, f
respective elenments such as the waveform (tinbre), pitch, and anp'?“gggmﬁn
separated harnoni c conmponents, non-harnmoni c conponents, etc. A relevant
sanpl e val ue sequence is assigned with a unique vector ID (identification
information) and is stored in the code book along with tine position data
for the sanple value. Such sanple data is hereafter referred to as vector

data. This ehodi m%H SIEA1 &S ¥ 661 n @t A1 4 Lo hen By et ermsticnage)ins t
&

el enent, Fhe pltcﬁ enment, and t'he anplitude elenment in a harnonic
conponent . ang vector data, forpidie yayef ofge (teTdnent ebmpenseandnt he

. a .
anpl i tude e?enent I'n a non-harnoni ¢ conponent. The vector data for each

conponent el eneit, Laf,thangse Wive1dhe ornggaessrabong.the tining axis. The
process then creates data for a performance style nodule (to be detailed

| ater) and stores;ddesperformance style nodule in the performance style
tabl e. The perfornmance style nodule and the vector data thus created are
witten to the perfeorsesgesstybectabl éatandst heeesdd . bodlened it heltfat abase
(step S6) for data storage in the database. As nentioned above, the vector
data i s netoc¥dgidisdcinavelpror dada necdedel EONBLRUSEFAVaLE TR T G
elenents in a waveformrepresentative of the shape of an 24. 15 MAR 2005

i nport ed pAlgiaidtwavefeamplahvelyest BFOHar aSPERELNE BEBIRELS FHT! dita for

a performance style nodul e. The code book _stores c nptessedapartu§
wavef or m ddtea waspreeant fEfpre)pf pitch, and amplitude: in Sep rate

‘ harmonic components, non-harmonic components, etc. A

| relevant sample value sequence is assigned with a unigue
vector ID (identification information) and is stored in the
code book along with time position data for the sample value.
Such sample data is hereafter referred to as vector data.
This embodiment creates vector data for the waveform (timbre)
element, the pitch element, and the amplitude element in a
harmonic component, and vector data for the waveform (timbre)
element and the amplitude element in a non-harmonic component.
The vector data for each component element can change with

! the progress along the timing axis. The process then creates
data for a performance style module (to be detailed later)
and stores the performance style module in the performance
style table. The performance style module and the vector
data thus created are written to the performance style table
and the code book in the database (step S6) for data storage
in the database. As mentioned above, the vector data is not

original waveform data in itself, but separate data for

elements in a waveform representative of the shape of an



changes in the extracted waveform shape. The performance style table
stores data for performance style nodules (to be detailed later). E%WﬁBI
this data. includes various data needed for restoring the vector d R°Z005
stored in a conpressed formto the original waveform data having the
wavef orm shape, |ID data for specifying vector data stored in the code
book, etc. [00153 During the aforenentioned characteristic separation
(see step S4), the process perforns the characteristic extraction by using

the t I t i dditi t d t

el orent s, JUECEGIe Gt o FOPEng= VBRPFHct eQ o ma S B on s T EANt el Tl et red
t t data". Thi th ty f
or i g1 nal WSt I et 411 B HOERAG REFFod POT k*%?ﬂseﬁaﬁfatﬂ%ﬁfdg%nﬁ?%?ehs "

o "ML SR DB U0l operalit dcks gt ncate the

ori gi nal tlne varra the tine perlod t he "waveform
dat abase I qja#%]gnﬂ?r Pf Séﬁtm%% eR0%, 23R8y %f s@)raﬂ?éeaSWr?e tdd 18c dhfi@ncd engt h.

In this case e code need not necessaril store data for the tine

el ement (ig1&§1e taB1¥CELBcdalR) A @@%a@@@ﬂotmam\wwﬁ@mm sanmetvabee
"1" at any tinme period. O course, the present invention is not limted

thereto. ldetdS1p@Sshbke)to @abhedy, amh&&am@ﬁﬁ\MmaﬂudﬁﬁﬂwamﬁommddﬁE@sures

25 15 MAR 2005 the actual time length, and stores it as "time vector data"

in the codedinok. fpP0t6Ftoring the vector data stored in a compressed
form to the original waveform data having the waveform shape,
ID data for specifying vector data stored in the code book,
etc.

[0015]
During the aforementioned characteristic separation

(see step S4), the process performs the characteristic
extraction by using the time as an element in addition to the
amplitude, pitch, and waveform elements. Vector data for the
extracted time element is hereafter referred to as "time
vector data". This time element uses the time length as 1is
for original waveform data in a time period for the
separately generated partial waveform data. Accordingly, if
ratio "1" is used to indicazte the original time length
(variable) for the time period, the "waveform database .
creation process" need not analyze or measure this time
length. In thig case, the code book need not necessarily
store data for the time element (i.e., time vector data)
because it always takes the same value "1" at any time period.

Of course, the present invention is not limited thereto. It

is possible to embody an example which analyzes and measures

g

{
0



Then, it is determ ned whether or not the database is created fully (step
S7). Nanely, the process determnes whether to fully obtain data for
various performance style nodules and vector data by sufficiently 15 MAR 2005
collecting original waveformdata for performance sounds in various
performance nodes for natural nusical instrunents obtained fromthe
external waveforminput. This determnation is not always automatic. It
may be preferable to follow instructions whether or not it is possible to

continue processl,ag 'E%%dj%gtq'ﬁeran% Wl operad | onsme TWecpooCaESa"
termnates when it is determned that the original waveformdata is

col | ect ed; angdpveehar pddi:a based on it is fully created (YES at step S7).
To contlnue collecting original waveformdata and creating vector data
based on it (NO ste1%7) ., the process returns to step S2 and repeats steps
S2 through S7. It may be preferable to generate a nusical sound by

actual | y using thenesr eatted & etdtasrndated fuite et er ot nhay whet Het aba seot
vector data is fully created (step S7). Nanely, control once exits from
the flow iin Ek@at2dbyf uddtyer(tdme that Nesotlor. ckn%.PEOC¢@$I9eé¢§@@éGS(YES
at step S7). Thereafter, there may be a case where the nusical sound is

r epr oducewhbyhesi g ﬁWéanQ&ﬁ&&P\ﬁﬂﬁ%ﬂfQEu¥Pr¥ﬁH5|Eeﬁﬁ%5TP§F8cFGV}e I n
this case, it may be preferable to add vector data £¥ erformn

process afofHd esf P@rd Je&F o ity SuRfG it taf &7 %gtﬁggl\/ﬂﬁlgé

created and added to the database whenever cessar In_t tioned
"wavef or iP8YE45E8%e (& Eaio9n Prdeddice 1° Lh%&e/s e pY &F &7 4B QSF gggbgg?‘ %e

CaPablllth%%es for natural musical instruments obtained from the

! external waveform input. This determination is not always
automatic. It may be preferable to follow instrucﬁions
whether or not it is possible to continue processing based on
user's switch operations. The process terminates when it is
determined that the original waveform data is collected and
vector data based on it is fully created (YES at step S7).
To continue collecting original waveform data and creating
vector data based on it (NO step S7), the process returns to
step S2 and repeats steps S2 through S57. It may be

) preferable to generate a musical sound by actually using the
created vector data for determining whethexr or not vector
data is fully created (step S7). Namely, control once exits
from the flow in FIG. 2 by determining that vector data is
fully created (YES at step S7). Thereafter, there may be a
case where the musical sound is reproduced by using the
created vector data, but is unsatisfactory. In this cése, it

may be preferable to add vector data by performing the

process at and after step S2. That is, vector data is

26



addi ng or deleting any performance style nodule, or editing data etc. for
performance style nodules. [0017] 2.2 Performance style nodul e data
structure The followi ng specifically describes performance style no&ﬁW@Rzmﬁ
data. Performance style nodules are stored in the performance style table
configured to be a database on the hard disk 102. One performance style
nodul e can be specified wth the conbination of a perfornmance style ID and
per f or mance paraneters The perfornmance style I D contains nusica

st runent, Lformati on, 4id, a godyl eaPALL 2 DA n EQL: FXAHBLECyL e

perfornangg ?tfﬁ i héd as eén one performance style ID

s expressed with g, aﬂgegfsrgffn nP20RLBS b kSOt Qa3 bbastl xoelis doher eof

are used to express e nu5|ca i nstrunent informtion. v%en the 6-bit

sequence i3 Q00000 £9¢ @éaﬂPéEeréﬁﬁenyé'%@bvhaétbéﬁﬁﬁhlhmﬁéﬁﬁﬁElOn
i ndi cat es AltoSax When the sequence is "001000", the nusical instrunent

informati gagind (At efe MOIAG. aht PBY¥TfOEmapEEf etabbembaulee bhr e@ihiigh- or der
bits of the 6-bit sequence for a major division of nusical instrunent

types anddshzeetd OVE®r desrbotsafioe atpieomodiuvesion thereof, for exanple.
Anot her six bits in the 32-bit sequence are used to express a nodule parts
nane. For exanpl e,[tte7fodul e parts nanme 27 .15 MAR 2005 i ndi cates

Normal Attack for the 6-bit sequence "000000"; BendAttack for "000001";

G aceNot eAt.2ac P dmrort@ood 05 ty 1 dlonpdh ShodeBady t¥BEtug@81000"; Vi bBody for

"001001"; .
The following specifically describes performance

style module data.

Performance style modules are stored in the
performance style table configured to be a database on the
hard disk 102. One performance style module can be specified
with the combination of a performance style ID and
performance parameters. The performance style ID contains
musical instrument information and a module parts name. For
example, the performance style ID is defined as follows.

When one performance style ID is expressed with a sequence of
32 bits (bits 0 to 31), six bits thereof are used to express
) the musical instrument information. When the 6-bit sequence
is "000000", for example, the musical instrument information
indicates AltoSax. When the sequence is "001000", the
musical instrument information indicates Violin. It may be
preferable to use three high-order bits of the 6-bit seguence
for a major division of musical instrument types and three
low-order bits for a minor division thereof, for example.
2Another six bits in the 32-bit sequence are used to express a

module parts name. For example, the module parts name

27



Nor mal LongBody for "001010"; Nornal Rel ease for "010000"; Nornal Joint for
"011000"; or GraceNotedoint for "011001". O course, nodule parts

are not limted to this configuration. [0018] As nentioned above,nggﬁﬂ?
performance style nodule is specified with the conbination of the
performance style ID and the performance paraneter. Nanely, the
performance style nodule is specified according to the performance style
ID. Its content is set variably according to the performance paraneter.
The performance par ter. characterizes o control s wavef.ar ata

corr espon&?%%%n%@oﬁ%%@% f:‘fﬁll‘@“e n‘éﬂ?ﬁr% S%‘é%???edwgg@g df

f ' i f ) [\ dul e.
Por oxamprent A el g BB A Sl o B Rk PR oBB RS Por ©

f " 0) itch . just aft
per for mnﬁﬁrg%g%%%%%@s A Ghso ;\E’:%%%}gdf?f aoggbgrlm' just after

the attac [ BendUpAt t ule may be provided with
types of RerIRNTRMSBREF HBE e o1 GLEN, aSoAha BRSDLAEE Pbi-Choaboble ;end of
BendUpAttack, an initial value for the bend depth at the tine of
BendUpAt t aekmald@dquerd otbof" dineodromt herdegianéngiheo tbe eodiobi". of
BendUpAttack (note-on timng), a volume just after the attack, tenporal
expansi on cand seontmeabilieonpafta tefeuldreutde dimingd BentbpAttack, etc.
Moreover, the AltoSax [ Nornal ShortBody] 28 3 5 MAR 2095~ nodul e may be
assi gned wionifd garagbisolute pitch of this nodule, the stop tinme and the
start tinme of Nornal ShortBody, the dynam cs at the beginning or end of
Nor mal Sh ort Body,[@3E81A

2005

: As mentioned above, each performance style module is

| specified with the combination of the performance style ID
and the performance parameter. Namely, the performance style
module i1s specified according to the performance style ID.
Its content is set variably according to the performance
parameter. The performance parameter characterizes or
controls waveform data corresponding to the performance style
module. Specified types of performance parameters are
available for each performance style module. For example,
the AltoSax [NormallAttack] module may be given types of

) performance parameters such as an absolute pitch or a wvolume
just after thé attack, etc. The AltoSax [BendUpAttack]
module may be provided with types of performance parameters
such as an absolute pitch at the end of BendUpAttack, an
initial value for the bend depth at the time of BendUpAttack,
a period of time from the beginning to the end of
BendUpAttack (note-on timing), a volume just after the attack,

temporal expansion and contraction of a default curve during

BendUpAttack, etc. Moreover, the AltoSax [NormalShortBody]
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performance styl e nodul e does not necessarily include data corresponding
to all available values for performance parameter. The perfornance.l$tNARE005.
nodul e may store data corresponding to sone intermt tent values for
performance paraneters. For exanple, the AltoSax 11\7ormal Attack) nodul e
may store data corresponding to partial data, not all values for an
absolute pitch or a volune just after the at-tack. As nentioned above, a

] performance style nodule can be specified wi-.h the performance style ID

A oS - RO ok ROURPECC 4 epgt A RaE ot eupONE e LB HEAR r e
foscri boa) iond J0at | 1cH0F 5 oPHAF at e O pOV T SIOTHE o Saxophone.
dosi red pETTOTNCE T par hrERra GIE BF B (Fal by O BS ot et a to
2.3 Porf ok iy e 1 hife oA RePPel WPE i eatce MGt il o

stores dactg Resdatsigy gsnghat Ev%iY‘L@ID%EGVfaCﬂJ@sC%rOrrez%%%ﬂ J& the

rel evant performance Style nodule wth respect to e pertormance style

modul e. Bt e, the perkermBAce shvhe [RRhA SHAESGHMELELI 1D and a
typi cal point val ue sequence (data for specifying a I5 MAR 2005 typical

sanpl e poicitr fe¥pG0IT€§t tONsbRediBhEkAliitt e nef vSamRle r seqencesiafiey
speci fying vector data (waveform el enent, pitch elenent (pitch envel ope),
anpl i t ude pelr@mentexanpl Foudexample, the AltoSax [Normalkittack] module

. mey store date corresponding to partial data, not all values
)
for an absclute pitch or a volume just after the attack.

As menticned above, a performance style module can
be specified with the performance style ID and the
performance style module. Conseguently, for exemple, the
AltoSax [NormalAttack] module can specify data corresponding
to desired performance parameters cut of a pluralityv of datea
(element data to he described) indicative of a normal attack
portion of the. alto saxophone. The Violin [BendAttack]
module can specify data corresponding to desired performance
parameters out of a plurality of data (element data to he
described) indicative of a bénd attack portion of the wviolin.

[0019]

2.3 Performance style table data structure

The performance styvle table stores data needed to
generate a waveform corresponding to the relevant performance
style module with respect to each performance style module.

For example, the performance style table stores a vector ID

and a typical point value sequence (data for specifying &



envel ope), etc.) for each conponent elenment. Alternatively, the

performance style table stores information such as the start or stop tinme .
position of vector data (waveform el ement, pitch elenent (pitch envel DMAD 2005
anplitude el enment (anplitude envelope)) for each conponent el enent.

Nanely, the performance style table stores various data (hereafter also
referred to as "elenent data") needed to reproduce the waveformin a

normal shape fromthe waveformstored in the database as vector data in a
conpressed form . The

| 0 h
[ No Attfaywa?Touam??opmeipffa?ﬁ?% ki t%%ﬁ%eaﬁrsa% ooy SR be
stored in the p gance st Ieltab e ﬁorrﬁ g ng Lo anp forngnce style
nodul e. Dat@?4¢ %ﬁﬁ§| °Fength 3? R9p&rforfané stw dﬁl
Not t
e-on timn pgié%Fgguégﬁkﬁh en¥g§E8r %ﬁ?if%&@@néfgm%§¥ {%ﬁgiﬁgu%%ctor

seqguence f%ﬁt Re anpli enent in-a ha conponen

D and a 1Rl £abuB9! Nbrka) UgCSCRUERCEChBnERT BLEAl CTanl: doh A hag IpN o

conponent Vect or or the vvave orm el enent In a

har moni ¢ coMPOPERt oriAhaebstVeet @EphP @@@r@stXMﬂaﬂmdxidH Madwes s segaence
for the anplitude elenment in a non-harnonic conponent. 30 15 MAR 2005 Data

71 Vector dfxferotherwpvelinenpokiihen) ogl e@tlor igatad NGB GBI €lement,
conponent. Data 8: Begi nning position of a block of the
pitch element (pitch envelope), amplitude element (amplitude
envelope)) for each component element. Namely, the
performance style table stores various data (hereafter also
referred to as "element data") needed to reproduce the
waveform in a noxrmal shape from the waveform stored in the
database as vector data in a compressed form. The following
description uses the AltoSax [NormalAttack] mcdule for
explaining an example of specific data to be stored in the
rerformance style table corresponding to a performance style
module.
Data 1: Sample length of a performance style module.
Data 2: Note-on timing position.
) Data 3: Vector ID and a typical point value
seguence for the amplitude element in a harmonic component.
Data 4: Vectoxr ID and a typical point value
seqguence for the pitch element in a harmonic component.
Data 5: Vector ID for the waveform (timbre) element
in a harmonic component.
Data 6: Vecto: ID and a typical point value

sequence for the amplitude element in a non-harmonic

component.
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waveform (tinbre) elenment in a harnonic conponent. Data 9: End position of
a block of the waveform (tinbre) element in a harmonic conponent
(beginning position of a loop for the waveform (tinbre) el ement |ﬁ5dMRzm5
harmoni ¢ conponent). Data 10: Begi nning position of a block of the
waveform (tinbre) element in a non-harnonic conponent. Data 11: End
position of a block of the waveform (tinmbre) element in a non-harnonic
conponent (beginning position of a |oop for the maveforn1ft|nb¥e) eLenent
in a non-harnoni c.conponent) . Dat 2. _End position of a.|oop for the,
waveform (timbre) Déilgélrrgnt it\)r?cétCﬁo?—%aﬂr%nﬂ&gc‘oﬁﬁ%ﬁ%ﬁ’f‘. (Fé@f%é]e) ?H&men;l .
af or enent i.qned a. 1. g il]. be described with reference to

3. FIG SJggﬁéﬁgﬁﬁcg%fﬁgéggngpl|€§§n€dnponents and elenents constituting

an actual wavefor mhgegtigan Hggi(ﬁiygﬁggghgfééxgkpgrﬂggnﬁn%% styl e nmodul e.

T
Fromthe top to the bottomin {h gure, ere are showi"t hie "anpl i tude

el enent i@aa&ré@éﬁﬂn¥§iﬁgﬂg9n%memetxﬁeim tLh sLeSe L on3,, 048 moni
conponent, the waveform (tinbre) elenment in a harnmonic conponent, the

anpl i tude el ement Data MON- BATYYL t GARONENtE 1 6 bherwayahoeRuihi nbre)
element in a non 15 MAR 2005 harnoni c conponent. Reference nunerals in the

figure cdrriespoall ¢betbetafiar entvatrimenad: dateankrder shedhentefepeneeion
nuneral 1 represents a sanple length :
of a loop for the waveform (timbre) element in a harmonic
component).
Data 10: .Beginning position of a block of the
waveform (timbre) element in a non-harmonic component.
Data 11: End position of a block of the waveform
(timbre) element in a non-harmonic component (beginning -
position of a loop for the waveform (timbre) element in a
non-harmonic component).
Data 12: End position of a loop for the waveform
(timbre) element in & non-harmonic component.

[0C207]

The afcrementioned data 1 through 12 will Dbe

[ol}

escribed with reference *to FIG. 3.

FIG. 3 schematically exemplifies components and
elements constituting an actual waveform section
corresponding to the performance style module. From the top
to the bottom in this figure, there are shown the amplitude
element in a harmonic component, the pitch element in a
harmonic component, the waveform {timbre) element in a
harmonic component, the amplitude element in a non-harmonic

component, and the waveform (timbre) element in a non-



(wavef orm duration) of the waveform corresponding to the performance style
nodul e. For exanple, the sanple length corresponds to the entire tinme

| ength for the original waveformdata as a basis of the performance $6 AR 2005
nodul e. The reference nuneral 2 denotes a note-on timng position which

can be variably specified at any tinme position in the performance style
nodul e. In principle, a performance sound corresponding to the waveform
starts sounding fromthis note- on timng position. EEpending on a

per f or ”ancﬁafr‘i%?cs‘é%ﬂl 3% enpend rattack, . f of, exanml e, t . TEsg LLme for a
TRy ) pEe

wavef orm conponent recede the note-on timng e reference

nurreral 3 depptesoaevey an, Rnd i tosf@dc@at%OIn%.bV%y.e sequence to

i ndi cate vector data for the Itude el enent in a harnoni c conponent

stored in. the COdQ‘hebqfékfexlé?u@ @}un%ratjypi Gad b R dH 155 aéesérﬁ peseahgdnby two
bl ack squares. The reference nuneral 4 denotes a. vector and a” typical

poi nt val ugwgegeERRme ah:@ altidnoatee %%%I%Eﬂ$¥diﬂ(Hbﬂﬂétpdﬁdfﬁgefgnﬁﬂé in. a.
har moni ¢ conponent. The reference nunmeral 6 denotes a vector ID and a

typi cal popetryahdeceegusgnee roduliendi ¢ate exeeiplie daihe fsamphe aspbthude

el ement in a non- harnoni c conponent. The typical point val ue sequence data
is used foorchapgnag ao dchrt realtlireg tieet drendafa floocondrd samgganapl ural ity
of sanpl e sequences) specified by the vector ID and 32 15 MAR 2005

i ndi cat es weaveperinf des asase at pgiséal ofarrplee peaifprmnanyie B tykespeeduie.- a
specified typical sanple point, its tine position (abscissa axis) and
IeveI ax|STw@rggﬁgg§n§ﬁ|§pm@p@l 2 denotes a note-on timing position

which can be variably specified at any time position in the
performance style module. In principle, a performance sound
corresponding to the waveform starts sounding from this note-
on timing position. Depending on a performance style such as
bend attack, for example, the rise time for a waveform
component may precede the note-on timing.

[0021]

The reference numeral 3 denotes a vector ID and a
typical point value sequence to indicate wvector data for the
amplitude element in a harmonic component stored in the code

! boock. In FIG. 3, typical points are represented by two black
sguares. The reference numeral 4 denotes a vector ID and &
typical point value sequence to indicate vector data for the
pitch element in a. harmonic component. The reference numeral
6 denotes a vector ID and a typical point value seguence to
indicate vector data for the amplitude element in a non-
harmonic component. The typical point value sequence data is
used for changing or controlling vector data (comprising a

pPlurality of sample seguences) specified by the vector ID and



changed or corrected. The other sanple points change accordingly, thus
changi ng the vector shape. For exanple, the typical point val ue sequence
data indi cates dispersed sanples fewer than the sanples, but is not]5pMRzm5
limted thereto. The typical point value sequence data. nay be
internedi ate data between sanples or may be data within a. specified range
(a plurality of successive sanples). Further, the typical point val ue
sequence data nay be a difference, a nmultiplier, etc., not a sanple val ue
itself. Each vector data shape can be changed by shlftlng this typica
poi nt aIo&fq%ﬁ?%%%cP§sﬁPeﬁiiéeﬁn&Mﬂetﬂﬁ?kﬁ&ﬁrﬁﬁ@PhQ|BO¢ﬁtﬁlngWaxhs)
Nanmely, it is ossi bl e to change an envel ope wavef orm shape. [0022] The
referencelﬁﬁﬁﬁéﬁ Bod@n6P§§3§l@%cFéPHQ§%(ﬁdmﬁﬁﬁ(ﬁﬁ%PVec%éﬁ dama for the
maveforn1&}|nbrqg k? in a _harnonic conponent. The reference nuneral 7
" B PBeHAG

denotes a FoaidSVelt 1EHS fHF1 T hePTRYRRBENFEEERDABY

I ti f | . 8_denot th
begi nni ng pos.g[%"%n@%‘f CRPFoCRISr N i BroA ULl vy e GhERECn o
har noni ¢ GRIRA! glyherhf eE nﬁglggmyﬁ%li%§€§¥ugﬁ ihe end posit on of a

bl ock of the wave orn1(t| “ement ar Noni & conponen? FB

beg'””'”@t@@“ﬂjﬁ&b&i Rﬁlhgogaﬁg% %Q% (HJEAtiﬁﬁ%éﬂtg%eaggégkgeg

har moni ¢ conponent). mely, the trla ngle starti rom erence 33
15 MAR 20@5Mﬁﬂﬁﬁfﬁe@etnghﬁﬁt%ﬁeasﬁ%ﬁﬂégn)HM%”%é”HB@efih?@eﬁhkﬁgreto.

continuously stores a characteristic waveform shape succeedi ng
rect angl e TsteartymocdI oppihe ealeeereguiRy da1 may be intermediate
data between samples or may be data within a specified range
(a plurality of successive samples). Further, the typical
point value seqguence data may be a difference, a multiplier,
etc., not a sample value itself. Each vector data shape can
be changed by shifting this typical point along the abscissa
axis and/or the ordinate axis (timing axis). Namely, it is
possible to change an envelope waveform shape.

[0022]

The reference numeral 5 denotes a vector ID to
indicate vector data for the waveform (timbre) element in a
harmonic component. The reference numeral 7 denotes & vector
ID to indicate vector data for the waveform (timbre) element
in a non-harmonic component. The reference numeral 8 denctes
the beginning position of a block of the waveform (timbre)
element in a harmonic component. The reference numeral §
denotes the end position of a block of the waveform (timbre)
element in a harmonic component (or the beginning position of

a loop for the waveform (timbre) element in a harmonic

component). Namely, the triangle starting frcm the reference

)



i ndi cates a | oop waveform section which can be read repeatedly. The

non-1 oop waveformis a high-quality waveform having characteristics such
as a performance style (or articulation), etc. The | oop maveforn1|ESHAmmm5
waveform corresponding to a relatively nonotonous sound portion and
conprises a waveform for one cycle or the proper nunber of cycles. The
reference nuneral 10 denotes the beginning position of a block of the
waveform (tinmbre) element in a non-harnonic conponent. The reference

numer al 1Jﬂgﬁg9£§s t h ‘ﬁdl%QCEeJ%OS' yogn l()&pat\%eocﬁjgrm hsecetJ\Sc/%\%/lex{lﬁ)r'#1 (tinbre)

el ement in non- Rar moni conponent of a | oop
for the way, re). el nt rmoni.c
ref erence nunergFg%quen%Fgg%rﬁeqgﬁ a%gggﬁfﬁgn o 'g ?MH) EﬁfE%he J-%eform

(timbr o) el epal i Aol oReQ:BALMALG QT eReN! tnﬁh%e"?ffe%%%ta Reef® e

through 7 are used as information for cating vect

the code bpokitgtegaghicepPoRQRl SheRRRL 1 FNeMAler QBN ONathg data 2 and 8
through 12 are used as tinme information for restoring the original

wavef or m (hefezeeaepar athenhohrodopheavegeirar i@atan3023]a1As, medid ones
above, a performance style nodule conprises data for indicating the vector
data and dstwalforchebectiemesitnter gachoas kt pesfposwinde dty fg eedy conpose
-15 - MAR 2005. waveforms by using data for performance style nodul es stored
in the perdofhencetivy)e table The Usiopgwamedoral S s(\eectrort voate)oxfor
waveforns stored in the cod.e book. Nanely, the
corresponding to a relatively monotonous sound portion and
comprises a waveform for one cycle or the proper number of
. cycles. The reference numeral 10 denotes the beginning
position of a block of the waveform (timbre) element in a
non-harmonic component. The reference numeral 11 denotes the
end position of a block of the waveform (timbre) element in a
non-harmonic component (or the beginning position of a loop
for the waveform (timbre) element in a non-harmonic
component). The reference numeral 12 denotes the end
position of a loop for the waveform (timbre) element in a
non-haxrmonic component. The afcrementioned data 3 through 7
} are used es informstion for indicating vector data stored in
the code book for each component element. The aforementioned
data 2 and 8 thrcugh 12 are used as time information for
restoring the original waveform (before separation) from the
vector data.
[0023]
As mentioned above, a performance style module

comprises data for indicating the vector data and data for

the time infcrmation. It is possible to freely compose

[ 8]
o



performance style nodule is data representing the behavior of a,waveform
which is generated according to the performance style (or articulation).
Respective performance style nodules may contain different data typﬁfﬂﬁﬁ
the number of data. In addition to the aforenentioned data, the - 2005
performance style nodule may be provided with other information etc. such
as data for controlling expansion or conpression of the waveform s tim ng
axis. [0024] For easy understandi ng of the explanation, the
af orenment | gned. exanpl e has_shaown _t hat one performance

np% e ?ﬁ&@e?

p ityle TDdU|$ a
i ncl udes &R %Y e nent's 8F mP SO # 1 St 1 Ua Y O TR & h&F BRI
. h | f d lit.ud i . -h
componont s G FREME G e Lo TR, Tl s ot Imd (o 58, LP5TR0E

Covi ousl yagthg e foLyBRgens! ¥be adybe iRy Soprias, ongughcthe gherents

(wavef orm ch, "anp i na harfmoni ¢ conponent or the énen

(vavel or mand ATRLALLAEL L8 ACBANCNICLTRNLG CUMANE . £OL, £XATRLG, oLNS

per f or mante st e’ rmay conprise one o the wave e) el ement

in a har mnkevemepeshichnes Beheha@k@mRlcdrinid pardonie I[GQPPQB%%cet he
anplitude elenent in a harnonic conponent, the waveform (tinbre) el enent

in a nonshgnmonsr CeFPORENkt i3RJ .t heecappldttivde RleBRlah e as89N= harnonic
conponent. This is conveni ent because performance .35 15 MAR 2005 style
nodul es candva 4 eedy conbeneddfiareeanh cerponsides di02%4 Asmpert bened
above, all of the waveform data does

data. In addition to the aforementioned data, the

Lo performance style module may be provided with other
| information etc. such as data for controlling expansion or
compression of the waveform's timing axis.

[0024]

For easy understanding of the explanation, the
aforementioned example has shown that one performance style
module includes 21l of the elements (waveform, pitch,
amplitude) in -a harmonic component and the elements. (waveform
and amplitude) in a non-harmonic component. Howevelr, the
present invention is not limited thereto. Obviously, the
performance style module may comprise one of the elements
(waveform, pitch, amplitude) in a harmonic component or the
elements (waveform and amplitude) in a non-harmonic component.
For example, the performance style module may comprise one of
the waveform (timbre) element in a harmonic component, the
pitch element in a harmonic component, the amplitude element
in a harmonic component, the waveform (timbre) element in a

non-harmonic component, and the amplitude element in a non-

harmonic component. This is convenient because performance



not mai ntai n performance sounds according to diverse performance nodes for
various natural nusical instruments. The waveform database creation

process extracts just a partial waveform (e.g. , attack portion wawqjﬁ :
body portion waveform release portion waveform joint portion wavefo M?%M5
etc.) needed for changes in the waveform shape. Further, a hierarchical
conpression technique is used according to conponents, elenents, and
typical points to store waveform data as conpressed data in the hard disk

nosded 101" Ot o RGULRE NG Ot i OS LOOBR L 3OS or e YR et 5

process The wavefoq@b@%ﬂerator in FIG 1 synthesizes waveforns by allow ng
the conputer to execute a specified program (software) for inplenenting

the wavef orm synt hgsi %eﬁigﬁﬁm'dim t(ﬁfetme Py SsEAE+h NYEPLT @ResFIG 4

shows an embodi ment of for the program ("nusical sound
synt hesi s jpocessnkased er fdignHrlahasglds WLy e Svetdie

af orenenti oned wavef orm synt hesis process. In this enbodi nent, however
various funetionsancepmedeit ebbywdhieuy ogiam-Ar eni gideqiendent raferach
other. The follow ng describes operations based on the functional block
di agram i M4 GraBefther diegsdrtsd mrerattiam iroumss 6 MR S 0DEstianted to
“this type of program The waveform synthesis process may be enbodied on a
dedi cat ed Hrw thatevappdicarud.e . d.n @iteadagmriFca vBval el dekdYi BeF bhebf
t he dedi cated _
wavefaorm, release portion waveform, joint portion waveform,
etc.) needed for changes in the waveform shape. Further, a
hierarchical compression technigue is used according to
components, elements, and typical points to store waveform
data as compressed data in the hard disk 109. It is possible
to save the storage cepacity of the hard disk 109 needed for
steoring the waveform data.
[0026]
3. Waveform synthesls process
The waveform generator in FIG. 1 synthesizes
waveforms by allowing the computer to execute a specified
program (software) for implementing the waveform synthesis
process according to the present invention. FIG. 4 shows an
embodiment of the flowchart for the program ("musical sound
synthesis process based on the database”) which implements
the aforementioned waveform svnthesis process.
In this embodiment, however, various functions
implemented by the program are independent of each other.

The following describes cperations hased on the functional

block diagram in FIG. 5. The present invention is not

36



hardwar e apparatus configured to provide the same waveform synthesis
process as shown in FIG 4. The follow ng description mainly foII&ﬁéMRUﬂﬁ
5 and indicates corresponding steps in FIG 4 in parentheses. [0027] 3.1
Song data reproduction section 101A The song data reproduction section 101A
reproduces song data with performance notations (step S11). First, the
song data reproduction section receives song data. wth performance

not ati ons (nusical performance infornation) An ordinary nusical score

Sontatns Jupheel, T KRl R0 SR IB Gealit Bnt ChEREERTR, AnRANANO

etc.), tenpo narks (a r|t ando, etc.), slurs ut os, accents,

etc. Thessﬂanggop nggjq%gcég@mﬁded%n tabgs M.BLadakaau g esd ﬁ\fﬁam@s these

mar ks are ata as "performance notations' DI song dat a

~contai ni ng,pepf ar paRce Weat i ONSs i 3 FeHEkr 8dagkamas " %@1@9 datidsatdd h
performance notations"™. The perfornance nota?lon conprises a chart 1D and

chart payapalars abRaEald dddingheadesoappysiaal ther ker thevesnore. The
chart paraneter indicates the degree of contents of the nusical mark

i ndi cat edshythbeiechardoddss Wenstidven charticl Daindirnat €e1'wividnag 0", for

. exanmpl e, chart paraneters are provided to specify a speed., depth, etc. of
't he vi br atescriern drhenacihart fdliows cBI@s Scerdcendotatelsardoygsimat®Ersd ar e
37 T 5 MAR 2005 provided to specify a volunme at the beginning or end of the
crescendostapsi e [Ferigt i fior notemehehanges, etc. [0028)

[0027]
3.1 Song data reproduction section 101A

The song data reproduction section 101A reproduces
song data with performance notations (step Sll1). First, the
song data reproduction section receives song data with
performance notations (musical performance information). An
ordinary musical score contains musical marks such as dynamic
marks (crescendo, decrescendo, etc.), tempo marks (allegro,
ritardando, etc.), slurs, tenutos, accents, etc. These marks,
if unchanged, cannot be MIDI data. To solve this, these
ma?ks are transformed to data as "performance notations".

! MIDI song data containing performance notations is referred
to as "song data with performance notations”. The
performance notation comprises a chart ID and chart
parameters. The chart ID indicates a musical mark on the
score. The chart parameter indicates the degree of contents
of the musical mark indicated by the chart ID. When the
chart ID indicates "vibrato", for example, chart paramelers
are provided to specify a speed, depth, etc. of the vibrato.

When the chart ID indicates "crescendo", chart parameters are



3.2 Score interpretation section 101B The score interpretation sect]i5oH
(player) 101E performs a score interpretation process (step S12). AR?UU5
Specifically, this section converts MD data and the aforenentioned
"performance notation"” (chart ID and chart paraneters) contained in the
song data to the performance style specification information (perfornmance
style ID and performance paraneters). The converted data is output to a
performance synthesis section (articulator) 101C together wth the tine

infor”atiggxgEF@géakgys Egg$ﬁggev y%% a%tn%%§TFg%ﬁégaiﬁfgfﬂé%ﬁlgf

i nterpret y perforners. may “adopt ST formance stty]?ees or

articul ati(plnéséglgdgergo{n’%@cgeggﬂ{%ggr e [ fore%lear Jmy play a series of

notes according to "different orrmance sty € 'score interpretation
. section is an experposggtem of the know edge for interpreting marks on a
score (musical marks, arrangenment of nusical notes, etc. ) [0029] For

exanpl e, the; SCOEErENt BERLBLRLLAA oBEcELON MSEPtghe followi ng criteria for
interpreting marks on a score. The vibrato is just applicable to an eighth

note or longer. TiraeStaesat anftairpraltiat iiRcIRase%dYE Esr) A degree of
tenuto determ nes a note's decrenent. The | egato does not attenuate within

a note. ThetfoEmyabuscdetennitaepratapecd 38 ocks MBt2Q0%10f) vi brato for an
ei ghth note. The dynam cs depends on a pitch. Mreover, there are various
i nterpretdpenticediya tbdechsastdhangesviemtishelIdynamites aduk tloe i ncrease or
decrease

aforementioned "performance notation" (chart ID and chart

parameters) contained in the song data to the performance

stvle specification information (performance style ID and

performance parameters). The converted data is oufput to a

performance synthesis section (erticulator) 101C together

with the time information. Generally, the same musical mark

may be differently interpreted by performers. They may adopt

different performance styles or erticulations for performance.

Further, performers may play & series of notes according to

different performance stvles. The score interpretation

sectlion is an expert system of the knowledge for interpreting

marks on a score (musical marks, arrangement of musical notes,

etc.)

[002¢]
For example, the score interpretation section uses

the following criteria for interpreting marks on a score.

The vibrato is just applicable to an eighth note or longer.

The staccato naturally increazses dynamics. A degree of

tenuto determines a note's decrement. The legato does not

attenuate within a note. The time value determines a speed



of a pitch within a phrase, dB-linear gain for attenuated dynam cs,
changes in the note length corresponding to a tenuto or a staccato,q @@ﬁ
bend-up width and curve corresponding to the bend-up mark in the atta 05
portion. Based on these criteria, the score interpretation section 101B
interprets the score to convert it to nusical performance data. Further,
the score interpretation section 1018 perforns the aforenentioned score
interpretation process according to the user's player specification, i.e.,
t he specidf catibosatof foheanl ayghthonotbe penkorrmaee (Peldpamancen style).
The score interpretation section 101B interprets the score according to
this pl ayeritspeci fMcatooarbytiargi aget herionterpretrgtiedra tnetrhodri feoria
exanpl e, the database stores different score interpretation nethods

conpl i ant smdth as phangest ynothpl dyepsicFhéuecdoe ingirsgymeetcat i dgriserte on
101B interprets the score by selectively varying the score interpretation
met hods acdoralimgted vhehisep' shpRager dBspésefirc gttiion L0E30envatedy be
preferable to configure song data (nusical perfornmance infornmation) so as
to previ od¥INARHeF uden8aBgs +RdCB&t Pf?éeofle%‘épe SORTESHB BT DT Bul t s.

Qovi ously, the aforenentioned progess. i s _unnece en the input song
data cont HGTE HAtSET Br SLRECPGSul £o0f SpPEVASUSI ¥ Sdr@era&vgéﬁ%\%g 15 MR 2005
the score._ The inter ret score_by the.scor ref ion
section 1%?%?%on% %gyggg %upfiyugu{ngrrét e e sgcrﬁaau &%
approprla%ﬁhxﬂpeég1%ﬁégg HEtePih UpHBe score interpretation section

101B interprets the score to convert it to musical

e’

performance data. Further,. the score interpretation section
101B performs the aforementioned score interpretation process
according to the user's player specification, i.e., the
specification of the player for the performance.(performance
style). The score interpretation section 101B interprets the
score according to this player specification by varying the
interpretation method. For example, the database stores
different score interpretation methods compliant with a
plurality of players. The score interpretation section 101B

) interprets the score by selectively varving the score
interpretation methods according to the user's player
specification.

[0030]

It may be preferable to configure song date (musical
performance information) so as to previously include data
indicative of score interpretation results. Obviously, the
aforementioned process is unnecessary when the input song

data contains data for the result of previously interpreting

39



operations. [0031] Referring nowto FIG 21, the follow ng describes
contents of nusical performance data created in the score interpret aljimmﬂw
section 101B. Like the normal SMF (standard M DI format), nusical
performance data conprises a header and a plurality of tracks. Each track
contains a program and event data (note-on, note- off, etc.). In this
enbodi nent, each track contains a nodule specification portion for

speci fying nodul es of the attack portion, the body portion, the joint
portion, amnktheorel easpe pottirpRetdbeonvdtl e specief ibyattiren spornd on is the
performance style specification information containing a performnce
style | D antterpesfatmanceepatanetionB Acteal By 2 )t hege reodilely speiedaebt i on
portions use undefined system exclusive nessages, neta-events, 14-bit
control changssyiettom&ulthby, appachriedek yc prtraiind irigrai s ferenet dat a
for specifying a time difference between event data or nodul e

speci fi catamarapoesbsons. [0032] There may be a case where each track
contains a program change for specifying tinbres, i.e., a new database
(the performance st$Péltiabl e and the code book). In this case, the score
interpretation section 101B supplies _a 40 15 MAR 2005 wavef or m synthesis
section 101D with RRéEeprégCamorhdrge & Preditd ifghtdat e g?%%%rﬁ;:%s

wavel orm synthesis sectlon 101D, reads veotol JAA Lo behaesk nexbobY

interpretation section 101B.

Like the normal SMF (standard MIDI format), musical
performance data comprises a header and a plurality of tracks. .
Each track contains a program and event data (ncote-on, note-
off, etc.). In this embodiment, each track contains a module
specification portion for specifying modules of the attack
portion, the body portion, the joint portion, and the :elease
portion. The module specification portion is the performance
style specification information containing a performance
style ID and a performance parameter. Actually, these module
specification portions use undefined system exclusive

i messages, meta-events, 14-bit control changes, etc. Further,
each track contains time difference data for specifying a
time difference between event data or module specification
portions.

[0032]

There may be a case where each track contains a
program change for specifying timbres, i.e., a new database
(the performance style table and the code bock). In this

case, the score interpretation section 101B supplies a



code book, the program change is specified in order to lim Lcti
range to sone extent (to be detailed later). The predictio; d:tgrzfé@hhﬁﬁ5
contains other various data. Based on song data, the score interpretation
section 101B supplies the waveform synthesis section IOD wth "data
indicating the subsequent perfornmance style specification” as prediction
data. The aforenentioned program change is included as one of prediction
data. [00331 3.3 Performance synthesis section 101C The perfornance

synthesis section (arfjculator)101Ciolipf grenceset dnor
1§ - drencge sy
tabl e baé%%y%#P?%e 9%er%ornﬁnce style specificatfb%ﬁ?ﬁigfornance st?lg | D

and perfaormance. paranel er) s¢ppy¥erhedwhyckbemse et ] [
€ ghe Hextier prettatoownlOsect
(pIayer)Ifﬁ%g?'ﬁhls sect1on generates a packet strean1(gTso referred t;ogs

a vector strean).cppregpendiBgbbousthenpant oynpres isttyineg spect feBatho
(performance sty?e I D an performance paraneter) and1§1ve§?or pargnetgr

concer ni ddat oRt r ead gebpespoBHiaRget A st bp epdrfierdraint o paea imj
supplies t en1to_the mavgforn1synthesis section 101D (ste]ga Sggﬁélfhzﬁd
wavef or m $ypt8esE6168Ckhanel@bDsbsies applengd Wiia fpe daterbse@ pAEREL - stream
cont ai ni ng packet time information, a vector ID, a typical point_value
sequence, Tig@dptbeitickenwiiblia edspecontainte gitesh WeHME ARGt hePahBti t ude

elenment. Wth 41 15 MAR 2005 respect to the wavefor ti
dat a contamnsong de&aorthb,ﬂﬁom@iﬁﬂﬂﬁﬁﬁﬁqQﬂ{iQﬂuF?$&é?$EQB?%ogggggg%gingt

| ayer).
the waveform synthesis section 101D with "data indicating the

ﬁ subsequent performance style specification” as prediction
data. The aforementioned program change is included as one

of prediction data.

[0033]
3.3 Performance synthesis section 101C

The performance synthesis section (articulator) 101C
references the performance style table based on the
performance style specification (performance style ID and
performance parameter) converted by the score interpretation
section (player) 101B. This section generates. a packet

) stream (also referred to as a vector stream) corresponding to

the performance style specification (performance style ID an
performance parameter) and a vectoxr parameter concerning that
stream corresponding to the performance parameter, and
supplies them to the waveform synthesis section 101D (step
$13). The waveform synthesis section 101D is supplied with
data as a packet stream containing packet time information, a
vector ID, a typical point value sequence, and the like with

respect to the pitch element and the amplitude element. With

41



[0034] The waveform synthesis section 101D retrieves vector data fromthe
code book according to the packet stream nodifies that vector dalt®MAR 2005
according to vector paraneters, and synthesizes a waveform based on the
nodi fied vector data (step S14). The waveform synthesis section 101D then
perfornms a waveform generation process for the other parts (step S15). O
a plurality of performance parts, the other parts are those perfornance
parts for which no performance synthesis process is performed and the

nor mal nusi cal sound, . way. ynt.hesis PLOEReS ti, S taRR! ideda famn texanypl e,
t he norhﬁ?sgﬁ9§fanFHSngg&%gggﬁdqggﬁ?gé)systen1is used to generate

nmusi cal sounds, for -the t her, r Thi ‘twaveafigem(gendreatdedraigraatess
for the o?h%?cﬁgthb’nggm%eq%ggr gﬁﬁgg'oﬁﬁg dedi cat ed hardware sound source
~(an exterfg%er ound unit or a sound card nountable on a conputer). For
ease of expfanation, this enbodi nent uses only one part to generate

musi cal sounds corfrgsponding to the performance style (or articulation).
O course, a plurality of parts may be used to reproduce the perfornance
style. [0035] FlGnd vaveardumckyditegriamsesrtidr ust ¥aty gl ke YFow 9Ft°F he
performance synthesis process in the aforenenti oned performance synthesis
section 18i€a Alridrougte Rid@e Gdak 4ZcorSimaR tRO0H HiRaEt e BT t he
performance style nodul e and the code book were stored sgpara%g%g, bogh
are act uahbylistigredliat thectdatdifas @PaHe hdrdl WKL RA-ae '

synthesizes a waveform based on the modified vector data
(step S14). The waveform synthesis section 101D then
performs a waveform generation process for the othér parts
(step S15). Of a plurality of performance parts, the other
parts are those performance parts for which no performance
synthesis process 1is performed and the normal musical sound
waveform synthesis process is applied. For example, the
normal waveform memory sound source system 1S used to
generate musical sounds for these other parts. This
"waveform generation process for the other parts” may be
performed on a dedicated hardware sound source (an external
: sound unit or a sound card mountable on a computer) . For

ease of explanation, this embodiment uses only one part to
generate musical sounds corresponding to the performance
style {(or articulation). Of course, a plurality of parts may
be used to reproduce the performance style.

[0035]

FIG. 6 is a block diagram for illustrating a flow of
the performance synthesis process in the aforementioned

performance synthesis section 101C. Although FIG. 6 is
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The performance synthesis section 101C creates various packet streans to
be supplied to the waveform synthesis section 101D based on the 15 AR 2005
performance style specification (perfornmance style ID and perfornﬁncg
paranmeter) and data of the tine information fromthe score interpretation
section 101B. The performance synthesis section 101C does not use a
performance style nodule permanently for each tinbre. A user can add a new
performance style nodule to currently used perfornmance style nndgles or
stop using sone qé t hem _? arf-ar-mmn nthesd & isecdn dntli®1CodEso

per f or ms P& Gt BfF &Feg %ng“rgﬁég%ggﬁéé§¥on information for correcting a

di fference between_the sel reheneno Wata-andt tuel per §opmadcén the
paraneteﬂ“VﬁTd%?r3n8“8l6§oéb§%&%f s%ggthing a junction for snoothly

connecting wavef or m charagt.erd $iigs 1efo precedi ng and subsequent
perfornaﬁ%%ﬁg?%?% ﬁ%du?ﬁ%. Normal Iy, the score interpretation section 101B

supplies data to the RenfQl RS Sy hess 5s seettoon 1008C Feattdfe present
invention is not Iim eé-thereto. As mentioned above, it may be preferable

to preparg, spHgsdataeit b pesdms nenae stypeliv@r &b ntehat’ 236G data is
already 1nterpreted by the score interpretation section 101B.

Al ter nat i ¥el ynekt sy el g ef@rmbbas¢d e epae ePeBRETAARE WS ~Ser f or mance
style wherein a user provides that song data with 43 .15 NAREgOOS t he
per f or mangge 8t yhieatd @nd perf ormamee pay heet BranByPEFALEMEYET ng the score.

The performance synthesis section 101C may be supplied_ w t
r epr oduci pgrithatt essongridat@ata of the time Xn ormaQRon %J%ﬂwkﬁgi§b59b

. interpretation section 101B. The perxformance synthesis

| section 101C does not use a performance style module
permanently for each timbre. A user <an add a new
performance style module to currently used performance style
modules or stop using some of them. The performance
synthesis section 101C also performs a process of creating
the correction information for correcting a difference
between the selected element data and the performance
parameter value, and a process of emoothing a junction for
smoothly connecting waveform characteristics of preceding and

! subsegquent performance style modules.

Nermally, the score interpretation section 101B
supplies data to the performance synthesis section 101C, bhut
the present invention is not limited thereto. AS menticned
above, it may be preferable to prepare song data with
performance style wherein that song data 1is already
interpreted by the score interpretation section 101B.

Alternatively, it may be preferable to prepare song data with

performance style wherein a user provides that song data with
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[0036] FIG 7 is a flowhart showing in detail an enbodi nent of the
performance synthesis process. The performance synthesis section 101€5 MAR 2005
selects a performance style nodule fromthe performance style table
according to the perfornmance style I D and the performance paraneter (step
S21). Nanely, the performance synthesis section 101C selects one
performance style nodul e according to the perfornmance style ID (nusical
instrunment information and nodul e parts nane) and the performance

paranet er, ,se $GORe iTht ghAr skakbemasee! pafrak@iBrsBefyor e
i nterpr ettili%né%%%églg?é?%t heglscore i nt e?pr etation section 101B checks the

dat abase } } t R e pakt peefoshante kiya thesficr mevddogt yl e
tabl e cor%rg%%{;%g%%ﬂgo@%e Sti nbre i nd?)cat ed by the nusical instrunment

i nf or mat i p§y c THEySBar @upplliidPkalal iden ssest reprbdiBisgedifdtes @ el ot mance
style ID wthin the range of existing parts. Wen a non-existing part is
specified, it may [be3weferable to instead select a performance style |ID
having siml|ar characteristics., Then, the perfornance synthesis section
101C sel ects a pl wrad.ity of a ef bweritamdatsh ovimesigortftiyit @1 he specifi ed
performance style |D and performance paranmeter (step S22). Nanely, the
per f or manegbsinmeesi ©sddta qrefr@aweciKinds ef e rF$tSfdite style nodul e by
referenci ng the perfornmance style table 44 5 MAR 2005 gccg %&{lg fo the
speci fi ed perfor mifice BN QINE) @Y HeI O Fretiet Wt ahetersGhd 5@l éct s a
plurality of el ement data  corfesponding,lo tdie fsrderamnes parageser from

_ according to the performance style 1D and the performance

| parameter (step S21). Namely, the performance synthesis
section 101C selects one performance style module according
to the performance style ID (masical instrument information
and module parts name) and the performance parameter sent
from the score interpretation section 101B. Before
interpreting the score, the score interpretation section 101B
checks the database to determine what module parts exist in
the performance style table corresponding to the timbre
indicated by the musical instrument information. The score

 ) interpretation section 101B specifies a performance style ID
within the range of existing parts. When a non-existing part
is specified, it may be preferable to instead select a
performance style ID having similar characteristics. Then,
the performance synthesis section 101C selects a plurality of
element data corresponding to the specified performance style
ID and performance parameter (step S22). Namely, the

performance synthesis section 101C specifies a performance

style module by referencing the performance style table
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When the performance style nodul e does not contain el ement data conpletel
mat chi ng the performance paraneter, the performance synthesis sectidrg R 0
selects elenment data corresponding to a val ue approxinate to the E nmﬁ
performance parameter. [0037] The process then conputes the tine at each
position in the elenent data according to the tine information (step

S23). Namely, each elenment data is arranged at the absolute time position
based on the time information. Specifically, the process conputes the

absolutetin&, ‘?dtcﬁ’” i i :
C - acc nchBeshbperikaf perBbiroanteomyie dleert dat a
i ndi cat i g eaccﬁl relative time position. Thus, the process deternines the

timng of e%gﬁ@geggrg%@egsaad%aeaxs Bumptlivens, L itthye ofr Gleen

val ue of "6ach el enent  dat a according to the perfornanc;pzaraneté%d?i%zés :
S24) . Naggﬂﬁ/regﬁgn@i@gegg tBer pectsraadee rremelernddiPm H%él%*'el%‘&‘@‘ééle'

el enent data and the performance paraneter. For exanple, the score
'nterp“ﬁWﬂéﬂﬂkﬁecpéﬁﬂoiﬁéBcseBdgl@h@OAMﬂ@Sépqﬂ«QQﬁﬂ9&%@&%3 LA E whose
vol une (performance paraneter) just after the attack is set tpo "95". Wen
the perf azaeaceospybeelgbiiatcidnbaiths PeE LATTSSE ROt At ack]®modul e

whose volunme just after the attack is set to "100"
_ - . ICK . t f nce
synt hesi spesBoLingNce0 sENEBIesdSs SECE RO Pata ForeT e %ip‘%“%gé ‘3 @15 MAR

2005 [ Nornal Attack] nodul e whose vol une j.ust, after j
“100" - FoopwersponbLvel fife 4 UK U8 FRPTRETR TSI Finer a5 ¢5 Ba 100", The

volume just after the attack is
parameter.

[

[0037]

The process then computes the time at each position

"in the element data according to the time information (step
523). Namely, each element data is arranged at the absolute
time positibn based on the time information. Specifically,
the process computes the absolute time based on the time
information from the element data indicating each relative
time position. Thus, the process determines the timing of
each element data (see FIG. 3). Further, the process
corrects a value of each element data according to the

! performance parameter (step S24). Namely, the process
corrects a deviation between the selected element data and
the performance parameter. For example, the score
interpretation section 101B sends the AltoSax [NormalAttack]
module whose volume (performance parameter) just after the
attack is set to "95". When the performance style table
contains the AltoSax [NormalAttack] module whose volume Jjust
after the attack is set to "100", the performance synthesis

section 101C selects element data for the AltoSax
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corrected to "95" by correcting a typical point for the selected elenenﬁ
data. The correction is performed so that the value of the selectedl’ MAR 2005
el enent data approximates to the performance paraneter value. In addition,
there are perforned correction according to the predeterm ned val ue for

m cro-tuning (nusical instrunment tuning), volune correction according to
vol ume change characteristics of a nusical instrunent, etc. These

corrections are performed by changing typical point values or respective

el ement  dai@-mIYRt€akbk ) PRicali 1eakes aTay lorenge sgr edtter. Meame {Ead tihi cal
point is data. necessary and sufficient for the correction. Various
correcti onst akg pebbor.nedickeveant rold ivigurs sjusipiaddiepdig .2t §aR88] The
af orenenti oned step S23 may correct a tinme position indicated by the tine
i nf or mat i g PYn HSkBY beCOMUACt.i orfHenfariats qsuc ¥ tHe per¥arfahte
paranmeter. For exanple there nay be a difference between the tjime position
obt ai ned esrtbetbdsite 0 S"hdymesinedcipiard o afteald AU Ehd PhetF ne
position indicated by the aforenentioned tine informtjion,. %nsgugga@ case,
the processlselkedt elememt G igr matTivh Foer ety & th5E- PosTTion

approximate to the time position obtained on the basis. ey gugj gal
per f or manteedsdeAneTIRE Privt &l eGSR ST Het o‘g?%? P ?’?r%r%%%é]i %?gn

i nformation according to the nusical perfor Ce. MAR 2005 data. This
makes it Bé§§P5ﬂ§W§?(ﬂﬁ¥ﬁWF?$@'Yﬁf%%ded{?iagglgﬁé?tigg information for the
musi cal pSEL%E@%@&F<Q§%§%ation according to the predetermined value for

N micro-tuning (musical instrument tuning)}, volume correction

)

f according to volume change characteristics of a mu§ical
instrument, etc. These corrections are performed by changing
typical point values or respective element data. Typical
point values may change greatly. Namely, a typical point is
data necessary and sufficient for the correction. Various
corrections are performed by controlling this typical point.

[0038]
The aforementioned step $23 may correct a time
position indicated by the time information by using

) correction information such as the performance parameter.

For example, there may be a difference between the time
position obtained on the basis of the musical performance
data and the time position indicated by the aforementioned
time information. In such a case, the process selects time
information indicating a time position approximate to the
time position obtained on the basis of the musical

performance data. The process corrects the obtained time

position information according to the musical performance
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Al ternatively, the nusical performance data may contai i

factor such as a touch or a velocity. In thi sycase, ai'? ias \égglsﬁglg ;:gntrol
provide variable control of the time position information according t105 HAR2005
nusi cal  performance data by correcting the tine position information
according to that variable control factor. The correction information
includes information for this time position correction. [0039] Further

each elenent data is adjusted to performa |ink process for snoothing t he

junction between adjacent performance styl e nodul S ;
t he proce¥stasnoBhhes A éltnlp@ﬁérlgﬁteeﬁi%tqebctsa "ot tg?eef:%%?%g(%% té ﬁ%ggl:]ﬁént

performance style nodul es by closely connecting typical 0j
- . . - L3 A i t
ot her in pemttionsipderiid ivnedddi r%leaﬁ‘ﬂjsjsqfo]sg)qeuyeérjl > perrl?gr!rjrgtrtlgé gt sfigh

nmodul es. This connection or |ink process i f LOdEM
r _etspﬁc_t i vBLterBREAYE T (e \R)é\?‘é‘fcc?ﬁmp(eﬁt?%rrnea)r?ce% h@égﬁngré?ggg?qg%gﬂ %éh]:aor
pitch in a harponi %&%%gg nt_.or. r&aRecltd ve glamenés of veheciwgvef amm

(tinbre) B@BiERéca i a non-harnoni ¢ conponent. [0040) At this

time, the_adjustnent .i.s .per . i C
ot Tent 4y SuEs £ rn ghey i ddegh nnanhe obobhe dli i tihe
pr ecedi ng }B%%’f SParce stly éJ modul e toI%he_%'end of thgel ink"” in the the

ngse?uenlc,iggr %%rsrlac'l% 47, AS-MAR R0k Gdvd £n grotlall ehe Nawsligalt he process

t J Uﬁ S"typl cal” points wthin the range fromthe "begi nning of the |ink"

o the eBgrformance data by correcting the time position information
according to that variable control factor. The correction
snformation includes information for this time position
correction.

[0039]

Further, each element data is adjusted to perform a
link process for smoothing the junction between adjacent
performance style modules (step S25). Namely, the process
smoothes waveform characteristics of preceding and subsequent
performance style modules by closely connecting typical
points to each other in junctions for the preceding and
subsequent performance style modules. This connection or
link process is performed individually for respective
elements of the waveform (timbre), the amplitude, and the
pitch in a harmonic component or respective elements of the
waveform (timbre) and the amplitude in a non-harmonic
component.

[0040])

At this time, the adjustment is performed from the
"beginning of the 1ink" in the preceding performance style

module to the "end of the link"” in the subseguent performance
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of the link" based on an "approximation rate". This "approximtion rate"
is a paraneter for controlling an anmount of approxinmation fromeach of the
precedi ng and subsequent performance style nodul es to nmake a conneth MAR2005
t herebetween. As will be described later, the approximation rate depends
on a conbination of the precedi ng and subsequent performance style

nodul es. When the precedi ng and subsequent performance style nodules are
connected, waveforns may not be connected successfully. In this case, the

connect i Qi+ 15 SH®@Lhed byamthiynnichg areeetser aldDufsdrs tHe e RO TS
characteristic from either of the preceding and subsequent perfornance
style mygules, {Reordeget erbnplererbegineicik of e el ke Vitfed
"performance style nodul e conbination table", a "skip execution paraneter
range tahje"ti® benkefeasndedn amd "@prreRiimatifn e t o referenced. [
004-11 In addition, waveform characteristics can be connect edaﬁsng%‘pw by
means of thepfekimakngnl rakepr dsess Haramstes e $Hter i Dh Section

101B. For exanple, the process snoothly connects. disconti pOLtions in
per f or MANCE PRPANBLBAS1CAy AAFTC LA R e & T GhRY e?n%/a%]‘t%\g%léq etc.)

i ndependently of performance style nodul es. _ Al | NEl Ymet bt Pgesase of
shift fropeaforpaace £4vaS MY , J%Os"ilﬁ??ﬁ h c%%fﬁ%% |%ﬁﬁi s nmade by early

di m nishing the_ vibrato. 48 MAR 2005 [0Q42] .. . . 8§, OF ePENG EPBRMs | bnk
process mﬁs|wbéldpgcgﬁﬁﬁyaq?éfiater, éke §§523x1ggﬁléﬁ P

a combination of the preceding and subsequent performance
style modules. When the preceding and subsequent performance
style modules are connected, waveforms may not be connected
successfully. In this case, the connection is smoothed by
thinning a vector ID for the waveform characteristic from
either of the preceding and subsequent performance style
modules. In order to implement this skip, there are provided
a "performance style module combination table”, a "skip
execution parameter range table" to be referenced, and a
"skip time table" to be referenced.

[0041]

) In addition, waveform characteristics can be
connected smoothly by means of the following link process in
the score interpretation section 101B. For example, the
process smoothly connects discontinuous portions in
performance parameters (dynamics value, pitch parameter value,
etc.) independently of performance style modules.
Alternatively, in the case of shift from a vibrato to a

release, a smooth connection is made by early diminishing the

vibrato.
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detail below. Nanely, the follow ng concisely describes adjustnent of each
el enrent data for snoothing a junction (see step S25) between the preceding
and subsequent performance style nodules. Referring to FIG 8, the link
process is described with respect to a case where the performance ﬁté@ﬁ
nmodul e corresponds to the anplitude elenent or the pitch elenent.. ﬁ §$M
There is a case where an aberration occurs at a junction between the
precedi ng and subsequent performance style nodul es due to discontinuous
typi cal point val %%452 the junction therebetween. In this case, the
"approxi mation rate” needs to be settled first as an index for determ ning
to which of val ues,for, di&fcedid gk suhseguenyilpebtodiaroe ssty e
nodul es the target value for a. connection point should approximate. At
this tinede@a YNaghes . c@gﬂ@g@ﬁo&ngﬂﬂulj¢m1ﬁgﬂtdm¢i$®byadpstymbéSor a
pitch connection point is used for the pitch. In this. enbodinent, it is
assuned t?&gugeggg%i%%t%@&HY§K§MéﬁﬁEdﬂﬂ&ﬂfdﬂl$m¢@bm2ngas Jhowihion KSGe B
For exanple; when the vector ID for the preceding perfornmance style nodul e
is "3" andibResyeot YethiRed ahd heredisenuentd perhoeaanne SeyFETMIdEre is
~"7", the "approximation rate" is found to be."30" fromthe table. Based
on the sekegtedmoapaieaxi Mid T riate o thS enel Bpe 13RkpETPSeGraddal | y
transformed toward the target value from49 15 MAR 2005 the "beginni of
the |ink" akerrtie dmeddires prett oi?mc%as%tW%r%HUFepﬁbftc’ﬁg'a'ngnd'ofﬁl e

erformance style nodul e". .
P moduié corresponds to the amplitude element or the pitch

element. .

e

[0043])

There is a case where an aberration occurs at a
junction between the preceding and subseguent performance
style modules due to discontinuous typical point values in
the junction therebetween. In this case, the "approximation
rate"” needs to be settled first as an index for determining
to which of values for the preceding and subseguent
performance style modules the target value for a connection
point should approximate. At this time, a dynamics

! connection point is used for the amplitude or a pitch
conneetion point is used for the pitch. In this embodiment,
it is assumed that approximation rates are given in a table
as shown in FIG. 8. For example, when the vector ID for the
preceding performance stvle module is "3" and the wvector ID
for the subseguent performance_style module is "7", the
"approximation rate" is found to be "30" from the table.
BEased on the selected "approximation rate", the envelope

shape is gradually rransformed toward the target value from
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Mor eover, the envel ope shape is gradually transformed toward h

val ue fron1the""enq of the link" for they subsequent perfornanzeests[EEt
Podule to the "beginning of the performance style nodule”. Wen theqg MAR 2005
approximation rate" is set to "30", for exanple, the target value for t%e
preceding performance style nodule is "30". The preceding performance
ftylg nodul e approxi mates to the subsequent perfornmance style nodule

30%. (In this enbodinent, the last typical point in the preceding

per for mange, st yL e mmdyle FPRAXiTE@Les domnves dot 30841 hg[ Pe#dprmByceont
t he preced?%g peggornaﬁke styl e nodul e approx?%ates t%dgﬁe sﬁbseﬁuen? rast:

per for wangg%?gy}nsdm%ult% "6 e {d Q% th 8084 xE ¢ tmab bessepbedinmante "t he
irst typic point in the subsequent perfornmance style nodul e

appr oxi ML Ese oYRYAr ¢ ne’ Whval dhd! sHadd tys ofragpatay poenss oaxets tionagle
precedi ng and. subsequent performance style nodules fromthe beginning to
the end ofntheaskgrk and appmeox nmates” apheod thd Ldowinard ft&§et her with the
af orenmenti oned approxi mation. As nentioned above, the approxi mation takes
pl ace at aupkenalentty peaff dypimee Hoyhe sHP@uiRetpr EBEII RE 9ARE - SFhSdqudift
perfornance styl e nodul es. The beginning and the end of a.link may. he
gpprofr;ap?Eﬁ0$mHHQﬁiS¢¥%ﬁém%@m¥? t he"Begi Aifng2BPTOHE™8Td °Tof %2 T i 1K may
e se o] e sane point as an intended typical oi_nt. SO I 71
bend 17 oneehe tenvellp SiEpEdETE e 55545 VRFE 2008  Shegi Aoy o CHE Go of |
as shown i Lnni
8K A S ahag sty P foatYEMis WHED tNEReGL AU Y Jefis A

P

y style module approximates to the subsequent performance style
| module "30%". (In this embodiment, the last typical point in
the preceding performance style module approximateé downward
"30%".)
[0044]
By contrast, the preceding performance style module
approximates to the subseguent performance style module "70%"
(100% - 30%). (In this embodiment, the first typical point
in the subsequent performance styvle module approximates
upward@ "70%".) A plurality of typical points exits in the
) preceding and subsequent performance style modules from the
beginning to the end of the 1ink and approximates upward and
downward together with the aforementioned approximation. As
mentioned above, the approximation takes place at a plurality
of typical points in the preceding and subsequent performance
style modules. The beginning and the end of a link may be
appropriately settled. Preferably, the beginning oxr the end

of a link may be set to the same point as an intended typical

point so as to eliminate a bend from the envelop shape at the



sanme point as an intended typical point, the approximtion is obviously
permtted so that no bend occurs in the envel ope shape. [0045] A nﬁ Hmﬂ :
of determ ning the "approxinmation rate"” is not limted to the 2005
af orenenti oned exanpl e. For instance, the approximtion rate may be

determ ned based on performance paraneters specified before and after the
connection point. Alternatively, the approximtion rate may be determ ned
based on nusical performance data before the performance style ID or the

performance paraneter i s generated. -Furthe t +APPE ¥Rt | opviat e
may be dePéEFfPﬁ‘é@gbé"ge&%c?n o) ianai'tlirbﬁn as{)?@ﬁ *é]%e:b ata. Thg af or ement i oned

exanpl e uses a single typical | Nt r APPE OXENRLE 0gechased tor t he
"appr oxi nﬂPFBntﬁ’éﬁ e.glfﬁglncﬁ her ptﬁi/é[;iecﬁa Op%ih%ts approxi mate for appropriate

amounts according to this Latdan; A1 &Ry beraksappiekamallient ds
det er m ne &A% R 2™ gigg%%grggt#%n F%t e for each o?pa plurality of

typi cal g%ivmo%salnd Q- AR OXI f@t&, & Phyrgdhd YooEut¥pifaakhpoentvelape t he
basi s of each apr}lr ximation rate”. [0046] Then, the link process is
described w.tf respect to a case where a performance style nodule is the
waveform (tinbre) elenment. FIGS. 9 through 12 are schematic diagranms for
explaining the linky@ps9gess when a. performance style 53. 15 MAR 1005
nodul e is the waveform (tinbre) elenent. FIG 9 is a schematic di agram for
descri bi ng wavef or mmétnadngs wienethéning the "approximation rate" “is

not limited to the aforementiocned example. For instance, the

approximation rate may be determined based on performance

parameters specified before andéd after the connectign point.

Alternatively, the approximation rate may be determined based

on musical performance data before the performance style ID

or the.performance parameter is generated. Furthermore, the

approximation rate may be determined based on a combination

of these data. The aforementioned example uses a single

typical point for the approximation based on the

"approximation rate”. The other typical points approximate

for appropriate amounts according to this approximation. it

! may be also preferable to determine an individual

"approximation rate”" for each of a plurality of typical

points and to approximate a plurality of typical points on

the basis of each "approximation rate".

[0046]
Then, the link process 1s described with respect to
a case where a performance style module is the waveform

(timbre) element. . FIGS5. 9 through 12 are schematic diagrams

for explaining the link process when a performance style




attack portion waveformis connected to the body portion waveform FIG 10

is a schematic diagramfor describing waveform thinning when t he body

portion waveformis connected to the release portion waveform In FIGﬂEQMR2m5
the body portion waveform conprises five |oop waveforms L1 through L5 each

of which is reproduced in a loop within the specified time range.

Li kewi se, the body portion waveformin FIG 10 conprises six |oop

waveforms L1' through L6' [0047] There are various nmethods of adjusting

el ement dat oncer.nj ' i
Bu1eoncerni ng, waves of me: (e ) » e} LAKnBI OCEIBES of Grs wavef or ns) .
As an exa%?‘él, %thesre 'S “fﬁ oposjéd a net h%gj %f palr]ti ally thi nnsi ng a wave12 orm

to smot hsgﬁe%ati&%’?ﬁérﬁ’%@ﬁt&Q@@rﬁbiﬁgr&@{raﬁaﬁﬂ $hyhe Mgl uieerf orhd he
attack porfion or the joint portion and a perfornmance style nodule for the

body portiog, (O GO th O DetHees aopgetoraanse sy beawdde far the
body portlonagnd]% e rel ease portion or the joint portion??qxlcross-fade IS

wi dely knoupehqyrgoNneed i ofg bek weescMevet 98 mai aghemeYer, ddwmrthimegt is
short fromthe tinme point of the connection to the begi nning of |oop

wavef or m ;2% SHOWhimnify Gnén eheapbdycpossibadeaivs feeteds vé @i eC stbr t
time t. Nanmely, the rapid cross-fade signifies a cross-fade perforned
during a veryrsdiordléise petveen waveforms t dnbEIEondecttdte DEEF fROFTHY
such a rapid cross-fade causes a waveformwhich generates a |arge noise.
This i s upbaedabh ecompr5s MARE 20051 p0048RveTorpsehdnt =gt A viav ef BF of
cross-fading, part of the.
which is reproduced in a loop within the specified time range.
Likewise, the body portion waveform in FIG. 10 comprises Ssix
loop waveforms L1' through Lé6'.

[0047]

There are various methods of adjusting element data
concerning waveforms (i.e., link processes for waveforms).
As an example, there is proposed a method of pertially
thinning a waveform to smooth, e.g., ccnnection between &
performance style module foxr the attack portion or the joint
portion and a performance style module for the body portion
(or connection between a performance style module for the
body portion and the release portion oI the joint portion).
2 cross-fade is widely known for connection between waveforms.
However, when time t is short from the time point of the
connection to the beginning of loop waveform L1 as shown in
FIG. 9, a rapid cross-fade is needed within short time t.
Namely, the rapid cross-fade signifies a cross-fade performed
during a very short time between waveforms To be connected.

Performing such a rapid cross-fade causes a waveform which

generates a lavge noise. This 1is unfavorable.

]
D



waveformis skipped (deleted) to increase a tine interval between
wavefornms to be connected. In this case, the waveformfor the attaﬂkMM{ﬂm5
portion, the release portion, or the joint portion constitutes a bl ock,
preventi ng waveforns from being skipped. Accordingly, |oop waveforns are
ski pped from the body portion. In FIGS. 9 and 10, | oop wavefornms L1 and
L6' are to be skipped. These | oop waveforns are represented in black
squares. In FIG 9, for exanple, a cross-fade is perforned between the

second | oop wavef VQ%#Q with a relatively long tine difference fromthe
connection tine 3&} bnd the last waveformin the attack portion

waveform The first |oop wavef L1, d Pt Hssd. cLiikew seahit RIFGthED, a
cross-fade is perﬂ%?ﬁ@ﬁatﬁ wégﬂgpggﬁéﬂgegﬁor%1L5' and tﬁg 9release portion

vaver orm 9% Ushig  ogn Mewer aLan dta) Lo Shauldube ROt erel hatckhe of
1 on

. . m
portion i §3¥® WVef'or m redi on for connection between sounds (or between

sound por{|.0ns). b é@éf‘&rn@yt&%éb%m@té&yl ern [ 0949) cadewarekor m skip is
performed "to snboth connection etween a performance style nodule for the

attack portiQradd r&- Peid dienee sdyt compdithe foreshe pelrddsm.p@m ithe or
the joint portion. FIGS. 11 and 12 are schematic diagrans for explaining

a wavef or meskip yher dhecadd ackupos t & onleek ef pravensivonneyedems tiemn
rel ease portion waveform In this case, a waveform may or may not_be
ski pped 53¢l ray MR 2065. f rooear @in § by mahcep svghef apuEl 8T Pos kP &4t TP
portion or the release.portion. The bend attack portion Es an %ﬁ?qghf of
the body portion. In FIGS. 9 and 10, loop wavefor
L6' are to be skipped. These loop waveforms are represented
in black squares. In FIG. 9, for example, a cross-fade 1is
performed between the second loop waveform L2 with a
relatively long time difference from the connection time -
point and the last waveform in the attack portion waveform.
The first loop waveform L1 is not used. Likewise in FIG. 10,
a cross-fade is performed between loop waveform L5' and the
release portion waveform, not using loop waveform L6 .

It should be noted that the joint portion is a
waveform region for connection between sounds (or bhetween
sound portions) by using any performance style.

[0049]

A waveform skip is performed to smooth connection
between a performance style module for the attack portion and
a performance style module for the release portion or the
joint portion. FIGS. 11 and 12 are schematic diagrams for
explaining a waveform skip when the attack portion waveform

is connected to the release portion waveform.

In this case, a waveform may or may not be skipped
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attack portions which allow the waveform skip fromthe associated

performance style nodul es. The second half of the bend attack portion]l§MAR 2005
contai ns several |oop wavefornms. The waveformskip is also feasible for

the rel ease portion whose first half contains several |oop wavefornms. A
waveformis skipped froma performance style nodule for the portion

capabl e of the waveform skip. When the bend attack portion is connected to
the rel ease portion, for exanple, a loop waveformis skipped fromthe bend

attack portion_side_as__shown J I hdla 8Pous Hhat iene choahe
maveforn1£F%$r@sBﬁfé&rﬁfngebﬁhe&igéﬁg?%&?§&§i$%pedafron1t e bend attack

portion s ge. éc\é%egrth 07 e Ald ¢ ke P Ot €160N08ChAdexbaplie ofel ease
portion havt hg=5 oop waveform the loop waveformis skipped fromthe

rel ease poriion i)%;ggi%@yssfa VX{EG{% L‘alfdvﬁt}il@-w:{\}:é@rxﬂ-§k§b0!ﬁb‘sotnhaheone | oop

wavef orm T eprese a square is skipped fromthe rel ease portion

side. A | 9op,wavet.or M fgnskidpedy 1 Mershuint s necessaskbyndbaaidarndstiito a
junction between performance style nodules. Nanely, it need not be the

first or hagh keepmayRfarien |dont@yndesprefer abbept vayefesmsa | d&E
waveformto be skipped froma. plurality of |oop wavefornms according to
gi ven priavkfioes ki 5id &ssoehtioiete abovetha wakeRsenPed &g ppdPSthen a
connection is unsuccessful within a range of performance 54 X15 MAR 2005
styl e nodakesti mad fyiomrt condi nareval ol opRr oY FEAEESst yPe YRYGHE %

i npl ement this, there are provided, e.g., a .
i skipped from a pégformance sgyie module for the portion

capable of the waveform skip. When the bend attack portion
is connected to the release portion, for example, a loop
waveform is skipped from the bend attack portion side as
shown in FIG. 11. (FIG. 11 shows that one loop wavefoxrm
represented by a black sguare is skipped from the bend attack
portion side.) When the normal attack portion is connected
to the release portion having a loop waveform, the loop
wéveform is skipped from the release portion side as shown in
FIG. 12. (FIG. 12 shows that one loop waveform represented
by a black sguare is skipped from the release portion side.)
! A loop waveform to be skipped need not necessarily

be nearest to a junction between performance style modules.

" Namely, it need not be the first or last loop waveform. It
may be preferable to select a loop waveform to be skipped
from & plurality of loop waveforms according to given
priorities.

[0050]
2s mentioned above, a waveform is skipped when a

connection is unsuccessful within a range of performance



"performance style nodul e conbination table”, a "skip execution paraneter
range table" to be referenced, and a "skip tinme table" to be referqh§$mR2w5
The "performance style nodul e conbination table" determ nes given
paranmeters according to a conbination of precedi ng and subsequent
performance style nodules to be connected. The "skip execution paraneter
range table" determnes atinme range in order to performa skip for each

of the aforenentioned paraneters. The "skip tine table" determ nes a skip

time. There.is a ti difference (tine.t in FIGS. _9 through 12). .between
t he conneéF'&ﬁtWQéPg%?n%naﬂdgfﬂgnf??@?l?ﬁklPasg? nggﬁl%ﬁgg o%%%ﬁe(or
L6'). Wen this ti difference.is,.shorter than ref.aerence skip tine,
t he corre?ﬁgﬁ'fﬁb'rg%% ikve %Pﬁ1fgl§kié%%ﬁ? f%BS%?§Vl§f§H Eéféfeﬁge to

FIG 13, Lhe Ll aMag deseLi fes.2e dayslobmeanageiion whomderformance

styl e nodufe has 't sanple | ength an ef ore anot her

per f or mangg 3t Wl &, Modpl G SUPSegHERt 81 Lhat oPEE! eerRRee 2lay! enmdul e
starts. In FIG 13, 'a packet streamfor the waveform (tinbre) el enent

conpri ses »Quk, REIMOTFBRPEE” StYl BeMPEELEEncEae. . ThA. SpelrBentidpAld actikdle
A. Sax[ Nor mal Short Body], A. Sax[ Vi brat oBody], and A. Sax[ Normal Rel ease ]

arranged hoemld heotheffatQokheanight aétethientkgyieeahpaneiegieaal | y. Each
performance style nodule's sanple length (duration) is 55 A5MAR2005

expr essedaiceodang hfo ancbhGinaBionnofeppatedndg” natiesabfs'equeescri bed on
the top are event timngs of MDI data. In the
performance style modules to be connected. The "skip

- executicon parameter range table” determines a time range in
order to perform a skip for each of the aforementioned
parameters. The "skip time table” determines a skip time. .
There is a time difference (time t in FIGS. 9 through 12)
between the connection time point and the first (or last)
loop waveform L1l (or L6'). When this time difference is
shorter than the reference skip time, the corresponding loop
waveform is skipped.

[0051]

With reference to FIG. 13, the fcllowing describes a
waveform ccnnection when a performance style module has the
short sample length and ends hefore another performance style
module subseguent to that performance style module starts.

In FIG. 132, a packet stream for the waveform (timbre) element
comprises four performance style modules, i.e.,
A.Sax[BendUpAttack], A.Sax[NormalShortBody],
A.Sax[VibratoBody), and A.Sax[NormalRelease] arranged from

the left to the right in the figure chronologically. Each

performance style module's sample length (duration) is

o
o



m ddl e of the figure, A Sax[BendUpAttack] and so on indicate generation
timngs of respective performance style IDs. Note, dynam cs, depth,nkﬁMARZME
denote generation timngs of respective performance paraneters. [0052]

The A. Sax[BendUpAttack] module starts fromtine to. Tinme tl is a note-on
timng within that nodule and should correspond to the speci fi ed note-on
timng. The content of the packet streamfor the nodule is controlled

based on perfornmance paraneters such as the aforenenti oned note,

dynam CS,‘%)?&ng%egt ¢n TE%n’éthSaX[ Nor relcSharst Bodydt il eangtanssefoon'ti me
t2 just after the attack mbdule. Tine t3 indicates a timng to start the

vibrato Rerdoripoges! ¥he tbpomrhevaividhaminddieg uml atatdhi sini aheg i s
det erm ne ased on the start timng for a vibrato mark provided in song

data, forpexe®l 85 Thee rligudeNoreSaxk [MeinetgfAt fddd Ngand d4deon indicate

A. Sax[ Nor mal Rel ease] nodul e and should correspond to the specified
note-of f §dméngtidhme imdniger dthercwggiatnivey mfrtdemarcSax{Noe ntPRel elSEE i s
speci fied accordingly. [0053] Since a note-on event occurs at tine t1 and
a note- offnemeot,odeptd ,atetid.meen® e lpengstatal o cuH HES t PRel €8PE6LdVRg to
a waveform generated fromthe packet stream ranges fromtine tl to tine
t5. In th@enﬁsemehcehmﬁrﬁa@ﬂéﬂs-strean1 it is often that a tinme period from
time t2 to time 56 5 MAR 1005 t4 does not match the sum of sanpl e |engths
for the A Sax[ Norl®P®5el ease] nodul e and the A Sax[ Vi bratoBody] nodul e.

The A.Sax[BendUpAttack] module starts from time tO.
Time t1 is a note-on timing within that module and should
correspond to the specified note-on timing. The content of
the packet stream for the module is controlled hased on
performance parameters such as the aforementioned note,
dynamics, depth, etc. The A.Sax[NormalShortBody] module
starts from time t2 just after the attack module. Time t3
indicates a timing to start the vibrato performance style
from the middle of the junction. This timing is determined
based on the start timing for a vibrato mark provided in song
data, for example. Time t5 denotes a note-off timing in the
A.Sax[NormalRelease] module and should correspond to the
specified note-off timing. Time t4 for the beginning of the
A.Sax[NormalRelease] is specified accordingly.

[0053]

Since a note-on event occurs at time tl and a note-
off event occurs at time t5, the actual sounding time
according to a waveform generated from the packet stream
ranges from time tl to time t5. In the case of this packet

stream, it is often that a time period from time t2 to time



An appropriate corrective neasure is needed. In this case, the sun1oL
sanple lengths is adjusted to the aforenentioned tine period by repe SNA%HMS
t he sane performance style nodule, by varying sanple lengths for the
performance style nodules, or by conbining the both nethods. In this way,
the nodul es are adjusted for waveform connection. In the aforenentioned
exanpl e, the A Sax[ Nornmal ShortBody] nodule is repeated to nake a waveform
connection with the subsequent A Sax[ Vi bratonody] nodul e. Likew se, the

the. SubsEARRESATS KB Tal V4 cHe) S tTELS [ bOSLS AL REFEoned above,
Var | abl b 4 ST RGTR VATHANGF bal ok 15 tHES plr 1 b e SP P e olirs o be
Lyi cal BT nFUPH e 5 ST el SHOTE ) oftr e h; (S CAE BuoBPVING @
opr opr | ot B mBr T ‘s U G VAEOT e 1he. T1Rer T6r 5 oF Baec T ORe e SREnet, on

bet ween a. phur ali iy Dfy 000, NAVEL QT P CORNRL | f&tE BEmahBE ArySaxhoaule, -
hbrnalShoF?%gdgfxgﬁggfg ggﬂ%héLAISax[%ibrato ody) %Ddule.VA | oop wavef orm

rel ativel yyeasichy JPpkesnhie PPSSEDLE 6P PROVHEEE yanhaAbEescoltr pbdoflethe
tinme Iengt% for 'the entire | oop reproduction waveform by setting the

nunber of okoBps CWMbihidd MR 2005 méhrodoop Tonthnsavepn theempdubes
variable. In the case of a non-loop waveform on the other hand, it is not
so easy tere adjusted for waveform connection. In the aforementioned
example, the A.Sax[NormalShortBody] module 1is repeated to

make a waveform connection with the subsequent
A.Sax[VibratoBody] mbdule. Likewise, the A.Sax[VibratoBody]
module is repeated to make a waveform connection with the
subsequent A.Sax[NormalRelease] module.

[0054]

As mentioned above, when a performance style module
is repeated for waveform ccnnecticn, a variable time length
should be given to the performance style module to be
repeated. Thig variable control of the time length is
provided by moving a typical point in the
A.Sax[NormelShortBody] module or the A.Sax[VibratoBody]
module. Namely, this control is implemented by an
appropriate method such as varying the time for a cross-fade
connection between a plurality of loop waveforms constituting
the A.Sax[NormalShortBody] module or the A.Sax[VibratoBody)
module. A loop waveform relatively easily makes it possible

to provide variable control of the time length for the entire

loop reproduction waveform by setting the number of loops oI



variably control its length existing on the timng axis. Accordingly, as
nmentioned above, variable control is provided so as to expand and contract
the timng axis for waveform data during a |oop read period in a Sed&dMﬁ¥W5
of sound waveforms conprising a non-loop waveformand a | oop waveform An '
i.nvention for providing variable control over the entire sounding tine
length is very advantageous to easy control over the tenporal expansion

gnd coEtractlon. For this purpose, it is recomended to use the "Tine

tretch an ress”, contr.ol_(.ISC contyol evh ausl ¥ preRosed

Eppl i _calnlt tgﬁ goéjgglnecsoé“ﬁﬂ“earﬁl%’ne&larﬁ ngﬁ ‘E‘gb%?gg??%%m#”%?’% 1(5—623&7%%.
speci a L this "TSC control ' i esi | ¥an@PpPki-cahl ¢ be sedhe-dimng
aX|? Ieng%ﬁm Q%ﬂi%ﬁy%éﬁkﬁi Hon- %o%{§g€e¥o?§fc%Frg§p§ﬁdi%g“to ghséicim

per formance .St Vvl e. : 4.8C i qal QWS s rexapl e of the
packet stygﬁﬁﬁﬁgs;%ééégggLl#%fiﬁ%§t§4?$?ﬁg?gaaég ?%own} fﬁ%%]the top to
the bott Owcc%%%%_ﬁ; r %?%%Jr%iézh@d agpbi L udg ek 8ARRAL conthe 1Diits e enmsn |
and the waveform (ti'nmbre) elenent in a harnonic conponent, and the
anpl i tude sgl enenty adhde a@ved ot hacti thee) iahageatiisn famowetomoni ¢
conponent. Black squares represent typical points in the anplitude el enent
and the pigtch @leipta i Todherdad npaitodommonentgartcehe farpiintdide el enent
in the non-harnonic conponent. A curve connecting 15 MAR 2005 these points
represent ;aaraentnd Shapel ¢ dg cat ednbyobhewavetbom lEDdcentladared’avePFacket

of the packet stream A
An invention for providing variable control over the entire
sounding time length is very advantageous 1o easy control
over the temporal expansion and contraction. For this
purpose, it is recommended to use the "Time Stretch and
Compress" control (TSC control) previously proposed by the
applicant in Japanese Patent Unexamined Publication No. Heil.
10-307586. Especially, this "TSC control" is desirably

applicabhle because the timing axis length is varied for a

non-locp waveform corresponding to & special performance

style.
[0055]
‘ FIG. 14 schematically shows an example of the packet
stream thus created. In FIG. 14, there are shown, from the

top to the bottom, packet streams for the amplitude element,
the pitch element, and the waveform (timbre) element in a
harmonic component, and the amplitude element and the
waveform (timbre) element in a non-harmonic component. Black
squares represent typical points in the amplitude element and
the pitch element in the harmonic component and the amplitude

element in the non-harmonic component. A curve connecting

%
[e2]



white rectangle L represents a | oop waveform for waveform (tinbre)

el enments in the harnonic conponent and the non- harnoni c conponent. Anot her
rectangl e NL represents a non- | oop waveform Shaded non-| oop maveforhﬁmm{ﬂmE
especially characteristic ones. In this enbodi nent, two vectors are used
to configure each of the waveform (tinbre) elenents for the harnonic
conponent and the non-harnonic conponent in the Nornmal Attack nodule. One
vector is used to configure each of the anplitude el enent and the pitch

el ement f eneklke Jramonicepcogpnnent asdtbhesaapki tinde celteenty fudre t he

non- harnoni ¢ conponent. [0056) In this enbodi nent, the anplitude el enent
and the petthrell@nmenintcantadninoaveetbes af ahpomptichr twesdneanhe Anvavef or m
(tinbre) elenment forns a non-loop waveformin the harnonic conponent or

t he non- hahiure ceonponentl. Hepeweentsi & ayppbeapedogmlilcsr tavedtamol a
generated waveform by providing vectors to the anplitude elenent and the
pitch el émantb) & pordiion whetbet hermauéftornmpingnte pngl eentnof-orns a
non-| oop waveform 1In the VibratoBody nodule, five vectors are used to
conf i gur ePEEE AN fOITR (¢ br e) PBPEREAt LEFR2RIAG MBNIFERESTHFSTEN? e
vector is_used to configure each of the anplitude el enent and the pitch

el enent i ACQP REHIG T conpoRERt, PRRAIPRR WEVEFSFMS GhThreP < t and the
anplitude el ene i 9 115]QPR 2005

K t in a non-harnogic, conponent. Here, .the 5
U br at 0Bo BT e T ent G (P8 1| e Tore SREGFATSE ot eh ties O'each
repetiti O'{]Jslé%estoa c%r%fégpé ggg}logfsQﬁeeWangﬁ%rlms (timbre) elements for

. the harmonic component and the non-harmonic component in the

J Normalattack module. One vector is used to configure each of
the amplitude element and the pitch element for thé harmonic
component and the amplitude element for the non-harmonic
component.

[0056]

In this embodiment, the amplitude element and the
pitch element contain no vectors at a porticn where the
waveform (timbre) element forms a non-loop waveform in the
harmonic component or the nen-harmonic component. However,

i it may be preferable to control a generated waveform by
providing vectors to the amplitude element and the pitch
element at a portion where the waveform (timbre) element
forms a non-loop waveform. In the VibratoBody module, five
vectors are used to configure the waveform {(timbre) element
in & harmonic component. One vector is used to configure
each of the amplitucde element and the pitch element in a

harmonic component, and the waveform (timbre) element and the

amplitude element in a non-harmonic component. Here, 1inhe



because different performance paraneters are specified for respective
repetitions. According to different performance paraneters, dlfferen}

el enent data is selected, or different I|evel controls or timng axi ¢ 5MARﬂM5
controls are perforned. In the NormalJoint nodule, three vectors are used
to configure each of the waveform (tinbre) elements in the harnonic
conponent and the non-harnonic conponent. Two vectors are used to

configure each of the anplitude el ement and the pitch elenent in the

h t d the d |

cg;r}[)ngma(r:\é CO%%&%%@Yﬁﬂl%?omgﬁ%é NPT Bt rodbt ooPeUam PEed? {G0EA1™t As
ment i oned above

St 1 cam fof 6B B THE Char Ton & ConForan ¢ §%’£ﬁ§hg’§%chgr%ﬁgﬁftcesioﬁpgﬁgﬁie t

Fach of  LASSS RAGKEl SILRATD lgp{%r%é;%fﬁamém Yagk B%%léﬁt‘:ﬁed;—%r}:

packet co a vec ornmati on cket

addi tion, I f I h
o it el goes oval oy seis i o ossetrine ol nder e

case of th ment i n a harnonic

conponent R@&%ﬂé{%ﬁmldim@re@t efEfhen N @ PNt HakEDAEE cBONRENEAIErdFent
cour se, present invention is not limted thereto. It nmay be preferable

to provi devetihefor t¥@r st onihing astdi ¢ i @nt ool Beavecperfbbmadd tie the

packet's tinme information. A packet streamis configured for each

conponent Naeeedidigh it onddel € pntlende of e @lachs packet seB60td5 cHAR 1A Hrech

packet streamcontains a plurality of packets and the time information

(start tiwg) tadwowaeaidrmpackdbre) elements in the harmonic component

- and the non-harmonic compecnent. Twoe vectors are used to

configure each of the amplitude element and the pitch element
in the harmonic component, and the amplitude element in the
non-harmonic component. Description about the NormalEody
module is omitted.

[0057]

As mentioned above, the performance synthesis
section 101C generates a packet stream for each of the
harmonic component and the non-harmonic component. Each of
these packet streams comprises a pluralify of packets. Each
packet contains a vector ID and time information for the
packet. In addition, a packet includes a value settled for
each typical point in the case of the amplitude element and
the pitch element in a harmonic component and the amplitude
element in a non-harmonic component. Of course, the present
invention is not limited thereto. It may be preferable to
providé other information in addition to the vector ID and

the packet's time information. A packet stream is configured

for each component according to the content of each packet.

60



Qovi ously, the nunber of packet streans may differ according to nusical
instrunment types, etc. [0058) 3.4 Waveform synthesis section 101D 3.4.1
Overal | operations of the waveform synthesis section 101D The wavefioy ppp 5
synt hesi s section 101D synt hesi zes a. waveform based on a packet stream Z(Ug
sequence of a plurality of packets including vector ID, tinme information,
correction information, etc.) for each conponent supplied fromthe
performance synthesis section 101C. FIG 15 schematically shows an overal
configura jlon for. expl %i ning operations in the waveformsynthesis section
101D. FI G APt HFohgh tI§2EoNt @9 inlwktthie ph Hackktseanh speration
in the ma%%kqgnlnfgnth sis section 101D. F G 16 is a bl ock diagram

conci sel y ~Showt hg Al o5vEralI® Btdw o8 het Rilvef R fh spachesis. FIG 17 is a

bl ock di agram f or l.ai ni.n vector loader. FIG 18 is a block diagram
for explaining a v§§§&%u§& ra?%?% BIRen o° T | Ragk Bt o kT PREr BAVF GRffer

expl ai ni ng C r.. Fl 2 ..shaows timngs_for supplying packets
fromthe péﬁ%lf%ﬁ%eggs&g%ﬁgalsgg& T 01¢RD° t hetGavef or m synt hesi s

section 7.01D. Fl@pg23;5is a block diagramfor explaining a cache control
section 40. [0059) In QIG. 15, the performance synthesis section .15 MAR

2005 (artixcul atwi)e£81h eharbesid RAckalo Sty for each conponent
el enent. The packet streamis then sequentially input to

3.4.1 Overall operations of the waveform synthesis section
101D

The waveform synthesis section 101D synthesizes a
waveform based on a packet stream (a seguence of a plurality
of packets including vector ID, time information, correction
information, etc.) for each compcnent supplied from the
performance synthesis section 101C. FIG. 15 schematically
shows an overall configuration for explaining operations in
the waveform synthesis section 101D. FIGS. 16 through 19, 22,
aﬁd 23 illustrate in detail each operation.in the waveform
synthesis sectiqn 101D. FIG. 16 is a block diagram concisely
showing an overall flow of the waveform synthesis. FIG. 17
is a block diagram for explaining a vector loazder. FIG. 18
is a2 block diagram for explaining a vector operator. FIG. 19
is a block diagram for explaining a vector decoder. FIG. 22
shows timings for supplying packets from the performance
synthesis section 101C to the waveform synthesis section 101D.
FIG. 23 1s a block diagram for explaining a cache control
sectiocn 40.

[0059]

In FIG. 15, the perfcrmance synthesis sectiion



speci fied packet queue buffers 21 through 25 provided in the waveform
synthesis section 101D corresponding to each conponent el enent on ﬁdpacket
basis (i.e., input in units of packets). Input packets are stored MMEM%
packet queue buffers 21 through 25 and are sequentially sent to a vector

| oader 20 in a specified order. The vector | oader 20 references a vector
IDin the packet and reads (loads) the original vector data correspondi ng
to that vector ID froma code book 26 via a cache control section 40. The

read vect Qrardad@ddSoSEntol© sPesids ed yeskot Hde0dRr $o31ebBHoUGh 3R ent
These vector decoders are provided corresponding to each conponent el enment

and gener ajleenenvay ef T dn h QEk SACH EOMONENthe £ §@§ﬂéntﬁ@@§9] inpurt ey, the
vect or decoders 31 through 35 synchroni ze a waveform generated for each

conponent syeneiied bgdateen qleuy ecipfedecpdetsradghhpoughodsaand igenelate a
wavef orm for each of conmponents (harnonic conponent and non- harnonic
conponent Juavk finavef ofmt igenes ad eck for PATIh corposeshdihg§ §6nkatd a m xer 38.
In addition to input of packets to packet queue buffers 21 through 25, the
per f or manc@MpAntdES|i slenert ion { gpadket atasl)s 101G periopus var uadsscoit r ol s
such as the stream managenent and the reproduction control for the

wavef or m SAfHEST 5 sektPoh RPAEtThEret ¥ earefrabagehenpacketatgsueo
generation or_deletion of individual vector data 62 15 MAR 2005 or

connect i o WetSheert Vet dat 2 FHE 3efpr IRAREP bHA LNt FBPT 1S Pe¥F6MSTDI e
for gener atoia%%ra ?dasir{ ea(lj s\’\l?é/ceifng:{ena C)cgrder. " The vector loader 20

A-) references a vector ID in the packet and reads (loads) the
original vector data corresponding to that vector ID from a
code book 26 via a cache control section 40. The read vector
data is sent to specified vector decoders 31 through 35.
These vector decoders are provided corresponding to each
component element and generate a waveform for each component
element.

[0060]

Further, the vector decoders 31 through 35
synchronize a waveform generated for each component element
between the vector decoders 31 through 35 and generate a
waveform for each of components (harmonic component and non-
harmonic component). A waveform generated for each component
is sent to a mixer 38. 1In addition to input of packets to
packet queue buffers 21 through 25, the performance synthesis
section (articulator) 101C performs various controls such as
the stream management and the reproduction control for the

waveform synthesis section 101D. The stream management

relates to generation or deletion of individual vector data
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reproduci ng or stopping the generated desired waveform [0061] As

menti oned above, the vector |oader 20 is sequential Iy supplied mﬁt

packets constituting a packet streamstored in the packet queue b 5 MAf 20 .
Based on the vector IDin each packet, the vector |oader 20 reads vector
data. corresponding to that vector ID fromthe code book 26 via the cache
control section 40. The vector | oader 20 then sends the read vector data
to the vector decoder 31 (see FIG. 16). At this tine, each read packet may
contain caorrection _info rrectiaon i nformati

n t bng en C ; C% e a1 IaC Pé gl
typical poi mI*TTR-tAP s Cat&s th8 SEtSF Foader €20 ﬁﬁfqg%ﬁ The“Yiud
or i gi nal vector. data, aecording.h o, Lhe,corr 8eLion i pLeramLLen, . The modified
or

vector datda i's Teférred to as~vec forna irondara § dlsﬁlnctlon from

the original 2 éﬁnga - SJQ?R%%§CEﬁIOH @Q%Bt%ﬁ ARyt fhé$@¥8§ahav'”9 the

vector - inf i on a as o the vector coder’s t hr ough
35. This packet i's Eggerred to as a vector packet for distinction froma
packet i nput fron1 e pérformance synthesis section 101C. In this way, the

vector |oader 20 fgaglen@kibdbBaknweet ok ndata dtiamitdii&edgy bpgk 26 based on
the vector ID of a packet input fromthe performance synthesis section

(artlCU|akﬁ&@uéﬂﬂihlihesﬁﬁplﬂéa|Q&dﬁrp&@k@@érQ@h%tl&hﬂ:Mﬂ@t@rpﬂ@k@i
according to the correction information as needed and passes a vector
packet t o stdr=arectoordécodetse3habBelbghBRe2005 tiehr @ugh IFafs@eck| thel7).
There can be various correction information about typical points for
vect or datvecsuywh B8 in each packet, the vector loader 20 reads vector

\ data corresponding to that vector ID from the code book 26

J via the cache control section 40. The vector loader 20 then
sends the read vector data to the vector decoder Bi (see FIG.
16). At this time, each read packet may contain correction
information (e.g., correction information about a typical
point). In this case, the vector loader 20 modifies the read
original vector data according to the correcticn information.
The modified vector data is referred to as vector information
data for distinction from the original vector date. The
vector loader 20 outputs a packet having the vector

: information data as information to the vector deccders 31
through 35. This packet is referred to as a vector packet
for distinction from a packet input from the performance
synthesis section 101C. In this way, the vector loader 20
reads original vector data from the code book 26 based on the
vector ID of & packet input from the performance synthesis
section (articulator) 101C. The vector loader 20 corrects

the vector data according to the correction information as

needed and passes a vector packet to the vector decoders 31



correction information for shifting the time. information based on random
nunbers, etc. [0062] As shown in FIG 18, the vector decoders 31 EEE@E%&
35 nanage operations of various operators such as generating or di hg
a vector operator for processing an input vector packet, nanagi ng
connection or synchroni zati on between vector operators, managing the tine,
setting the conversion to paraneters for each vector operator input from
ot her vector |ID streans, etc. Vector operators 36 and 37 read vector
i nfor mat i enrédaligh 3ONtId RAI@osi1) on fispeedtdmpid )vdvious easttnget benvect or
information data, control a gain (gain input), etc. Various paraneters
defi ned fanhfldrematecirorab@peratmlca B @itk S7E ar evemtagedata $hehveast or
decoders 31 through 35. The vector decoders 31 through 35 are provided so
as to cor cespend itan eacto monpiosre nfore| @nefitindrhehe coime sjponhormgt vent or
decoders 31 through 35 read vector information data fromthe vector packet
and chr ondlasgidc &l yrarge rrateber slestted waveform . [0063] As shown in FIG
19, for exanple, a vector decoder 31 generates an envel ope waveform for
t he anplitude el ene#i621 n the harnonic conmponent. A vector decoder 32
generates an envel ope waveformfor_the %gltch el enent in the_harno

e

conmponent . A vect dtS dUtOYer133 Henet bt e @V enver opecedeis &ﬁﬁF?@@ggh'

wavef or m for t he waveform (tinb Q3 el enent_in the har noni ¢
manage operations o arious operators such as generating

or discarding a vector operator for processing an input

vector packet, managing connection or synchronizaticn between

~—

vector operators, managing the time, setting the conversion
to parameters for each vector operator input from other
vector ID streams, etc. Vector operators 36 and 37 read
vector information data, control a position (speed input) for
reading the vector information data, control a gain (gain
input), etc. Various parameters defined for the vector
operators 36 and 37 are managed in the vector decoders 31
through 35. The vector decoders 31 through 35 are provided
SO as to correspond to each component element. The
corresponding vector decoders 31 through 35 read vector
information data from the vector packet and chronologically
generate a desired waveform,

[0063]

As shown in FIG. 19, for example, a vector decoder
31 generates an envelope waveform for the amplitude element
in the harmonic component. A vector decoder 32 generates an
envelope waveform for the pitch element in the harmonic

component. A vector decoder 33 generates an envelope
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conponent. A vector decoder 34 generates an envel ope waveformfor the
anplitude elenent in the non-harnonic conponent. A vector decoder 35
generates an envel ope waveformfor the waveform (tinbre) el enent inﬂngRZWS
non- harnoni ¢ conponent. The vector decoder 33 generates a harnonic
conponent waveform provided with the envel ope waveformfor the anplitude
el ement in the harnoni c conponent and the envel ope waveformfor the pitch
el enent in. the harnonic conponent. These envel opes are generated in the
vect or deggggns 31j?pd 2. yhe yegtor_deﬁqg?r iB thq$. out.put.s t he

gener at ed” Gaver eI t HES K87~ 38" NEREPY STt fd EMF8dt o ddtoddit ™31
Suppli od WLhbotie, envel peoYEYChOEILLAY 4l g RTRLINE, AP, LN (he

har nmoni ¢ conponent ‘as ‘a vector operator for gain con F of (gaﬂ% input) . It

Is suppl i gdy Wt the enyel op 1M@M8E0Eﬂk%§§FtE% gﬂéﬂkoﬁﬂﬁﬁ?ﬁgnig the

harnoni ¢ conponent as a vector operator read position control (speed
i nput) of c¥gpbfednf Orreld Op, dakaecodbe ggcbgheg%Q%%e%nfg%&Eﬁﬁﬁétes a

non- har noni ¢ conponent wavef orm provi ded w't t he envel ope waveform for

the anplitddere)@meitr i thé heaheRoral ARAbecGORRRARRM THithenyshope is
generated in the vector. decoder 354. The vector decoder 35 then outputs

t he generhtedo ayefongfdndé ot t heTHexeec88r Namelker t3me geentxatelecoder 35 is

supplied with the envel ope waveformfor the anplitude elenment in the

non- har nohacmeonpoemp@se @t coatredbroopranddedr vwgain tlecormodldmgai n i nput) .

[0064] 65 15 MAR 2005 When waveforns are chronol ogically generated in each
waveform for the amplitude element in the harmonic component
and the envelope waveform for the pitch element in the
harmonic component. These envelcpes &are generated in the
vector decocders 31 and 32. The vector decoder 33 then
outputs the generated waveform to the mixer 38. Namely, the
vectoxr decoder 33 is supplied with the envelope waveform for
the amplitude-element in the harmonic component as a vector
operator for gain control (gain input). It is supplied with
the envelope waveform for the pitch element in the harmonic
component as a vector operator foxr read position control
(speed input) of vector information data. The vector decoder
35 generates a non-harmonic component waveform provided with
the envelope wavefcrm for the amplitude element in the non-
harmonic component. This envelope is generated in the vector
decoder 34. The vector decoder 35 then outputs the generated
wavef orm to the mixer 38. Namely, the vector decoder 35 is
suppl ied with the envelope waveform for the amplitude element
in the non-harmonic component as a control command for gain

control (gain input).

[0064]



conponent and el enent, the vector decoders 31 through 35 synchronize the
wavefornms for waveform generation. For exanple, when a vector packetlgﬁr

the waveform (tinbre) elenent and a vector packet for the anplitude ARZWS
el ement are input, an anplitude waveform based on the vector packet for

the anplitude elenent is generated with reference to and in

synchroni zation with the tinme for waveform generation based on the vector
packet for the waveform (tinbre) elenent. This anplitude waveform controls

the anplitude of awwaWehRREr AGNETALLAHIR NS fas 81 Pfgdhieraasd ofn pagkst
for the waveform (tinbre) elenent. Wien a vector packet for the waveform

(tinbre) el@empoteatdaddvedkdenRacket hettbhe dpicele @l eenthraligh imput, a
pitch wavef orm based on the vector packet for the pitch elenent is

gener at ed synidhrefhecenciet azardorms Fyrcheaorifsat eensrddt iidie tifer f or

wavef orm generati on based on the vector packet for the waveform (tinbre)

el enent. €x3065]eThivkepi bckewavef parkeantoal $heheapietfolrmof( tamwaa/ef or m
generated on the basis of the vector packet for the waveform (tinbre)

el enent . \MHeam@nvedndr apacksorf packie faveftbemapiliinge ¢llementt iare he
harnoni ¢ conponent and a vector packet for the waveform (tinbre) elenent
in the nodHdthonkt appApondst vavefioapubasgdnon- idenygicd cdomeshieat fvased on
the vector packet for the waveform (tinbre) element in the non- harnonic
conponent G s§RPhéslgedewemenitefisr §6BETEEENH IR TOfGERIGH Z& iFH Wit h t he
time for harnonic conEQnent,GG 15 MAR 2005 synthesis based on thqavecxor
packet foFWWﬁP%@BéFG APD with the time for waveform generation based

' on the vector packet for the waveform (timbre) element. This
amplitude waveform controls the amplitude of a waveform
generated on the basis of the vector packet for the waveform
(timbre) element. When a vector packet for the waveform
(timbre) element and a vector packet for the pitch element

are input, a pitch waveform based on the vector packet for

the pitch element is generated with reference to and in
synchronization with the time for waveform generation based

on the vector packet for the waveform (timbre) element.

[0065]

This. pitch waveform controls the pitch of a waveform
generated on the basis of the vector packet for the waveform
(timbre) element. When a vector packet for the waveform
(timbre) element in the harmonic component and a vector
packet for the waveform (timbre) element in the non-harmonic
component are input, a non-harmonic component based on the
vector packet for the waveform (timbre) element in the non-

harmonic component is synthesized with reference to and in

synchronization with the time for harmonic component
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(tinmbre) element in the harnonic conponent. A desired nusical sound
waveformis generated by m xi ng waveforns for the synthesized harnnqiqyﬁz
conponent and non- harnoni ¢ conponent. This enbodi ment may be configér g%
as to select synchronization or asynchroni zati on between a harnonic
conponent and a non-harnoni ¢ conponent. Only when the synchronization is
selected, it nmay be preferable to synthesize a non-harnonic conponent
wavef orm generated on the basis of the vector packet for the waveform

(tinbre) ebamprisid MHddn aN-Ha N o oyRonent s it heefgiereert o and in
synchroni zation with the tine for waveform synthesis of a harnonic

conponent (gepgratied Whdhte Nasife Hathieh VeCtOipoagket hopethecwavef orm
(tinbre) element in the aforenentioned harnonic conponent. [0066] As

nmenti onedmabav@l &anKeiaEdf@am tOEISestad Py uhdkihy QbvBaekalss.sdn the
case of a packet stream of vector packets, each packet contains vector
dat a. Nanmehg, synidekesizest rreameoinprdé@gsonvect odndatan anaangeadcalcongporent .
tenporal direction. Vector data contains different data structures and
meani ngs accor di ngfitis t4ebadignen udeay phe chonfhduvavetor ms (toi resrlect

el enments. However, vector data is basically the sane fromthe viewpoint of
t he vect of YBFEFRIGrie EemamF FEY Uo7 28t o Rekveen dat RasPedécure FIG 20

schematically shows a enbodigfnt of the 67 15 MAR 2005 vector data
struct ur e“PEEPPERANAE. & PPHAAE WP FOrCTERRA YL - Only when the

synchronization is selected, it may be preferable to
synthesize a non-harmonic component waveform generated on the
basis of the vector packet for the waveform (timbre) element
in the non-harmonic component with reference to and in
synchronization with the time for waveform synthesis of a
harmonic component generated on the basis of the vector
packet for the waveform (timbre) element in the
aforementioned@ harmonic component.

[0066]

As mentioned above, a packet stream comprises a
plurality of packets. 1In the case of a packet stream of

) vector packets, each packet contains vector data. Namely, a

packet stream comprises vector data arranged along a temporal
direction. Vector data contains different data structures
and meanings according to the amplitude, pitch, and waveform
(timbre) elements. However, vector data is basically the
same from the viewpoint of the vector operators 36 and 37.

[0067]
3.4.2 Vector data structure

FIG. 20 schematically shows an embodiment of the
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vector data is expressed in units of [SEC]. When a read speed is assuned
to be constant, one sanple on the vector data natches one sanpl e of 53 005
out put waveform A read speed is expressed in units of 1/1200 [cent1] ﬁ&”g
the nth power). Exponent n = 0 neans a constant speed. Exponent n = 1.0
means a doubl e speed, e.g., an octave higher for the waveform (tinbre)

el ement. Exponent n = -1.0 neans a half speed, e.g., an octave |lower for
the waveform (tinbre) elenment (see the top chart in FIG 20). The code

book 26 agival syeqaler -cdat a.q . FQK Pl @, pwactahrdatar fryadiney
anpl i tud?%ﬁggﬁgn?ggr St Ee pi tlg'h el grrentyag?g%pri sesp an array of VECTORPO NT

StrUCture§e@@9rtaﬁkﬁaﬁspg&PEéﬁﬂé&:ﬁpQﬁﬁks AF argray) .of WARGT GRR@ AT
structures contains a sanple position and a value for each point in a

sequenti abpgeders aEeumesanp @e aoreaiornt dane sanpd o am tire ampticude
element is expressed in units of [db]. A vector data value for the itch
el ement idaeapmesshbesi pnenisesnpdfe 1/£1200 dudentt] weveafoml.DI MAt&2huiRRRI0 is
assunmed to be 0.0. The typical point data is a DAORD array and stores an
i ndex nunberekpreasedr hay ungft SYECTORRAQONT [sienidt urdesa dife TUde P AR -
typical point (see the bottomchart in FIG 20). Cbviously _thle &resent

i nvent i onEXBORBRT| Nnitt ddMEG e FVr LRt i SHREE exdmi®ent gheoyt 374, 3
Detail of the cache caontrol section 40 (1) Overall configuratian

cache cont#8rses @PS’bI\;ﬁRS’P(?(%i'seecﬁ'o'naé{b‘?Ctave Lo Sl Wall LI

(timbre) element. Exponent n = -1.0 means & half speed, e.g.,
an octave lower for the waveform (timbre) element (see the
top chart in FIG. 20). The code book 26 stores actual vector
data. For example, vector data for the amplitude element or
the pitch element comprises an array of VECTORPOINT
structures and typical point data.

[0068]

An array of VECTORPOINT structures contains a sample
position and a value for each point in a sequential order.
For example, a vector data value for the amplitude element is
expressed in units of [db]. A vector data value for the
pitch element is expressed in units of 1/1200 [cent] when
MIDI note number 0 is assumed to be 0.0. The typical point
data is a DWORD array and stores an index number for an array
of VECTORPOINT structures to be used as a typical point (see
the bottom chart in FIG. 20). Obviously, the present
invention is not limited to the aforementioned example.

[0069]

3.4.3 Detail of fhe cache control section 40

(1) Overall configuration of the cache control
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This section describes an overall configuration of the cache contro, AR 7005
section 40 with reference to FIG 23. First described is the object @Q %?
providing this cache control section 40. Since the code book 26 is stored
in the hard disk 109, vector data needed for the vector decoders 31
through 35 is read fromthe hard disk 109. However, a hard disk etc. offer
a sl ow and unstabl e access speed. It is inpossible to imediately read
vector data at the timng when the vector decoders 31 through 35 process
the rel evaattyventen data. As a solution, this enbodi ment provides the
cache control section 40 in the waveform synthesis section 101D to | oad
vector data to beThded skort iepaetsat it hansestraht ccombigeneheorefbry.
[0070] In FIG 23, the reference nuneral 42 denotes a pre- fetch section.
The pre-fehehcsebei opnéxlasestdopedtowijth Hafmnengracketr apptfed to the
wavef orm synt hesi s section 101D fromthe performance synthesis section
101C. TheFpretf deskribeét iien theowibdes tiasd WoRTd1id g herhar @@ ai sk 109 so
as to pre-fetch vector data associated with this vector ID fr(gmthgl(%1 code

book 26. ASNKERLI 6REF1F0YE - t FIIEHINEIL oGk 1t® & PELkEY str&3fin
e ockel odies PULer s LA Quah 20, 300 ALe 05 BE R0 Byethe-vestor
e BETRE bl o DO g3y SHChV SR 08% Recant el naat i on
disk etc. offer a slow and unstable access speed. It is
impossible to immediately read vector data at the timing when
the vector decoders 31 through 35 process the relevant vector
data. As a solution, this embodiment provides the cache
control section 40 in the waveform synthesis section 101D to
load vector data to be used (or expected to be used) into the
cache memory.
[0070]
In FIG. 23, the reference numeral 42 denotes a pre-
fetch section. The pre-fetch section extracts a vector ID
from a packet supplied to the waveform synthesis section 101D
) from the performance synthesis section 101C. The pre-fetch
section provides read control to the hard disk 109 so as tc
pre-fetch vector data associated with this vector ID from the
code book 26. As mentioned above, those packets constitute a
packet stream in the packet queue buffers 21 through 25 and
are to be read by the vector loader 20. Concurrently, a pre-
fetch process takes place.

[0071]

The reference numeral 41 denotes a predictive
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vector data having a high possibility of actual use based on prediction

data (program change, etc. ) supplied fromthe score interpretation 115”
section 101B and a prediction condition supplied fromthe pre-fetch ARHM5
section 42. The predictive control section then supplies a vector ID
associated wth the predicted vector data to the pre-fetch section 42.

I ncidentally, the vector IDs supplied to the pre-fetch section 42 may
contain those associated to failed vector data which may not be actually

used. in ur , t |on co dltlon" contains.a vector |ID
etc. settkggtIQkLﬁgeﬁggég(i.Qﬁe pB %q Hefron1tﬁ€'per %ﬁ?ﬁi%ﬁf%ﬁ%ﬁ%e5|s

secti on 19é9tomt 40L Spueyy, t%ehﬂ %‘s%*ﬂbﬁ‘i‘i&' 0%14 Hodle 44 €

)
vect or perrtor nce S t es| s sectlon ;LPEF%]G pr edictive

control g%! A ¢ T5'§¥"a P?o%g'ta&h fa%%%' on 42, festgéclmeé &ﬁO{ data

associ at e oth vect o ri‘oriti |ng oad o] vec or data

settled tgclggeuslerﬁtéfpfetaelbﬂageefnl\éﬂcﬁ hpdatQ %D‘iﬂécéhe&lcfr{o i 1%“

performance synthesis section 101C). Loading vector ata ‘sett

used is rehgpnedd orasm" €B8i gméttf\é@chogdcmlolnoatil Ng MRCHHFe data ot settl ed
to be used (just predicted to be used) is referred to as "predictive | oad"

her ei naf t ebntThel ref et eosethenesabpd4 ckepr @3efics Cac s S te Whi Cth Stios es
pre-fetched vector data. The reference nuneral 43 represents a read
control seceddactathenececei dang aovettoprebfierram tdeec-tivectar. | oader 20, the
read control section mainly reads vector data corresponding to this vector
ID fromthecéachecDlas MAR 20050meAbey sdgpdrieds Upplites ntmtfafedt or data to

t he vector | oader _
section 42 may contain those associated to falled vector data

i
which may not be actually used in the future. Here, the
"prediction ccndition” contains a vector ID etc. settled to
be used (i.e., supplied from the performance synthesis
section 101C). In this way, the pre-fetch section 42 is
supplied with vector IDs from the performance synthesis
section 101C and the predictive control secfion 471. Thew
pre-fetch section 42 pre-fetches vector data associated with
both vectot IDs while pricritizing a load of vector data
settled to be used (i.e., & load of vector data specified
from the performance synthesis section 101C). Loading vector
data settled to be used is referred to as "designative load”;
loading vector data not settled to be used (jpst predicted to
be used) is referred to as "predictive load" hereinafter.

The reference numeral 44 represents cache memory which stores
pre-fetched vector data. The reference numeral 43 represents
a read control section. When receiving a vector ID from the

vector loader 20, the read control section mainly reads

vector data corresponding to this vector ID from the cache



20. The reference nuneral 45 represents a tine managenment section which
provides timng control for pre-fetching, etc. [0072] (2) Operations ngARﬂmS
the predictive control section 41 The foll ow ng descri bes processing

contents in the predictive control section 41 with reference to the state
transition diagramin FIG 24. The state of the predictive control section
41 depends on whet her or not a waveform synthesis takes place in the

vect or decoders 31 through 35 and, when the synthesis takes place, depends

on v e, o vets Loemunkporhged on BLlLally, a0 et o,

synthesis ta ace in e vector

D oy vedion SEPLL N1, BRLLRL TPy 2 PEOBERR. ! 1oL ERe it |

process pr edi ct’'s" a ‘can ate ftor vector aln

PrediCteds%%QE@%Id%ﬁéﬂeb§8§£§§§i*f%YngSHQH££89.k8rtF§eQ%§}E$E%ﬂhs%ﬁﬂgpn
42. At step S30, however,. the attack  portion is not predicteée nl'ess a
“program change" [gogppplied as prediction data fromthe score

interpretation section 101B. This is because an undefined program change

causes a l(ange cprmunti®fs veet ofe dat@afOfivpeebhtabhesatiagk sportions. In
an initial state, when a programchange is supplied fromthe score

interpretation secthentdDl8yihbedepeedbeti peocepbial seetiednt d Mrediat el y
starts a predictive | oad of vector data for the attack portion

cor r espontiregictiate programl cheeigeon [ Q073 th ordie#bndAR: 408h'e state
transition diagram in FIG. 24. The state of the predictive
control section 41 depends on whether or not a waveform
synthesis takes place in the vector decoders 31 through 35
and, when the synthesis takes place, depends on which module
a wave 1is:synthesized for. Initially, no waveform synthesis
takes place in the vector decoders 31 through 35. The
predictive control section 41 performs a process at step S30.
Here, the process predicts a candidate for vector data in the
attack portion. Predicted vector IDs are successively
supplied to the pre-fetch section 42. At step 830, however,
the attack portion is not predicted unless a "program chance"
is supplied as prediction data from the score interpretation
section 101B. This is because an undefined program change
causes a large amount of vector data for specifiable attack
portions. In an initial state, when a program change 1is
supplied from the score interpretation section 101B, the
predictive control section immediately starts a predictive -
load of vector data for the attack portion corresponding to

that program change.

[0073)
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For exanple, it is assuned that "piano" is specified as the programg%mﬂym%,
and there are 100 types of vector data for the attack portion associa

with "piano”. In this case, the predictive control section starts a
predictive | oad of 100 types of vector data. Wien a packet is settled for
the attack portion, the vector |oader 20 and the vector decoders 31
through 35 start a waveform synthesis process for the attack portion. At
this time, the state of the predictive control section 41 shifts to step
S31. [0074] At step S3L redictiv [ rformed,wi,th _respect to
vector data candi dates Tcﬂﬁlteﬁ'ee'g%d{/é p%?%?@%dbgggg Brithe \Jléctsé’lecll%lfﬁgr t he
settled agtagkePBhbGRm IHGRd e alH t] j .S kno h

candi dat e vectorgdaga Fg limted to t%%% %%%r%@%oﬁ%$%g %% Yﬁg%ggnéaﬁﬁtch

as for thﬁorathéC&tQ%bM‘ﬁbrﬁ%ﬁﬁ(Hségﬂfhﬂéﬁfwﬁ$ﬁe‘piéﬂBted tf EH?EecLQ%he

t he body portion which corresponds to the envel ope waveform “etc. ~for

settl ed athackrpatthaRcakdbMawa RAssSid |4ty 0f aC?P@§§E£90 tOoLk- oAt Step
S31, the predictive control section préedictively 1oads candi dates narrowed
down accol@dngypte blfesectendiddtens. vese, a thecipet f 0§ nBace1 84NEPest Se
section 101C actually supplies packets for the body portion. Wen a

packet fortthekbpdytpont i dpe sesatdd ddhaddre Bi aded of hé heecpoedietbiers
control section 41 shifts to step S33. [0075] At step S33, the predictive
control séttTBROPEEALS sk leoathy e datreshdors teonexs fect bhedat a
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attack portion. At this time, the state of the predictive

. control section 41 shifts to step S31.

[0074]

At step S31, a predictive load is performed with
respect to vector data candidates for the body portion based
on the vector ID for the settled attack portion. Since the
attack portion pitch is known, the candidate vector data is
limited to that corresponding to the same pitch as for the
attack portion. Vector data is further limited to those for
the body portion which corresponds to the envelope waveform
etc. for the settled attack portion and has a possibility of
connection to it. At step S31, the predictive control
section predictively loads candidates narrowed down according
to these conditions. Here, the performance synthesis section
101C actually supplies packets for the body porition. When a
packet for the body portion is settled, the state of the
predictive control section 41 shifts to step S33.

[0075]

At step S33, the predictive control section

predictively loads candidates for the next vector data based
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on the vector ID for the settled body portion. As nentioned above, |

nodul e associated with the body portion is one of the other body poi@ﬁMRJWE
joint portions, or release portions. Accordingly, the predictive control
section 41 predictively |oads these vector data. In the same manner as

step S31, candidates for vector data to be predictively |oaded are

narrowed down according to the pitch, the envel ope waveform etc. of the
settled body portion. [0076] Wen the perfornmance synthesis section 101C

actual Iy ,3upRLi 688 cRagketr JURhRY <X aWldl R AT el 233, Adensieiendd the
predictive control section 41 changes according to that packet. Wen the

suppl i ed paeket LSnaesael akedcwstRd he thodhe PRIdY Poriith statens esmi ns at
step S33. Based on this body portion, a predictive load is re-executed for

the ot her thady+nper Hio@RS poritQichls ,PIblin@Nporalioed ease fuirdd nspoibiesns he
suppl i ed packet is associated with the joint portion, the state of the
predi cti veceenthalhigectthen p4kadhitfive ttonttren) SF2tidrO0f7]pAtdBtepv&BR, the
predictive control section predictively |oads vector data for the body
portion. l€addi dakss fvec tiohe dedet.or Idatthet cane pragdiest iaklgtepaded. are
narrowed down to vector data for the body portion having a possibility of
connect i onandidhda esetfiolre eicdiont dgdet iten bevmare ditdd ysert okrdRGRe 3Yft hesi s
section 101C supplies a packet associated with the next. body portion, the

state of DPRETOHEEICOMYECEORFRY $ocitihen PAL et (Hifs &Y SHRP IVELCFS- ' 15

MAR 2005 .
etc. of the settled body portion.

[0076]

When the performance synthesis section 101C actually
supplies a packet during execution of step S33, the state of
the predictive control section 41 changes according to that
packet. When the supplied packet is associated with the body
portion, the state remains at step S33. Based on this body
portion, a predictive load is re-executed for the other body
portions, joint portions, or release portions. When the
supplied packet is associated with the joint portion, the
state of the predictive control section 41 shifts to step S32.

g [0077]

At step S$32, the predictive control section
predictively loads vector data for the body portion.
Candidates for the vector data to be predictively loaded are
narrowed down to vector data for the body portion having a
possibility of connection to the settled joint portion. When
the performance synthesis section 101C supplies a packet
associated with the next body portion, the state of the

predictive control section 41 returns to step S33 to



predictively | oad vector data for the other body portions, joint portions,

or release portions. Wien the performance synthesis section 101C supﬁﬁﬂ@@ZU%
a packet for the release portion, the state of the predictive control
section 41 shifts to step S30. [0078] At step S30, as nentioned above,

the predictive control section predictively |oads candi dates for vector

data for the attack portion. When the pitch for the just preceding

rel ease portion is already settled, it is highly possible that a pitch for

t he succeﬁ%raqca&t@éa@ ppcssaovne&ipgé d@% §8¥' ahe grgat! Yoo P & g hesis

of the release portion, it my be preferable tolimt ve ta for the
attack pgotinan g el Haded %E@é@élﬁ@ﬂ’léﬁsthoﬁﬁeﬁr ouad Te*}_% Rinfefte T oOr
that rel ease portion (e.g., within the range of octavef [0079] (3)

Oper at i onsyaft ndia pre=detah §@E¢l§@pﬁﬂle£3albaéﬁé€ poecess h@asd) The
foll ow ng descri bes operations of the pre-fetch section 42. First, the
pre- f et chpsettiicon 4hpesforeason tvadorPadcesseasoshown seckliGn 25 at a _
specified cycle. Wien the process proceeds to step S41 in the figure, it
i s deternshéd tanwhet RremrS3dt to receive a designative | oad request which
is not executed yet. Wien it is determned to be YES, the process
proceeds to step'gﬂﬁi%]perforn1a designative load for the requested

vector data. After a | apse of given read 74 ,15 MAR 2005
At step 830, as mentioned above the predictive

control section predictively loads candidates for vector data
for the attack portion. "When the pitch for the just
preceding release portion i1s already settled, it is highly
possible that a pitch for the succeeding attack portion does
not deviate greatly. During synthesis of the release portion,
it may be preferable to limit vector data for the attack

portion to be loaded predictively to those around the pitch

for that release portion (e.g., within the range of +1
octave) .

[0079]
(3) Operations of the pre-fetch section 42

) (3.1) Load process (FIG. 25)

The following describes operations of the pre-fetch
section 42. First, the pre-fetch section 42 performs a load
process as shown in FIG. 25 at a specified cycle. When the
process proceeds to step S41 in the figure, it is determined
whether or not to receive a designative load request which is
not executed yet. When it is determined to be YES, the
brocess proceeds to step S42 to perform a designative load

for the requested vector data. After a lapse of given read
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time, these vector data are read fromthe hard disk 109 and are stored in
the cache nenory 44. [0080] Wuen it is determned to be NO at steplEyﬁmqﬂms
the process proceeds to step S43 to performa predictive |oad. O vector
data requested for the predictive |oad, the process detects vector data

for which a read command is issued to the cache nmenory 44 (vector data
already | oaded into the cache. nenory 44 and those scheduled to be | oaded
according to the other |oad requests); and vector data for which no read

conmand igihesugteta khethar dadbskri0feadherbar dhei Skr80@iisk d@splared with
a command to read the latter. Wen there are many vector data to be | oaded

predictivgly, stBirear qut ithe MRyhebaemergaklded in the middle of the
predictive load. In such a case, as long as the requested designative | oad
takes effect, thgoodmvant predictive load. is interrupted and the
designative load is perfornmed via step S42. In the pre-fetch section 42, a
desi gnative | oad takes i ecedteemiverd o predictdtveslarad4f 0081 (3. 2)
Packet reception process (FIG 26) The pre-fetch section 42 al so rforns a
packet rprepeissn ppooeesss te BItED 28 3eich PELFOTIhE pediranée &t hesi s

section 101C supplies a packet. Wen the process  .proceeds tq step S5l in.
the figuref mecacroddil ire@asted &9r fthemPOseiGtipis éﬁg éhet%gﬁggé?nine

whet her or not to hit the vector data corresponding to t t
Here 75 detephr YEPror data for which a reaé)comméhé 1siﬁgsﬁgﬁ;fg ﬁﬂé

cache memory 44 (vector data already loaded into the cache
memory 44 and those scheduled to be loaded according to the
other load requests); and vector data for which no read
command is issued to the hard disk 109. The hard disk 109 is
supplied with a command to read the latter. When there are
many vector data to be loaded predictively, this routine may
be re-called in the middle of ?he predictive load. In such a
case, as long as the requested designative load takes effect,
the relevant predictive load is interrupted and the
designative load is performed via step S42. In the pre-fetch
section 42, a designative load takes precedence over a

) predictive load.

[0081]

(3.2) Packet reception process (FIG. 26)

The pre-fetch section 42 also perﬁorms a packet
reception process in FIG. 26 each time the performance
synthesis section 101C supplies a packet. When the process
proceeds to step S51 in the figure, a vector ID is extracted

from the supplied packet to determine whether or not to hit

the wector data corresponding to that vector ID. Here,




"hitting the vector data"” is applicable (1) when any vector data is hit

out of those already predictively |oaded into the cache nenory 44, (f%

when the vector data is not yet |loaded into the cache nenory 44 but ! MAR 2005
schedul ed for the predictive |load, or (3) when a once | oaded and used

vector data (USED state) can be used as is. [0082] In this enbodi nent,

the used vector data is not released i mediately, but tenporarily remins

in the cache nenory 44 as vector data in the "USED state". \Wen the

storage oapaciiyghageboeere t gatamakls L3RR 1! har YadPrandabdet&Or
exanple, an area for the USED-state vector data is released to store new

vector dafzxa The HetablitWoll thesedesgeiakgd grafriot 083 10aMed 1hes eche no
hit vector data, step S51 is deternmined to be NO The process proceeds to
step S53.cAaie,memodgskgnat 2yewhead thequesit oot @ats fior motvegdorld&ied
contained in the aforenentioned packet. \Wen the packet reception process
(FIG 26)intso peté ocaedengeinprg dasibgnatiisvedneasichliesi frer fiorergs-édtct had
vector data. [0084] Wen there is hit vector data, step S51 is determ ned
to be YES.cd&he @rotdsswphroceedsceolondpdSsd Msed heqredidatiae(Udkd f or
that vector data is inconplete, the predictive |oad request is changed to
a desi gnd@tidiee) oa@n Pequest. aFhis§-i s because that vector data is |oaded 76

15 MAR 2005
[0082]

In this embodiment, the used vector data is not
released immediately, but temporarily remains in the cache
memory 44 as vector data in the "USED state”. When the
storage capacity has become too small to store other vector
data, for example, an area for the USED-state vector data is
released to store new vector data. The detail will be
described later.

[0083]

When there is no hit vector data, step S51 is
determined to be NO. The process proceeds to step S53. Here,
a designative load request occurs for a vector ID contained

.} in the aforementioned packet. When the packet reception
process (FIG. 26) is performed next, a designative load is
performed for that vector data.

[0084]

When there is hit vector data, step S51 is
determined to be YES. The process proceeds to step S52. If
the predictive load for that vector data is incomplete, the
predictive load request is changed to a designative load

reguest. This is because that vector data is loaded
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7 preferentially when the packet reception process is perforned
afterwards. \Wen the process proceeds to step S54, the process quam@glﬁ.
handl e for the specified-1oad-requested vector data to the perfor 0
synt hesis section 101C. This handle uniquely corresponds to each vector
data. Wien the specified-1load-requested vector data is already stored in
the cache nenory 44, the handle for that vector data is returned.

O herwi se, a new handle is generated and is returned to the performance

synt hesi splsgfgjfgﬂt 19%?& |28 gggﬂﬁg‘&@% RGBS JY neseiss ¢ 0i St gprSbbmetine

process ‘cancels pre ive guests which occurred previously and

unsuccessfu L SREC f i ORERNS: Rlesc3ehleedd |40 bexcgless | berlel ater

Wien the process proceeds to step S56, the process changes prediction
condi ti onsrbRebherBradngt iV areont rir Sed ispedilsi Npmedya- togupsoeéss
narrows candidates for the predictive load in each state in FIG 24 or
changes <{detrstatatefl thheny edtdearrentgyoltiseactd aedtdiaccbdlCng Thia
packet supplied fromthe perfornmance synthesis section 101C. .100861 This
packet receEptilenupnouedy icommEp@liENttd ;ach "EatETtdrtgomBndn theFl G 28
viewed fromthe performance synthesis section 101C. Nanely, the

per f or nanspe syt bdsileadsewdues )l Tesipy! ids e imckeiea @y t hEORATel Br f*€
synthesis section 101D. This operation is just the sane as sending a

Get Vect orczohmramémosy” ddt. Vidrt dranitea't GasdR oV aHee T ed® bR 1D r?ﬁ&%ﬂ&@d in

t he packet. This vector data nmust be prepared -17_ .
Otherwise, a new handle is generated and is returned to the

performance synthesis section 101C.

[0085]

When the process proceeds to step S55, the process
cancels predictive load reguests which occurred previously
and unsuccessfully. Specific contents of "cancel” will be
described later. When the process proceeds to step S56, the
process changes prediction conditions in the predictive
control section 41. Namely, the process narrows candidates
for the predictive load in each state in FIG. 24 cr changes
the state of the predictive comtrol section 41 according to a

i packet supplied from the performance synthesis section 101C.

1 0086]

This packet reception process is eguivalent to a
"GetVector command"” in FIG. 28 viewed from the performance
synthesis section 101C. Namely, the performance synthesis
section 101C supplies a packet to the waveform synthesis
section 101D. This operation is just the same as sending a
GetVector command to "get vector data" based on the vector ID

included in the packet. This vector data must be prepared




.15 MAR 2005" wuntil it is read by the vector | oader 20 later. At that

point, a handle is required to specify intended vector data out of many.
[00871 (4) Data structure in the cache nenory 44 (4.1) Cache page gF ﬁ.
27-) The cache nemory 44 may store vector data to be used concurr el I&A_ﬂmi
These vector data are packed and are converted to one file (or a plurality
of files fewer than or equal to the total nunber of vector data). This
conversion is automatically executed prior to the nusical perfornmance

accor di ng, P18 Y$EH'sS rielst MU wictdeal dasongo dakderFl Gat 2hashows an
exanple. In FIG 27, sonme vector data read from the code book 26 are

subj ect tgoandeskopative lioadceieses vecépscUpy ainhnehade vhetoimeata
informati'on. Accordingly, it is possible to extract a plurality of vector
data to bgutsed me@Rcurrently. Vector data read fromthe code book contain
respective headers. Vector data to be used concurrently are collected in a
file, for exanple.[0ld8B]file is given a camon header. This can shorten
the tinme for the vector |oader 20 to access each vector data. [0088] This
fil e headét)cobbmdiens ttrheetfuwte ovik ngné nfachatheoncryData | D: Stores a 4-byte
identification character "PACK' for identifying the file type. Data Size:

| ndi cat es(#hé)fi Cacdst dadee(FMY Type: Indicates the type of stored vector

data. 78
The cache memory 44 may store vector data to be used

concurrently. These vector data are packed and are converted
to one file (or a plurality of files fewer than or egual to
the total number of vector data). This conversion 1is
automatically executed prior to the musical performance
according to a user's instruction or created song data. FIG.
27 shows an example. In FIG. 27, some vector data read from
the code book 26 are subject to a designative load. These
vector data include the time inforxrmation. Accordingly, it 1is
possible to extract a plurality of vector data to be used
concurrently. Vector data read from the code book contain
respective headers. Vector data to be used concurrently are
) collected in a file, for example. This file is given a

common header. This can shorten the time for the vector
loader 20 to access each vector data.

[0088]

This file header contains the following information.

Data ID: Stores a 4-byte identification character
"PACK" for identifying the file type.

Data Size: Indicates the file data size.

VQ Type: 1Indicates the type of stored vector data.

~J
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.15 MAR 2005 Version: Indicates the file format version. [00891 An

application programrunning on a personal conputer inplenents the \T/S\T@h%d?
generator according to this enbodinment. The system nenory contai ns” rt

cache. Wien vector data is cached, cache control is provided on the basis
of a cache page with a specified size, not on the basis of single vector
data (with a free size). Nanely, single cache data is divided into a
plurality of cache pages and is cached for nmanagenent in -units of cache

pages. The systenyeeEBbLY: : StOIES LA e vanBgesend rokat avépagenheader)
corresponding to each cache page. Normally, a hard disk stores data on the
basis of a. fixed{sbze)cluster. A cache page size is preferably the sane
as the cluster size or an integral nultiplication of that size.
Consi dering the vect appdédtctisizgragman Tenisn@ppn oprpareondlset the cache
page size to 1 through 10 kilobytes. [ 0 09 0 ) (4.2) Data structure of
t he page dhwapereThémpokmenitisg tdes eravsdsr trhed efat 20 517 (RECPeAbRIt e thédder
provi ded to each cache ?]age. Each header conprises a VDDLCSPAGE structure
whi ch hasepediBERSw ngheerEtem MaMRIge :C o0 Fages ntivbeta e quel’)Clssi gned
to the cache page. dw D: Vector |D of vector data contained ith h{)ssigache
page. dwST9@toR #afa iszeashahi SadtnEPrge 79 provided on the ba
of a cache page with a specified size, not on the basis of
single vector data (with a free size). Namely, single cache
data is divided into a plurality of cache pages and is cached
for management in units of cache pages. The system memory
stores cache management data (page header) corresponding to
each cache page. Normally, a hard disk stores data on the
basis of a fixed-size cluster. 2 cache page size 1is
preferably the same as the clustexr size or an integral
multiplication of that size. Considering the vector data
size, etc., it is appropriate to set the cache page size to 1
through 10 kilobytes.
[0090]
) (4.2) Data structure of the page header
The following describes the date structure of the
header provided to each cache page. Each header comprises a
VDDLCSPAGE structure which has the following members.
dwPage: A page number uniquely assigned to the
cache page.
dwID: Vector ID of vector data contained in this

cache page.

dwSize: 2 data size of this cache page.
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J 5 hk 1005, dwCount: Indicates the nunber of pre-fetches. This ﬁ{ 05
d.wCount is increnented. by "1" each tine a designative |oad pre- fe C e@
vector data, and is decrenmented by "1" each tinme the vector |oader 20
reads vector data. dwStatus: Indicates a state of the cache page. The
cache page state is one of FREE, ALLOCATED, USED, FILLED, and LOCKF, D.

| pBuf: A pointer indicating the start address of an. entity (portion other
than the header) for vector data in the cache page. |pForward/ || DBackward:
In this enbodi nentdwaouplkur alntly caft e¥DDbhESPAED est rafctruresf diorlmesa This
bidirectional linked Iist. Menber | pForward is a pointer to the other

VDDL CSPAGHestueuctdw@suavaibabherénenaed dbfy t'Ae leiamk. thimeber dd pBackiveve i s
a pointer to the other VDDLCSPAGE structures avail able backward of the

li nk. | pNextd Asrereheioned wbover tlhtawavefionm gevercateortedrdyy bel” each

i npl ement ed on dedi cated hardware, for exanple. in such a case, a
pIuralitytdﬁevé@1©rV@©tartbObéeuséQ resfAsurveetolry dagadi vided into a

plurality of cache pag These cache pages forma "group". Meii-iber
1pNext is a point ef¥s BFu§equéH998PFﬁslﬁdﬁ&&ﬁ@ng”iH%“bﬂﬁ%?“%ﬂﬁE@%PAd% e

structures belonging to the sanme gr y 1Ogﬁé Eﬁ}a me t@@@g qg
dwCount h&&XHe HOFFOTFRGS 151 & eviEn” LHE FRET L e
a' sequeni%CK%B)packet streans, for exanple, a designative |oad request so
lpBuf: A pointer indicating the start address of an
entity (portion other than the header) for vector data in the
cache page.
lpForward/lpBackward: © In this embodiment, a
plurality of VDDLCSPAGE structures forms a bidirectional
linked list. Member lpForward is a pointer to the other
VDDLCSPAGE structures available forward of the link. Member
lpBRackward is a pointer to the othexr VDDLCSPAGE structures
available backward of the link.
lpNext: 2As mentioned above, the waveform generatcr
may be implemented on dedicated hardware, for example. In
j such a case, a plurality of vector data to be used
concurrently is divided into a plurality of cache pages.
These cache pages form a "group”". Member lpNext is a pointer
for sequentially indicating the other VDDLCSPAGE structures
belconging to the same group.
[0091])
The aforementioned member dwCount has the following
role. When the same vector data is used twice in a sequence

of packet streams, for example, a designative load request



7 5 MAR 1005. occurs twce for that vector data. Wen the vector |oader 20
reads the vector data for the first tinme, however, the correspondi g&@ﬁ@ﬁg
page is set to the USED state, disabling the second reading. ThiS‘E :
is prevented by counting how many times the cache page shoul d. be read
subsequently. Incidentally, vector data is used nore than once as follows.
Nanely, the sanme vector data is used nore than once during a waveform

synt hesis process for the same event data or for a plurality of event

data. In gidhels Casesethbs t£APOCMEARBL UHEQS NEBen dWOUM 1O delialdy ney t he
nunber of wuses for the vector data, making it possible to uniformy

handl e caghe deagese i ethorcaghe FBADEYeA4:11rE8092ne ,(hoNeddink wid uct ure of
t he page header (FIG 29) FIG 29 shows the structure of a hi-directional

Iinkeq |i&bﬂﬁﬁ§ﬁﬁﬁﬁﬁﬁ@ @&cﬁ@iﬁéQéSiEpE@&Wdeﬁﬁ@dUBE@agﬁﬁﬁéL dilddisl ing
enbodi ment enploys a list structure as shown in the figure in order to
freely an@rfeasied@ad rasgeinadd, TR sdelrebeemdakapriRvenit@ad 28; dintina page
header positioned at the beginning of the bi-directional linked list. The
begi nni nghowvs npoint edndy dhepeschieedapei shenlldpbep raad tsheosswherst Jyoi nt ed
by pointer |pTail. A-2 and A-3 are page headers belonging to the sane
group as for the AlpcifanEkRylyt hivectogr dade ils epid/ M@ tlorradrc®fas
respective cache pages which are forned by dividing one file. The start
addr ess of OPdd’s heddereAv2 FRepdrfitetehyoreRBER LFNEYEe bMYPeRryetHanduice
P.-1. 81
during a waveform synthesis process for the same event data
or for a plurality of event data. In either case, this
embodiment uses member dwCount to determine the number of
uses for the vector data, making it possible to uniformly
handle cache pages in the cache memory 44.
[00¢2]
(4.3) Link structure of the page header (FIG. 29)
FIG. 29 shows the structure of a bi-directional
linked 1list implemented by pointers lpForward and lpBackwaragd.
This embodiment employs a list structure as shown in the
figure in order to freely and fast rearrange, add, or delete
} data.
In FIG. 29, A-1 is a page header positioned at the
beginning of the bi-directional linked list. The beginning
is pointed by a specified pointer 1pTop and the end is
pointed by pointer 1pTail. A-2 and A-3 are page headers
belonging to the same group as for the A-1. Namely, this
"group" is eguivalent to data of respective cache pages which

are formed by dividing one file. The start address of page

headexr A-2 1is pointed by member 1lpNext of page header A-1.

81



15 MAR 2005 The start address of page header A-3 is pointed by nmenber

| pNext of page header A-2. [00931 B-1 is a page header |inked to the next
stage of page header A-l. The start address of page header B-1 is .IdoHAR Ak
by nenber | pForward of page header-A-1. Menber | pNext of page header B-1
points to the start address of page header B-2 belonging to the sane
group. Menber | pForward of page header B-1 points to the start address of
page header C- 1 linked to the next stage. Menber | pNext of each of page

headers Cr}cant &2 RAiAdsstortPegstaehaaddiess;af peash «of nypagenhsaders
C-2 and G 3, respectively. Here, a cache page in the FREE state

constitut epneRe: HPUupagdacgZ@nphez . groups A and B are set to the FILLED
state. Goup Cis set to the FREE state. Wien new vector data is to be

cached, a cache ppgesd$ obtained froma group in the FREE or USED state.
That cache page is set to a cache page for new vector data. [00941 It may
be preferable to cBeatisaanpageabhedpagéiakdd & ocahreesrondi s paget header
on the systemnenory and use it as a cache page for new vector data. In
this casepdde lwradrsikabl e Thel| FARTTt AGAreFal cdnbage dfeacerhéd padges to a
specified value for saving the nenory resource. This specified value may
be set auPGRAGSRINY BREHrHi Hof PEYERe CSyBRef heRBLY &mdunt M BfEnual |y by
a user. Wien control is provided to always ensure a given constant val ue

as the nemdeF abumadorRePtREE stabPeigraup® thei stFddsimFass gof page

header B-2 belonging to the same group. Member lpForward of
page header B-1 points to the start address of page header C-
1 linked to the next stage. Member lpNext of each of page
headers C-1 and C-2 points to the start address of each of
page headers C-2 and C-3, respectively. Here, a cache page
in the FREE state constitutes one group. For example, groups
A and B are set to the FILLED state. Group C is set to the
FREE state. When new vector data is to be cached, a cache
page 1is obtained from a group in the FREE oxr USED state.
That cache page is set to a cache page fcxr new vector data.
[0094]

! It may be preferable to create a new cache page and
a corresponding page header on the system memory and use it
as a cache page for new vector data. In this case, it is
desirable to limit the totzl amount of cache pages to a
‘specified value for saving the memory resource. This
specified value may be set automatically according to the
system memory amount or manually by a user. When control is
provided to always ensure a given constant value as the

memory amount for a FREE-state group, it is possible to

&2



-'15 MAR 2005 accelerate allocation of new vector data to a cache page.
[0095] According to the bi-directional linked list in FIG 29, refg%aﬂ%?mg
menbers | pForward can forward trace the beginning page headers A-1. “B-T,
and C-1 for groups .constituting the Iist. Referencing nenbers'| pBackward
can backward trace the bi-directional linked l[ist. In order to check

whet her or not given vector data is cached, it is preferable to
sequentially trace begi nning page headers constituting the list and to
check i f menbelredwtP &nlacpagen heades naiches ddes seseavestne hPgas the
rel evant vector data. If there is a match, a cache page associated with

t hat page header i[®0th begi nni ng cache page for a group which caches

that vector data. Wien a single page is always used to store all vector
data to be used cohAceor@rnlgy,ta Hheibididienddionatal | 1pkedd! Lsstshaukdc.
conprise only page headers A-1, B-1, and C. Null data is stored in
menbers | pNextTe¢berehessgpagabelsadeforWeda)an Ehenadod eneatéoned nenber
dwSt at us i ndi cates cache page states as LOCKED Z. FILLED > ALLOCATED > USED
> FREE i n P& B Berragei Eﬁéﬁ%ﬁcéﬂlev@ké.. Wieh Gelchopagesups e  sequenced

in this order of_ inportance |levels, it is possible to accelerate
aIIocatiOWQﬁSEﬁE%gﬁﬁgpaaé £dSkew VeEeSENGdNS MamiraerlpBaciwgrdecan

I f t f nmber dwCqunt directly on the inportance
Pevel . NaBAG T8 | EraPpef BPaBic (6 Caeargn a TSI § Hpor ¢ aecOTEVEI T8 0 a

I arger chheck whether or not given vector data is cached, it is
preferable to seqguentially trace beginning page headers
constituting the list and to check if member AwID in a page
header matches the same vector ID as the relevant Qector data.
If there is a match, a cabhe page associated with that page
header is the beginning cache page for a group which caches
that vector data. When a single page is always used to store
all vector data to be used concurrently, the bi-directional
linked list should comprise only page headers A;l, B-1, and
C-1. Null data is stored in members lpNext for these page
headers.

) [0096)

The aforementioned member dwStatus indicates cache
pPage states as LOCKED > FILLED > ALLOCATED > USED > FREE in
the order of importance levels. When cache pages are
sequenced in this order of importance levels, it is possible
to accelerate allocation of a cache page to new vector data.
Further, it may be preferable to reflect a value of member

dwCount directly on the importance level. Namely, it is

preferable to assign a higher importance level to a larger



15 MAR 2005 val ue of nenber dwCount. Between USED-state cache pages, it is
preferable to assign a |lower inportance |evel to a cache page previously
shifted to the USED state. [0097] (5) Operations in the read contrq R
section. 43 Referring again to FIG 28, the foll ow ng describes opera@QJN@
in the read control section 43. The vector |oader 20 issues a comand to
the read control section 43 so as to read the cache nenory 44 based on

t he packet streamcontent, i.e., based on the vector IDin each packet.

This commend s JﬁﬂﬁéﬁﬁgltQw@éuﬁ?ckvﬁ&%@éeaTBb%DLg%%¥%PQQ&ﬂ%ﬁQﬂ%&%Ved%Or

provided with a handle previously returned in response to
command. i & ﬁgﬁéﬁﬁbl@pﬁéaébQan55ai@we¥e§EBBIQQB@eS@@yéil%%sﬁ(%é%hén the

cache nenory 44. The LockVector command returns a pointer for the

addr ess ofpadyCaghey Page1RSSREE 8t @dt ¥ thet DBEDVEELPE . data to the vector
| oader 20. [0098] According to this operation, the vector |oader 20 and

t he vector decoderpo83d7through 35 appropriately read the contents of the
cache nmenory 44 for perform ng a waveform synthesis process. In this way,
t he LOCKEDSst at@pdratbens dehathedyeds epptied teceaehe spages which can be
ready by the vector |oader 20, etc. for preventing contents thereof from
bei ng nodi fi ed by ®eherrpnocegsés. tp0DRO] 2Bepehdi Hgldowsirtdlald ©msSibes
however, necessary vector 84

operations in the read control section 43.

The vector loader 20 issues a command to the read

control section 43 so as tec read the cache memory 44 based on
the packet stream content, i.e., based on the vector ID in
each packet. This command is referred to as LockVector.
This LockVector command is provided with a handle previously
returned in response to the GetVector command. In a normal
operation state, vector data should be stored in the cache
memory 44. The LockVector command returns a peinter for the
start address of a cache page associated with that vectdr
data to the vector loader 20.

[0098]

) According to this operation, the vector locader 20
and the vector decoders 31 through 35 appropriately read the
contents of the cache memory 44 for performing a waveform
synthesis process. In this way, the LOCKED state (to be
detailed) is applied to cache pages which can be ready by the
vector loader 20, etc. for preventing contents thereof from
being modified by other processes.

[0096G]

Depending on situations, however, necessary vector

(av]
1N



5 MAR 2005, data may not be | oaded into the cache nenory 44 when the
LockVector conmand is received fromthe vector |oader. Such a situatjio
may often occur when a personal conputer application progran1inp|enéﬁi@m2W5
t he waveform generator according to this enbodinent. This is because the
hard disk 109 is occupied for a relatively long tinme dependi ng on
conditions of the personal conputer's operating system In this case,
di fferent processes are perforned. according to the waveform generator's

oper at i onggRdesiayl HPOlne Wessda Wayes of e syathesihembeypauf aed the
non-realtime, it is preferable to stop subsequent processes until

speci fi edo¥R¢le@t dat@omfah@adedreEOIve i Srour ppeeyvetherr aadazant r duch
section 43 perfornms a synchronous read operation for the hard disk 109.
Thi s synchr enaus viead mperatton oeans bvhat aopestherlprocesses shoul d be
performed until intended data is read. [0101] Wen the waveform generator
oper at es apaltioet iper foragngnm aisyhehennoushe eadveperat genemat dmt er r upt
nmusi cal sound. A pointer for an substitutive page is returned to the

vect or | oagdeprZG.narhi® Enbodémepdiners. vERLBUESt PPESUSE &Gt dYaTdatdH For
faithfully expressing diverse tinbre changes. Wen a tinbre sel ected by

t he proga/ﬁﬁl dsamfcuied ifeBdet BehaveeesY 18PIbadMe S6BRHICAGI Wt hout a
performance style expression, etc.; its capacity is not so |large. The RAM
103 st or eSCRAF AT tSF ofPQURHT SRR brgoBBULEr ST operating system. In

this case, different processes are performed according to the
waveform generator's operation modes.

[0100]

When a waveform synthesis is performed non-realtime,
it is preferable to stop subsequent processes until specified
vector data is loaded. For this purpose, the read control
section 43 performs a synchronous read operation for the hard
disk 109. This synchronous read operation means that no
other processes should be performed until intended date is
read.

[0101])

) When the waveform generator operates realtime,
rerforming a synchronous read operation may interrupt =z
musical sound. A pointer for an substitutive page is
returned to the vector loader 20. This embodiment uses
various types of vector data for faithfully expressing
diverse timbre changes. When a timbre selected by the
program change is limited to a vector for basic sounding
without a performance style expression, etc., its capacity is

not so large. The RAM 103 stores a plurality of such vectors

@
(5]



.15 MAR 2005 as default vectors for that tinbre. These vectors substitute
for vector data which cannot be prepared in the cache nenory 44. aﬂgﬁﬂ
Even if the realtine synthesis is perfornmed, there may be a case Re2005
sufficient tinme delay is ensured for the waveform synthesis process S14
(wavef orm synt hesi s section 101D), meking it possible to | oad necessary
vectors and synthesize a waveformwithin that range. In this case, |ike
the non-realtime waveform synthesis, a waveform synthesis can be perforned
by i mredi atel i ng. cerre dic cto ta.when it is found that
necessary%%vé%?%$§%gtgc%§8ﬁgt9F%agg§? 6Egﬁ¥§he @5%%§rW%§§ﬁhszﬂﬁ§ﬁﬁﬂﬁ% ©
vect or degggder 1ot h h,82:H1 Ak s{.Ag ge,. L ve r l.oader
20 supplies tﬁ%xggg% %gﬁgrbﬁ§géc??§ﬂ053baﬁP%egggﬁgn ﬁeﬁﬁfﬁgé‘éﬁaﬁéﬁgﬁg%
command wigtsh respect to that cache page. Supplying this Rel ease command
cancels the LOCKED state of the cache page and rel eases the handle. [0103]
(6) State transitippioperations for cache pages The follow ng describes
operations for state transition of each cache page with reference to the
state transition Bvagram tReFr&e180mel BihicakkYs ald eachgpages s set to
the FREE state (S61). Nanely, the cache page's header contains nenber
dwst at us mety te '&FREESe ihése neasstthaiehbercashaepage iiss enghisad rand its
content is not assured. When vector data is 36

the waveform synthesis process S14 (waveform synthesis

section 101D), making it possible to load necessary vectors

and synthesize a waveform within that range. In this case,

like the non-realtime waveform synthesis, a waveform
synthesis can be performed by immediately reading the
corresponding vector data when it is found that necessary
vector data is not loaded. When the vector loader 20 and the
vector decoders 31 through 35 finish using a cache page, the
vector loader 20 supplies the read control section 43 with a
handle-attached Release command with respect to that cache
page. Supplying this Release command cancels the LOCKED
state of the cache page and releases the handle.
) [0103]

(6) State transition operations for cache Pages

The following describes operations for state
transition of each cache page with reference to the state
transition diagram in FIG. 30. |

Initially, all cache pages are set to the FREE state
(S61). Namely, the cache page's header contains member
dwStatus set to 'FREE'. This means that the cache page is

unused and its content is not assured. When vector data is



15 MAR. 2005 | oaded into the cache page, this cache page is set to the
ALLOCATED state (S62). The ALLOCATED state means that data has not kMR 2005
stored but is reserved for a data read operation fromthe code book 26. At
this time, "1" is stored in nenber dwCount. [0104'] When vector data is
stored in that page afterwards, the cache page state changes to FILLED.
Menmber dwCount is increnented by "1" each tine a designative | oad request
occurs for the same vector data in the ALLOCATED or FILLED state. Menber

dwCount i scdaeenBte Y cden&ashgli Menas QEEHEC%E@%_ liQad Jequestyd s .
canceled (step S55 for the load process in FIG 25) in the ALLOCATED or

FILLED stateocWem diheryalsezpf nmepberLdv€aund BegeREmel's ithdhessta
states, the cache page is set to the USED state (S63). [0105] After the

cache pageashangesdan tdwofdd LR Siat eesthecliecbor al aader x2h®uppt£8ién
LockVector conmand to set the cache page to the LOCKED state (S65). The
LOCKED st &tremi she ed@asatbdkink6cked) whes theevector ilsoaderre2) andndieer
vector decoders 31 through 35 finish using the cache page and a Rel ease
command i §WEo¥méd. The cache page is set to the FILLED state (S64) again.
At this tinme, menber dwCount for the cache page is decrenented by "1".
VWhen menber dwCounitOl®#tomes "0", the cache page is inmediately set to the

USED state (S63). [0106] 87
When véctor data is stored in that page afterwards,

the cache page state changes to FILLED. Member dwCount is
incremented by "1" each time a designative load request
occurs for the same vector data in the ALLOCATED or FILLED
state. Member dwCount is decremented by'”l" each fime a
predictive load request is canceled (step S55 for the load
process in FIG. 25) in the ALLOCATED or FILLED state. When
the value of member dwCount becomes "0" in these states, the
cache page is set to the USED state (S63).

[0105]

2fter the cache page changes to the FILLED state,
the vector loader 20 supplies a LockVector command to set the

) cache page to the LOCKED state ($65). The LOCKED state is

released (unlocked) when the vector loader 20 and the vector
decoders 31 through 35 finish using the cache page and a
Release command is issued. The cache page is set to the
FILLED state (S64) again. At this time, member dwCount for
the cache page is decremented by "1". When member dwCount
becomes "0", the cache page is immediately set to the USED
state (S63).

[C106]

87



cl5 MAR 2005 After the cache page is set to the USED state, a predictive

| oad request or a designative |oad request (pre- fetch) may recur for, that
cache page. In this case, the cache page is returned to the FILLED JiaMAR 2005
again. As the aforenentioned process continues, USED state cache pages

i ncrease and FREE-state cache pages decrease in the cache nenory 44. After
there remains no cache page in the FREE state, pre-fetching new vector
data sequentially cancels (SwapQut) USED- state cache pages fromthe
earliest first andfteat wns ¢halie cpahe pageet otd hehEREEEBt atet€S64). This
cache page returned to the FREE state is set to the ALLOCATED state for

| oadi ng t heedfioramventlicaned exeve secdora ddsi gffdID7d ldoadisegpueser bre-to use
the bi-directional linked I|ist described in FIG 29 as a method of

proupt |y sp&cihllyimay ndwmirdidr edtatavdehearregd n the USED c2ate. tWhen a
cache page is set to the USED state, this cache page is added to the

begi nni ngCBEREh@aTenked NgBIrnahetr PREE-Bi iR culehiee pa@esh - bekdnehe
insufficient, a cache page is detached fromthe end of the linked list and
i s change8TPd e THEREE & (RECE T D 19H) L 198S Ti YRE ey eFrerRCR2 P8R 45 The

ti t ti trols tim f. th | f
Synt hos S TBGEEPoR OO TOH DV HgIe HRTS MRCTTRET | Wi nPCOREraP Tn thi s

ng?ﬁlspfﬂ%fa\é\n&trgor%er E,‘Anr'cteer t&é:rlg rgrr:ll'aiinFsl %o 3cél'acal§<-:$upnaeget{]nattl‘%erlg!?ﬁ}?dum Ion

state, pre-fetching new vector data sequentially cancels
(SwapOut) USED-state cache pages from the earliest first and
returns that cache page to the FREE state (S61). This cache
page returned to the FREE state is set to the ALLOCATED state
for loading the aforementioned new vector data.

[0107]

It is preferable to use the bi-directional linked
list described in FIG. 29'as a method of promptly specifying
the earliest cache page in the USED state. When a cache page
is set to the USED state, this cache page is added to the
beginning of the linked list. When FREE-state cache pages

j become insufficient, a cache page is detached from the end of
the linked list and is changed to the FREE state.

[0108]

(7) Time management section 45

The time management section 45 controls timings of
the overall waveform synthesis section 101D. The following
outlines the timing control in this embodiment with reference
to FIG. 31.

FIG. 31 assumes that a reproduction is instructed to

58



.15 MAR 2005 start at tine t30 (e.g., a PLAY button pressed by the user)
and an actual nusical sound output starts at tinme t40. A tine perio M
between the tines t30 and t40 is called latency (3. Latency (3 is seq é%ﬂmS
2,000 nsec for exanple, but need not be specified especially. [0109] Wen
the reproduction is instructed to start, the CPU 101 generates a
reproduction thread every specified tinme. The reproduction thread all ows
song data to be read. According to its content, a pre-fetch process is

perfornedsthot he thatd Wiek(d09, , es crLAhepet ik snaplrie’® e@emiyoct ifd amgdat e

t 32 when given song data is read to tine t40 when actual sounding starts.
Thi s tineaper bad aickwedl Inets felvansednd i oBtput ktarsspreef erale e 4m. set the
ref erence value of advanced tinme y to, e.g. , approximtely 4,000 cosec
and vary timei pleiridddervange fhont in@®f0t80 40408Q0cdsecaddpehdiaieony .
processing situations. [0110] When advanced time ), is ensured to sone
extent,. Latescyp@ssisblset ot n2 e 0l theat | Fogeasrapé er, e puadwetd om athrizads
and read song data intermttently (in given blocks of data). An interval
for generarengifrngsr cdrstdonlinreads is called reproduction thread
generation interval e. It is preferable to set the reference-val ue of
reproduction threddX¥thkration interval E to, e.g., 20 msec and vary it

within the range from5 to 100 nsec depending on proce55|n si tuations.
[0111] 89 When the reproduction is instructed to start, the

CPU 101 generates a reproduction thread every specified time.
The reproduction thread allow§ song data to be read.
According to its content, a pre-fetch process is performed
for the hard disk 109, etc. There is a time period from time
t32 when given song data is read to time t40 when actual
sounding starts. This time period is called advanced time y.
It is preférable to set the reference value of advanced time
vy to, e.g., approximately 4,000 msec and vary it within the
range from 1,000 to. 10,000 msec depending on processing
situations.

[0110]

] ' When advanced time y is ensured to some extent, it is
possible to intermittently generate reproduction threads and
read song data intermittently (in given blocks of data). AN
interval for generating reproduction threads is called
reproduction thread generation interval e. It i1s preferable
to set the reference - -value of reproduction thread generation
interval ¢ to, e.g., 20 msec and vary it within the range
from 5 to 100 msec depending on processing situations.

[0111]

89



15 MAR 2005 When song data is read at tine t32, part of the song data
retrieved at step S11 as nentioned above. The score is interpreteqﬁqgwiiﬁf
S12. Then, a performance synthesis is perfornmed at step S13. As a'rest

vector data is pre fetched at tine

t34 to sounding start time t40 is called pre-fetch tinme a. [0112] The
vector data read fromthe hard disk 109 is finally witten to the cach
menory 44. Thereafter, the vector |oader 20 reads that vector data fro
the cache nenory Whénvismnchdatead scomadlatsddmeotr 43 tkpsk #% e SRRRf orm
synthesis. Atinme period fromwaveformsynthesis start time t36 to
soundi ng &aatisi metrdevied edl Isd@rotlgus aeardpnsd abave pr et T % 0 set

the reference value of output latency 6 to, e

and vary

: . 9., approxi mat el.y 300 ns
it WEArRTERed @dngd o Gh2t0 TP el 060 BrEde iTg' O Proces

situations. [0113 Li ke reproduction threads, it .is. Q sujt eto
i nter ni tt%‘fﬁ’%?ﬂﬁé%}f BEmSE &g vert -budch aofre\ﬁé\jgﬁ"or\’rﬁcéffﬁt f}aeazclassl%pr%'géesses

within a
of an int
nsec and

processi ng

the 00

BREChLL AL kTR 292, ol Uit RISHAL Y Or oo ddie (e eRr ey

t ‘th ormsynthési's process to, e.g.,

Yal¥abhg WL B LaNGe J Iomilh G ddsaciferend ng on

S|%u3t|ons. [d‘%ﬁ] As mf%ﬂhbe pparent fromFI G 31, there
[0112]
The vector data read from the hard disk 109 1is
finally written to the cache memory 44. Thereafter, the
vector loader 20 reads that vector data from the cache memory
44 via the read control section 43 to start the waveform
synthesis. A time period from waveform synthesis start time
£36 to sounding start time t40 is called output latency d.
It is preferable to set the reference value of output latency
& to, e.g., approximately 300 msec and vary it within the
range from 10 to 1,000 msec depending on processing
situations.

[0113]

Like reproduction threads, it is also suitable to
intermittently perform a given bunch of waveform synthesis
processes within a specified time range. It is preferable to
set the reference value of an interval for starting the
waveform synthesis process to, e.g., 50 msec and vary it
within the range from 10 to 500 msec depending on processing
situations.

[0114]

As will be apparent from FIG. 31, there is the

O
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34. Atine period frompre-fetch tine

e
m
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si ng

al ue
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-S 5 MAN 2005, relationship "y > a > anong advance time y, pre-fetchi¥Hire05.
a, and output latency S. Here, tine interval frompre- fetch tine t34 to
wavef orm synthesis start time t36 needs to be |ong enough to | oad vector
data fromthe hard disk 109. Wen the anount of vector data to be | oaded
causes a high peak value, it is possible to prevent a noise from occurring
etc. by increasing this tine interval [0115] 4. Modifications The present
invention is not limted to the aforenmentioned enbodi ment. For exanpl e,
various yodifi&athops imy de> ntdenamd chdomsce (1imehen RIre- B¢ beRnEAPEoned
wavef orm generator is used for an electronic nusical instrunment, this
el ectronig, nusacahtphestaterny fay Beravailmel éniteramyt f'érd"sdaPraPe-
stringed instrument, a wind instrument, a percussion instrument, etc. In
this casefetdle piesenB4i nvemtivefiors synthiesiised ttegta tidandi ¥ HeeEF ohPc
musi cal instrunment which includes the song data reproduction se 6 on 101A,
the scorevéntengr ehatigbntosdoedoNetHOB, dehe FarForifen ey i ig éecti on
101C, the waveform synthesis section 101D, etc. (gce}gcourse t enféﬁ\sent

e

i nvent i orWhen appki a@BLAtt §Ts ¥SETAEe IGdfpdRemts WAAAT B °Contigured to

connect with each other through the use of camunicat i s¥ehnas a
M Dl i nt ePfakeVayifi odd lﬁet‘\?&%rsl%@,leett& pFﬁé’e@gCnfei gnuorl:ﬁél gér:rﬁ;l&g%rrpri 2% a
personal conputer and appli cat.i on .sof t.war nthis case, it may be
pref er abl @t€o ?Mpﬂp§r§aﬁﬁﬁ@eg§inQ&Wc?grl\&%egivogrled CJ'ﬂlonasr'ecor di ng 91

[0115]

4. Mocdifications

(N——

The present invention 1is not 1limited to the
.aforementioned embodiment. For example, various
modifications may be made as follows.
(1) When the aforementioned waveform generator is used for
an electronic musical instrument, this electronic musical
instrument may be available in any form such as a stringed
instrument, a wind instrument, a percussion instrument, etc.
In this case, the present invention is not limited to a
single electronic musical instrument which includes the song
) data reproduction section 101A, the score interpretation
section 101B, the performance synthesis section 101C, the
waveform synthesis section 101D, etc. Of course, the present
invention is applicable to separate components which are
configured to connect with each other through the use of
communication means such as a MIDI interface, various
networks, etc. The configuration may comprise a personal
computer and application software. In this case, it may be

preferable to supply a processing program stored on recording

91



15 MAR 2005 nedi a such as optical disks, sem conductor nenory, etc., or
via networks. Further, the present invention may be applied to aut]cf,nMleﬁ
per f or mance apparatuses such as a player piano. [0116] (2) In the-

af orenenti oned enbodi nent, a single cache page stores a plurality of
vector data. Cbviously, a single cache page nmay store one piece of vector
data. [0117) (3) The aforenenti oned enbodi nent determ nes cache pages to
be shifted to the USED state by incrementing or decrenenting nenber
dwCount ifedhe sacheapagetheadenisWBen seniseddoathe neagey | nEreaseqr
however, this nmethod may cause the cache nenory 44 to becone insufficient.
In this case,nétwoBysbe Fpreherabltaet préekente hyeinddidn ewly flog PRl EP stat e
cache pages and sequentially shift FILLED-state cache pages with | ow
prioritieso tautdeatUSEDpstrabemanken appatdad UEREE sstclit éis  aNsle el dekdRet or
command is received fromthe vector |oader 20 for a cache page shifted to
t he FREE state t h@llé&florenenti oned substitutive page is used. As an

exanple of "priorities", a value for nenber dwCount may be used as is (on
the prenik?) thée the ﬂﬁpgémeﬂﬁéoﬁépuémQ§leﬁ@thl&héﬁqgﬁ? RGRT I 839F akes

effect). Further, it nag be preferable to allowfor the nunberlgfcggﬁé
uses of tHECEREhB BaBBasEtY ORmYiEMIMNT 9@&@ foP 925 mext num
val ue in the hlstorgé 0118L %ﬂ) In t renentloned enbodlnent, t he
bi di r ect iRFGP Y Store one plece ‘of vec ta-

[0117]

(3) The aforementioned embodiment determines cache pages 1o
be shifted to the USED state by incrementing oxr decrementing
member dwCount in the cache page header. When unused cache
pages increase, however, this method may cause the cache
memory 44 to become insufficient. In this case, it may be
preferable to define "priorities" for FILLED-state cache
" pages and sequentially shift FILLED-state cache pages with
low priorities to the USED state, then to the FREE state.
When a LockVector command is reéeived from the vector loader
20 for a cache page shifted to the FREE state, the
) aforementioned substitutive page is used. As an example of
"priorities", a value for member AdwCount may be used as 1s
(on the premise that the larger the value is, the higher the
priority takes effect). Further, it may be breferable to
allow for the number of past uses of the cache page or a
maximum value for member dwCount (a maximum value in the
history).
[0118]

(4) In the aforementioned embodiment, the bidirectional

92



.15 MAR 2005 linked list is used to conbine USED-state cache pages. Wen
FREE- st at e cache pages become insufficient, a cache page at the enkf MARZU[H%
lined list is released sequentially (fromthe wearliest first) and is
changed to the FREE state. However, the sequence for shifting to the FREE
state is not limted thereto. For exanple, shifting to the FREE state may
be preferably avoided with respect to cache pages having a | arge
accurul at ed nunber of uses, cache pages with a | arge nmaxi mum value in the
hi story ofl imkelderl idwCdsntusest tectarbids dJiRrdstatet hechegbaakfg olWheach
nodul e. I n other words, these cache pages or vector data may be configured
to renalnFRﬁEtﬁéaéacW@Chﬁyﬁﬂ%ﬁvaeqqm%x%ﬁﬁQﬁﬁﬁcl@@érnétP@@F? PREemdy} be
preferable to cache the actually used vector data in preference to vector
dat a whi clihies epgt ofsddreactigedd L {uel t F a3 ERa %@‘é‘d?@gﬂéﬁiy éi?@‘] thene
hard di sk 109 can operate with an increased access_ca it

pr ef er ent &y eSdc HidF Vet It antf R the %%%Fnﬁgﬁaeof §°W888Fe
decreasing.the necessity to.u substituti Speci ficall en a
cache pagghte SEEYENG e rprsé}leftelﬂ}q atd t}heeeﬁ/&gm? B%tgh?that glfnﬁ SED
state, e el el @ Lo did tmf%&:he g [ Prkfe DeglbnpLgg el 1he

linked Iis €h the ot her fcache pages eed “be s t he USED

state, 1 gﬁﬁ%ﬁ%ﬁfﬁé%émeﬁéﬁé&bwa@%mtﬁagee Abddhe af 1bhee

accumulated number of uses, cache pages with a large maximum
value in the history of member dwCount, or vector data used
at the beginning of each module. In other words, these cache
pages or vector data may be configured to remain in the cache
memory 44, if possible. Alternatively, it may be preferable
to cache the actually used vector data in preference to
vector data which is not used actually (due to failed
prediction).

[0119]

The hard disk 109 can operate with an increased
access capability by preferentially caching vector data used

) at the beginning of a module, aecreasing the necessity to use
substitutive pages.

Specifically, when a cache page to be cached
preferentially needs to be shifted to the USED state, it is
preferable to add that cache page to the beginning of the
linked 1list. When the other cache pages need to be shifted
to the USED state, it is preferable to add these cache pages
to the middle of the linked list.

[0120]
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15 MAR 2005 (5) In the aforenentioned enbodi nent, vector data is used as

an exanpl e of sound data. However, the sound data is not Ilimted 1@ MRIBSr
data. OF course, it may be preferable to wuse various waveform data“or
paranmeters for specifying nusical sound waveforns as sound data. [0121]

(6) I'n the aforenentioned enbodi nent, as shown in FIGS. 15 through 23, the
performance synthesis section 101C inputs a packet streamdirectly to the
pre-fetch section 42. Instead of this operation, the pre-fetch section 42
may read pagketIn stireamBotenpotavhé§ wmbbtiemenn,t hecpackattquese ubeildl ass 21
through 25. In this case, it is preferable that the pre- fetch section 42
reads andapr ecesgels: eofpaskendstioted i Howvheerpatket squededbukf érs abta
specified tine before the vector |oader 20 does the same. [0122] As

ment i onedlabovesd aocorelchgrt dathe fOfstoaspect 10f mayhbei prefieramlet f@ nusic
apparatus receives a tinbre specification or one of first to third sound
data spevisti vaiionss predfers datandidnseanetesvanfodacpecdfiyéngspecifi ed
subsequently, and transfers that candidate froma |ow speed storage device
to a hi ghM¥FERStTIHYe WRVEERITA 28dFanEe. dAEBerdingly, it is possible to
pronptly process tﬂ@ erst to third sound data specifications while
storing a large a thtlof sound data in the | ow- speed st orage device.

T ok a0t 107 P oo QbR L EE e RR8HE R R0V s I2hB 0L YRR 0L
through 23, the performance svnthesis section 101C inputs a
packet stream directly to the pre-fetch section 42. Instead
of this operaticn, the pre-fetch section 42 may read packet
streams Temporarily written in the packet gqueue buffers 21
through 25. In this case, it is preferable that the pre-
fetch section 42 reads and processes a packet stored in the
paéket queue buffer at a specified time before the vector
loader 20 does the same.

[0122]

As mentioned above, according to the first aspect of
the invention, the music apparatus receives a timbre

] specification or one of first to third sound data

specifications, predicts a candidate of sound data to be
specified subsequently, and transfers that candidate from a
low-~speed storage device to a high-speed storage device in
advance. Accordingly, it is possible to promptly process the
first to third sound data specifications while storing a
large amount of sound data in the low-speed storage device.

This makes it possible to realtime reproduce sound data for

waveform synthesis with rich expression.
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.15 MAR 2005 As nentioned above, according to the second aspect of the
i nvention, the synthesis nethod makes it possible to determ ne whet hdrh MR 2003
not sound data transferred to a high- speed storage device is used in the
future based on an associ ated count value. Wen the sound data is actually
used later on, it is unnecessary to access a | owspeed storage device
such as a hard disk etc. This can decrease the frequency of accessing the
| ow- speed storage device such as a hard disk etc. As nmentioned above,
according to the tidreaspecédobbovrbe aovendinp, tbhehpr eserndnetstredcan
realtime generate high- quality waveforns in consideration of playing
styles or odr ttiheuliatiamsidor tusi cab tiseuhdsndyhodi ngkas cbhpres sgbdeade
capacity. Nanely, generated vector data is corrected according to playing
styl e par dreeteemsine hilse gheni emat et t feundhe@et & otsebséeyEetofodgt #19h-
corresponding to variations of many nusical performnce rmdeségﬁgl ayi ng
sty![es)a ﬁﬁéﬁﬁﬁy?%ﬁW¢%ﬁ evEERr hfeltepati t Y of UpFER| KPR PP ring
vect or data. ‘urther, it is possible to _finel ontral .characterist] of
pe][for nan@eq%tﬂjt%é%‘?%?ﬁsvﬁ 48d R edntRd% ﬁ?éﬁ}ﬁnéaé?y% %fzggln%'llfyisyft%ﬁion
informatiqn in accordance with playing, styl ara e her, jJrprovin
ﬁonprollﬁ'qqﬁﬁhoqn %Ei%smﬁ9?eF$S?%r ogéi%?§e§g ésggﬁféﬁ?agasﬁgg¥u§£8eforng
aving c acteristi,cs_of _dj sg. pl ayi sty i ati . These
wavef or rrsaqr%vcllcfdes%cr\}va%ée)f%?frhglgéo@%%édgtg\ngt h&%{%g ‘%rgéuﬁgtaﬁgﬁglgugﬁ%g?s vi brat o

and tremlq., & Mavet OF ML PLOYE A§dc M t oh NepPLECE+BREYEALEA UGS fend, @

slurred 9
o hard disk etc.

) As mentioned above, according to the third aspect of
the invention, the present method can realtime genérate high-
gquality waveforms in consideration of playing styles or
articulations for musical sounds by using a compact storage
capacity. Namely, generated vectoxr data 1is corrected
according to playing style parameters. This eliminates the
need to store vector data corresponding to variations of many
musical performance modes (playing styles), thereby saving a
storage capacity for preliminarily storing vector data.

) Further, it is possible to finely control characteristics of
performance sound waveforms based on common plaving style
identification information in accordance with playing style
parameters, thereby improving controllability.

In this way, it 1s possible to use high-gquality
waveforms having characteristics of diverse playing style (or
articulation). These waveforms include a waveform provided

with the modulation such as vibrato and tremolo, a waveform

provided with the pitch modulaticn such as bend, a slurred
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A 5 MAR 2005 waveform a waveform provided with the passing pitch
variation such as a passing tone or an ornanent. The utilization Of‘]5ﬂARZUUS
hi gh-quality waveforns can be further inproved by sinply conbining suc
hi gh-quality waveforns for free waveform generation. There is provided an
excellent effect of realtine generating high-quality wavefornms in
consideration of playing styles or articulations in the manner of inproved
controllability and editability. According to the fourth aspect of the
i nvent i on,As.t &Rt | angdvalboye, pablenesowidhddie ipnasiaw foktdavef or m
synthesis, the used data is stored in the aforenentioned high-speed
storage deyi£&tipnasstat escapgblseiofd dome o1 HE FHRAFLL WiehPEhat sound
data is actually used later on, it 1is unnecessary to access a lovv-geg&d
storage deviTezauthnasfahilghrdudilsky W% e THet FFEqUEREY
accessing the |ow speed storage device such as a hard di Slli‘o:cgfr&é MAR 2005
CLAI M5 1.bA simbdy fombsyinige sushofighnfiaats M by Teans  of "a fir st
storage device storing sound data representatjye, of V@?&Qi?ﬁt of ruaki ous

at a fi

musi cal SOAVESOTEANE PENASE Bt or AGE Wevi T P LSS b rst access

rate, and.a second storage device .caching th ta,at a second
access rapé r&@ﬂ-éﬂ"leh&?rker@tflir}%ﬁ”a%b'e%%&lrté’?ew o&%@?aﬁ?l y providing

sound data representative of a . wavef [0 i +$848dihothe
synt hesi z€APSERETRAHY o%mgﬁ%gs%%%t%%gaﬁfég%%m nting sound data for

preparatlggnggrtgg %ﬁ%ﬁ§¥%§ controllability and editability.

According to the fourth aspect of the invention as
mentioned above, after sound data is used for waveform
synthesis, the used data is stored in the aforementioned
high-speed storage device in a state capable of use in the
future. When that sound data 1s actually used latex on, it
is unnecessary to access a low-speed storage device such as a
hard disk. This can decrease the freguency of accessing the

low-speed storage device such as a hard disk.
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of the musical sound, the appointed sound data including sound data
representing waveforns determ ned or predicted for use in the synthesis;
instructing a start of the synthesis based on the sound data whicH 53\ 2005
cached in the second storage device and which nay or nay not contain the
appoi nted sound data; transferring the appointed sound data with an
associated count to the second storage device fromthe first storage

devi ce when the appoi nted sound data has not been cached, the associ ated
count being set to an initial value; incrementing a current value of the
associ at ed caeuams of the appoi nted sound data when the appoi nted sound data
has already been cached; 97 15 MAR 2005, executing the synthesis of the
nmusi cal sound in response to the start instruction using the appointed and
cached sound data; decrenenting a current value of the associated count of
t he appoi nted® RFheched sHuHe st @1 A Ml eahshesids by anek e teek bi figrst

rel easabl e sound data in the second storage device according to the val ue
of the assetpaige deuite Xtdihmaretchod aecar dépgetenehaiielo s fwdddesrms
conprising the step of sequentially retrieving event data representative

of each nuskoalx sounubicad aioad 0stha syAl Beticr Hle 8BGHCEURLCALs1pOUNT,
wherein the appointing step appoints the sound data .according to the

i al R1ey C a n ~a v 'R :
sequenti al by £ etihigvedcexent g?t & %Ughﬁé@ﬁd 48 ggg”ﬁ‘l ‘E’L%%at:%gﬁh §n21?%rr| ng

appoi nted conmonly for a plurality o event a, an
step transtgial 88t £UT YU deona access rate faster than the first access
rate for instantly providing sound data representative of a
waveform of a musical sound to be synthesized, the method
comprising the steps of:
appointing sound data for preparation of the synthesis
of the musical sound, the éppointed sound data including sound
data representing waveforms determined or predicted for use in
the synthesis;
instructing a start of the synthesis based on the sound
data which are cached in the second storage device and which
) may or may not contain the appointed sound data;
transferring the appointed sound data with an associated
count1x3thesecondstoragedevicefrom1juafirststoragedevice
when the appointed sound data has not been cached, the associated

count being set to an initial value;

incrementing a current value of the associated count of

theappointedsounddatawhentheappointedsounddatahasalready

been cached:
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appoi nted sound data at once to the second storage device. 3. The nejPQngwﬂ
according to claim?2, further conprising the step of setting a tine. '
between the retrieval of the event data and the synthesis of the
correspondi ng nusi cal sound such that the retrieving step.can sequentially
retrieve a plurality of the event data within the set tinme lag, and the
appoi nting step can appoint the sound data conmmon to the plurality of the
event data during the set tinme lag. 98 A 5 MAR 2005 4. The nethod accordi ng
to claim 1, wher gkBchbengnanl Bybfithe S eBeMBYe ARACICUL Lhe-SATR sound, dat a

two or nore tinmes according to the retrieved event data, the i1ncrenenting
step incre I, | ye. Qf. t ached. sound_data every ti t he
sane sounggggfg.%@QE%ggFﬁ?%ﬁ¥ﬁéﬁhU%ﬁémggggeﬁgﬁ?%%gegt%Bgd%%?%ﬁ%n?%un he
current value of the associated count of the cached sound data every tine
the same sound data is used for the synthesis of the event data. 5. The

met hod according_to claim 1, wherein the first storage device is provided
in the formof adRGFEMENEkRdrd VRITTefid MaHales eohbiest seagaatedi ceunt of
provided in the formof a random access nenory chip. 6. A conmputer program
execut abl et®erapepforafingnéheanbeodouhdr deyrt Hesitheofsym s L) sound
according to claiml1l. 7. A nethod for synthesis of a nusical sound by neans
of a first storageedevhgersioasngleegbanddabaar epr esRNtlddfs of roMayef or ms
of various nusical sounds, said first storage device accessible at a first

access rat@svand acseeandgstor age 9avielorCaghi R Sthe Me A data at a
second access rate faster than the

N,

)
2. The method according to claim 1, further comprising

the step of sequentially retrieving event data representative
of eéch musical sound in advance to the synthesis of each musical
sound, wherein the appointing step appoints the sound data

according to the sequentially retrieved event data such that
the sound data may be appointed commonly for a plurality of the
event data, and the transferring step transfers the commonly

appointed sound data at once to the second storage device.

3. The method according to claim 2, further comprising'
the step of setting a time lag between the retrieval of the event
data and the synthesis of the corresponding musical sound such
that the retrieving step.can sequentially retrieve a plurality
of the event data within the set time lag, and the appointing
step can appoint the sound data common to the plurality of the

event data during the set time lag.



first access rate for instantly providing vector data 99 i 5 MAN 2005.
representative of awaveform of anusical sound to be synthesized, thel§MAR 2005
met hod conprising the steps of: receiving a stream of packets for
reproduci ng the nusical sound continuously along a tinme axis, each packet
containing identification information effective to identify.vector data
stored in the first storage device for the synthesis and timng :
information effective to specify.a timng of the synthesis along the tine
axis; transferring the identified vector data fromthe first storage
device to the second storage device before the specified timng, such that
the identified vgct an be tinely cache i.n the second storage
device in advancg'oﬁ{et ﬂgttgﬁﬁt%cecscirs%lrfgef:ﬁCejxﬁjr{&qt'h‘g‘%ﬁ‘ﬁh%&h\?e@?%?“a%%%ﬂf rom
t he seconds%gorqgg devi ce when the specified timng is reached so as to
synt hesi ze ° “GRVETDARE OdErt He® SyPe frUPEtdd by & oveEMR TR Laeisnecedimusi cal
sound. 8. The nethod according to claim?7, further conprising the step of
det er mi ni n§OwkHee HeRtiGre vt eventydeter dheaindeanehitedg byephineessdves
packet has been already cached in the second storage device, such that the
transf erri figesteprexecitlos tdfe ther anshedrs agnafad e dwiant itfinRdrMect fhe dat a
provided that the determning step determ nes that the second storage

devi ce hassonofl &t s ek tdipdidand,f kad vaet @ecdahanti®y stap MR 200t &

the current value of the associated count of the cached sound

data every time the same sound data is used for the synthesis

of the event data.

5. The method according to claim 1, wherein the first
storage device is provided in the form of a hard disk drive,

and the second storage device is provided in the form of a random

access memory chip.

6. Acomputer program executable for performing the method

"; for synthesis of a musical sound according to claim 1.

7. A method for synthesis of a musical sound by means of
a first storage device storing vectorvdata representative of
waveforms of?various musical sounds, said first storage device
accessible at a first access rate, and a second stofage device
caching the vector data at a second access rate faster than the

first access rate for instantly providing vector data



9. The nethod according to claim7, further conprising the steps dfy MAR 2005
detecti ng when the second storage device does not have a free area '
sufficient for accepting new vector data to be transferred to the second
storage device, and releasing old vector data fromthe second storage
device to yield the free area for accepting the new vector data, the

rel eased old vector data including vector data which is already used in
previ ous synthesis and vector data which renmai ns unused i n previous

synt hesi s. r@reﬂ@t’ﬁiﬁ@o@ﬁ%@f@gmtcﬁag hl%i iTchal WOEL &1 t}ehgyfﬂiéﬁgtgééﬁh?r age

device is provided in the formof "a sk drive, "and

storage dewree plet RO in the formof a random access nenory chip. 11
A conput er progran1exeéﬁﬁgﬁfgjﬁb%hﬁeﬁfgpﬁ g the nmethod for synthesis of a

nusi cal sound according to claim~7. 12. A method for synthesis of a nusical
sound by neans of &IPS 2 S{EEATCHOFCES tst BPT e RBRMAC Hag 4 eepresentat i ve
of waveforns of various nusical sounds, said first storage device '
accessi bl e SQU"E FPRELNROYSdy PAPRY antime smebad etohageckevi eentaashhgg t he
sound data at a second access rate faster than the 101. -- 5 MAR 2005,

first accedsendtidifertiomstiafbynapioni dfngcsavedtdatdentepiesentatd Mgref a
waveform of a mnusical sound to be reproduced, the nethod conprising the

steps of: s&oeied Ny thesEGUERCEr OfagiOWRYIRG EBSIINEANGIO s RLPUGERY the
musi cal sounds in a continuous manner, each sounding Instruction

desi gnat i ngn¥oumd tdahas £ L0 €Sedtatd 1. of el I inth
synthesi s of the nusical sound; pees y'a%ﬂ@l&&%ﬂﬁgsy%sc%esm d%ong

the time axis;
)
transferring the identified vector data from the first
storagedevicetothesecondstoragedevicebeforethespecified
timing, such that the identified vector data can be timely cached
in the second storage device in advance of the synthesis;
retrieving the cached vector data from the second storage

device when the specified timing is reached so as to synthesize

waveforms defined by the retrieved vector data into the musical

sound.

8. The method aécording to claim 7, furthexr comprising
the step of determining whether or not the vector data identified
by the received packet has been already cached in the second
storage device, such that the transferring step executes the
transferring of the identified vector déta provided that the
determining step determines that the second storage device has

not stored the identified vector data.
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transferring the designated sound data fromthe first storage device to
t he second storage device for caching in response to each of the Hédﬂﬁ@ﬂﬂ
soundi ng instructions; retrieving the cached sound data fromthe second
storage device for use in the synthesis; and retaining the sound data used
in-a synthesis corresponding to a preceding sounding instruction for reuse
in another synthesis corresponding to a succeedi ng soundi ng instruction.
13. The method according to claim 12, wherein the transferring step
periodically transfers the sound data in a predeterm ned anount sufficient
to produce the nusical sound in the continuous manner. 14. The net hod
according to clai§1 further conprisin the steps of detecting when the
second storage devl ce UIESHRA 29R0r&iag toe cdpda Juf Fiugitéreyr ftompadeeplg ng
new sound gﬂ}a to be 102 15 MAR 2Q05 transf erred to the second storage
devi ce, and™% SRS R 6FHSSbURA Wiknt Ahfer serbhd secpadestovage daye et O
yield the free area for accepting the new sound data. 15. The net hod
accordi ng t6V& & firks agteer euffidesautdr datapaiagisesd WMlctoNidaesi 2ihg a
wavef orm of the nusical sound having a predeterm ned | ength, the sound
data cont aibe mgansifgnifddcant tisowetHat a+Us8def 88y s¥0t hesi S ofc & 4,8 %'1@9
portion of the predeterm ned | ength of the waveform and non-signi¥icant
sound dat awvesathd aratsy ™ i feal i ni.Ng. rt;ions of the redet er m ned
05 thedls el @ltggragg Eiev1cet éCISD P’é‘leé%sgg‘et Ezee

| ength of the waveform and wherein the rel€asing s

non- i gni f Gt reQUACedBt 20 Uk BBR A5, oSQTPALEY 1O Lhe sTanificant

‘ data including vector data which is already used in previous
)
synthesis and vector data which remains unused in previous

synthesis.

10. The method according to claim 7, wherein the first
storage device is provided in the form of a hard disk drive,

andthesecondstoragedeviceisprovidedjjltheformofaarandom

access memory chip.

) ll.Acomputerprogramexecutableforperformingthemethod

for synthesis of a musical sound according to claim 7.

12. A method for synthesis of a musical sound by meéns
of a first storage device storing sound data representative of
waveforms of various musical sounds, said first storage device
accessible at a first access rate, and a second storage device

caching the sound data at a second access rate faster than the

103



16. The met hod according to claim 12, wherein the first storage device is
provided in the formof a hard disk drive, and the second st orage.ldeNiRcg5.
is provided in the formof a random access nenory chip. 17. A conputer
program execut abl e for performng the nethod for synthesis of a nusical
sound according to claim12. 18. An apparatus for synthesis of a nusical
sound conprising: 103 X15 MAR 2005 a first storage device that stores sound
data representative of wavefornms of various nusical sounds, said first

storage deviiestaceesssdl eaed Sof i 1158+ ASEESS 1189 S6590d sLorage device
that caches the sound data at a second g%c%%@?%%xggf%g?%g ﬁﬁ‘gﬁ‘ the.first

access rat e;e ek &h €00 ontrols transfer of the sound data from
the first steorage devi c\éé)'%)(!f)ea[‘ﬂ%)%%e%%ﬂ %?(r)“F’Jﬁdga SATE £8rPe EPRERESICS dof

t henusi cal sgyn ereinthe controller conprises: an appointing section for
appoi nti ng soug"dél%gqa({cg TP Wi EFardts oht RS t¥e* synt hesi s of the nusical
sound, the appointed  sound data including sound data representing

wavef orms det er MSEd- Yo riedie@ued dorofseoundinte isysthest sonanfbrst r uct i ng
section for instructing a start of the synthesis based on the sound data

whi ch are CXIBWInG tte Jorumbl siomale devd ceomithwdi € BNl BRYLNOL
contain the appointed sound data; a transferring section for transferring

t he appoi ntsegndsmgndndatracuibh c&iélsﬁ@ﬁ@ﬁiﬁ&%&Q}”&tat?aor[e§§e%%%g:%%i[s\;eor age
device fromthe first storage device when the appointed sound data has
a8 waveform for use in the synthesis of the musical sound;
transferring the designated sound data from the first
storage device to the second storage device for caching in
response to each of the received sounding instructions;
retrieving the cached sound data from the second storage
device for use in the synthesis; and
retainingthesounddatatmed;hrasynthesiscorresponding

t . . . .
© a preceding sounding instruction for reuse in another

synthesis corresponding to a succeeding sounding instruction.

) . 13. The method according to claim 12, wherein the
transferring step periodically transfers the sound data in a
predetermined amount sufficient to produce the musical sound

in the continuous mannexr.

14. The method according to claim 12, further comprising
the steps of detecting when the second storage device does not

have a free area sufficient for accepting new sound data to be
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not been cached, the associated count being set to an initial value; an

i ncrementing section for increnmenting a current value of the associ ated
count of the appointed sound data when the appointed sound data hdirMsz5
al ready been cached; -1 04 15 MAR 2005 an executing section for executing
the synthesis of the nusical sound in response to the start instruction
using the appointed and cached sound data; a decrenenting section for
decrenenting a current value of the associated count of the appointed and

cached soungra#iad Bertdd the 1y oL ES cting section for detecting
rel easabl e sound’ data in the é‘gxé%%&o?t% reagééi\%dg%l ggg‘arcegtﬁaaﬁjﬁbg Pﬁ)dtsl?ém\@al ue

of the assogiated t An, apparat us for synthesis of a nusical sound
conprising: a firsgpgggraaég GvT B TRAtIS bred V¥R BArafree IR MoAT i ve

of wavef or various nusical sounds, said first storage device
accessiM<;%Eég %fﬁ%tﬂﬁ%ég?§ $Ated d2%@cond storage device that caches the

vector data at a second access rate faster than the first access rate; and

a controller that controls transfer of the vector data fromthe first

storage device to the second storage device for synthesis of nusica

sound, wherein tH& cAher veltbodcanpoiraesy ta EBE6hVINY BRGL OD Y oy ﬁgiving
a

.a stream of packets for reproducing the nusical sound conti nuousl ong a
time axis, dadachrpacketl fantRiminiHalY if LedbieaRy of anfmtjon effective to
having a predetermined length, the sound data containing
significant sound data used for synthesis of a leading portion
of the predetermined length of the waveform and non-significant
sound data used for synthesis of remaining portions of the
plfedetermined length of the waveform, and wherein the releasing

step releases the non-significant sound data more easily as

compared to the significant sound data.

16. The method according tc claim 12, wherein the first
storage Qevice is provided in the form of a hard disk drive,

} and the second storage device is provided in the form of a random

access memory chip.

17. Acomputer programexecutable forperformingthemethod

for synthesis of a musical sound according to claim 12.

18. An apparatus for synthesis of a musical sound

comprising:
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identify vector data stored in the first storage device for the 105 ,15 MAR
2005. synthesis and timng information effective to specify a tiningJSqu 005
the synthesis along the tine axis; a transferring section for transferrlng
the identified vector data fromthe first storage device to the second
storage device before the specified timng, such that the identified

vector data can be tinely cached in the second storage device in advance

of the synthesis; a retrieving section for retrievingi the cached vector

data from the secandi arageglevias whandie speci fied biglng is reached
ve

so as to synthesize waveforns defined by the retrieve data into

t he nusicaléyyggg : us fqr synthesis of _a nusical sound
conprisingf~a firg?%g?aégaggggé?égmfﬁ tV H SRS S S et s i déiret

wavef or ms %Qo%%ggp%§\pqﬁgcal sounds, said first storage device accessible
at a first access rate, "% i Bitordge deviste adreesearats: t he sound data
at a second access rate faster than the first access rate; and a

control l er that CoffFBPe etarsperdevichetsounthalat s fi@moure daitaSktSsor age
device to the second storage device for synthesis of the nusicals ound,
wher ei n t hESEOMG Gidcers scammprel Sesster reeei Wiy Siecdt 0acEOLs I 8EELYI §9ga
sequence of sounding instructions for producing the nusical sounds in a

contidngous 106 5 aMi ROMEL eBBer, c&acko BOUREhRg I NSE MG LB, 888 anaLl ng
soun at a

the first storage device to the second storage device for
synthesisofthemusicalsound,whereinthecontrollércomprises:

an appointing section for appointing sound data for
breparation of the synthesis of the musical sound, the appointed
sound data including sound data representing waveforms
determined or predicted for use in the synthesis;

an instructing section for instructing a start of the
synthesis based on the sound data which are cached in the seconad
storage device and which may or may not'contain the appointed

sound data;

a transferring section for transferring the appointead

~—

sound data with an associated count to the second storage device
from the first storage device when the appointed sound data has
not been cached, the associated count being set to an initial
value;

an incrementing section for incrementing a current value
of the associated count of the appointed sound data when the

appointed sound data has already been cached;



representative of a waveformfor use in the synthesis of the nusical_]ﬁMAszﬁ
sound; a transferring section for transferring the designated sound data
fromthe first storage device to the second storage device for caching in
response to each of the received sounding instructions; a retrieving

section for retrieving the cached sound data fromthe second storage

device for use in the synthesis; and a retaining section for retaining the
sound data used in a synthesis corresponding to a precedi ng soundi ng

i nstruction forameu&%cmﬂi@@obae&iéﬁnkbﬁséﬁe&Qf£§§P€£Qh§gb%§ 51§Q§£%§ging

soundi ng instruction. 21. A nmethod for synthesis sound

means of andfdilcs1 SoNROE deV oring,vector data representative _of
wavef orns of vari ous nusig%?%§§%ﬁ s,tgaggefFr5%tsﬁ&ﬁ&&é“ﬁﬁﬁFb€Sl&@c§§§ibIe

at a firSt%E?H¥§%ééﬂé%dand a second. st orage device caching the vector
454,

data at a setond access rat% sﬁ%HHQFQﬂF?he first access rate for

‘instantly providing vector data representative of awaveform of anusi cal
sound to be syntﬁe8FE€8PenFH§gnﬁﬁﬁéaoéoﬁ?wi@ﬂqumémismgps(xﬁﬁremecehvhag a
stream of packets including a precedi ng packet and a succeedi ng packet for
repr oduci n§%t Ree s @l a 5ol b Wor o f1 Bh MR 2606t 6 ANdh A UOAUShYd &lcdiG 8ak ke
axi s, each packet containing identification information effective to
speci fy veéfiofthgatsantdteoried iamd he first storage device; predicting vector
data of the succeedi ng packet according to the identification information
contained in thEapﬁetedtngg section for detecting releasable sound data

in the second storage device according to the value of the

associated count.

19. An apparatus for synthesis of a musical sound
comprising:

a first storage device that stores vector data
representativeofwaveformsofvariousmusicalsounds,saidfirst
storage device accessible at a first access rate;

a second storage device that caches the vector data at

) & second access rate faster than the first access rate; and

a controller that controls transfer of the vector data
from the first Storage device to the second storage device for
synthesis of musical sound, wherein the controller comprises:

a receiving section for receiving a stream of packets for
reproducing the musical sound continuously along a time axis,
each packet containing identification information effective to

identify vector data stored in the first storage device for the
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packet; transferring the predicted vector data fromthe first storage

device to the second storage device before the succeeding packet is AR 2005
recei ved such that the predicted vector data can be cached in the seco ﬂ :
storage device in advance to the synthesis; and retrieving the cached

vector data fromthe second storage device when the succeedi ng packet is
received and the identification information contained therein hits the
cached vector data to thereby synthesize the nusical sound. 22. The net hod

accor di ng tayndihasm2andf tuihdes GOm0 iNG oFRE St nsferring.vector
data specified by the identi?ication fhfo?natF%%%%bggé%%%ﬁl%%f%ﬁé +ng

succeedi ng gFaehket syiftypdie fy torage device to the second storage
devi ce when the cgihed J%ctcnaééugiﬁ g%%%ﬁ HirS: t hereby ensuring the

cont i nuous syntge§kgn%E thg musi cal sound. 23. The method according to
claim21, wherein the i st TPsSE5THAR 50D5tSepshgerdeyi thesidentifhed

vect or dat%eclassafied into first vector data representing an attack

wavef or m corr&SFoRaFAdIYn thel EhEshg tporadeodevfica husitualk esowdds tapdgsecond
vector data representing a body waveform corresponding to a subsequent
portion of 9EK&Ceakefpusi Ehk spenadfisdchinhag, t kecht €paef tReedashtN8ieg
predi cts whether the second vector data representative of the body

waveforn1wﬁ?@ﬁorsdebnneandmiejMQﬂhheaamk@CKnW@M@fQéﬁbnEPEEE%ESQ Q%v{@@
first vector data contained in the preceding packet. 24. The nethod

accordi ng to eBabmcE3pfwhekeistnithe sfiis' St
aretrievingsectionforretrievingthecachedvectordata
from the second storage device when the specified timing is

reached so as to synthesize waveforms defined by the retrieved

vector data into the musical sound.

20. An apparatus for synthesis of a musical sound

comprising:
a first storage'device that stores data representative
ofwaveformsofvariousmusicalsounds,saidfirststoragedevice
) accessible at a first access rate;
a4 second storage device that caches the sound data at a
second access rate faster than the first access rate:; and
acontrollerthatcontrolstransfercﬁfthesounddatafrom
the first storage device to the second storage device for
synthesisofthenmsicaléound,whereinthecontrollercomprises:
a receiving section for receiving a sequence of sounding

instructions for broducing the musical sounds in a continuous



storage device further stores third vector data representing .a release
waveform or a joint waveform subsequent to a body waveform of the musil §1AR 2005
sound, such that the step of predicting predicts whether the third vector
data representative of the release waveformor the joint waveformis
connectable to the body waveform specified by the first vector data
contained in the precedi ng packet. 25. The nethod according to claim 21,
further conprising the step of applying a rel easable status to the cached

vector dafanneirch eradh meundeer hirst wueh dihate 46, SAEH dsggﬁéogagata of
the rel easabl e status can be erased fromthe second storage evicé before

a further papkelsensatacRl wed 0 26. . The nethod according to
claim 21, vvhgrei n the fi r\gt? as%gggéérgew %eglgtsa fﬁ?o%paeﬁyp%gﬁﬁésf 8EntBe a
hard di sk dokYea1 aRdnshe second storage device is provided in the form of
a random access nenory chip. 27 . A conputer program executable for
perform ng the ngttt'ulqd according to claim?21. 28. An apparatus for synthesis
of a nusical soufid ~CBRPFTEING: SeCtiPat LR o hgesteviingt hht déstesaveat or
data representative of wavefornms of various nusical sounds , said first
storage deVPBBYatREdsiethe BifFtsttaresssiedie: w seeoBdcshar 886 dgyi ce
that caches the vector data at "a second access rate faster than the first
access rat@e¥dFe Fois camhlip opi it s eloosa dAt GF FreRs 88eBLdkiavEofiafng
wavef orm of nusical sound to be synthesized; and

instructions;

aretrieving section for retrieving the cached sound data
from the second storage device for use in the synthesis; and
a retaining section for retaining the sound data used in
a synthesis corresponding to a preceding sounding instruction

for reuse in another synthesis corresponding to a succeeding

sounding instruction.

21. A method for synthesis of a musical sound by means
of a first storage device storing vector data representative
) ofwaveformsofvariousmusicalsounds,saidfirststoragedevice
accessible at a first access rate, and a second storage device
caching the vector data at a second access rate faster than the
first access rate for instantly providing vector data
representativeofawavefomnofamusicalsoundtobesynthesized,
the method comprising the steps of:
receivingastremnofpacketsincludinga;mecedingpacket

and a succeeding packet for reproducing the musical sound
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a processor that controls transfer of the vector data from the first
storage device to the second storage device and acquires the vector, data
fromthe second storage device for synthesis of the nusical sound,’ﬁHﬂWéﬂM
t he processor conprises: a receiving section for receiving a stream of
packets including a preceding packet and a succeedi ng packet for 11.0 15
MAR 2005 reproduci ng the nusical sound continuously along a tinme axis,

each packet containing identification information effective to specify
vect or dat §osténaduisayt héohigr st titer age sdeehen; pacpeadiceintigirsacg i on for
predi cting vector data of the succeeding packet according to the

I denti fi catidentiifiieabhoAnreemhalBadeirRebhevRr ecedifag RACKAI & data
transferring section for transferring the predicted” vector ééta fromthe

first storagerdgvigethe Ehessge 0 device before the succeeding
packet is received such thaf%t%gegsgédﬁg?g ®Vector data can be cached in

t he second storaggegggkce in advgnce to the synthesis; and a retrjeving
section for retrfeving tRhE EACHEdITER O0r thiasHcoerdng Rackes P Grgye
devi ce when tge succeedi ng packet is received and the identification

i nf or mat i oh®cORE at ARt HhEFRFHon hREOFPRE ke Heah tasn e datthe @rdresdbyg

synt hesi ze the nusical sound. 1 |1
packet;

i transferring the predicted vector data from the first
storagedevicetothesecondstoragedevicebeforethesucceeding
racket is received such that the predicted vector data can be
cached:h1thesecondstoragedevicejJ1advance1x)thesynthesis;
and

retrieving the cached vector data from the second storage
device when the succeeding packet is received and the
identification inforhation contained therein hits the cached

vector data to thereby synthesize the musical sound.

j 22. The method according to claim 21, further comprising
the step of transferring vector data specified by the
identification information contained in the succeeding packet
trom the first storage device to the second storage device when
thecachedvectordataisnothit,therebyensuringthecontinuous

synthesis of the musical sound.

23. The method according to claim 21, wherein the first
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storage device stores the vector data classified into first
vector data representing an attack waveform corresponding to
a leading portion of a musical sound, and second vector data
representing a body waveform corresponding to a subsequent

portipnoffhesamemusicalsound,suchthatthestepofpredicting
predicts whether the second vector data representative of the
body waveform which is connectable to the attack waveform

specified by the first vector data contained in the preceding

packet.

24. The method according to claim 23, wherein the first
storage device further stores third vector data representing
.a release waveform or a Jjoint waveform subsequent to a body
waveform of the musical sound, such that the step of predicting
predicts whether the third vector data representative of the
release waveform or the joint waveform is connectable to the
body waveform specified by the first vector data contained in

the preceding packet.

25. The method according to claim.2l, further comprising
the step of applying a releasable status to the cached vector
data which has not been hit, such that the cached vector data
of the releasable status can be erased from the second storage

device before a further packet is received.
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26. The method according to claim 21, wherein the first
storage device is provided in the form of a hard disk drive,

and the second storage device is provided in the form of a random

access memory chip.

27.Acomputerprogramexecutableforperformingthemethod

according to claim 21.

28. An apparatus for synthesis of a musical sound
comprisiﬂg:

a first storage device that stores vector data
,representativeofwaveformsofvariousmusicalsounds,saidfirst
storage device accessible at a first access rate:

a second storage device that caches the vector data at
a second access rate faster than the first access rate for
instantly providing vector data representative of a waveform
of musical sound to be synthesized; and

aprocessorthatcontrolstransfercﬁfthevectordatafrom
thefirststoragedevicetothesecondstoragedeviceandacquires
the vector data from the secondlstorage device for synthesis
of the musical sound, wherein the processor comprises:

a receiving section for receiving a stream of packets

indluding a preceding packet and a succeeding packet for
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reproducing the musical sound continuously along a time axis,
each packet containing identification information effective to
specify vector data'stored in the first storage device;

a predicting section for predicting vector data of the
succeeding packet according to the identification information
contained in the preceding packet;

a transferring section for transferring the predicted
vector data £from the first storage device to the second storage
device before the succeeding packet is received such that the .
predicted vector data can be cached in the second storage device
in advance to the synthesis; and

aretrievingsection for retrieving the cached vectordata
from the second storage device when the succeeding packet is
received and the identification information éontained.therein

hits the cached vector data to thereby synthesize the musical

sound.



