0 3 FEB 2004 MJSI C SOUND SYNTHESI S W TH WAVEFORM CACHI NG BY PREDI CTI ON
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates t@J3afEB 200
sound data transfer method, a sound data transfer apparatus, and a program
t hereof for generating nusical sounds, voices, and any other sounds based
on readi ng of waveformdata froma relatively |ow speed storage nedi um
such as a hard disk, which has a relatively slow access rate to stored
data. More particularly, the present invention relates to generation or
synthesi s afuseyefouns stithHESBS tunf TH | WA eBqO™Rs SCRCHING rEY P REDLGT AN sound
in response to perfornmer's various performance styles or articulation
characteristic of natural nusical instrunents. The present invention is

wi dely applicable to not only electronic nusical instrunments, but also
devi ces, apparatuses or nBAGKEROUND 0F THR|ONVENTION) a capability of
generating mnusical sounds, voices or any other sounds such as nechani cal
instrunments, conplfeP] electronic game apparatuses and other nultinmedia
devices. In this specification, a nusical sound waveformis not limted to
the pure musical TBR@nBESSBOt ABYeNhéPRdECLATRT FOrdn DPURAVDRER or any
sound. [0002] _There is mﬁdel%?knomn t he "wavef orm nenory readi ng"

t echnol ogyr s EAT sSTRFRAA nad eF oM iR B2 (Fr N ST&R AHRA TR Simpl Y At a) encoded

Wi th any'5¥§é§g£9t§ gégg]fgfhgg§e£§%4é L%&gighf)é%éh s?qgéices, and

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
synthesis 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,
apparatuses or methods in all fields having a capability of
generating musical sounds, voices or 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 diffﬁ ?Ebi@g
PCM, and which reads the stored data according to desired nusical gi R
to generate or synthesize a nusical sound. Further, there are known vari ous
types of "waveform nenory readi ng systen technol ogi es. Mbst conventi onal
"wavef orm nmenory readi ng systeni’ technologies are used to generate a
waveform of a single sound fromthe beginning to the end of soundi ng
duration. One exanple is to store waveform data of a whole waveform of a
sound fromddemoenatnbny, t DPCHe( @hffefehhbat o) ngnduRARPCYHN{ adapt hee
exanple is to store waveformdata of a partial at an attack portion of the
sound wi tdifpapénthsbdPCHangesdawblitlh s¢ade bhespbteitdedataopcoavdingm of a
subsequent part at a sustain portion with little changes. In this

speci fi catooflesthedtmumicaloppteheef benfesepatei es aynehesdbrEen @hich is read
repeatedly 1in a loop. [0003] As neans for storing waveform data, there
are knowmufROnalRaghinfar dFdrsker . COh&OR| aBe cknawhayar#pek B¥ECEDPROM
provide a low unit price per unit storage capacity and are suited for
storing a"¢aeafoBRDURAROEY HERE1NgRETERT" t RECARPUOIHPEK AASED ROM of fer a

sl ow and unstabl e access speed, incapabl e of innediagetg éea ing necessary
wavef or m gaRgenRtienat " VARt PR nGeBPTHuF pRti RAgSBS hE%i chFCRBEA9SPgnal . For

this reason, the follomﬁng technologies are _pro oied. Ja agesg Eﬁtent
Unexam ne@PubfedatPoleRBTaERi @ BEVIHREB4° o?rﬁ%ﬁ% Qi RgUYS the™uirted

States Paggg£n§i§83t%8%hg gng EFBsgghding duraticn. One example is to

h 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 &n 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
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 amount of data. However, the hard
disk and CD-ROM offer a slow and unstable access speed,
incapable of immediately reading necessary waveform data just
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&ﬁﬁﬁﬁzm
portion of a plurality of waveformdata stored in a hard disk. Nanely,
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 m @iag @l b ses ephodueeno(0994df PrphiteteaPhl pntramekenthed PabRAMati on
No. Sho. 63- 181188 di scl oses the technol ogy of reproducing wavef or m dat a
by sequendilbéginnind pgrtianeddra phvnal btheot et oun| dataosherad &
predefined as sequence data. This technology predetermnes the tine to
start reatimgrafdeskh wWwiswedym dhen ac%@?%&b@%d%%@t¥%cﬁlg%qh%n%BpPFﬁ?ﬂg so
that the start tine becones earlier than the note-og tining. SUKNARY OF
THE | NVENT! Ghp¢T@Dbsn 15 Eofks erdvange t BeaRP 99t a@ cOrArRgt B9 JBPRALER Pat ent

Unexam ned Publication No. Hei. 6-308964 needs to previously ransf er
begi nni ng®HoFRP oRSTEINENE HAVEFBFth 9ata fHoRaMC ?%Egehgsﬁrnﬁgéing t he
O gl kIR PLECONS M o8 oc Aol S lnp aoyaoraLONgRl o
03 FEB WPTREbOSFDYe LB aRpiy T {BEkebi bop TRCoichBl CREPLLLEE, the 1o °
reproduction of the beginning 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 be sequentially
sounded is predefined as sequence data. This technology
predetermines the time to start reading of each waveform data

corresponding to a sequence 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 preciocus 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 is



sequence data is supplied realtine. The present invention has been nade in
consideration of the foregoing. It is therefore a first object of t{efFER 2004
present invention to provide a sound data transfer nethod, a sound data
transfer apparatus, and a programthereof for efficiently and extensively
using RAM and for realtime generating a nusical sound signal concurrently
by using a hard disk etc. The technol ogy accordi ng to Japanese Patent
Unexam ned Publication No. Hei. 6-308964 needs to previously transfer

begi nni ngippessbbteotoabbphay thdsntdahnoledRAM Fhease e¥habe ofySaccor di ng
to Japanese Patent Unexam ned Publication No. Sho. 63-181188 al ways
requires setaedcedi dataoisbsunpdésdedepbiiBgery event, thereby increasing a
noi se from the hard di sk and shortening the life thereof. In_additiagn,

frequent accessi ngh6f PERECREr ANYPSE1EBNEaFeLeER: P3P dBuFRBE 1A8FAH "shoul d
cone! der o8F oReofOPREOEBFego hg LI LPEFREReRor LAt sOB3RAToBL el o0f  he
Pransrer BpparatushvaRtinoEaqpinvirer Bororhf Satt, EERIREer mobAYA dot 2
Systent PEERAORBS LTSPECravoParac sl atnt 8 BEor LR e Ry e o
data of aSbRrPiohthkeabalsfiind1vbly, ARG’ BRYCHRR! £OD alLLIhEDS Sach o
teChnO|Og¥eHE§5t§58r§ Rugicah BWOREr s9Gnal concurrently by using a

hard disk etc.

The technology according to Japanese Patent
Unexamined Publication No. Hei. 6-308964 needs to previously
transfer beginning portions of all waveform data to RAM. The
technology éccording to Japanese Patent Unexamined
Publication No. Sho. 63-181188 always requires a hard disk to
be accessed for every event, thereby increasing a noise from
the hard disk and shortening the life thereof. 1In addition,
frequent accessing of the hard disk consumes extra resources,
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
present invention to provide a sound data transfer method, a
sound data transfer apparatus, and a program thereof for
decreasing unnecessary accesses to a hard disk etc.

Conventionally, the "waveform memory reading system”
technology stores waveform data of a whole waveform of one
sound from the beginning to the end of the sounding duration,

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



vari ous waveform data corresponding to various playing styles

(or

articulations), requiring a huge storage capacity for storing thes@SFgBl%ﬁ

di verse waveform data. The aforenentioned system for storing waveform

at a

of the whol e waveformcan faithfully express tinbre variations due to

various playing styles (or articulations) specific to natura
I nstrunents. However, such system may sinply reproduce nusic
in accordance wth the stored waveformdata, providing limt
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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

axis control of waveform data corresponding to a des
playing style (or articulation) according to the mus

performance data.
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The present invention has been made 1in consideration

of the foregoing. It is therefore a third object of

the

present invention to provide a waveform synthesis method, a

sound data transfer apparatus, and a program thereof capable

of easily, simply and realtime generating high-quali
waveform data available for various playing styles (
articulations}.

The technology according to Japanese Patent

ty

or

Unexamined Publication No. Hei. 6-308964 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



hard disk to be accessed for every event, thereby increasing a noi gg FERTN
the hard di sk and shortening the life thereof. |In addition, frequent
accessing of the hard disk scarifies Ilimted resources of a machine. The
present invention has been made in 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
savi ng accesses to a hard disk etc. [00061 |In order to achieve the first
obj ect, tingepsmsesad PubVeohtboni BochShact €8+ 81y alwang raguisesodi ng
configurations. It should be noted that exanples are parenthesized. The
confi gur attapd atskortonbet acaessedt faspeverpfevart, i hrehebP¥ningraasdnfd data
transfer method of using a | ow speed storage device (hard disk 109) for
stori ng seumdisatfrofvebeohatdt &) sbfandssharteping haoelidfasthngest-

hi gh-speed storage device (cache nenory 44) for_caching the sound data,
and transierafagtaopar fregusptin@caasaisdoptdthf PﬁEdIG&ngﬁgarlg%S?age

devi ce to_the high-speed storage device. The nethod is characterized by
havi ng: alinkbee EPEEPFFES: PEndrBREPIPBN  process of receiving tinbre

e transferrod { SOEBRAFEC S80S R oD dRo e R o dn RS R GA AL on

be transferred h ce; a soun ata iction
Droces (SbePeSchbeSberbiichents hERPdLarLog FogpaToBLert 0c0ched FEB
present invention to provide a sound data transfer method, a
sound data transfer apparatus and a program thereof 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 should be noted that examples 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) associated with sound data to be transferred
to the high-speed storage device; a sound data prediction

process (step S30) of predicting a candidate of sound data to



specification; and a process (step $S43) for transferring the pred;ﬁt g
sound data candidate to the hi gh-speed storage device fromthe |o ég g&%h
storage device. Preferably, the sound data stored in the | ow speed storage
device includes first sound data corresponding to a sounding start portion
(an attack portion) and second sound data corresponding to subsequent
portions (a body portion) other than the sounding start portion, and sound
data predicted according to the tinbre specification is the first sound
data. Theverespedifsedhhaberebazed oy thetherehasdngimrefirst sound data
specification reception process of receiving ecification of any first
sound datspeaifbcahiiosouanddat propessi tsten %4%&%@(5{@@%@9}?%9 the
predicting a candidate of second sound data to be specified | ater based on
the firstpreduntedasouspedatacatndndabndta broceighrspepd SABPTAGE
transferring the predicted second sound data to the high- speed storage
devi ce frésvige féﬂmsbbédeWO?EQQddEPPE%geP@%V%?%bly the sound data stored
in the | owspeed storage _device further includes

th soynd data (a
rel ease portion BFeACFEPAY - pGF?lEH?DPOGBEEU§EBIQPtEP gﬁ@ 1P¥sEPERE  second
sound data, The method is charact ri zed having: .a secgnd sound
dat a spec$¥?€%ﬂ?oﬂeVéE%p%PSﬁuS?ﬁc sEst ?°¥%%eé@?ﬁgcgﬁﬁﬁFPgegfpgn of “any
eire it WA B D D L o
e econd, seund 0o R AR RALEERRE, LE R 00
other than the sounding start portion, and sound data
predicted according to the timbre specification is 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 530) of predicting a candidate of
second sound data to be specified later based on the first
sound data specification; and a process (step $43) 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 is 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 S33) of predicting a

candidate of third sound data to be specified later based on

the second sound data specification: and a process (step 543)



speed storage device fromthe | ow speed storage device. Preferably, tqﬁazmﬂ
i nventive sound data transfer nmethod further has a process of provpéi
identification information (setting nmenber dwStatus to 'USED ) which is
kept in the high-speed storage device upon receipt of any of the sound
data specifications and indicates possibility of releasing a candidate of
sound data with failed prediction. Preferably, the inventive sound data
transfer method further has a process of previously_ transferring, basic
sound daffer (srasferrive bﬁge?r%@i@?@h?@ﬁr%w%t%@%et%eW%elg*%?' every
tinbre prior to the tinbre specification reception process. Wen sound data
speci fi edspeed etorage deetendi TP tl%iwvn%lf%e%p%‘é&f“?%%t W-F®ception
process is not transferred to the high-speed storage devic t he Ba iC
sound data is useﬁr¢ﬁ§¥éBHY®ftFﬁelgﬁ%EF%V%ds%B%ﬁddﬂg?a?r?ﬂsg?ﬁewef O§chieve

t he aforenenti oned second obj ect the, present invention is,char rized
by havingﬁ@¥k£e¥o@@%mﬁn@r%ﬁﬁ%Fgﬂﬁa??%ﬁ%ngQ %%%%?%gb%éﬁb?édl?€§¥%é§§ﬁ%fes

hesjzed. T f i i . f th

Zrnieﬁ?{ 325$§?%f€%anﬁn“§%fggv$§%£?%?9%?@%@5 of "Bt S PECPE BIDEEL Orage
i i sk 109) f ' d 0k ofyai cal
Sound wever S HEOSRE S i e spuhOd FEMR mEGh By (HPCARY OF e Thoftha 8

cachi ng tggtggéégcgﬁigatigﬁg 5ﬁ3n§£§£%%9ﬁ?Sg@éﬁibﬁiiﬁﬁeoﬁOﬁéﬂegﬁlﬁ?shored

in the | oW "5 orage device tot gh-speed storage device for 8 0 3

FEB 2004 yaye! @4+% SyPt B63ha adhs WetROfaiseghgrasistigrd by having;

a 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 is 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 data stored in the low-

speed storage device to the high-speed storage device for



a preparation process of preparing sound data determned to be used 3r 00l
predicted to be used (supplying a vector ID or a packet froma predﬁ tﬁ&ﬂ#
control section 41 or a playing style synthesis section 1010 to a prefetch
section 42); a synthesis start instruction process of instructing to start
synt hesi s 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

prepar at i wivéSonnt sphonedisn thige meghedpibedecsanaabertesdcey Rawhs8erring
the sound data to the high-speed storage device fromthe | ow speed storage
devi ce amdpsepii-ayiencpuotessal of preparingdwsound)dabasfetarniaed v8l ue
corresponding to the transferred sound data; an increnent process of, when
t he soundvelatmednetrprediicted tprepavaedohsPRPAYIRAJY Ce6Fel TR Phe?

hi gh- speed storage device, increnenting a count val ue (nenber dwCount) for
the sounpadseh; faomasepbedicyheReSPRIEPYCEESTEPNstLrPFng RaTEIBIm

synt hesi s by using the sound data_accordi

g ng to_the start. ing ucgion from

t he synth%EY%esﬁﬁPFh?ﬁéﬁrﬁ%FFﬁﬂnp?B&Esgoaﬂdpragﬁrﬁﬂeﬁ?fhbofFIEEED st at e:
preretch Singeabad SRUR {RhYEuctUPNORRaRUFRIOL)(ASRAHEARY, 10! hetl vocd,
Subsequen?VSEaPELPrBEr ie¢Fansa0Ba Bk e et = BFOETE L BaRtr At teY cach”
Cahi i ngrehaPErPRER-§8p BFncReoBEhrEn R Ea g b aoh PePBel PEP2R 8563 when
the nenbe&egﬁégyng 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 subsequent 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



reaches "0"). Preferably, the inventive sound data transfer nethod |
characterized by further having a prefetch process of prefetching %@EB@ZWL
data from an event sequence (mnusical performance data) prior to a
reproduction start tinme, where the preparation process determ nes sound
data associated with a preparation instruction based on the prefetched
event data, and thereby shares the transfer process anong a plurality of
event data for which conmon sound data is used. Preferably, the inventive
sound daterdtans£rtoethodISED sharacied iwhesh byhd unaerizer Wi eignta process of
setting a reproduction start tine with a tine lag froma tinme when event
data is stypptheesl. "®Y) such a manner, the preparation process can determ ne
common sound data associated with a preparation instruction based on the
sequential | y suppPreflerabémt theainventivehsoendedaby, taaustaer By Ry
share the transfer process anong the plurality of event data for which

t he conmois scharkcoenlzed uBEdfUPEREE IBBTINT t hP TR EPEFAIPEICHFDCRES perfor s
a plurality of the preparation instructions for the same soun dat a based
on si ngl PR&RFECRBRY; SRR t AR FTEIDr IR %W‘he%‘?%“elb?%cgglésﬂ%% enents the
count value each tinme the sound data is used for the sjingle eveﬂérgat a. In
order to RRFEeVRARFR ARBRLMRIPHNEY 2 NTFRESHIRLIOD ?E%r%r 8%t Yhvehtion is

Char et e e Rl B2 I Roanbh A SSpERE LN 608 Lbssboktdabe et od
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

190



The configuration according to a third aspect of the invention is {3 FEB 2004
wavef orm synt hesis nethod characterized by having: an input process of
receiving a packet stream conprising a plurality of packets including at

| east specification information (vector |1D) about vector data stored in a
| ow- speed storage device (hard disk 109) and timng information about
waveform generation; a transfer process of transferring vector data
specified by the specification information included in these packets from
the |owapeqshdrorlageizedi ce to a hi gh-speed storage device, wherein the
transfer process starts prior to a timng indicated by the timng

i nformation incl ulleel confaghrpbiketaccending wewed oﬂhi%‘in@ﬁé%?% ?f othSs
executed at the timng corresponding to the tinmng information in each
packet fdmverepraniuts iy wanee et orYRiEhes 53 gredd ot G afi bS5 P%t or age
devi ce and specified by each specification jnformation in each of the
packet arth¥i5rg syaR MRyt RFRCHRS P brifTRSENDIP RIHEGepF Uted vect or

data. Preferably, the inventive waveform synt hesjs nethqg iS characterized
by furt heFfOREImTIRg iy BLPFaLESE of P%‘@f%ﬁﬁﬁ?%m HEY B¥9%ot vector data
ified by th t i I t [ i gh- d
For age. RAFHRCHREIET FARENE | L1 CFOp Srett | ik rfhad e e
diti t hat ifjed t ' t h
bi gh- spectt Tt agb febptesberdr e ATyt WRCked Srdif A Bt S o 11
0 3 FEB 2004 pf OFEASrRi+t #6h CLBR R NP VORI AT g He PPt 18T S {Sas 8T Cient

LS

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 in
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



capacity for storing vector data to be newy transferred to the hi%qﬁipﬁﬁd
storage device; and a release process of, if the free capacity i sl !
insufficient, releasing a storage area of old vector data al ready used for
wavef orm generation or of unused (unsuccessfully predicted) vector data so
as to yield a free area (setting nenber dwStatus to '"FREE' ). In order to
achi eve the aforenentioned fourth object, the present invention is
characterized by having the follow ng configurations. It should be noted

t hat exanptesesar efpaceatrhésingdwh@hbeconfi gutathenecatsoaden§fioiantourth
aspect of the invention is a sound data transfer nethod of using a | ow
speed st ocapacileyi €er( Bapdidgsket0o)y ﬁotastOrbﬁgnswﬁﬁdtéaﬂafeFVégt@P dat a)
of musical sound waveforns and a hi gh-speed storage device (cache nenory
44) for chihi hjghhepeedndtaange dendcer apBflefr FA§eaSPaPro6LSsolhd dét a
stored in the | owspeed storage device to the high-speed storage device
for wavef bheén £5¢at Aappsityhési AsREflelnptnogelsa2ERBAatt BEPEFRECHFTREVI ng:

a transfer process gstep S43) _of transferring sound da

| ow speed©8t 8t dg¥ededircaats %Héeﬂpghu§ﬁgeﬁ°§pHPXSEOHEV%EBLEgSE8hh§ﬁ gt
sound! 19 LASLdCLLen LRt R0k BhdapolShS LN PhRRESR 0La! ShakELG Lhe
e, B ol (SRE RotpgPhEL A REARL, P, SPEpLr e v (et o
ﬁ?;ﬂ?ségeg 3 FEB 2004 .data o QG e QWeSRe8LeikR 398 48 Hote tho dufiect,
. 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 transfer metheod 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 is used
for waveform synthesis, in the high-speed storage device in a
state capable of use in the future (setting member dwStatus
to 'USED').

Preferably, the transfer process transfers sound

12



storage device in units of specified capacities (in units of ey ¥ FER 2004
bl ocks). Preferably, the transfer process conprises: a process of )
detecting whether or not there is a sufficient capacity for storing sound
data newy transferred to the high-speed storage device; a process of, if
the free capacity is insufficient, releasing a storage area of previously
retained sound data to create a free area (setting nenber dwStatus to
"FREE' ); and a process of transferring sound data to be newy transferred
to the freeareeon Peod el abt ypesddes sarage didaides twusethd driglavedesdn
synthesis for each specified portion (nodule), and the nethod is

char act erdtzathdy dewidericomitsiof); spepibosd capachiemgl Hy Waihs of
managenent in the high-speed storage device so that sound data used at the
begi nni ngneaforsachlpoks} on is not easily released in conparison with other
sound data (a nodification of adding vector data to be cached
preferential ly toPragebablyni AheotransfakeBr PEe$S aReMPTHSRFEi Ag ot her

vector data in the mddle of the linked list). BRI DES T1 ON gF THE
DRAW NGS I@se§s j @f 0oL eekind aghrehh¢broe @bl tSFhg 3 2@ narthare™"

venti AT L ST S FPEUERCROChGITG S ShoDR N Er LR CHvavef or m
ot abase o] oLl S0 B 268520, PELLPLITC,  feblee 49,0, 3 FER 200 uouBhar sy
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 so
that sound data used at the beginning of each portion is not
easily released in comparison with other sound data (a
modification of adding vector data to be cached
preferentially to the beginning of a linked list 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
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and el ements constituting an actual waveform corresponding to a
performance style nodule; FIG 4 is a flowhart show ng an embodi risht £l
"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 performance synthesis section; FIG 7 is a flowhart

showi ng iya#etsih génepabedi ment of the performance synthesis process
performed in the performance synthesis section; FIG 8 is schematic

di agram for expl aFngng3askhekatpeateégsshhen anperfmphancé svyppenegodsl e
corresponds to the anplitude elenment or the pitch elenent; FIG 9 is a
schemat i cani agr @nefivs desstibunyngwanefotval hwavnehgrmhearraspardabl perti on
waveformis connected to the body portion waveform FIG 10 is a schematic
di agr am farpelefermbnnog stmbef mpdutai nni ng when t he body waveformis
connected to the release waveform FIG 11 is a schematic dia%ran1for
describing wavefBEfn-t Bi Afi AgTRRWANERE BBAWLRAt &BkeRACELBRMLI StcBnnect ed

to the rel ease waveform 14 0 3 FEB 2004 FIG 12 is _a schematic,di agram for
describin@nU%bQ@lo$ﬁFBﬂiﬁHPﬁQeﬁﬁénPFﬁéeﬁﬁrﬁﬁPegt?%ckhﬁagﬁFg€ﬂ§?s’

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;

FIG. 7 is a flowchart showing in detail 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 1is
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 is connected

to the release waveform:
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connected to the rel ease waveform having a | oop portion; FIG 13 ia aF
schematic diagram for describing a waveform connection when a per ér&@ﬂ@@
styl e nmodul e ends before anot her performance style nodul e subsequent to
that performance style nodule starts; FIG 14 is a schematic diagramfor
describing a packet stream generated in the performance synthesis section;
FIG 15 schenmatically shows an enbodi nent of the overall configuration for
expl ai ning operations in the waveformsynthesis section; FIG 16 is a

bl ock diagram f orrT®ncizely shsvhagabicfdbagoimther odesaribiRgef orm
synthesis; FIG 17 is a block diagramfor explaining a vector |oader; FIG
18 is a btockamagriainiing exipéni thegnernaktartadparaNofer™| ¥ 19 is a bl ock
di agram for explaining a vector recorder; FIG 20 schenaticallx shows an
embodi mentorufectrd tatthetretease WIveterdrhaaing F19ORIPLRHIRt he cont ent
of nusical performance data created in the score interpretation section
101B: FIG 22 shof&Gt ht3tifi agsebematppl ¢LAgrMAcket sdeFhi P8 Ber f or mance
synt hesis section to the waveform synt hesi s sect%gf' 15d9§ FEB;209 FIG 23
is a bl oCKARERFRANTMRTE WP BAIoRRr A1 PETEPTHRRCT & oY ¢ HEPLAthe  Cont r ol

section; 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 a 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

saction;
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FIG 24 is a state transition diagramfor prediction operations in the
predictive control section; FIG 25 is a flowhart which shows a I gadgp 00l
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

t he cache nenory;FEEG 230issaabsbak edtagnsmt showihagamanpberakén pages in
t he cache nenory; and FIG 31 is a timng chart which outlines the timng
control fsrrudiennd ovenene i oneite edoti ok niectDENN LED DESCRI PTI ON OF THE

| N\VENTI ON [0007) 1. Hardware configuration according to enbodinents of
the invention EnbBEErehtsisfatabapeecttarsibient Abadhan| £ PHEdEFEHER in
further detail with reference to the acconpanying drawings. 16 0 3 FEB
2094 Fl Goperatiom$ obk Hhegpeef ekt i $9R Pt heehiakeMare configuration of

a waveform generator according to the present inventign. Thi s hardware

performed in the pre-fetch section;

FIG. 26 is a flowchart 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 flow diagram between the
performance synthesis section and the waveform synthesis
section:

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

the cache memory:

FIG. 30 is a state transition diagram between pages

in the cache memory; and
FIG. 31 is a timing chart which outlines the timing

control for the aforementioned embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0007]

1. Hardware configuration according to embodiments

of the invention
Embodiments of the present invention will be

described in further detail with reference to the

accompanying drawings.

16



a conputer. In this configuration, the conputer executes a specified
program (software) to Inplenment the waveform generation accor di ng{)id EBH8Nk
present invention. O course, the waveformgeneration is not limted to
the formof conputer software, but is also available in the formof a

m croprogram processed by a DSP (digital signal processor). Further, the
waveform generation is not limted to the form of these types of prograns,
but is also available in the form of dedicated hardware configured to

i nclude discrete FIGCULtSs ai blegkatiedgeamcakemplifiyjrgstheehpntiggrat ed
circuits, etc. The waveform generator may be applicable to any products
such as ebefigonationsofah wasefonmengsnekatankaceppdingutestheel ectronic
ganme appar atuses, other nultimedi a devices, personal conputers, etc.

[ 0008] Imré@enhaldwanElcnnfl@blath@nd@&aﬁp¢©nfhgu¥@¥lgn gxagple gses
functions as a main control section of the conputer. Via a bus line BL
(data or addeepgtéus, éﬂct?istﬁ@ntiﬂP{@liPB EBAnEeTREtEH £E&HY6RPyY 2nenor y
(ROM 102, random access neno anel switch %04 a pane

di spl ay 19BeChEHpfyBTOgHaM ésﬂégﬂﬁﬁ?hlFﬂp%??lgﬁﬁPFoﬁhﬁovavﬁ f&ef or m out put
section 108, a hard disk. 109, ang a connun cation Lnterf %&%SBThe CPU
101 perfo$%%85?BE%§s?ﬁSOEGEHQaEO" ?8aPF8ﬁeB épﬂﬁggngh1 ata ase

creatod doiandeEsPoRfcospebabithetsr RBay IBLEEE B4 tud EoPnedPl corams.
Igisgrpr géﬁﬁﬁF§£esngQEk8d ELaemisNgiuRr kSaYi apibei ROPRAUNEGRRI 87 knterface
a 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, karacke 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.
V¥ia a bus line BL (data or address bus, etc.)}, the CPU 101 1is
connected to read-only memory (RCM) 102, random access memory
(RAM) 103, a panel switch 104, a panel display 105, a drive
106, a waveform import section 107, a waveform output section
108, a hard disk 109, and a communication interface 111. The

CPU 101 performs processing such as "creation of a waveform

database", "musical sound synthesis (software sound source
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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 prbyFahalli
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 basedRAdh 408réstedsdatskeasas, nenor y( forbstdeseniked i ehasgd on
executing prograns or related data. Specific address areas in the RAM 103
are al | ocspecifiedssoegnanrs. f UleesonRr agtans XS ctRRI1¢@gFEBrs, fl ags,
tabl es, nenory, etc. The panel switch 104 is configured to include various
oper at i omefewéxles vbha thesopmpuihettieri breertacanble PHseEEFTR3bnds,
editing sanpled waveformdata, etc., entering various inforpgation etc.
The oper a3toragR\ViPedsai hebhdetd- nEneR | @S Keypd f FtC e kg nefeFl'e dat a,

keyboard f teri h t t I i t , Further, it
Tay o prerLTALIGS | B, AER LHESTAR s BpdFatd b Devidds (ol SaFekting
tting, trolli itch tinb f { . I I spl
105l 9pl S <HARFELRR T nPBPrREPSromh: aFbattadnt cheon EhE all, B 308, °P'
| ed f t t , s | QU | LCD),
GRT, o, Car B bohhs 593t hor oS IR B on Al EYESPAR8 " hOdoor  he
maveforn1ﬁé@5%& EPS&£88519K fﬂglﬂgﬁsléﬂ.Alﬁhe ROM 102 stores various

programs, data, etc. executed or referenced by the CPU 101.
The RAM 103 is used as working memory for temporarily storing
various information about 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 or 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, or
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 liquid crystal display (LCD), CRT. etc. are used for the
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converter for converting (sanpling) an anal og nusical sound signal
(external waveforminput, e.g., input froma mcrophone) to digitaﬂ3d§ﬁ£wm
The digital waveformdata is inported to the RAM 103 or the hard disk 109
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 perfopamre1pPa0SpsaNYs0f "nusical sound synthesis based on the database”
to create waveformdata for any nusical sound signal corresponding to

musi cal performangeobweflor mati on by using the "waveform database". O
course, it is possible to simultaneously generate a plurality of nmnusical
sound signals. Whef eamredatra fioporhesgenépat éd7nmisicéalesoandAgPgnal is
supplied to the waveform out put section 108 via the bus line BL and is
buf f ered eppvepteat €by. cThuenhirfof proplpng) secanahod0Busicplt §OURE

buf fered waveform data according to a specified output sanpling frequency,
digital-aﬁéﬂbglcbﬂv§¢F§altWQVGGQFE,iBHHtseﬁdS-itiﬁﬁug §pBRdasyst em 108A.
Finally, the sound system 108A sounds the nusical sound signal output from

the wavefBtFronbpue) stet AdA1tas. A3ke- hafRedisR1tRd WRBFPESTY ABlar &Fity of
types of data associated with_ a nusical erfornan such as waveform dat a,
data for LYRPRESHoEAGtES BAY KRB 9BOMNGADST: HA°Kof PesponaT ng 0B he

o be deStRVBEREI GeEr) (AePREPERGBEE cBipR BPRGL0aH oaE FPeeF S faraiet ers,
ete. to be generated). The CPU 101 performs processing of
"waveform database creation" to create a "waveform database™
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
"waveform database". Of course, it is possible to
simultaneously generate a plurality of musical sound signals.
Waveform 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 109 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. [0010] The drive 106 drives a renovable di §K FEB 2004
(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 contwavréfognyacoousspoodingstet the exesicall pyrfoenagper 10dataThernedi a
106A driven by the drive 106 can be not only a floppy disk (FD), but also
a conpacta dpeskE¢ODaROM 6tYDD- RAMe . a pedacPoolpt i ehf- dF@kb%Néﬁscﬁi
(Digital Versatile Disk), and other types of renovabl e nedia, \Wen the
ext er nal 1@t@ragetmaranﬂggaAcgmamﬁgna ¥aRiPws pBRFanPRsanBhAted 6 the

drive 106, it ma ‘ﬁﬁreferable to directly load its t ent control
progran) Theohah 1é§9mﬁiﬁ8u?t€6ﬁ§iﬂ@tgtf°¥ ?ﬂﬁrﬂgf ndi ¥R 185? | t

conveni ent to provi e t he 0g usi ng the external storage
nediun110%%9%¥gm§iﬁ FheeﬁgFﬁgFé ggcgﬁgeéggh$§o prograns can be easily
added or upgrade? %ﬁﬁll] The communication interface 111 is connected to
a 20 0 3 FEB 2004 88 ni cati on network (not shown) such as a LAN, the

e o oo BN A A1 o8 Ars THE GOTEHIYSBLEOBILR! Cekegnbs  connect ed

to a server conputer not “sh . via
storage medlium 106A) for storing a plurallty 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 various programs etc. 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
storage medium 106A 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 or
via the network because control programs can be easily added
or upgraded.

[0011]

The communication interface 111 is connected to a

20



comuni cation network for inporting the control program various %tai]& fﬁflh
nmusi cal performance information fromthe server conputer, etc. to B
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
conmput er for downl oading the control programor various data via the
comuni catdnmun ntaet f e endidorMhemot reloewv) neucthi as conhd, theelnepyRet,
conputer stores the requested control programor data in the hard disk 109
via the aoreieplené ochinat eetace The corpnercahoyolmiakRCeEutt her, it may
be preferable to include a MDI interface for receiving MDI's nusica
per f or mareeniedtedat on. SEHVEBUSPYPULEr {RPEFhYER } BHancEl kelbdard or a
performance operation device nay be connected to the bus |ine BL for
real ti me CHUPH el pRisReRVOBEr FOF nbARe T RS r HRE | SPP LR (PEPFDTR: it nmay
be preferable to suggly nmusi cal performance informtio by_usi t he

ol PR QT chie

external G5k ARERunPIoBASHARLNPET HPEEANCRSHIEYTRBN

f i nf tion. [0012 2,. Wavef dat ab tg 2.1
ut | ne. GHERYRE prORBEESEs (905 | £o oBY fHar O r O RGY B et Berk Cof t he
21 0 3 FEB 2004 " f dat gb i . ip-th
af or emen R Mot haEr b Behdr Brsr. 1 Gh & oroe cad EPTer 8L ORTEER B5t o bases
on maVEfqé&%aPftﬁguggﬁmghﬁxggigﬁtEn¥3£f883 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 computer for downloading the control program or
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 musical performance keyboard 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.

[o012]
2. Waveform database creation process
2.1 Outline of the process

FIG. 2 is a flowchart showing an embodiment of the
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performance styles (or articulations) in order to conply with various
performance styles (or articulations). At step Si, the process prep&ﬁé§ﬁimﬁ
dat abase for storing the performance style table and the code book (to be
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 captured
froman ®wxédeeharmwadmedbasei opastiengproaesslrpphbashedi ant hhewavef or m

I mport section 107. The process stores waveformdata (original waveform
dat a) forafheseeptibnedanevefoundgenaratospecthigdpapeasséncrAetfbird di sk
109. The waveformdata for performance sounds to be inported may include
al | of theectonudatal bpeeflophanavesprofapicserndsi plpdpt VhEReBRI4QER as a
gi ven phrase, one note, an attack portion, or a release portion. HQ@%S]
The wavefperfdaranfe shusesbfarnddtirBirapePrss ndRcBTL8ENES SEEBLE Hy o
vari ous performance nodes charac ral rnusical instrunents.

, é‘gri ?t i C f nit
The proce¥@TifBf BEFHEAMENCELFEYaTe BFHFHg?SU'ﬁgéogﬁécific portions, tunes
and filenanes it (st S3).. nely, th I S I h | nported
ori gi nal mavefornﬁ%afigpn%é‘pgiFi§¥°ﬁ§§§f%F%@giéégsPafgggaggF%grgngoo4
attack portiaon 0 rt.i r r a {0 form
Foi e porFHORTRYCYREOREL £00AnBEL LiaT el BUBLE Hhal Eheo e 8de DBl e o
shape ([1bescribed). For example, the hard 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 performanceisounds 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 1in 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 a

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.,
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segnentation). The process determnes a pitch for each separated wavefry m;
data at one or nore cycles ([2) tuning). The process further assigns a
filenane to each separated waveformdata ([3] filenam ng). This waveform
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 or m gleg 216 epaF el 6h ywesLs b edbedy SpePt 1&3 watefarp| ural éaye of
conponents by neans of the FFT (fast Fourier transform analysis. In this
enbodi mrendorthen waveform) dadbint spsephoateavefidomhaebon) c conponents and
non- harnoni c conponents. The process further extracts characteristics for
respect i vieeptesent st sue hofischargeavihothe wavefoimcshap@d({hé anplitude
from each component (harnonic conponent, non-harnonic conponent, and the
like). NasegentahienheanEhehprepesaciefesniees sapht BERohoT ($RER t he
wavef orm data is separated into harnonic congonents and - har moni c
conponentSePafetpit CAVEEPERN AR bR Rt ARRcRBLD F%r0301ﬁ6ngﬂg?nBHP%n€ fponent
because it has no pitch.gPFor exanF e fornt (tinbreée§1enent IS

an extract® PER@Patt BRFSRPE BBADY %1ﬁgf%ﬂ§9a¥%ggﬂa9%?%rﬁ?gﬁﬁﬁ th the
T P S R L
pitch. The  amplltuden: $L8To0hn CBEPLhEERANunEX  AE! foBERL! LigrEaVel OPe
- part of the performance waveform data such as the attack
portion or the release portion.
The process then separates components by means of
the frequency analysis (step S4). Namely, the process
separates partial waveform data separately generated at step
S3 inte 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-harmonic 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 is 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
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[00141 At step S5, vector data is created. Nanely, the process disgg¢@ghmb
or, as needed, continuously extracts a plurality of sanple values from
respective elenments such as the waveform (tinbre), pitch, and anplitude in
separated harnoni c conmponents, non-harnmoni c conponents, etc. A relevant
sanpl e val ue sequence is assigned with a unique vector ID (identification
i nformation) and is stored in the code book along with tinme position data
for the sanple value. Such sanple data is hereafter referred to as vector
data. Thisnmnbosk nemtexteacked vetton varitatiben t¢lkavevespiati¢i agadyst
element, the pitch elenment, and the anplitude elenment in a harnonic
conponents mefementerpibch. f ofhe htanmplttwden (¢lomer] CRIRFRPESa®U t he
anplitude el enent in a non-harnonic conponent. The vector data for each
conponentexteneted campthtnde onvelopacCharrPeeEiatbhg the tining axis. The
process then creates data for a performance style nodule (to be detailed

| ater) and store§0Phélperformance style nodule in the performance style

tabl e. The perfornmance style nodul e gng t he vectgr dat a %Eus %ggated are
witten to the pePEoPhBRcEdst YPETPALAB AT PhE2EBe bBBREIY ¢ fE dat abase

t S6) f dat a, st In the datab . . | h t
Gata’is IRROCRRS GRRSPTRERLY oPhr ot DeraPRsere it hioassar arEPaees por '™

| ts i f ' 0 EB;2004
Cmort ed BRHERMEFY B et BT E AL B0 Frdh LPSp e R e oy Betls Oodeh B or
a_perf or ngNCe, S 4Le ofpl for IC o8 DORKa ShT £EuGRPA CSEREREEA A

wavef or m da representative
harmonic components, non-harmonic components, etc. A

relevant sample value sequence is assigned with a unique
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
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changes in the extracted waveform shape. The performance style table
stores data for performance style nodules (to be detailed later). &&ﬁﬁﬁﬂ%‘
this data includes various data needed for restoring the vector data
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. 10015] During the aforenentioned characteristic separation
(see step S4), the process perfornms the characteristic extraction by using
the tinme msperted coehyinal adavefonmt o This wepter udrta pfieallyunbeGavefor m
el ements. Vector data for the extracted tine_element is hereafter referred
to as "tiwelvetata Boraa. pPgRfarnanee of bydkatmedeke t nethe ngodenBPhkas is for
original waveformdata in_a tine period for the se arateL gener ted
parti al VEVET®F rIEYBRESS 2eR oPAT hiR ,wwef?smi%atanr?rgr%%@a %‘6 YRdPtate the
original time |ength variable) for the tine perio t he “wavefqrm

dat abase CQ?%%??oﬁonB e§§trﬁ85édnﬁ?vﬁﬁﬁfvzﬁh%gehea  PERF QT gﬂge | engt h.
In this case, t od | e o] hg.tine
el eron; (veete TRRESVELPERSARES PRE BEEESPRRhRY s Eh PEmORRREECE LB D
"1" at an | eyri O e, e ' t{;Qpi basn@hthi mted
theroto. JetaTEeBoLaPhr)- (VLTS thTE R g e DL bRe e e

25 0 3 FE@E@%&)& HS')‘[? acbyalihimenbepgtborangdt st 868l iASa" tbiprussear data”
in the code book. [00161

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 is
for original waveform data in a time period for the
separately generated partial waveform data. Accordingly, if
ratio "1" is used to indicate the original time length
(variable) for the time period, the "waveform database
creation process" need not analyze or measure this time
length. 1In this 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
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Then, it is determ ned whether or not the database is created fullﬁ %%%%ﬁ
S7). Nanely, the process determ nes whether to fully obtain data f P 04
various performance style nodules and vector data by sufficiently
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 possjble to
conti nue Procestial biredierdthiseand ste¥es bperat | bHie W?@¢%¥d€%§§
termnates when it is determned that the original waveformdata is

col | ect editarfehe veed®rb@Rf a based on it is fully created (YES at step S7).
To continue collecting original waveformdata and creating vector data
based on it (NO st@pl&¥), the process returns to step S2 and repeats steps

S2 th h S7. It b f bl t t i |
Sotuml Ly usimg ¢ ERek, ofr R vagtarndued PEPERSECRR: R hR iRERBaRY o

t data is full S7, | i f
Uhe 11 ow T et uELT ol Sfep o r P 2 NandEPT ne SPREEL PREC LRSS | (2T
at step 5%& tg@§r€@f%ﬁilytgﬁfgiﬂadap§ Por CASEIYNS Sel PSrMtigESaktgoEnd is
reproduced by TUsi hy The I creaied vector data, but 1s unsatisfactory. In

u
this casgp,d Erable by s6fcvecint1datal bycPendospiggnale
process 2?0%%ﬁ8%?%%§e§€%g$82. Thatyis, vect or dgta IS %6 0§3 FEB 2004

created apd,apgefl 49thheodapabasemihescysindecessrayiohs peefatmanoent i oned

"wavef orm dat abase creation process”, it may be preferable to provide

capabi | i th&$e®f 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 S7. It may be
preferable to generate a musical sound by actually using the
created vector data for determining whether or not vector
data is fully created (step S7). Namely, control once exlits
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 case, it
may be preferable to add vector data by performing the

process at and after step S2. That is, wvector data is
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addi ng or deleting any performance style nodule, or editing data Etﬁﬁfgﬂ
performance style nodules. [0017] 2.2 Performance style nodul e data 2004
structure The followi ng specifically describes performance style nodul e
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
performance paraneters. The performance style ID contains nmnusica

i nst runentréated nend ondded bo nblie| @apabase fdhRNCTRF NRKRFHREY - t he
performance style IDis defined as follows. \Wen gne erfornan%e style ID

i s expressed withln shguafesepentiongit swapefery gﬂtgg??esteﬁifgnthereof
are used to express the nusical instrument informatio ._¥h n_the_6-bit
sequence PFeces®boobt may, PexpRpferabhe E%SPE%Ylé%S??B%%h lfﬁ?ﬁrﬁgtion

i ndi cates AltoSax. Wen the sequence is "001000" th& fUSigflehﬂﬁ%ﬁ ment

i nf or mat | 1R @Bt S LY HRY nanY  PREGOTRANGE oF EY L BOTY G F hF e |gh-order
bits of the 6-bjt sgguence ' [ Vi Si of rmusical instrunent

types andg?ﬁ?e%kcro€§5rH%Ff%¥¥én€%ngy%$ﬂg¥a§%€$éion thereof, for exanple.
Anot her six bits ia %9§ 32-bit sequence are used to express a nodule parts
nanme. For exanpl e, P e nodul e parts nane 27 0 3 F F B 2004 indicates

Nor mal Attack f = bt 1009909" s+ rB8pdALt ack for "000001";
G aceNot e t%ac§é¥%§§wggg%16ﬁ?géﬁ%§§%%%h§rtBo%§rfor "001000"; 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 seguence is "001000", the
musical instrument information indicates Violin. It may be
preferable to use three high-order bits of the 6-bit sequence
for a major division of musical instrument types and three
low-order bits for a minor division thereof, for example.

Another six bits in the 32-bit sequence are used to express a

module parts name. For example, the module parts name
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Nor mal LongBody for "001010"; Normnal Rel ease for "010000"; hbrnalJoing fg@zm&
"011000"; or GraceNotedoint for "011001". O course, nodule parts n ﬁ£S'
are not limted to this configuration. [0018] As nentioned above, each
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 perf oiimiNES: HAIRGELSIA EHAERCE ST | TI0S OFbit anddudsce\ated ©d 0 tat a
corresponding to the performance style nodule. Specified types of

per f or marmeen qret aek ef srat @00a0AT } okt acéNo tebctaperfor nthR@0k8 Yt e nodul e.
For exanple, the AltoSax [Normal Attack] nodul e nmay be given types of

per f or marbernal Sinet eBedy ufor a0ah0adSol GikBedy choor" @09t just after
the attack, etc. The AltoSax &BendUpAttack] nmodul e may be grodeed Wi th

types of NermakemgBodnr feet ePe105Qch NRrBalBekeasR ettt chl3P0Phe end of
BendUpAttack, an initial value for the bend dgﬁ%ﬁlat the“éng ?t of
BendUpAt tNRIRNaldobatk | 59T of 01 1 RO i ot t FEABRRP FRT PPt of The ot
BendUpAttack (note-on timng), a volunme just. after .t ck, tenpora
expansicnP%Hﬁé%odT? %%?oﬂaﬁgzanﬂ@?ﬁu?fecﬁ? elﬂﬁifﬁ% g%eﬁ%%%Attack, etc.
Mor eover, the. AltoSax [ Nor mal Short Body] 28 0 3 FEB 2004 nodul e may be
assi gned W AN Absotute pitch of this nodule, the stop time and the

start tinme of hbrg?b§girt80dy, the dynam cs at the beginning or end of
Nor mal Shor t Body, C.

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 is 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 [NormalAttack] module may be given types of

! performance parameters such as an absolute pitch or a volume
just after the 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 correspo 'Pga

to all avail able values for performance paraneter. The perfornance gﬁi 2004
nodul e may store data corresponding to sone intermttent val ues for
performance paraneters. For exanple, the Al toSax [Normal Attack] nodul e
may store data corresponding to partial data, not all values for an
absolute pitch or a volune just after the attack. As nentioned above, a
performance style nodule can be specified with the perfornance sé&
and the mpedibe MaaYcbet§Feliapad| witicodR cabeptpte %Fcléx%p%lst'ﬂ% toSax
[ Nor mal Att ack] nodul e can _specify data corres ondi n to desir

per f or nantke parepretEpe and heaSEFEFaF%?9 %? l%%?%ﬁ%ﬂgydafgeto be

described) indicative of a normal attack to s xoph ne.
The Vi ol i f¥p@het 2 hckle H%ﬂb?%lﬁﬁnogpﬁﬁgfggdg?5mﬁg$? g%ﬂ%th ?o deglred
perfornmance _paraneters

d |
des?nlxuﬁe¥% %%T?%e55¥f% %8ﬂﬂfﬁt?§%§ é%¥t?%%e§%§¥%gy8¥§ iugét?88§9] 2.3
a f b
O e Sr P ¥bEnh BB 2 8oh Ty ShyUT LM S TUELRELT PEITELL S NbRCEAD € stores

a wave orn1correspond|ng e rel evant

perf or mnge: %YAP Toflyl ol EOrhEABECL Ly 9o CAGAuRET 1By NBAGSeSauLE modul €.

For exa erforna ce style table stores a vector ID and a typical

poi nt valggrfggﬂ8ﬂ&§ngd@5asaﬁé iﬁ%étﬁitﬂ@nﬁ 29103 FGB B@Pdotmphcal sanple
point for correction in a plurality of sanple sequences) for specifying

vector daparimeveter m ebeneRhmplelt ehechet®sax( pNochakAvehoke) modupki t ude
el ement (anplitude
may store data corresponding to partial data, not all values
for an absolute pitch or a volume just after the attack.
As mentioned above, a performance style module can
be specified with the performance style ID and the
performance style module. Consequently, for example, the
AltoSax [NormalAttack] module can specify data corresponding
to desired performance parameters out of a plurality of data
(element data to be described) indicative of a normal attack
portion of the alto saxophone. The Viclin [BendAttack]
module can specify data corresponding to desired performance
parameters out of a plurality of data (element data to be
described) indicative of a bend attack portion of the violin.
[0019]
2.3 Performance style table data structure
The performance style 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 a
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envel ope), etc.) for each conponent elenent. Alternatively, the 0.3 FFR.2004
performance style table stores information such as the start or stop tiﬁé
position of vector data (waveformelenent, pitch elenent (pitch envel ope),
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
conpr essagydioran shmpIel paivngforeserigtt ton ubesa iy I bsaef Nl &t t ack]
nodul e for explaining an exanple of specific data to be stored in the

per f or mrsensndes t abdve speciEbpbnai vRCEer Lkt f GFANRELrB 1§ ¥"eRbdul e. Data
1: Sanple length of a performance style nodule. _Data 2: hbée-Of,tiging
posi t i on.piDatha Stemert of Pl TrhnereelgRs Lal apel htudey ¢lkement edRIbrdehe
anplitude elenent in a harnonic conponent. Data 4: Vec%]c_)é IDﬁnd A typi cal
poi nt valenvekeprehcee¥or) t Fer ppach cPmrent e el oni L tohpdheht Y pata 5:

b Vect ort1D BRI SRR et BT nta bl (o ratubhE e e PR o S AP LB cront
wavef ormTCTTErE) B SRERETC] R8T hAT HSS mbhe BB oiBahont -V Tar a6 | Bher G ng
posi tion 6Etéhtg gﬁeﬁ% ngtch 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 normal shape from the waveform stored in the
database as vector data in a compressed form. The following
description uses the AltoSax [NormalAttack] module for
explaining an example of specific data to be stored in the
performance 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
sequence for the amplitude element in a harmonic component.
Data 4: Vector ID and a typical point value
sequence for the pitch element in a harmonic component.
Data 5: Vector ID for the waveform (timbre} element
in a harmonic component.
Data 6: Vector ID and a typical point value

sequence for the amplitude element in a non-harmonic

component .
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waveform (tinbre) element in a harnonic conponent. Data 9: End posibion f
a bl ock of the waveform (tinbre) elenent in a harnonic conponent 5 FEB 2004
(begi nning position of a loop for the waveform (tinbre) elenent in a
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 (tinbre) elenment in a non-harnonic
conponent (beginning position of a |oop for the waveform (tinbre) el enent
in a non-harnoni batanponeliertoball for Ehe wosefoovn btimbredpelemenfe
waveform (tinbre) element in a non-harnonic conponent. [0020] The

af or ementimredefatRaamenieugtmRPNeRtt be described with reference to FIG

3. FIG 3 schematically exenplifies congonents and eIenegti constituting
an actual wavef or BRE8cBi onBe8oRRERBORAFHEIPR PRe@pBIPEKNBACENEt yl e nmodul e.

Fromthe top to the bottomin this figure, there are sho the anplitude
el ement YA HFTohF EMREFH oRLFECIE hE p 3%%f%$%h%n?°Tﬂ°%?“ﬁ2rnnnic

conponent, the wa e%grgy(tgﬁg: LsEheBENLE g%oggagg?'ﬁecggpggggﬁ, t he

. £ .
anplitude el ement f%a”hon? ni'C™ conponen e waverorm (tinbre)

el ement | AoR0l) Sdy O dn EEPN 2008 BAEARO! CofifSRORENt be BEARIRHCEBUERLAI S I

the figur correspon orenmenti one ata nunbers. The reference
nuneral 1,¢epr£S6Rt foR EREPLEVEENBLN (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 a non-harmonic¢ component.

[0020]

The aforementioned data 1 through 12 will be
described 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-
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(wavef orm duration) of the waveform corresponding to the performance style
nodul e. For exanple, the sanple length corresponds to the entire t{(®FeEB 2004
|l ength for the original waveformdata as a basis of the performance style
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. Depending on a

per f or mafErEnde eUEprRent penRefererke mwelé&%%pir%,“ﬁgefw% time for a

wavef orm conponent may precede the note-on tiniﬁﬁb%%9021l The reference
nunmer al FoRrRARENG Yectke afrEemeatiesd <Aatyoh fue sequence to

i ndi cate vector data for the a Iitu?e el enent IF a_har no |clgggg nent
stored in the codéhepbBkerpRce Bimeral, L raPrRgeRte &, 22PRpFesehted by two

bl ack squares. The reference puperal 4 not n typi cal
poi nt val ‘?QHUQEC%u¥%t?%H'c%fePE%cY%¥ed§F§ $%¥@?%€86%%?%E%§|gﬁgnt ?g a
har moni ¢ conponent .. The i@fﬁéﬁﬁfg.“Uﬁgfaéxaﬁpﬂéﬂoiﬁé SaMSELOoiehBPrand a
typi cal d%ln val'ue seqﬂence 0 Indicate vector data for the anplitude

el ement ic;blar snd8r £ONEfe CORPPPENE imd NEeh ¥ Bh CAGr POREt o¥ 8fULaSequence data
is used tor changing or controlling vector data (conprising a plurality

of sanpl g, SRAECAREFItSPLS1 hi Bdshy bPetnechertbimande 32t918 h&Bu2804
i ndi cates or specifies sone typical sanple points. Wth respect to a

speci f i edrie/ Ph&péreR8R! SupeLAl, 2i 86nbte® apnstéion thbsugspasakieh and

| evel axis (ordinate axis) are
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 vector data for the
amplitude element in a harmonic component stored in the cocde
book. In FIG. 3, typical points are represented by two black
squares. The reference numeral 4 denotes a vector ID and a
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 sequence 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

plurality of sample seguences) specified by the vector ID and
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changed or corrected. The other sanple points change accordingly, th
changi ng the vector shape. For exanple, the typical point val ue §bbﬁ§§@@h
data indicates dispersed sanples fewer than the sanples, but is not
limted thereto. The typical point value sequence data may be internedi ate
data between sanples or may be data within a specified range (a plurality
of successive sanples). Further, the typical point value sequence data may
be a difference, a multiplier, etc., not a sanple value itself. Each

vector daiggsdapss Cah specLhasgesohy sPpitaDgsambSet ypises. powdthal ong the
abscissa axis and/or the ordinate axis (timng axis). Nanely, it is
possi bl e tésEdenges an sepyel dped wayplioan saapre pOORP]1 ifThetiméerence
nuneral 5 denotes a vector IDto indicate vector data for the waveform
(tinbre) pbehentni babschasavakis toapdndevel Theisef eréhnatauarial drdenot es
a vector IDto indicate vector data for the waveform (tinbre) elenent in
a non- harshvaged oppopentecired. r eThe eptherugenple srednbs eshakge begi nni ng

position of a block of the waveform tinbre% element in a harnonic
conmponent2CapEA}RFEY enEBURURRRAREIDT HRROYRSLPReSRARE post PT ofi*8FPEChI ock of

th f tinpb | i h i .t he beqi i

e R Lt e Trf vakue ! semiebrrnness orBateates s hasragd, " "
t). | th i | tarti f th FEB

5004 nunddPET i usr eshan nbfe adnBiaber Bk E Thc ot ERE i B s bty

stores a mﬂg@;&ﬁh@r&g@gﬁw 508R&ncd8atsungedl Nont EhaRgheest ar ting

fromthe re cen
data between samples or may be data within a specified range

(a plurality of successive samples). Further, the typical
point value seguence 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 a vector
ID to indicate vector data for the waveform (timbre) element
in a non-harmonic component. The reference numeral 8 denotes
the beginning position of a block of the waveform (timbre)
element in a harmonic component. The reference numeral 9
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 from the reference

33




i ndi cates a | oop waveform section which can be read repeatedly. T&g

non-1 oop waveformis a high-quality waveform having characteristi FéﬂJW‘
as a performance style (or articulation), etc. The | oop waveformis a unit
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
wavef orm (tinmbre) element in a non-harnonic conponent. The reference
nuneral Ifumierot €8 ihdlcabels ppsien ohoel wave RN ofeehECRaWRE®R m (ti nbre)
element in a non-harnonic conponent (or the beginnin osition of a |oop
for the veosfidreysl by e)res crrepharac e RbRl Harwaye tor &nt ) TN he
reference nuneral 12 denotes the end gggition of A.Loo for the mgveform

( |
(tinbre) BIRSALRG BeCtRRIhar FEAF LIRInbEMBNERe THRt aF P efehtTohal data 3
th h 7 [ d i nf i f i ndi caf | t d
the cade TKCATRS cachou HOREre R Shert S8 Rl CraR e 884° GhtaT2 and s
o el onpol . Al cipabo
wnver of m SR EEL S Th CHoh 1LOGTAAPECOB kB8 BIERGAAE: O Sabltorm |

above, algi{%gégggg?%§£¥£fsgggglgucﬁpg@ras€§r§@£ﬂaﬁeé gﬂfigatbﬁg the vector

data and Ime Itnformation. It 1s possible to freely conpose

34 03 FE%%PP&W%R;%P&.USW@ 1868 8vePEHHOLFBACENSE YhavaDdYes st or ed
in the perfornance style table and using nmaterials (vector data) for

wavef or e st P& 6lohdih§et 60derveki véltpehynotffous sound portion and
o 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) elemeﬂt 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-harmonic component. The aforementioned data 3 through 7
are used as information for indicating vector data stored in
the code book for each component element. The aforementioned
data 2 and 8 through 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 information. It is possible to freely compose
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performance style nodule is data representing the behavior of a waveform
which is generated according to the perfornmance style (or articul t'@ﬂ%ﬂm
Respective performance style nodules may contain different data tigt ;

t he nunber of data. In addition to the aforenentioned data, the
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 or enentwaneth axanpy eudiasg shata £oat pentopeanoe narigke sngfelegpdbpred

I ncludes all of the elenents (waveform pitch, anplitude) in a harnonic
conponentimanché hpeef enmanse (shybé otablangndmpsinadey ténialaohvaaEasdni c
conponent. However, the present invention is not limted thereto.

Obvi ous| yWatdke feervavefores ssydredpinl theagodonpedke ofemelys hERe| enent s
(waveform pitch, anplitude) in a harnmonic conponent or the elenents
(wavef or rpertbmphée usey e nnadnbe- har ddhe crephporhing e BRRAABLET Phe
performance style nodul e may conpri se one of _ the maveforn1gtinbre% el enent
in a har mrfavebpEBnEhicht hg IpNeEALef cAERPTIHNA FAr HBhi REEORPBABHE, the
anplitude elenent in a hgrnpni co onen# t he vaeforg1(g£ggée) el enent
in a nomtWakeoh?PE 2BRLGHEAFICRN t RESBAGH YRR BT ShEAPCPnS5YH6n- har moni ¢

. Thj [ [ b 0 |
oy oe ipdphes  Baf cCeBRaTR AL FERLERE RS FRREE 3P Pud RblneLIgeolY €
above, all_ of the, vwayelotp)dabaifl9eSrorementioned data, the

_—

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 all of the elements (waveform, pitch,
amplitude) in a harmonic component and the elements (waveform
and amplitude) in a non-harmonic component. However, 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
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not mai ntai n performance sounds according to diverse performance nodes for
various natural nusical instruments. The waveform database creati oh? FEB 200k
process extracts just a partial waveform (e.g., attack portion waveform
body portion waveform release portion waveform joint portion waveform
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
109. It istypbssnddeles ocamveet fiveslpragebiapdcfey ofchheomperertsk 109
needed for storing the waveformdata. [0026] 3. Waveform synthesis
process The wavef bP@2§énerator in FIG 1 synthesizes maveforns by al |l owi ng
the conputer to execute a specified prog ran1gsoftmare% faQr Ienenting

t he maveforn1synthésmgntbpﬁé€s§b888@réﬂﬁgofot Revpragenm pﬁ$€ P6F. FIG 4

shows an enbodiment of the flowchart for the pro fnhé"nu5|cal sound
synt hesi shoF JBRLREHLR cBeBROTAADHS SPURES ) 2GHPE 1?ﬁp QnehY &5 5Fhe

B oue RS TRENEE PR BEp RS SR8LoLRy | 81 EADOShOERmeRREYET

programare 1n endent of each

Qther. gl @§$§%6g§88§%55595809895%&hoafoeéégdegeraegs yastignal bl ock

di agram i resent rnventron i1s not 2004 limted to

this type %f_-tgéf%émafgbﬁ Y‘@VSf0rH\:§¥8kh§§tﬁloHrQ8€é§oﬂﬁy bsagn@aewdnon a

dedi cat ed® war e appar at us. his case, FIG is a block diagram of
the dedi cgtédform, 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 capacity of the hard disk 109 needed for
storing the waveform data.

[o026]
3. Waveform synthesis 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 synthesis process.

In this embodiment, however, various functions
implemented by the program are independent of each other.
The following describes operations based on the functional

block diagram in FIG. 5. The present invention is not
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har dwar e apparatus configured to provide the same waveform synthesis
process as shown in FIG 4. The following description mainly foll ols FiBGI0
5 and indicates corresponding steps in FIG 4 in parentheses. [00271 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 with performnce

not ati ons (nusical performance information). An ordinary nusical score
cont ai ns Misittad tRr Kisis uchpasoflymengcam marfse (waesterosyaieeessendo,
etc.), tenmpo marks (allegro, ritardando, etc.), slurs, tenutos, accents,

et c. Thegerowesks, may fbenehbodbed eanmmoledicMal hprdwane apPyEatwes, these
marks are transforned to data as "performance notations”, MDI song data
cont ai ni rip periwreasee RbEatfohs ashleslerdiagran ¢ thededbfataft n
performance notations". The perfornmance notation conprises a cPart | D and
chart pdreidqare. agperakas t COnfigared B BRI atsref BOn"Ehet8E8re. The

chart paraneter indicates the degree. of nt ent of .t Lcal mark
i ndi cat eFYRIREBLENRFPCEES WheFDTHR 1‘&th " iﬁ%ﬁ“%a%%gfq‘gl}% ato", for

e AR ATy TERVTH Y €57, 2. L eoe pssabinatts, o

t he vi br h es" "Crescendo aneters are

37 0 3 F§§:2004%€r€fégeﬂ %8 ﬁgfﬁﬁ{ﬂeé yolume at the beginning or end of the
crescendo’ “@PTi engt or~vol une c%anges, etc. [0028]
[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 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
marks 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 parameters
are provided to specify a speed, depth, etc. of the vibrato.

When the chart ID indicates "crescendo", chart parameters are
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3.2 Score interpretation section 101B The score interpretation secti gr}
(player) 101E performs a score interpretation process (step S12). 03 FEB 2004
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) 1010 together wth the tine

i nf or mat ipgrovi@sera [spediky sarmo s el the eghnning dif feremf ythe
interpreted by perfornmers. They may adopt different performance styles or
arti cul atdmrsceroio per fommnken g tIFrath &ro1yms farangdes nft Pl ay a seri es of
notes according to different performance styles. The score interpretation
section is an expe??2&Ystem of the know edge for interpreting marks on a
score (musical marks, arrangenent of nusical notes, etc.) [0029] For

exanpl e, e FTHEE i HMBRAAVAT KRR L the following criteria for
note bor longer e sfaRearbteERtr TN ey et lpfabrEE ot g 20 o oM
2 hote. BRI i T TR BT HES B URL PR S (RS o U b ato for |
vartovs. R T o IS e PR ot ed Wit ABEERES ROt e Lo
increasei£g0£g§gﬁ¥§ﬁhed "performance notation" (chart ID and chart

- parameters) contained in the song data to the performance
style specification information (performance style ID and
performance parameters). The converted data is oufput to a
performance synthesis section {articulator) 101C together
with the time information. Generally, the same musical mark
may be differently interpreted by performers. They may adopt
different performance styles or articulations for performance.
Further, performers may play a series of notes according to
different performance styles. The score interpretation
section is an expert system of the knowledge for interpreting
marks on a score (musical'marks, arrangement of musical notes,
etc.)

[0029]

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 increases dynamics. A degree of
tenuto determines a note's decrement. The legato does not

attenuate within a note. The time value determines a speed

38



of a pitch wthin a phrase, dB-linear gain for attenuated dy”a”iCS’UEFgBZML
changes in the note length corresponding to a tenuto or a staccato, "a a
bend-up width and curve corresponding to the bend-up mark in the attack
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 101B perforns the aforenentioned score
interpretation process according to the user's player specification, i.e.,
the specf ichiaro of o hen peigeth fopte he Te fSYHEREES (PRPEVIFAR? style).
The score interpretation section 101E interprets the score according to
this pl aygrtapeci MPERPYOFR- bihehEe v FY Y%%iovgt%REﬁERE&F%ﬁﬂﬂ%tﬁBbFeﬁb?
exanpl e, the database stores di%ferent iﬁore interﬁretation getgggg
conpl i antSYFR A% CHERGSS| 1) bRe pRRYIPLCS 198 skor BT T aFHr 8t af P Eho288t i on
101B interprets, the score by selectiyely.varying.ih C ' pretation
met hods &k d? dPhEC owiﬁglﬁs%rpgr f%yegg'gb%§?¥i%a}éoﬁéé[%ggﬁabgﬁganay be
preferable to copfi ng. d [ e knfo ion) so as
o pr evi GLEIg™ FE1 L BaBs I Ehe AOVE! EohaeR b L BRE e B P el o

Covi ousl y, oL egpaLLePEd RRACESEehd- ¥PNPEEERAANAVWBEPvENE i nput song
dat a cont%?%@g%a§% éog?t e result of p?evi%ﬁsly interpreting 39 0 3 FEB

2004 the scPFEspdhEihgt 6PEREABERA- G MaBROiR biet HEtaERr portmbaLpretation
section 101B (s?ep S12) may be fully automatic or sem automatic by

appropri ag&£t¥dPehMthék80cUs€er$al NPHE score interpretation section

- 101B interprets the score to convert it to musical
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 varying the score
interpretation methods according to the user's player
specification.

[0030]

It may be preferable to configure song data (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
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operations. [0031] Referring nowto FIG 21, the follow ng describes
contents of nusical performance data created in the score interpretﬁgigﬁ
section 101B. Like the normal SMF (standard M DI format), nusical FEB 2004
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, Hml s¢ereel cBRe ipberPbatathen nguR eSSPER| PY cHE® oFCPBFtion is the
performance style specification_information containing erformance

styl e | D HHePEPER 2 bEARNERCHAPANEE LB (REeRaP1S) Tﬁ%s@enggﬁf% a%t%@?%?gation
portions use undefined s¥sten1exclusive nessa eg et a-event s 1§-bit
control cHargelagtematic BEr 2PPEARRLATALX B%ﬁgb hEn9i UeShi 71 PRAke data
for specifying a time difference between event data or nodul e
specificaﬁgéﬁékiﬁﬁ§ions. [0032] There may be a case where each track
contains a progripbﬁg?nge for specifying tinbres, i.e., a new database
(the performance stylé'table and the code book). In this case, the score

nterpretation segLian-1A4BaSuPRLI P3c3 49, 0Ro"EB12004nyauELEETLENN: hesi s

section 101D with e program change as prediction data. Since the
wavef or m syt bess So§ﬁxﬁﬁ!sﬁ?aaioé@rfbﬁﬂéﬁcéeﬁa% gatatt@ be tEedsoext by

predicting it fromthe
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 (note-on, note-
off, etc.). In this embodiment, each track contains a mecdule
specification portion for specifying modules of the attack
portion, the body portion, the joint portion, and the release
portion. The module specification portion is the performance
style specification information containing a performance
style ID and a performance parameter. Actually. these meodule
specification portions use undefined system exclusive
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 book). In this

case, the score interpretation section 101B supplies a
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code book, the program change is specified in order to limt a prediction
range to sone extent (to be detailed later). The prediction data allsofEB 2004
contains other various data. Based on song data, the score interpretation
section 101B supplies the waveform synthesis section 101D with "data

I ndicating the subsequent performance style specification" as prediction
data. The aforenentioned program change is included as one of prediction
data. [00331 3.3 Performance synthesis section 10LC The perfornance

synt hesi syseetonn $pnithesiat osdtich CloiRfwetthckise t heogeafiochange asyl e
tabl e based on the performance style specification (performance style ID
and per fpredhcei pardatéer ) Stooeethedvayefbenssynthésier peetbenohO1lBect i on
(player) 101B. This section generates. a packet stream (also referred to
as a vectoeads reapjorodatappadpagused nextpeyfpreadhetingyie Spedi theation
(performance style I D an performance paraneter% and a vector paraneter
concer ni needdapooki r taen RHPgEIPORBRAGEt bS t ARepEE{od mhcer BaF aket &M hnd

supplies themto the waveform synt hesi s sec i on 101E)é ieg é % The
maveforn1%yﬁ?%@%?%lg%CF?Bﬂe16?[f?§esﬁﬁb??5d fihe daraticdalahekdt stream

t K t [ D, t
cequence, TGt R FERER (PR R FLEDos el EROPRTE Y ST eHERI CaKA"t no4E8I Tt ude
I t. Wth 41 FE 0 t t,
te hg{m gat R oM AP n‘gag%' vgi%%ogé?%)gsgg%r?ﬁ %%?rﬁ \éﬁéeg%ﬁt%w? ﬁuﬁ%ﬁﬁ!@@
detail ed tﬂ@yﬁé%eform synthesis section 101D with "data indicating the

h 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 1D 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 vector parameter concerning that
stream corresponding to the performance parameter, and
supplies them to the waveform synthesis section 101D (step
S13). 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
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[0034] The waveform synthesis section 101D retrieves vector data frﬂ'?FtF_IEelﬂﬂh

code book according to the packet stream nodifies that vector data

according to vector paraneters, and synthesizes a waveform based on the

nodi fied vector data (step S14). The waveform synthesis section 101D t hen

perfornms a waveform generation process for the other parts (step S15). O a

plurality of performance parts, the other parts are those performnce

parts for which no performance synthesis process is performed and the

nor mal Musd Al ts ot dthavawaed @f omrs y it hasres) prlomesst | sthappl dath Fortakaspl e,

the normal waveform nmenory sound source systemis used to enerate

nusi cal sourslstdorib hesimet hefopeation Thind thenkike n Yen? A¢bnipeécess

for the other parts" nay be perforned on a dedicated hardware sound source

(an exterlmgerkound unit or a sound card nountable on a conputer). For

ease of explanation, this enbodi nent uses only one part to generate

musi cal sounds cof?@dpbnding to the performance style (or articulation).
use

O U Sy ! U Bhb BB 2y ol S5 bF, BT SFMEE OB gRLpoEmTce
Cecti on HAG S ohotin £ BorE AS5RRARE Ry HigPackeL BLEBARS VT 0551 S
Bre act odiTgL e b TREP0RAPEhE clea PRt 1) vy ERF (parameeLeby. ahalh
synthesizes a waveform based on the modified vector data
(step S14). The waveform synthesis section 101D then
performs a waveform generation process for the other parts
(step S15). Of a plurality of performance parts, fhe other
parts are those performance parts for which no performance
synthesis process is performed and the normal musical sound
waveform synthesis process is applied. For example, the
normal waveform memory sound source system is 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 (3 FEB 2004
performance style specification (performance style |ID and performance
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 nodules or
stop usi nresswtead sbenf The performamce styhe heedeleczrdobheogedal so
perforns a process of creating the correction information for correcting a
di f f er endmoolberewrensttredeseptratelenehetiatre apeteablhef FBFRANtR the

par anmet er val ue, and a process of snmpothing a junction for snoothly
connect i rMpivrasorom chae akatd §i5€s18?- precedi ng and subsequent
performance style nodules. Normally, the score inteigi tation section 101B

supplies data to The peFfermance synthasis sectioh . CEBPt®Phe present

o br epar B EHIGS dBREKGEL REREATD, hante SopLuGRerE BYE rarveBBimas, B T *
A tornat i SEREHER 5 LReRE 0T AP Pk ScoR ! ERE BOESOERAADE SR¥Fe L ¢ or ance

bert or mantet S S SR FEoR ¥R EEPchiRke 20B018NHR b pdediahER E0E L score.

The perfp%gg@ﬁg é¥gtgﬁ§iﬁaﬁchkOEhe191&én§Mf9§m§HPShiEﬂomﬁEﬁedéb@r@y

reproducing a% song dat a.
interpretation section 101B. The performance synthesis
section 101C does not use a performance style module
permanently for each timbre. A user can 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 smoothing a junction for
smoothly connecting waveform characteristics of preceding and
subsequent performance style modules.

Normally, the score interpretation section 101B
supplies data to the performance synthesis section 101C, but
the present invention is not limited thereto. As mentioned
above, it may be preferable to prepare song data with
performance style wherein that song data is 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&3FFBZM&
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 (nusica

i nstrument information and nodul e parts nanme) and the perfornmance

par anet erthierierfopmnee stple Thten¢reesf PHPARER tPIFAROUE S B or e
interpreting the score, the score intergretation section 101B checks the

dat abase ¥terRRER AR WhAISHRER! o AP (REELPEPERGE FYRIDRFIHFERELRtyl e

tabl e corresponding to the tinbre tindicated b he, nmusji.cal instr nt
infornatﬁHHUPTﬁ%Ys Sr PP hie pV%F%téﬁﬁas%%t?%ﬁgééﬁf$%%e%??{es g

SO%Spe? of mance
style ID wthin [§§3r?nge of existing parts. Wien a non-existing part 1is
specified, it may B eferable to instead select a performance style ID

o S et 520 STBIEt 71 L8t hORyollRee LABWREL! 26 TRAERLEVBRNOST S SEOL ! OF

101C selects a plurali enmen a corresponding to the specified

per { O MRNGg, 54 i | Bk 2pHle PEEL20 IRBRES PAYAERLE s (5680592) . Narel y, the

per formance synt IS section 101C specities a performance style nodul e by

referenci ng the pgrfoparpcemghibesyabhes44 Se3tEER 2006 asetecdsng to the
specified performance style ID and performance paraneter and sel ects a

pl uralitypoffeheakeé soyde wodunkspdndinghe opéheopeahoe nabhgke phabhet er from

t hat nodul e.
according to the performance style ID and the performance
parameter (step S21). Namely, the performance synthesis
section 101C selects one performance style module according
to the performance style ID (musical 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 1D
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

44



When the performance style nodul e does not contain el enent data conmjlieked 3804
mat chi ng the performance paraneter, the performance synthesis section 101C
selects elenment data corresponding to a val ue approxinate to the
performance paraneter. [0037] The process then conputes the tine at each
position in the elenent data according to the tine information (step
S23). Nanely, each elenent data is arranged at the absolute tinme position
based on the time information. Specifically, the process conputes the
absol ut e dadorer diaspdtonthdespéeif 1¢hiRerEeITINTe P Y HRe BP MMt data
I ndicating each relative time position. Thus,_ the process determnpes the
timng ofperfawimaneerepRranetey sed Felegys EFLPJtlh’é‘i“];lHﬁeo%r%l:"e‘E%ntca?Fﬁcts a
val ue of each el enent data according to the erfornance paraneter %step
S24). NaredxresprengiRgese TherpeetrBayes iRy e'b%?\r;g%?f"tﬁéage?%‘g‘t‘% :
el ement data and the_performance parageier. For exanmple,.th
i nterpr et‘ﬁﬁfbnﬂé‘%cﬁ?%&fﬁ@%eﬁﬁ%l‘%)l‘fgo&ﬁ%s‘a?(ef I\B‘?ﬁa‘?&?f%ﬁi] gl%@%ﬁ?e whose
vol une (performanc aneter).jus f t ' t "95". When
t he perfo‘(f%?lc%mg?%ggi%b'f'%&%gﬁ a#lrlé é%feféﬁi% (g%( %?[%F%tff a{(::lflhz‘)3 nodul e
whose vol une, | ust f . at ] t Q.1 & 5 roegance
synthesiépeggéfm%%c 0%?5%% §%$s£§§gﬁ%ﬁtfgg?ag?%%ggﬁee%FﬁgggxaQS 0 3 FEB
2004 [Noré@%fééﬁﬁg iﬁfgd%eav\f(?&fee\/&baf@xmg{ea{éefhéhsgafbmanca set to

, e Vv

"100". However | une just after the attack remains to be "100". The
volune | usi-gfdesrthe attack is

- [0037]

The process then computes the time at each position
in the element data according to the time information (step
S23). Namely, each element data is arranged at the absolute
time position 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 AltoBbax [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 just

after the attack 1s set to "100", the performance synthesis

section 101C selects element data for the AltoSax

45



corrected to "95" by correcting a typical point for the selected el enent
data. The correction is performed so that the value of the select8d FEB 2004
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 datermdyditatk ] poodtle avbiese maylahanges yrabitey. thanetyack i§pi cal
point is data necessary and sufficient for the correction. Various
correcti asst ate peE0Obr redovgveont the| veiumei $usypagberpbhat attpobss] The
af orenenti oned step S23 may correct a tinme position indicated by the tine
i nf or mat i pemdinsistoagbe cbipelt i ofhenvolwnei dastuehites the pbErekmifice
paraneter. For exanple, there may be a difference between the tine
posi ti on obrreabedohot hg5baby scorreabingshchYPhenrt oPfhREefotati®and t he
time position indicated by the aforementioned or ma ign.thn such a

TPhERt ob
hoe. b eTocted eLrEent pba- | Phey SREFONCLARI Lo PREESITE RSB thRE o

i 1 1 th ti Lti bt ai th i h i |
o antiee qea ki At PRereaLenbPacalentit SRra  fpRPpkindteslforkRbo
i nf ti di to th i | 6 E 004 data. Thi
ket BOeBSERASLE dphPablieKuoh TR POELORARNEEAD PudrEiare00n data TH S
musi cal gﬁéi LIRO§ecHat8ct16ht §EBBERYRLY to! PRe"HEEGBL ePREhOETRAC LR MRY

contain

: micro-tuning (musical instrument tuning), volume correction
according to volume change characteristics of a musical
instrument, etc. These corrections are performed by changing
typical point values or respective element data. Typical
point values may change greatiy. 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 S23 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. 1In 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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vari abl e
possi bl e

according to the nusical

i nformati
i nformati
Furt her,

snoot hing the junction between adjacent
S25). Nanglpa. t henps asgsss SH0e6SHesbva@ves osistahar dos einséndsd of ipeecedi ng

control factor such as a touch or a velocity. In this case, it

i's

to provide variable control of the tine position informatjPpEg 2004

on according to that variable control factor. The correction

performance data by correcting the tinme position

on includes information for this time position correction. [0039]

each elenent data is adjusted to performa |ink process for

and subsequent performance style nodul es by closely connecting typical
poi nts t @At i heiformatdohi pos the mheigabopelr Hgraance sddsaquent

performance style nodules. This connection or |ink process is perforned

i ndi vi dusllyefmat 1 espect the me$ bo@ht BeDforhanggves b nndy | aPRERint fe
anplitude, and the pitch in a harnonic conponent or reSfectlve el enents of

the wavefarialle nberirahdfentonnpuelude #ntauBnoha nb
[0040] At this tine, the adjustnent is perforned,f e ning of
REFSPRErobngeoth

the |ink"
i nk" in

the procesdmadpRtsieypt

the |ink"

eSiEBnpohBnt .

this (gRSr e%‘édiﬁgpaéﬁm%ﬁaheepg?wge Yol fhe

t he subsequent performance 47 0.3 FE 2 04 St dul e. Nanely,
o1 ggPrﬁBFﬁ?g aﬁf?ﬁ?ﬁn?h aem?¥%§? he "beginniné of

performance style nodul es (step

péf%é£ﬁ%£ggddaga B?eckkPéétlﬁéeghS”tfﬂe 889£9§BHBEB9Br&QE§Bn This

according to that variable control factor. The correction
information 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 link" in the preceding performance style

module to the "end of the 1link" in the subsequent performance
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"approxi mation rate" is a paraneter for controlling an anount of

approxi mati on from each of the preceding and subsequent performanc@d$Ef1260
nodul es to make a connection therebetween. As will be described later, the
approxi mation rate depends on a conbination of the preceding and
subsequent performance style nodul es. When the precedi ng and subsequent
performance style nodul es are connected, waveforns may not be connected
successfully. In this case, the connection is snoothed by _thinning a
vectorII@ﬁxﬁetmmdmbﬁefoNﬂ$@hﬁra§$%rP§?¢%s$r%ﬁﬁu%ﬁ%hEYPb?a%hEObPEEedlng and

subsequent performance style nodulgs. In order _to

t here ar evb¥loih delle Banger Ferfabee ??$%n%%ﬂ%l%fc5%%nﬁg?gﬁ E?aﬁb%" eQH"skip
execution paraneter ran %able tp_be refer€£ced End a glp time table”
to be ref eﬁk%dllTbo4E%se O%daPtl%ﬂpr%éb%? N ch %cterls 'cs can be

d hl pf . the fo k h
o pr ot sARER SR U IOt R Fip SaRprBtER FOETGBAEESTELNY, pb "EnRRREY

process snoo y connects

dlscontlnu u$%§95§i¥9§}& Ps&fgégﬁ”SEO?ﬁ%2§§é8é&1£QY9§H‘Sﬁb¥éhH8ntp'tCh

paraneter epen ent | ormance styl e nodul es

Al ternati tebr | B5Rh&ct QoA thekeBseweansnoot h
connectl g#%oﬁ% eE% Segﬁﬁyﬂg?ﬁgﬁ%sﬁ§ngg¥ﬁea V|bra?o 048 03 FEB 3802 [ 0042]

The afor?ﬁ?“&i?ﬂeéelhe§c9i98385awekl bRedissrssefat lofletate bependsNanel y,
the follow ng concisely describes

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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adj ustmrent of each elenent data for snoothing a junction (see step{ﬁ%?&
bet ween the precedi ng and subsequent perfornmance style nodul es. Ref &QWi
to FIG 8, the link process is described with respect to a case where the
performance style nodule corresponds to the anplitude el enent or the pitch
el ement. [0043] There is a case where an aberration occurs at a junction
bet ween the precedi ng and subsequent perfornmance style nodules due to

di sconti nuous typical point values in the junction therebetween. In this
case, the "approxi®@426n rate" needs to be settled first as an index for

determning to which of values for the precedi ng and sub%eguent .
perf or mance styl eThedafesenpatiangd: Lidk erecess Ebhhelei IhSCPEFRE dRoul d

approximate. At this tine, a dynam cs . conpection point is us or the
anpl i t udderail e kew - cMh@BelY onthdi %?llr%wz[}é%oc‘?rb?f?#gy p‘%l?% ’?le'(i)j%gt hi s

5 Shown 40 EIeRt For SESBrprETSRhera Fhel VocTBio t o Tbre L hE o bt dnakhas ©
Do e S D) TREth b end pFplpdlF Bl R lste e pubnenLent |
"30'frcwg%ﬂ§%éﬁ$ Elesgasﬁgggfrlﬂgfﬁglﬁf@?dsfaPﬂ@Ofiﬂ?IﬁP@Cé§éeiS the

envel ope S gradua ransformed toward the target value from49 0

3 FEB 2004, %&aﬁ@ %?%nﬂegﬁeéhewiakéaéérwﬁ@fe Ptie6 epengoprahoemangre style
modul e to The "end of the performance style nodule”. Moreover, the

envel ope sh@pPfe | Sofradyshhy¥ thapréoampliteaardlement or the pitch

element.

[0043]

There is a case where an aberration occurs at a
junction between the preceding and subsequent 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 subsequent
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
connection 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. TFor example, when the vector ID for the
preceding performance style module is "3* and the vector ID
for the subsequent performance style module is "7", the
"approximation rate" is found to be "3p0" from the table.
Based on the selected "approximation rate”, the envelope

shape is gradually transformed toward the target value from
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the target value fromthe "end of the link" for the subsequent perfornance
style modul e to the "beginning of the performance style nmodul e". Whéi el
"approximation rate" is set to "30", for exanple, the target val ue for the
preceding performance style nodule is "30". The precedi ng performance

styl e nodul e approxi mates to the subsequent performance style nodule

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

per f or mance style nodul e apprOX|nates downward "309% .) [0044] By

cont r ast , thée" pe@irning @értb@nﬁh@h"sf?¥eth%dh¥%0%%b?@xPﬁﬁf%Em?Bc?he

subsequent per formance stgle nodule "70% (100% - 30 é %ﬁ
enbodi nendtylheneduke t9pkhal "podnet Fhetﬂ%rgﬂﬁﬁ%ﬁﬁ%n§ Bt £8P %ﬁe style

dul t d_"70% | ural it

The. pr oObRR agvaRd ShbSBAUBAPPRoFhBPRaRE oot gveL Pt BaSFoBRER nESHEEY: mni ng
to th f th k, and « dpyp t oget h th
L. af or oHEn( TOREat cBBFOR) RhbRoRC AL KiohEi DB RSy et L her Gppr oxi mat i on

e osnaladeRt WoakEb¥mafbe’ KEYEE' mQﬁhﬂ%th“tBQe Begearing ardcne

subsequen per of man ginning and the end of a link

may be a% ff’@ﬁhé‘ﬁgeysﬁﬁlelﬁgdujp_éeferﬁﬂéﬂ thBer BpgoRiNGL 06nt batendisof a

e set to the sane point as an intended typical point so as to

e|'”1nate @tb€8d"§6®”‘§3§ eRYMbOB, SkAREtatgbbevalul BoFEBha0p#ebedingi ng or
t he end o? a link as shown in the figure. Even when the beginning or the

end of a péPKorhan8k §eyleOmblalesage”polnt @Aseapreneéhdgdpeypormpnpei nt,
the approximation is

style module approximates to the subsequent performance style
module "30%". (In this embodiment, the last typical point in
the preceding performance style module approximatee downward
"308".)

[0044]

By contrast, the preceding performance style module
approximates to the subsequent performance style module "70%"
(100% - 30%). (In this embodiment, the first typical point
in the subsequent performance style 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 link 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 or 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
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obviously permtted so that no bend occurs in the envel ope shape. [0045]

A nethod of determning the "approximation rate” is not limted to t@efrgp 2004
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 perfornance style ID or the
performance paraneter is generated. Furthernore, the approximation rate
my be dei&siAmesy beseth@neda corba NBinlenas ofhdwesen detva. £ Ideraf orBvent i oned
exanpl e uses a single typical point for the approximtion based on the
"appr oxi niémntliateégidhengt ber thy perdl opoa nt snlapps oxoheset forthepropri ate
anounts according to this approximation. It nay be also preferable to

det er mi nesame i poli vt dasl an " Appendédutyphcahtpdifbr thaehapprexphatapnt ¥sof
typical points and to approximate a plurality of typical points on the
basi s of ekichousbprpsimatted satthat 1004Band TheEurs hen | thk pRBELEIBE| S
described with respect to a case where a performance style nodule is the
wavef or mSHapebre) elenent. FIGS. 9 through 12 are schematic diagrams for
explaining the link process when a performance style 51 0 3 FEB 2004 nodul e
Is the maveforn1(fpﬁﬂﬁé) element. FIG 9 is a schematic diagramfor

descr bing vavel opm (hj 01 B9 4088 H0F1n3" LRS- RBbLLREMUBYEHOKAYbS G@mnect ed

not limited to the aforementioned example. For instance, the
approximation rate may be determined based on performance
parameters specified before and after the connection 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 is described with respect to
a case where a performance style module is the waveform
(timbre) element. FIGS. 9 through 12 are schematic diagrams

for explaining the link process when a performance style
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waveform FIG 10 is a schematic diagram for descri bing maveforn1thinnin%
when the body portion waveformis connected to the release portion 03 FtB 200
waveform In FIG 9, the body portion waveform conprises five |oop
wavefornms LI through L5 each of which is reproduced in a loop within the
specified tinme range. Likew se, the body portion waveformin FIG 10
conprises six |loop waveforns L1' through L6'. [0047] There are various
nmet hods of adjusting el enent data concerning waveforns éi:e., i nk
pr ocessesnddnleaief bhesyavefermn{ bimbpe b, elemenrt | s BEopoeliSadnet hod of
partially thinning a waveformto snmpoth, e.g., connection between a
per f or mareehemyt i ndiagEaR of OF hae SFF RkNPovayeFoBr FRLNPLNG: "haB, H8n and a
per formance style nodule for the bod Eortion or. connection,_between a
per f or manetagk| ROFbHOR W Be L PRE 150%9 ReFtedntanthe nROTE BAEEIBBrti on or
the joint portion). A crOfS-tade s, wde nectign et ween

i

| f
wavef or me¥avepler , Fifient?i 4é ?ghgﬂ%F%¥f$£%¥?ﬂ@O%?ﬁg BoaFht "oF 9t he
ti to.th I nnj I f [
Fapi d crgtevesent; CEFutnd wRew BRBLEPET PhEtEn RaiSfem fis Bhfhglee
cross- T adg, SLQN! [} $8a80 ChORF1 bAUGaPEEL BN o0 UpfE 105 8 YEEYDSH boktBn
bet ween waveforns 10 Dé tonnect ed. ertormng such a rapid cfoss-fade

causes a ' Nek gk esodp! RL0ErHPhS L1 ThhBoh§hUnbayaeabbe. 52 0
3 FEB 206§§¥%%§@¥]$Q%ﬁg%gggn? ?apia aaveforn1cross-fad?ng, part of the

wavef or mysi ski peedepeehieted) ihOai N6bpasetRihi tRei 8p€tVBlied time range.
. Likewise, the body portion waveform in FIG. 10 comprises six
loop waveforms L1' through L6°'.
{o047]
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 partially
thinning a waveform to smooth, e.g., connection between a
performance style module for 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 or the joint portion).
A 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 large noise. This is unfavorable.
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bet ween waveforns to be connected. In this case, the waveformfor the
attack portion, the release portion, or the joint portion ConStitUtﬁiF%BZWl
bl ock, preventing waveforns from being skipped. Accordingly, |oop
wavefornms are skipped 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
performed between the second | oop waveformL2 with a relatively long tine
difference fromtheoedhnection time point and the |ast waveformin the
attack portion waveform The first |oop waveform L1l is not used. Likew se
in FIG 10, a crbespfedentsrppifiovavefoenwernssobpdinagef BAREL9E BRE t he
rel ease portion waveform not using | oop waveformL6'. It should be noted
that the yavefoporisoskippad (Bebebed regi brcrerseonnelte okl BRFV@ENn sounds
(or between sound portions) by using any_performance style, [0049] A
wavef or migieens wayeberBe £0 gﬁn@@%n%%ﬁﬁ@cti%ﬁ tihks &2%f a bR or mance
style nodule for the attacgﬁgortion and a erfg mance stgie nDdng for the

rel ease pAYSER®rEeRet R o ht2EEr PPERIORt GS1° 115 4RA I 2PAE %%heﬂﬁtlge
A L R R L T R A
ore ™ 2o B SOk BBGE R FaFEERGIRS, O SoREELBREAEE Sh1BotubR
exanple(qheegéé§kp89£iggps i fhcal  owaf e, yavebop My ¥k Pofhen.i hana
N L6' are to be skipped. These loop waveforms are represented
in black squares. In FIG. 9, for example, a cross-fade is
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 Lé&6'.
It should be noted that the joint portion is a
waveform region for connection between sounds (or between

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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associ ated performance style nodul es. The second half of the bend at h%cﬁ
portion contains several |oop waveforns. The waveformskip is also B 2004
feasible for the rel ease portion whose first half contains several |oop
waveforms. A waveformis skipped froma performance style nodule for the
portion capable of the waveform skip. Wien the bend attack portion is
connected to the release portion, for exanple, a loop waveformis skipped
fromthe bend attack portion side as shown in FIG 11. (FIG 11 shows that
one | oop fireeforrer fepnaseat ety by medhbe kf oy uthe atstak ppegt 19BnPE heheend
attack portion side.) Wen the normal attack portion is connected to the

rel ease perkdane et R | oBpe vibsd d Fa¢h L PBokPT Wbt A r e8P ki Phed from
the rel ease portion side as shown in FIG 12Rﬂ%EIG” 12 shows that one | oop
wavef or maeptas RRELOBY Wb BFD R Letiat ke | Wt YR SR TR TRf ease portion

ide.) Al f b Ki Ll b

,-:Lnﬁt ! on AU T POFEREEn St F B HodUrQaLss nanbhs 24 {oNR kDI Chotthe -
unct . d

et or 1S he SRRGESHEL PHER, onpERts s e F LA Y SRER e o Bfhg 1o

gi ven pf&ﬂéﬁéﬁ&-s}kggg%laféom?@ééfﬂfg POPVEne A dBYLEOT PO 1616k REHe When a

connection 1S unsucc wthin a range of performance 54 0 3 FEB 2004

styl e modiH £s¢ ik Br U¥EPaEREDEEREL AN Pbop i PéfEAEE. StY | Ravabeithess To
i npl ement this, there are provided, e.g., a "performance style nodul e

conbi nat i g% fdd ef ro aSkéPformance style 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 waveform
represented by a black square 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
waveform is skipped from the release portion side as shown in
FIG. 12. (FIG. 12 shows that one loop waveform represented
by a black square 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 a plurality of loop waveforms according to given
priorities.
[0050]
As mentioned above, a waveform is skipped when a

connection is unsuccessful within a range of performance
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execution paraneter range table"” to be referenced, and a "skip tinme table"
to be referenced. The "performance style nodule combination table" @3 fgp 2004
determ nes given paraneters according to a conbination of precedi ng and
subsequent performance style nodules to be connected. The "skip execution
paranmeter range table" determnes a tine range in order to performa skip
for each of the aforenentioned paraneters. The "skip tine table"
determnes a skip time. There is atine difference (timet in FIGS. 9

t hrough EX)yleetadberes hin corgietgn arenbimapoimtoaperfrrnanes oyle ast)

| oop waveform Ll (or L6°). Wien this tine difference is_ shorter than the
ref er encankikeq i nelo t Hep kIre s pnkl nothefsd anRREOY HeS. skiPped [ 0051]
Wth reference to FIG 13, the follow ng describes a waveform connection
when a perFaRiRIRANEs ¥ i Ho dP@ kaComRinahitn bt e 12ngt it Bnd ends

bef ore anot her performance style npdul e, subsequent to %Q&;V%e f or mance

styl e nodEIeCEHRT PATHEFRT Hangdeg t 2 rRanm Tt $3r (tinbre)
Sax{ BendUE Tacige A8ME Ror hararortatyred™ a B et whr

hr onol odte 1§ CambHe EEPCrabler attRhide ) GISE Betihetset € L lat i ony
ot o- of P B PA TORELL IGF OE rec oI BT TR the

m ddl e of,d e e, s &y R BEILDALS ask] cank S€e @D | Mk CBéip

execution 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 L1 (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 following describes a
waveform connection when a performance style module has the
short sample length and ends before another performance style
module subsequent to that performance style module starts.

In FIG. 13, 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
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generation timngs of respective performance style I Ds. Note, dynanﬂéiEBZmu
depth, etc. denote generation timngs of respective performnce
paranmeters. [0052] The A. Sax[BendUpAttack] nodule starts fromtine to.
Time tl is a note-on timng wthin that nodul e and should correspond to
the specified note-on timng. The content of the packet streamfor the
nodul e is controll ed based on performance paraneters such as the

af orenenti oned note, dynam cs, depth, etc. The A.SaxlhbrnalShortBody]

modul e  stxprtessfeacomr i Meendth'Ust Taf tREG + He at tratie rapduland Tinrte ff
indicates a timng to start the vibrato performance style fromthe m ddle
of the | destdmirhedios ther tep iarelawanl fddings af Mhdatart IR g for a
vibrato mark provided in song data, for exanple. Tine t5 denotes a

not e- of f Middley 9t thee oW NorFa REARAT tarkl anth PP THTFER pond
to the specified note-off timng. Tine t4 for the beq;nangngf the o

A. Sax[ Norgfilees telie | tiRing o F | BPRETOY R rﬁfff’i/t.[o TR 'S Heel 2 hot o2 on’
event occurs at ti tl and a note- off ev cC ti ct ual
soundi ng QW}Pé“J'%%C(r)aa%ﬁ’ﬁb' % vé%cfto‘? ngeg%efé&ajtogb ﬁrlgirrﬁ%eéggrcé%?e%??\égm
ranges fromtime t1 to time to, In the case of this packet stream it is
often t h&®H Vi Perfde Tromtine t2 to time 56 03 FEB 2004 t4 does not

mat ch t he sum of Eﬁgg%? | engt hs for the A. Sax[ Nornal Rel ease] nodul e and
t he A. Sax[ Vi bratoBody[ nodule. An appropriate corrective neasure is

needed. In this C@ﬁS’A.Sax[BendUpAttack] module starts from time tO.
o Time tl 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 based 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
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the sum of sanple lengths is adjusted to the aforenentioned
repeati ng the sane performance styl e nodul e,
t he performance style nodules, or by conmbining the both nmethods. In this

way, the

af orenenti oned exanple, the A. Sax[ Normal ShortBody] nodule is repeated to
make a waveform connection with the subsequent A Sax[ Vi brat oBody] nodul e.
t he A. Sax[ Vi bratoBody] nodule is repeated to make a waveform

connect i dit wideds trive: matbdeduientsvn Saxgaunkeal Raddse)fapdii®e. [0054]
menti oned above, when a performance style nodul e

Li kew se,

nodul es are adjusted for waveform connection. In the

connect i @n,Sax WanemiRekeare | digfihle i e garddy {RFIRPYEF | Jrokinte-

style nmodule to be repeated. This variable control

provi ded Ay ARIVIGRF 12 18 FETe Pt R TeRTHe 1€ 8895 mal ShdrtBO A5 Frodul e or
the A S Vi br at oBodyl | e.. Namnel t hi trql is.imml b
apgr opr ?)a(Ft I rﬁré’c?‘hgﬂfos%’dwjar}sp thlj%l‘?e%/'f% njfﬁgqqﬁéq%?tnoartg}eols%sf-#% eeeyﬁ%%ﬁéei%t iyo(ralln

A S Nor ISP MY ot T (TS S R I oop

wavef or m
of the ti

e Pt B 1Y TR o B TS Ty st no

the nunbec{rl 03% 'C%Péiﬂng?tﬂe 35EB ROBfdde | poPIcONtypat 108 hbd®1és be
n

vari abl e.

he case o

SO easy tfire V{8t CROE MPhvetSrh ed@idexidi | NOIwntideatoremen akosed

example, the A.Sax[NormalShortBody] module is repeated to
make a waveform connection with the subsegquent
A.Sax[VibratoBody] module. 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 connection, a variable time length
should be given to the performance style module to be
repeated. This variable control of the time length is
provided by moving a typical point in the
A.Sax[NormalShortBody] module or the A.Sax[VibratoBodyl
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[VibratoBodyl
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 or

57
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by varying sanple | endth§th

As
i s repeated for waveform

of the time length is

a non-loop waveform on the other hand, it is not
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Accordi ngly, as nentioned above, variable control is provided so as t@ £8 2004
expand and contract the timng axis for waveform data during a |loop r QJ:
period in a sequence of sound waveforns conprising a non-loop waveform and

a | oop waveform An invention for providing variable control over the

entire sounding tinme length is very advantageous to easy control over the

t enporal expansion and contraction. For this purpose, it is recommended to
use the "Tine Stretch and Conpress" control (TSC controhéhpreviou Ig

proposed the throp gppttieurmtion Jebth e M reiahsean Hedt lfr"i‘%%t‘?‘is)n No

Hei. 10-307586. Especially, this "TSC cant réz)l " is, desirably %Eprr{:i cabl e
because (TR tIIRMPFARGLOTRARN e e Bda 1heks 1IMh Saved ©

di t i al. . style. 00551 . FI G 4,
e AT A te OEr Sk ohes AT S s ot e bR s 1h ki
14, th h f the, t t h i t h
anbl | ¢ udQBGHEHELY ¢ 125 et A Rhtorena Tiile ARGt F e rghotfled v 1
a harmoni ¢ conpon an@%ahngom%éﬁgﬁg% Eif‘rﬁ'frfﬁ 200 ther wayeEoFm (tinbre)

el enent iM & hoh- harnoni ¢ componén squares represent typical

points ingthe %%%pu?ﬁﬁﬁ@%d and-1 ddpes Pi 4 cle Ghem@Ot o f Nsédea har noni ¢

conponent and enent in the non-harnonic conponent. A curve

connect i Ny B8 Orms FERNPPPAH AHES En PL 1S Sp I ¢ 667 Sardd V& CLesp Shaper bl cat ed
by the vector ID contained in a packet of the packet stream A white

rectangl ey {19 REEMM SEGr | 9BFV Y@VIEH OF i { b1 8oy OXdl over the entire

o sounding time length is very advantageous to 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. Hei.
10-307586. Especially, this "TSC control" is desirably
applicable because the timing axis length is varied for a
non-loop waveform corresponding to a 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
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(tinbre) elenents in the harnonic conponent and the non- harnonic

conponent. Anot her rectangle NL represents a non- | oop waveform ShadB84 FFB 1004

non-| oop wavefornms are 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-harnoni c conponent in the

Nor mal Attack nodule. One vector is used to configure each of the anplitude
el enent and the pitch elenment for the harmonic conponent and the anplitude
el ement ftdreshepmont HaFeRFeeen tDnporRAEOr [Tomst 1ngleated botifrent, the
anpl i tude el ement and the itch el ement contain no vectors at portion
wher e t he’eGkRmRf P reeRtabned B AePACkel R St Ho RIS vaVESYPm i the

har noni ¢ conponent or the non-harnoni c_ conponent. _However, it_nay be

pr ef er ablE e ERE FRILE ghnEPRFRILIES et ot HTHYW A BT LA Wi %ﬁr v%%‘f%#%r‘i{o t he
anplitude el ement anpd the pjtc | ement, at _a portion ere t wavef or m
(timbre) EFEmRFR) $brRENLS nbﬂ-{&b%é’m%?b? i OTROR R VAT a{h%o%gnﬁodul e,

(1 ! | |
hAYﬁnnyg t%ﬁ%ﬁ%&%tSgﬁﬁ%ﬁg%gggrAgg%ﬁ%%gf?%@%%%ﬁég%égfgggg%eg#ggﬁgﬁ%ﬂéri?ude
| ement j | ' j Lo f

(timore) MeheRe b The oo rade Lo o Lo e e e e i onent

(tinbre) I n a non-harnoni c conponent.

Here, thecéa‘?rc@cﬁef@t%&o&néfgbraiﬁBeﬁysiémw@ﬁaé@e,tm@evéw@ﬁ_s hteshoul d be
noted that ~each repetition uses a different vector shape. This is because

di fferent,; ook f 05 "BHGL: HAFANBLER Sofl EnEPREVEFSEMf OEimbre) elements for
- the harmonic component and the non-harmonic component in the
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 portion where the
waveform (timbre) element forms a non-loop waveform in the
harmonic component or the non-harmonic component. However,
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 a harmonic component. One vector is used to configure
each of the' amplitude element and the pitch element in a
harmonic component, and the waveform (timbre) element and the

amplitude element in a non-harmonic component. Here, the
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respective repetitions. According to different perfornmance paranetebg,
different elenent data is selected, or different |evel controls or 'ﬁEﬁdmﬂ
axis controls are perfornmed. In the NorrnalJoint nodule, three vectors are
used to configure each of the waveform (tinbre) elenents in the harnonic
conponent and the non-harnonic conponent. Two vectors are used to
configure each of the anplitude el enent and the pitch elenent in the

har moni ¢ conponent, and the anplitude el enment in the non-harnonic
conponentyitPesiBdily ais atepratdt MNoreamatBoes. riddudheouldd dim tneked (Yol As
mentioned above, the performance synthesis section 101LC generates a packet
st ream f elacdaatept ithieon hasemm dibiparentvemren Fhash- h i€ conponent .
Each of these packet streans conprises a plurality of packets, Each

packet cdmcause alMEtenent PeREPINIRCS Haanatee e tsRecHaadtfoTn

addi tion, a packet includes a value sett|ed for_. each typic oint in the
case of tuesnamglitadeersthenand A¢FHIHIRE ht%l‘%‘rfefﬁr‘?rhelé’ﬁf&??ﬁm%ce

Cour o, PRI HHARREEh T RO [9d ol CREBTSO T (g BT e er abl o
packet s XS (IR TET o e bl BRI G RREP AN T eene
packet sTEA LIRS EodTfe (PR fho B0y P26 ARed b AR ot on

gﬂ ?;ﬁ tio@)tl@%vgﬁgﬂnpﬁfﬁ%rep)&i&h@ﬁﬁ’s iherpeinhermed i Packpposéneans nay
- and the non-harmonic component. Two 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 NormalBody
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 plurality of packets. Each
packet contains a vector ID and time informaticn for the
packet. 1In 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
provide other information in addition to the vector ID and
the packet's time information. A packet stream 1is configured

for each component according to the content of each packet.
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according to nusical instrument types, etc. [0058] 3.4 Waveform syntgﬁﬁ
section 101D 3.4.1 Overall operations of the waveform synthesis sectl 004
101D The waveform synthesis section 101D synt hesi zes a waveform based on a
packet stream (a sequence of a plurality of packets including vector |ID,
time information, correction information, etc.) for each conponent

supplied fromthe performance synthesis section 101C. FIG 15
schematically shows an overall configuration for explaining operations in

t he wavefMrenmokdiess sremttcontd i, a R agralisty mbwprkets 2nd el 23
illustrate in detail each operation in the waveform synthesis section

101D. FI Giindes dirsf ernm biodn di Skaetn tore] sshqut Sanh mpditoveral | flow of the
wavef orm synthesis. FIG 17 is a block diagramfor explaining, a vector

| oader. FIG 18 OQrvionsbik theghumbesrobxpieket niteedBe By opbtiebr. FIG
19 is a block diagram for explaining a vector decoder. FIG 22 shows
timngs farceibing iy pagkers ISR et ¥RESartE - synt hesis section 101C
to the waveform synt hesis section 101D. FIG 23 is a block diagramfor

expl ai ning a cachtY®2%lrol section 40. [0059] In FIG 15, the performance

synt hesis_section 61 0 3 FEE 2004 éa tircl:uJa@wr) 101C creates a packet
stream f ot ®adlf e LRERHENTCCTHE™ packet streamis then sequentially

input to , spegi fled pACkSS QUEHS, DULE ef ke Flad LEQHA s e O dedht foh he

101D
The waveform synthesis section 101D synthesizes a
waveform based on a packet stream (a sequence of a plurality
of packets including vector ID, time information, correction
information, etc.) for each component 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,
and 23 illustrate in detail each operation in the waveform
synthesis section 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 loader. FIG. 18
is a 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 is a block diagram for explaining a cache control
section 40.
[0059]

In FIG. 15, the performance synthesis section
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wavef orm synt hesis section 101D corresponding to each conponent ele

in the packet queue

vect or
vect or

section
t hr ough

J@rtithaser ore)kt 001 Clenozieres ar arkat deltrem rfedp oriiith ° QeP @At

conponent el enent and generate a waveform for each conponent el enent.

[ 0060]

Furenteart, . t HEhey gquacke dextotkans B e BAAEE EimehF ot atdavef or m

generated for each conponent el enent between the vector decoders 31

t hr ough

e gphapacke h queneibifiers BhcHBTUEy R RFRELE4 G Hontke

conponent and non- harnoni c conponent). A maveforn1generated for each

conponentwavest axght SY bt e 51  eFe B8 o1 nl GHRYi F9OFEIRPT
packet queue buffers 21 through 25, the perfo nce nt hesi s tipn
(articul fRYOIRE ?J%‘F‘F%?Fmo%a?i%‘igk%BntP%‘)%{% éﬂ‘g% as %t“hg %%' r%%?nggraélggerrent
repr.oduction_control for the veforms I ect 101D. The
nﬁ%ﬁ%‘?ﬁl' r %Ttésp?%k%é%e?]é‘?i%\ﬁo%ér&)dg e%?%gg%#ﬁ?%d v%lgﬁal vect or

and the
stream
data 62
contr ol

P 92 Fkets to

"iE

a packet basis (i.e., input in units of packets). |Input packets are store
buffers 21 through 25 and are sequentially sent to a
| oader 20 in a specified order. The vector | oader 20 references a
IDin the packet and reads (loads) the original vector data
corresponding to that vector IDfroma code book 26 via a cache control

40. The read vector data is sent to specified vector decoders 31

B£8R 2004 REo 69056100, el vEsihudFel o1 ok ThE 4 epsceyet on

r generating a desire

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. In addition to input of packets to
packet gueue 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

62

wavetf orm or reproduci ng

or stopping jhe gengral ed,dest{L8 ¥RYEEOr Mhe vector loader 20
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[ 0061] As nentioned above, the vector |loader 20 is sequentially SUDQ%%%%ZML
W th packets constituting a packet streamstored in the packet queu

buffer 21. 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 tinme, each
read packet may contain correction information (e.g., _correction

i nf or mat i@n cbowechleypbetveenoveEor| datai s ThgerepFedyebior FBaBEP120
nodi fies the read original vector data according to the correction

i nf or mat i oh. reSpensbal¢i Eor veerdFating A sdeeiEed AYSEQEMVREL or i nf or mati on
data for distinction fromthe original vector dgta, The vector | oader 20
out puts FPRERMCHAY| 7Y SREPRERFoFhe| BERPRALE OGSt Le sw?“?g?ﬁﬁtion to the
vector decoders 31 through 35. This packet is referred to as a vector
packet for di sti h8PPLA from a packet input fromthe perfornmance synthesis

section 101C In éggéeﬁgégaggﬁapﬁgggrthgagg?Eﬁg 15939% gbiggnal vector data

fromthe code boo vector of “a packet input fromthe

per for mange. syt Des| 5 o3BFLLER 4REAT HERLES) cdRAC ribenyes! phckesder 20

corrects e vec accor di ng e correction information as

needed angtﬁ e%t@réﬁciﬂrtﬂécﬁﬁﬁkée theuwyeshprefespder sa3daben0tBeF E B
2004 t hroug 5 (see FIG 17). There can be various correction information

about typigatoPOiPt $nf BhcMEBhBkedat BnEUGBcBST LOLASEL RONriatior vatiop for

shifting the tine information
data corresponding to that vector ID from the code book 26
via the cache control section 40. The vector loader 20 then
sends the read vector data to the vector decoder 3i (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 correction information.
The modified vector data is referred to as vector information
data for distinction from the original vector data. The
vector loader 20 outputs a packet having the vector
information data as information to the vector decoders 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 a 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
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based on random nunbers, etc. [0062] As shown in FIG 18, the vector 03FEB 00

decoders 31 through 35 manage operations of various operators such as
generating or discarding a vector operator for processing an input vector
packet, managi ng connection or synchronization between vector operators,
managi ng the time, setting the conversion to parameters for each vector
operator input fromother vector ID streans, etc. Vector operators 36 and
37 read vector information data, control a position (speed input) for
readi ng tireroleM B35 i fdee NBIE onl Hht a, Theme redn degavar {Qas reo¥pgetionet c.
Various paraneters defined for the vector operators 36 and 37 are nanaged
in the veatfwruecooerab@dt typibcyh BSinthef gl ciertele it ss@aht#F ough 35
are provided so as to correspond to each conponent elenment. The

cor r espomEi TRe &/ intertet 50 1£ ¢ H r Hlybht B5d r /5% o} L PHPRFHRRI on dat a
fromthe vector packet and chronologically generate a desired waveform
[0063] Azasghyen  FAEied RYNbes§. ek&fpl e, a vector decoder 31 generates an
envel ope waveformfor the anplitude elenment in the harnonic conponent. A
vector decoder 32L8BRélates an envel ope waveformfor the pitch el enent in

FFB 2004 wavef or FoFRPHE WvEFSr mibr i MBF o) SrShedtcrucFRe haroaigh = °

O o R AP ERRLF R faP IR EO58 Do EIMEESPRucH e GLRbEE 1he
or discarding a vector operator for processing an input
vector packet, managing connection or synchronization 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 35 generates an envel ope waveformfor the
waveform (tinbre) elenent in the non- harnonic conponent. The vector 03 FFA 2006
decoder 33 generates a harnonic conponent waveform provided with the

envel ope waveformfor the anplitude elenent in the harnonic conponent and
t he envel ope waveformfor the pitch elenent in the harnonic conponent.
These envel opes are generated in the vector decoders 31 and 32. The vector
decoder 33 then outputs the generated waveformto the m xer 38. Nanely,
the vectivafenodefoB3ths wappford (kimbirdk ebsednpel walled crawmenrict he
anplitude elenent in the harnonic conponent as a vector operator for gain
control (gmponerput) . A lted¢kos uipptdodelr w4 hgendea ersy edippan ®rmfor the
pitch elenent in the harnmonic conponent as a vector operator for read

posi ti on worefatm fepedhe | ampd jtode vebement ntor ke i B0 tRRAEMOTHE vect or
decoder 35 generates a non-harnoni c conponent waveform provided with the
envel ope SRMEITRRING { orA t TRC bem| 1eCRReE| edenerateR MeLHatMRi ¢ conponent .

This envelope is generated in the vector ecoder 34, The v or decoder 35
t hen out ﬂ’Lﬂ‘éefq’l’@“g%‘h’ér%tﬁ"edwa\f\%%/%?rBr H’J‘W‘ﬁg %‘?n%&nr\glﬂril?ef?ﬁf he vector
decoder 35 is supplied wih the envel ope rm,f i tude

el enent EFFTW?}%EQ%?%% tc o%%%%o sdga\@éé&(;%’?rg% @%Iﬁ’%"rg%% o‘l? gai n
control (.gain input). [0064] F 4 f

chr onol ogl"?%%{w@l e%%?%{)%%g’lc nwggec%?%o %%Sé)% dﬁg%r\%n%ﬁ?%gﬁgect or

decoders 3y dFEAHIPor SensVARPLBLAE LPEnURY CLAT B f RErHGHN BE OEMBERER B | ON.

and the envelope waveform for the pitch element in the
harmonic component. These envelopes are generated in the
vector decoders 31 and 32. The vector decoder 33 then
outputs the generated waveform to the mixer 38. Namely, the
vector 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 for read position control
(speed input) of vector information data. The vector decoder
35 generates a non-harmonic component waveform provided with
the envelope waveform 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
waveform to the mixer 38. Namely, the vector decoder 35 is
supplied with the envelope waveform for the amplitude element
in the non-harmonic component as a control command for gain
control (gain input).

[0064]
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exanpl e, when a vector packet for the waveform (tinbre) elenent and a
vector packet for the anplitude elenent are input, an anplitude wav el &iF R 200¢
based on the vector packet for the anplitude elenent is generated with
reference to and in synchronization with the tinme for waveform generation
based on the vector packet for the waveform (tinbre) elenent. This
anplitude waveformcontrols the anplitude of a waveform generated on the
basis of the vector packet for the waveform (tinbre) eIenen%._Vhen g

vector packet forWeee vaveferms arenBhrePneledrftliRddeneeetsf pAcRBE f or

the pitch elenment are input, a pitch mavef&rn1 ased PN t he vgcggr packet

for the GAMRIPERENRME FLeBRREr atRY VREHOT FRTRATES t Dl aHE PRI

synchroni zation with the tine_for vef orm enerationapaggg Qgrthe vect or

packet fCFYRFREMYET of B¢ (YRVBFQIME| EXenfaVeToBs1eHRT & pPEch Wavef or m

trols th | tch of d | t
packet 1 FEHELRGVERCR o TTERF o EFBheret WHenva vearh: (BLkeD {or The

f | Lp t | N ket
For 1 he vevRE by 2 T By B R T e R e e B e e Pt
a non'har%ﬁ@%ghﬁ%gggiﬁgitgééeﬂa@@f&fﬁ p¥EEE Obn PR Y EO6rt PEcKBY eEOEM

(tinbre) Int non- harnoni ¢ conponent is synthesized with

refer enceggg()%{igl iElu%éYQEQﬁBQH{ 29k i @andi-4Ped @i th "BefOFeRGE MBI &ndommonent

66 0 3 FE synt hesi s based on"the vector packet for the waveform

(tinbre) &l eERALniPathEnh@lbRNtEe COIRONESE . wAvEEsihedenauattah basad
waveformis generated by m xing waveforms for

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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t he synt hesi zed harnoni ¢ conponent and non- harnoni ¢ conponent. This 03 FEB 2004
enbodi nent may be configured so as to select synchronization or
asynchroni zati on between a harnonic conponent and a non-harnonic

conponent. Only when the synchronization is selected, it nay be preferable
to synthesize a non-harnoni c conponent waveform generated on the basis of
the vector packet for the waveform (tinbre) elenent in the non-harnonic
conponent with reference to and in synchronization with the tine for

wavef or magyithiesis ised omarbvmiceconpamgite ey ) WveFerBasi s of the
vector packet for the waveform (tinbre) elenent in the _aforenentioned

har moni ¢ {dopureehte1§0eE6] in AShered FRTEHC a‘lﬂi%?ne&“back%t de$}%8%h conpri ses a
plurality of packets. In the case of a packet strea tor ckets,
each pacl®isiemt a??fén@e‘%@%'?f‘a’éﬂ" as I\E\%‘F’Eﬁt%‘l rfé’élé‘é‘tx g e"é‘?‘ﬁ%’%ﬁﬁ? sg Tvect or

data arranged al on oral . direction. or data contain ent
data strudt®irEgnty ‘i 0%{:%0?%‘7'9%"?’61: %?H%onlc cﬁmg %El&

fromthe vi eupol ﬁ%h%%e{a”ﬁ%éag%ﬁ?’eﬁé%&a%fﬁ%ﬂé% 3ha 3€° #0827%%54@2 Vect or
data struchihe-od a elof COPMBLYSGhE dn PARVELRATLERRO B Mafhohlle 67 0 3 FEB

2004 vec ructure exanp a position for reading vector
data is %&Hﬁﬁéﬁ&%'@n&%t§oﬁfh£§ﬁ§ﬂuc%ﬁp&1éﬁ@d SwEedvhen asBened to be

constant, one sanple on the vector
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. In 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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data mat ches one sanple of an output waveform A read speed is expriﬁggeﬂ 2004
in units of 1/1200 [cent] (2 to the nth power). Exponent n = 0 nean

constant speed. Exponent n = 1.0 neans a double speed, e.g., an octave

hi gher for the waveform (tinbre) elenent. Exponent n = -1.0 neans a half
speed, e.g., an octave lower for the waveform (tinbre) elenent (see the
top chart in FIG 20). The code book 26 stores actual vector data. For
exanpl e, vector data for the anplitude el ement or the pitch el enent

conpri sesreartoar rayt 20fs MMECTORRO NTFo1s texampirees dampaiyjgianal £ goirRadtiai S,
[0068] An array of VECTORPO NT structures contains a sanple position and
a val ue fverctegciiaiei rits iexpressphitn Angriat [SEG] ex i 2 £S48t or data
value for the anplitude elenment is expressed in units of [dbl. A vector

data val g@eest ih@ssined & drmonstailyr L FAPIHITS B¢ 86 [ cent ]

when M DI t nb 0 i to be 0.0. The typi | nt [

DIORD ar A8y e o THREE T, Tt v iy JECRAbaRaa ' © °
t t to b [ | | t t ' | G

;0; %JCOg\r/ieiggl.lsqo’gp,reet%zee‘gr@ge"?nrf{é/éﬁln\g/fgnlt}i)%n&? s[(%%ftll i@ft"le?g 'étrg{qrﬁge}g;é%vﬁ%nght i oned

exanpl e.

A6 ¢ 3114-30%&5& ch#ﬂ%%&gﬁgﬁﬁ%%ﬂr%xﬁ&%ﬂ@%@ {1y Overall

configurgilon 0 e cache contro 200k 'section 40 This section

il be%é&hﬁgvaﬁr@édbf@rﬁﬂ)&éﬁ atd o, Of an tder SRS el et rdr seed i wavdfoinint h
reference to FIG 23.
(timbre) element. Exponent n = -1.0 means a half speed, e.9g.,
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 the cache control section 40

(1) Overall configuration of the cache control
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First described is the objective of providing this cache control sectpgrFep 2004
40. Since the code book 26 Is stared in the hard disk 109, vector data

needed for the vector decoders 31 through 35 is read fromthe hard di sk

109. However, a hard disk etc. offer a slow 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 relevant vector data. As a
solution, this enbodi nent provides the cache control section 40 in the

wavef or msgaitinesi4? section 101D to | oad vector data to be used (or

expected to be used) into the _cache nenory. 400701 In FIG,K 23 tge

ref erence numer al TDS Gepet £aN 085 ST 1PeT o AP THHL GPRE LIRE b REcti on

extracts a vector ID froma packet suppl.ied o the v msynt hesi s
section 1%‘3%‘%%‘{%’3%“%%% %@/H%ﬁ%%i%e %?W%V%?)?Ofé'rh%y'pr e-fetch
section provides read confrol. to the hard disk 109.so0

i -fetch

vector datiFslsIRIFREDI 1 T CRART VS 9F R THE S o elsgo%ég&g%. eAg

ti d ab th t t t j t ket
rooue oG AR 4o 5 L iRGE (¢ o WBAGKSSe PSSR [ BRETE!
Co | - | )
romer sl CHan G Crod PO (KRBl 858 eld Meldror Med Sder£1oe
predi ct | \, LAY 04 S 08l PRI Clise W& A1 Slal fodiaviidledydit Ofta PSSADI | [ Ly

i

of actual use based on prediction data (program change, etc.) supplied
fromthe 355k 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 to
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 gqueue 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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score interpretation section 101B and a prediction condition supplied fr%@l%l

the pre-fetch section 42. The predictive control section then supplie33§
vector I D associated with the predicted vector data to the pre-fetch
section 42. Incidentally, 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 the future. Here, the "prediction condition"
contains a vector IDetc. settled to be used (i.e., supplied fromthe

per f or nanem tymt (estsionect Tom apAGctive tentyRY seeklen R¥AERtSect i on 42
is supplied wwth vector I1Ds fromthe performance synthesis section 1010
and the preehiex datadrayblg sedtigh Dassitkld Ul rat i dits ohesed on
pre-fetches vector data associated with both vector ]%ﬁ ile prioritizing
a | oad ofPRREtGFiRAtFAtRe{PTRITIP FRARERd §1Ce) SWPRHNY o r%&@? dat a

ified f 1th f t hes| [ 1010 . . L I ng.
data set 1190F % LBRETRRHE R BT BT S7F LAY ol U8 i R T U6t bt o by
t dat t| ed ' dj ¢t [ f d
Vo as »promiet o Thaf che BaifElet SRLeROFLE COmd pPEiGeRe D ente
cache “”@é@’t%‘i Cgeé%fér?sit:hg eé&@ffgg %e&éefoﬁaiﬁ; adB6ci 8t &6 SRgen NUABY al
43 represents a reéad control section. en recelving a vector ID fromthe

vector | &i@eat@gcfsedaseatfgltﬁs FOD: JBER| YebfPEs ypctor data
corresponding to this vector ID fromthe cache 70 B 3 FEB 2004 nenory 44

and suppl{gs; 4&dtave¢t ofhdabactort hes veshplié@ader tha@Oprdheetehier ence

nunmeral 45 represents a tine managenent section which provides timng

control fegc®iénf el chaPpocort&in those associated to failed vector data
which may not be actually used in the future. Here, the
"prediction condition" 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 section 41. Thew
pre-fetch section 42 pre-fetches vector data associated with
both vector IDs while prioritizing a load of vector data
settled to be used (i.e., a 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 (just 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
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[0072] (2) Operations of the predictive control section 41 The foll ow rggF L
descri bes processing contents in the predictive control section 41\Mmt1EBZM
reference to the state transition diagramin 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

synt hesi s takes place, depends on which nodule a wave is synthesized for.
Initially, no waveform synthesis takes place in the vector decoders 31

t hrough IBMOETe 4% G tSURPEERE ridlak st Aatseriforihe & §ileskeaiest ep
S30. Here, the process predicts a candidate for vector data in the attack

+

portion. Zr-edihed SAREYICT UINGTRAL (bt SERTRASP I fbI TP (PPt f et ch

section 42. At step, S30, however,. the attack portion is ngt. predicted
unl ess a S5l gerovides Himing %%nﬁoédi 5 A Ud eat%%rét h%gésbor e

interpretation ﬁg@%&g@ 101B. This is because an undefi ned program change
causes a large a f vector data for specifiable attack portions. In

an initial ;St%ﬁeray%lg(ﬁo%?aﬁe%fmmé coiRld ek dy Qum the score

interpretéilon sect | predi ctive control section i mediately

starts a predictifge LoafoRinyCqLebristd $P6cEE81 Ry LE6Kt HRELI OA the
corresponding to that programchange. [00731 71 0 3 FEB 2004 For exanpl e,

it is asgyymthdiafe "RoRP0L 1 SeSPESH TABdrias FdEedmEs ato cllengetane there
are 100 types of vector data for the attack portion associated with

"piano". dpaddisis@S@lagram in FIG. 24. The state of the predictive

T 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 is 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 530.
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 530, however,
the attack portion is not predicted unless a "program change"
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 is
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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the predictive control section starts a predictive load of 100 types @f5 FEB 2004
vector data. When 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 S31, a predictive
|l oad is perforned with respect to vector data candi dates for the body
portion based on the vector ID for the settled attack portion. Since the
attack portion piReh ¢xammben, it hts capeimed cthekt pianea 1S spepiféadio
that corresponding to the sane pitch as for the attack portion. Vector
data is fag tthe Diqanam AR g ofhekhadL HHEBSH WhiELtdr rddbdnds to
the envel ope waveform etc. for the settled attack portion and has a
possi bi | iRaF dihe arirselt iRAE E10R 12590k el SBHth ( TRLFAYX I ctiR et iEbhHt FRFS-
section predictively |oads candi dates narrowed down gccordin? #o hese
ctUA |

condi ti ofiie IIFALIGHISFIBF HahcEe S HheST T S @ iR daD i % suppl i es
kets f the bod tion. t i i

DettTed, T Ot of NIkt atlEr: dmdlE el 18 4R,

S33. [ 007 At step. S33, jcil i | Ct A

Ponts. cart e SR e IS v EeERh PoAde M (Ma SR P OE e EshYES Y

vector |0 f onylfiyseld] ey hody AR Son RLLOpEb @B vRer RBU o

associ at portion I's one t he other body portions, joint
portions, 5 ¥adie! SASELNPr t i QPSthis time, the state of the predictive

control section 41 shifts to step S31.

[0074]

At step 831, 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 portion. 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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Accordingly, the predictive control section 41 predictively |oads thegg FEg 7004
vector data. In the sanme 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. [00761 Wen 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. Wen the supplied packet is associ ated
wi t h t he dinchhe pardtiamn, IR Hostidie settled adBtrRgrisEs: . BhAed et 1¢hed body
portion, a predictive load is re-executed for the other body portions,

j oi nt poraticores, dmaedlknsws 3eeidind wildethedod AT P pakk et o f
associated with the joint portion, the state of the predictive control
secti on 4hesiitther tkO&Y eppIBbons { Ofrimt MORE P HIOT tHel 4787 RYF VECLdnt r of

section predictively |oads vector data for. the bod rtion, . Candi dates
for the VAGUrAERE t ot Eﬁ“e‘ﬁ}%ﬂ%l‘f/oq%‘ﬂ]eos%?%qugr‘flgv%?‘g]o%lY%ﬂ%ect or

d f he b ' hayi i bjlj j h
et i1 ed T Pl tRroshen Gt peifoareah findl BECH A STy c”
| ; . . ¢ th
o edi ot 1V RBTers RO T LR 6 TGl 168 SE ot PR Sl 40 B8 0,
predi cti Vneal]yré&?@dj & Oécgﬁtgiﬁ :1%(3 heh Ot DEE RO POkAYOTSpe W EEoPAL LI ONS,
p

or rel ease portions. en ormance synthesis section 101C supplies
a packet for the 19l eaS€t1ed 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 porticn, the
state of the predictive control section 41 shifts to step 532,

[0077]

At step S32, 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 8533 to

73



portion, the state of the predictive control section 41 shifts to step3Fgg 2004

S30. [00781 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 release portion is already
settled, it is highly possible that a pitch for the succeeding attack
portion does not deviate greatly. During synthesis of the rel ease portion,
it may be preferable to limt vector data for the attack portion to be

| oaded prpethiditd tvietely oloddseca@undhihcEQr tide didrer Rdy HXBEECPDr ti on
(e.g., within the range of 1 octave). [00791 3) QDeratlons of the

pre- f et cHiosdtt iRAFYDONE 3. A TRIRPIH RABELY G n THe REF P ¢ scri bes
operations of the pre-fetch section 42. First, re-fetch section 42
per f or ns %H%l%r%‘é@so%slg%vﬁPPWW%azﬁ?%e% fs‘b‘gcﬂ?‘?eﬂe SFe. When the

process proceeds to ste S41 In the figure, it determ et her or
not to r RO d@%?g% e°F othf r%ﬁ?fgjs‘ftWﬁ cGrPI?fSrOJIt']o?e% Je%‘ﬁt@t] yet. Wen

i s det ned_t o the process proceeds to step S42 to performa
deS| gnatls&élnill‘b%dt D th equest ed vector data. After a |apse of given
read 74 0 3 FEB 28‘%1?&!l t hese vector data are read fromthe hard disk
109 and are stor the cache nenory 44. [0080]

At step S30, 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 is 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
process proceeds to step S42 to perform a designative load

for the requested vector data. After a lapse of given read
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Wien it is determined to be NO at step S41, the process proceeds to StEPFER 004

S43 to performa predictive load. 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 nmenory 44 and those schedul ed to be | oaded according to the other

| oad requests); and vector data for which no read comand is issued to the
hard di sk 109. The hard disk 109 is supplied with a command to read the
latter. ‘Whew,t Héreseanectmanylatectaare deed tfaoge theadadddd@iketli0fe|and t hi s
routine may be re-called in the mddle of the predictive load. In such a
case, as arengtaseadedr dieestashed@Emprat idde | oad takes effect, the relevant
predictive load is interrupted and the designative load is perforned via
step 842. In the [H®Gktch section 42, a designative |oad takes precedence

over a predictive l[oad. [0081 (3.2) Packet reception ocess (FIG 26)
The pre-fetch sedihem 4o J&?s@)e‘lp%‘?“d?‘?% W ki 2t TR i fpr%b%ss in FIG
hen { he BEGEE DTROERISq o Ebg Go 10 P suid el Aaf s
e e AL SR Sk LR e B P Y e
Lhe vect o Bl % RRIAA & Un e, e Shflandi®e ilUg @
vector dacta%r{es mne%oﬁ/yettl‘i Oﬁﬂéﬁor 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 the predictive load. 1In such a
case, as long as the requested designative load takes effect,
the relevant predictive locad 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 performs 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 vector data corresponding to that vector ID. Here,
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into the cache nenory 44 but is scheduled for the predictive | oad, 373 I{E?B)Z[l[ll
when a once | oaded and used vector data (USED state) can be used as’i's
[0082] In this enbodi nent, the used vector data is not released

i mredi ately, but tenporarily remains in the cache nenory 44 as vector data
in the "USED state". When the storage capacity has becone too small to
store other vector data, for exanple, an area for the USED state vector
data is released to store new vector data. The detail will be described

| ater. [0@33Jtindhahd hesetdrs dardll tisyeqipiricidailae (Stepit$sil any ette?Tri ned to
be NO The process proceeds to step S53. Here, a designative |oad request
occurs f @ata vectmirt |ddtcorft dibmexe dlradiy afmedimtrivedied qratadktinimehe he
packet reception process (FIG 26) is perfornmed next, a designative |oad
is perfoane fematatddectdr W tHeooRqtonytata He 9% ¥t gjk%qec'ﬁ dat a,
step S51 is determned to be YES. The process proceeds to step 85%. | f

t he prediigtioe&heanghs mepary ¢td Autdats S@Q%H&Pp@%,t%é’r%flecd‘i % ve

| oad request is changed to a designatjve |oad request. This i ause
that vectld@%atof | 3 ) IR FOHE %é@i@ %}‘i‘f‘ésreéi&ea‘ﬁ?f B t eé)%'glcket
reception process iz%‘gerfo%rred .ngterwards. When the process proceeds to
step 554,5%HE) HULRS MU HF handle for the specified-Ioad-requested

[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 1is
determined to be NO. The process proceeds to step 553. 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

request. This is because that vector data 1s lcaded
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vector data to the performance synthesis section 101C. This handle

uni quel y corresponds to each vector data. Wen the 03 FEB 2004
speci fi ed-1oad-requested vector data is already stored in the cache nenory
44, the handle for that vector data is returned. Qherw se, a new handl e
is generated and is returned to the performance synthesis section 101C.

[ 0085] When the process proceeds to step 555, the process cancels
predictive | oad requests which occurred previously and unsuccessfull

Speci fi ¢ pfeardst 0411y awlveh "t | padket desced bieh | RE@ESS S\WEH Pﬁ€f9¥@@éss
proceeds to step S56, the process changes prediction conditions in the
predi cti wef teomrds . sedhéontidg . pro¢ess  PXoreeidcea sSHeR ro9s - cBPfli dates for
the predictive load in each state in FIG 24 or changes_ the state of the
predi cti \r@eess ofeserns od Bandke of oF nhe cSRechhEg@t 1APpreedcF Féth t he
performance synthesis section 101C. [0086]. This packet refgg%ion process
i's equi valeFioX data "Rt Vaet BerEOFHARCe YN EresingserbiRy t hghis

f t hesi ti 101C. I th i
Poct on T L oA TRUSLY pEakersronthebhaarn TeyRt nedh &= chngY ORE0
Thi ti j i t.th j t Lo fget
vect o aebeShekSal Fiha REGREM TR A LPE AL Ny 15 YRELORYVOPURE 18 COET
dat t. b d 0 j i i b ; d 20
oo A FEREEY 44, PinbHaMig o that SvecBlr Mt BB KO R O
out of rTBtf'é’herwise, a new handle is generated and is returned to the

. performance synthesis section 101C.

{o085]

When the process proceeds to step 555, the process
cancels predictive load requests which occurred previously
and unsuccessfully. Specific contents of "cancel" will be
described later. When the process proceeds to step 556, the
process changes prediction conditions in the predictive
control section 41. Namely, the process narrows candidates
for the predictive load in each state 1in FIG. 24 or changes
the state of the predictive control section 41 according to a
packet supplied from the performance synthesis section 101C.

[0086]

This packet reception process is equivalent 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
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[00871 (4) Data structure in the cache nenory 44 (4.1) Cache page (FIG
27) The cache nenory 44 may store vector data to be used concurrent]

These vector data are packed and are converted to one file (or d]bfﬁggmbty
of files fewer than or equal to the total nunber of vector data). This
conversion is automatically executed prior to the nusical perfornmance
according to a user's instruction or created song data. FIG 27 shows an

exanple. In FIG 27, sone vector data read from the code book 26 are
subj ect tmtdlddsi grmtread |adthearheeetor ekaate it 1+ G Ude Athethdhe

information. Accordingly, it is  possible to extract lurality. of vector
data to B@ieda Jb?\"éfﬂfﬁ" ekt | 5eauAe bty aiRe TRy Jf‘?"iﬁﬁ‘%ffg ¥aehodkt2ont ai n
respective headers. Vector data to be used concurrently are <collected in a
file, forrWxdHpI™n¥his file is given a common header. This can shorten
the tinme for the rﬁ@é?i | oader 20 to access each vector data. [00881 This
file header conta e followng information. Data ID: Stores a 4-byte

identificatyo ﬁp§r . . '&%ﬁgi an t file type. Data Si ze:

I ndi cat es(a%)lheq?l e da lgégﬁlgé Qé%p%: ndﬁ%a‘%&g{: the type of stored vector

data. 78 gs fFB @&%X@égéopﬁépdi@pt es the file format version. [0089] An
n

application programr ng on a personal
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 equal to
the total number of vector data). This conversion is
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 information. Accordingly, it is
possible to extract a plurality of vector data to he 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 1s 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 ildentifving the file type.

Data Size: 1Indicates the file data size.

VQ Type: Indicates the type of stored vector data.
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conput er inplenents the waveform generator according to this enbodi nent.
The system nenory contains its cache. When vector data is cached,ncqggpmm
control is provided on the basis of a cache page with a specified éi

not on the basis of single vector data (wth a free size). Nanely, single
cache data is divided into a plurality of cache pages and is cached for
managenent in units of cache pages. The system nenory stores cache
managenent data (page header) corresponding to each cache page. Nornally,
a hard di sk stor &exRkenon PHELCHERT sthe %&‘? KRERGL Iy . A cache page
size is preferably the sanme as the cluster size or an integral
nultiplication(ﬁ[abﬁﬂ]size. Consi dering the vector data size, etc., it is

appropriate to set th he. ' to 1 ' tes. [0090

(32 Data st ructkh IR EHR PlodFoRrar i Hi | S Pt Fhes The data

structure of the .header oA i?ﬁay% AN Teelagel gl

a {J/DDEC§19K@§‘tsetrr ulcepﬁlreg“e |sc#lﬁe:g"+ﬁeefﬁl W ng tltrrqglégn%jecr S. dvd;ggtg?r% pagtraI >

nunber uni g dhdtis! IR Wy d fieh, AR Rt a il Deo/asddtie | Difervect or data
ths e pdge. dwsSi ze:

contained In cac A data size of this cache page. 79 0

3 V EB | MAWGHUHA+d ndi i @Esed hecduidetodrd) erd gidhesded i therhesis
dwCount is 1ncrenented by "1" each tine a designative |oad pre-fetches

vector daj,, HHEHS piagd afe ed dpecifi@pcdlize, 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) correspdnding to
each cache page. Normally, a hard disk stores data on the
basis of a fixed-size cluster. A cache page size is
preferably the same as the cluster size or an integral
multiplication of that size. Considering the vector data
size, etc., it 1s 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 data 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: A data size of this cache page.
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time the vector | oader 20 reads vector data. dwStatus: Indicates a state of
t he cache page. The cache page state is one of FREE, ALLOCATED, USED, |

FI LLED, and LOCKED. | pBuf: A pointer indicating the start addr eds of Em
entity (portion other than the header) for vector data in the cache page.
| pForwar d/ | pBackward: In this enbodinment, a plurality of VDDLCSPAGE
structures forns a bidirectional |Iinked list. Menber 1pForward is a

DT O o o O S S A Eohe LY, o el 1
Gener at omeTREY BN erht P TR IR L drd hariel o = b e “Clen
2 o a1 AR R Sl i mh b AR AT ) oty LR M
<ot ur g Gfor 6 THECanS g 1999 “4RE of or ement i oned merber
dwcount has the Tab&oNRg; [PheLcllel dheeaplPol CEhor caldha pagusedThice in

a sequence of pa reans, tor exanple, a designative |oad request 80

93 FEB 20&%&&%&%% :%%e?g?fﬁ dhator esies, daitocAhED, theely ect DrLEDAdERA 20

reads the vect e first time, however, the corresponding cache
page i s s@icggnthe USED state, disabling

1pBuf: 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
lpBackward is a pointer to the other VDDLCSPAGE structures
available backward of the link.

lpNext: As mentioned above, the waveform generator
may be implemented on dedicated hardware, for example. In
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 1lpNext is a pointer
for sequentially indicating the other VDDLCSPAGE structures
belonging to the same group.

[0091]

The aforementioned member dwCount has the following
role. When the same vector data is used twice in a segquence

of packet streams, for example, a designative load request
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the second reading. This problemis prevented by counting how many tines

t he cache page should be read subsequently. Incidentally, vector data

used nore than once as follows. Nanely, the sane vector data i s0dddd re
than once during a waveform synthesis process for the sane event data or
for a plurality of event data. In either case, this enbodi nent uses nenber
dwCount to determ ne the nunber of wuses for the vector data, making it
possible to uniformy handle cache pages in the cache nmenory 44, [0092]
(4.3) Li meenrsictwiee ofor hehphgeedeaticdata Wy the veotenolradas 20
structure of a bi-directional Linked list inplenmented by pojinters

| pFor war dFeads | PBackegker dahd sterbbles n@ﬁ%%ws ROYeEET st Rt ure as

shown in the figure in order to f[eelg and fast rrange, dd t_delete
data. |n FIXFeMENAINRT| Gaghe BRIReLFeFChok? t Fohd éﬁ'Tﬁ% ebe@?ﬁﬂpﬂbngf t he
bi - di ti | linked |ist. The beginni ' | nt Lfied
poi nt er | BTt neeatiPgs pihte cer ey b 1 Fr TR e W SR

h ' t f = t hi
e oup: 1R GL BAPOY s, SFefe Badt cHioERa 108 do S NBRY LY, O e by

dividing one file : ad o] 0es headChofe2th8nPehBtedsby
menber | pNext of %gggaﬁggggéyA-?éegéroégegE%SZOO Theostart gddress gf page

header A-g8,]FoW@i Nt REMEYy TEFRET sah@Nestt&F R208 Dea8sEd Mmdrel PR8Rlonce

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.

[0092]
(4.3) Link structure of the page header (FIG. 29)

FIG. 29 shows the structure of a bi-directional
linked list implemented by pointers 1lpForward and lpBackward.
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 equivalent to data of respective cache pages which
are formed by dividing one file. The start address of page

header A-2 is pointed by member lpNext of page header A-1.
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B-1 is a page header linked to the next stage of page header A-1. The
start address of page header B-1 is pointed by menber | pForward jof f gBmet
header A-1. Menber | pNext of page header B-1 points to the start address
of page header B-2 belonging to the sanme group. Menber | pForward of page
header B-1 points to the start address of page header G 1 linked to the
next stage. Menber 1pNext of each of page headers C1 and G2 points to
the start address of each of page headers C-2 and C-3, respectively. Here,
a cache pige stiart heddREs sohtRagoeaden o~ Hnks PoLpteFRY RAMPEE,  gr oups
A and B are set to the FILLED state. Goup Cis set to the FREE state.
Wien new Madtesk @fatRa9e Reager cAched, a cache page is obtained froma
group in the FREE or USED state. That cache page is set to a cache page for
new vector data. [$®®3k1 1t may be preferable to create a new cache page

o002, CoL PN, PSS BEBICh RRELIF. TSR TR Hog0 3B by 70,

cache page for nefr I'S esita olimt the

t ot al t LE] i I
total amounl, e §8CNe,PRICSTRO BraSPeEhdtELs VOF UsadOrneduen st hey gemory

SpeciTied val e nay be se y according to the

system i Labe {mQhpgRN b£¥WQ¥daof'S§5geViVﬂ@ad&9nAIp! i gempé&gVi ded to
al ways ensure a given constaht value as the nenory anount for a FREE-state

group, ity higePOSSE BhEgd 0n82alr3pF1 BrBinPedt aCERs es ALt 2hE@LOLS OBE Opagew

vector data to a cache page. [0095] According to the bi-directional I|inked

list in Rl &ader 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 is obtained from a group in the FREE or USED state.
That cache page is set to a cache page for 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 total 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 1s possible to
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29, referencing nenbers | pForward can forward trace the beginning page
headers A-1, B-1, and C-1 for groups constituting the list. Refengnefipijli
menbers | pBackward can backward trace the bi-directional linked list. In
order to check whether or not given vector data is cached, it is
preferable to sequentially trace begi nning page headers constituting the
list and to check if nenber dwiD in a page header nmatches the sanme vector

ID as the rel evant vector data. If there is a natch che $ ée
associ at AFGAkaraHatabRRAt Hm Rk IF%Wt‘ﬁ%C‘b‘é@lqﬁﬁfh %a%h%a%b 497 a group

whi ch caches tha vec or data. Wien a single page is always used to store
all vector data tb%®22lsed concurrently the bi-directional |inked Iist

shoul d conprise g?%?gﬁg %a s ﬁ%%ﬁig%&tfgﬁg%]£i4%e&m#isgaiﬁ Fpgstored

in menbers | pNext ers or ement | oned

renter %ﬁ#@%@fﬁﬁ& (DA SHELESog HORUER A FLLL e AL ODATED

> USED > ance | evel s. en cache pages are

sequence riapcegl pvelga ¢l1ioPogsbbpe to accelerate
al | ocat i (c)l)né%]frii Q%g&éalgéeaati%{a%ew vect or  dat a. Furthgg? l|h)fh'|tJ may be

pr ef erab'@mf&ti@ﬂi%f&é Bnyal 1§t Of READEENCINGONEbEH§ eTBaCIRatdechnpor t ance

| evel iIs” preferable to assign a higher inportance level to a

| ar ger 83be9c1§w§r<!f: Br2084t N8l we- @f reeebenadwionkéa BesweenIdSEPistate cache
pages, it is preferable to assign a |ower inportance level to a cache

page previmpssk Ywisdihiéedot onbhegUsED séater data is cached, it is
o preferable to sequentially trace beginning page headers

constituting the list and to check if member dwID in a page
header matches the same vector ID as the relevant ﬁector data.
If there is a match, a cache 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-1, B-1, and
C-1. Null data is stored in members lpNext for these page
headers.

[0096]

The aforementioned member dwStatus indicates cache
page 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
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[0097] (5) Operations in the read control section 43 Referring again to
FIG 28, the follow ng describes operations in the read control gédﬁﬁdmm
43. The vector |oader 20 issues a conmand to the read control section 43
so as to read the cache nenory 44 based on the packet stream content,

i.e., based on the vector IDin each packet. This conmand is referred to
as LockVector. This LockVector command is provided with a handl e previously

returned in response to the GetVector command. In a nornal operation
state, veetlore dut aeihal AWt or edBetvaate Bide taknsidFa P LockVect or

command returns a pointer for the start address of a c c@g page. associ at ed
with thatlsv@aedrerakka ¥ 3ITidRed o‘rovfed%ldé‘fp‘ﬂar[%dsﬂ"ea];&c %rad%]ab&f% this
operation, the vector |oader_ 20  and.th ct or. decoders 31 through 35

appr opr i &398 BREEL QLY cHRERY B Hik Eiory 44 for perforning a
wavef or m syntheslé gﬁgcess. In this way, the LOCKED state (to be

detailed) is appl 9 cache pages which can be ready by the vector

oader 20:o ! Srd R4 RERY ] D CONEN Syl SBlo{smapel ng modi 1 ed by

0,
ot her prégssse pendi ng on situations, however, necessary vector
84 0 3 FEB 2004 dlgéf‘ef’flxna%géfnleédﬁf’ci 3@, t hige CASNECRERST Jeddribes t he
n

LockVect or conma Is received fromthe vector |oader. Such a situation
may of t en, QCCHFi LN R DISE SPERd SOPEd Brsection 43.

The vector loader 20 issues a command to the read
control section 43 so as to read the cache memory 44 based on
the packet stream content, i.e., based on the vector 1D 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 pointer for the
start address of a cache page associated with that vector
data to the vector loader 20.

fooss]

According to this operation, the vector loader 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.

[0099]

Depending on situations, however, necessary vector
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application programinpl enents the waveform generator according to this
enbodi nent. This is because the hard disk 109 is occupied for a r&E&EBQ@My
| ong tinme depending on conditions of the personal conputer's operating
system In this case, different processes are performed according to the
wavef orm generator's operation nodes. [0100] Wen a waveform synthesis is
performed non-realtinme, it is preferable to stop subsequent processes
until specified vector data is |oaded. For this purpose, the read control

section ARtgerfay moh Ry ntPrded Ukt tethe fadts ety tht REY tRF sk 109.

This synchronous read operation neans that no . other processes should be
per f or med-UHVGCEIT FRIEEARL L 1S i’é‘ac‘i’”e‘é‘b‘.5 ?’Eﬂbl‘]he \Mee%t(?%el%‘fl%]f or %uc}l

g€éner at or
operates realtine, perforni a_synchr.onous read operat | y interrupt a
TS cal S SHC I EEY Thr ST TR 14 PP s SUEEEY (o the
vector |oader. 20.. Thi i i yeetpr data for
faithful I?pexlp?%%%?%fr%%ﬂsﬁ%%ﬁé%hﬁ%eﬁﬁﬁ%ﬂﬁ}%%r e sel ected by
the prog/am e d Sthif dRbodfnén ¥ eCt i  Of s DesdkLu SO UREE NGarad abowt a

performance style expression, etc., its capacity is not so |large. The RAM
103 storegd Al W@khbVed®f £6HCH YELLOISeBp Torg FEne (dpasatied atht vectors

for that tinbre. These vectors substitute for vector data which cannot be
prepar ed ddhdEi &€ NS "ERB! perddnal computer's operating system. In
this case, different processes are performed according to the
waveform generator's operation modes.

{01001}

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 data is
read.

[0101]

When the waveform generator operates realtime,
performing a synchronous read operation may interrupt a
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 1is

not so large. The RAM 103 stores a plurality of such vectors
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[0102] Even if the realtime synthesis is perfornmed, there may be a case
where a sufficient time delay is ensured for the waveform synthesj%FEp 2004
process Sl1l4 (waveform synthesis section 101D), meking it possible to | oad
necessary vectors and synthesize a waveformw thin that range. In this
case, like the non-realtinme waveform synthesis, a waveform synthesis can
be performed by imediately reading the corresponding vector data when it
is found that necessary vector data is not |oaded. When the vector | oader

20 and tle defeudrt MRS B thAdudH™T e niP SR i e TP g e he

vector | oader 20 supplies the read control section 43 with
hand| e- atftodc Vs R BHRh PR r‘?fsp%i?tpatrc?qol‘?aﬁ 3tcrhechc Ce}beag“é?m%ﬂbpl yi ng

this Rel ease command cancel s the LOCKED state of the cache page and

rel eases 4%e handle. [0103] (6) State transition operations for cache
pages The fol |l ow Q(?]e(?iﬁcri bes operations for state transition of each
cache page with r ce to the state transition diagramin FIG 30.

nitially, all cache,PRges,arfesfiih@ LARiREEs st fordohilda, NawBly, (he

cache page' s header contarns ne atus set to 'FREE . This neans
t hat _theé.gaafftge %EQ%AZ% W@? ANk 1 d fe PO HRE A1 P11 Assnieced When vect or
data is 0 0 oaded into the cache page, this cache page is set
to the R St Sy 8029 1 s o A4 OCNTED wdwd fomeadntitedislat a  has not
been stored but 1s reserved for a data read operation
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 lmmediately 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
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fromthe code book 26. At this tine, "1" is stored in nenber dwCount.

[0104] When vector data is stored in that page afterwards, the Ciﬁﬁhf mge
state changes to FILLED. Menber dwCount is increnented by "1" ea § by

designative | oad request occurs for the sane vector data in the ALLOCATED
or FILLED state. Menber dwCount is decrenmented by "1" each tine a
predictive |load request is canceled (step Sb5 for the load process in FIG
25) in the ALLOCATED or FILLED state. Wen the value of nenber dwCount
becones "1@aded timdse tdteatasshe mgeadiie papetiss psge tig 19ft USERR] at e
(S63). [0105] After the cache page changes to the FILLED state,_ the vector
| oader 2QIEOONTESs stdtoe k&L br c']g‘}‘ﬁ'rsﬁ‘fd-QQf*'@@c shade MRS PRt (P tdhe
LOCKED state (S65). The LOCKED state is released ( nIockeq% when %he
vect or | d@demodD BARN tHORRE L RIRREV S fHr QLRSS F9H SHPUT I T he

cache page and a Release command is issued. The cache page.is.s t he
FI LLED stfatad (t55%)coqfiPPomi2e hi £t ,Sﬁé]r%%fr Shoatmes rarea | 1y @%%‘%%rpage
is decrengnted by "1". Wen nenber dwCount becones "0", the cache page is
i medi at d%-%H 10 the USED state (S63). [0106] 87 0 3 FEB 2094 After the
cache page is set &Pok e USED state, a predictive |oad request or a

desi gnati ve | oad {'eque t (pre- fetch) may recur for that cache page. In

this case, the When vector 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 "1" 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]

After 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 (S65). 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).

[0106]
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cache page is returned to the FILLED state again. As the aforenentig£E€ZML
process continues, USED state cache pages increase and FREE-state

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 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 |oading the_aforenentioned new
vector data. [0l0vftertthe preherpdye i $Re Pethf-WHRCETINAI #inked

list described in FIG 29 as a nethod of pronptl ecifyin the earliest
cache pageddiathieradmedtER@eTher £ c%&?%%r%evgiﬁcp%cgtr%%u%%% {]%]-E‘IJD_ state,
this cache page is added to the beginning of t | i.nked, |ist. en

FREE- st atfee 3t é“%g‘"e%cu%e%%etrﬁgu'?#}b‘? 9%a ¢ %h%h%o%g%géle:' dte%/%ched from
the end of the |inked |ist and is ghanggd at (PH081  (7)
Ti me mandfhtPa IO Y u%%gt#?reghg 50 H]gt‘%:l oiﬁ %&tﬁ s

nanagenent sec controls timngs
of the over Y S LON JOAD. o Thee foh L1 sutlines
t he timlﬂf%é%é%%ﬁﬁéﬁéﬁ[%§g€%%%d+ﬁ%§?&%%$h refer%nce to FI ?. FIG 31

assummes ity &y JEPLGIUFRERNs L 3ed CAEHE oo BEcfedsdEh 2t caane at time

t30 (e.g., a utton pressed by the user) and an actual mnusical sound
out put St@érﬁérfu&! menf 40r fheté MBeRSLAO0hHELAERH hge timeshe 3PRER t40 is
C

called laten
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 (561). 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
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
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Latency O is set to 2,000 nsec for exanple, but need not be specified
especially. [0109] When the reproduction is instructed to start, tpé FeB 2004
CPU 101 generates a reproduction thread every specified tine. The
reproduction thread all ows 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 fromtinme t32 when given song data is read to tine t40 when
actual sounding starts. This time period is called ady ncqgltine Y It is
pref er ablstard gut §iee red@rhcd vat U RIVERR RF§ TR %ﬁ’t 1e J1ger)

approximately 4,000 nsec and vary it within the range from 1 000,to 10, 000
nsec depeaffl A G Prdk dueteal s?%‘ifé‘ii%‘h Ut LTS Vent Wi aht2d thme y i s

dt tent, it i i bl [ it
Fepr oduct’ B HHY RS BeEme ot Eonareh oY ey i 14 bt 5 THeS G EReY s of
data). An int I, f t t] i |
e naue A S el ST o 0 R | GRS e e St e

ref erence_val ue. o ion thread generation interval Eto, e.g., 20
nsec and %%ﬁﬁ}fieéw%§§é§?%£ﬁ$énge from5 to 100 nsec dependi ng on

processi ng situati§E§9 [0111] 89 n 3 F F. B 2404 Wen song data is read at
tinme t32, part of e éong data is retrieved at step S11 as nenti oned

above. The SCOre yhen the reproduction is instructed to start, the
CPU 101 generates a reproduction thread every specified time.
The reproduction thread allows 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 preferable to set the reference value of advanced time
y 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 is 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]
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is interpreted at step 512. Then, a performance synthesis is perf?'[L g ?@
step 513. As a result, vector data is pre fetched at tine 34. Ati -?E @' 5
frompre-fetch tine t34 to sounding start tine t40 is called pre-fetch

time a. [0112] The vector data read fromthe hard disk 109 is finally

witten to the cache nmenory 44. Thereafter, the vector |oader 20 reads

that vector data fromthe cache nenory 44 via the read control section 43

to start the waveform synthesis. Atinme perijod fron1mavef0£n%§%nthesis

I

start time t36 tHhepwrihgdatarts 17984 19 teafi%d Rt bt ney"s. It
is preferable to set the reference val ue of aqutput. | gtenc to, .e.g.
applrooxi el BoFHeeEh Aarsto %a][ 5 “t%tl‘%fr?geaq?orvo‘?nyldé}% c%% nsec
dependi ng on, _processin situati ) 113 i cl.d , it
is also giﬁ t’:igqee“f%et'?cﬂta& nﬂef%nsﬁlzf/' p[eﬁ}e(])i}'%aa%g%&\e)fegnﬁﬁfﬁc Etb#r%v}}a%/e %?%é
Synthesi s, o ¥ AGesP e A No s SPORL d ST, llior [dats 08 gfsable to
set the r&terence vgfue an 1nterval for starting the waveform synthesis

process 1, & a0 {HEC3ANA ¥ dnd tpe ddi FLdileprénger dti omd ¢94500 msec
dependi ng on processing situations. If0114] As w il be apparent fromFI G

31, theredndhey Wed8 FER 200k 1el@dinnshpe getol wimeomg advance tine
y, pre-fetch time a, and output latency S. Here, tine interval "a-S" from
pre- [0112]

The vector data read from the hard disk 109 is
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
t36 to sounding start time t40 is called output latency o.

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 1s 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 synthesils 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
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fetch tine t34 to waveform synthesis start time t36 needs to be Io[t]‘ng £B 200k
enough to | oad vector data fromthe hard disk 109. Wen the anount 11:
vector data to be | oaded causes a high peak value, it is possible to
prevent a noise fromoccurring etc. by increasing this tine interval

"a-S". [01151 4. Modifications The present invention is not limted to the
af orenenti oned enbodi nent. For exanple, various nodifications may be nade
as follows. (1) Wen the aforenmenti oned waveform generator is used for an
el ect r onize latsiapshimsty omene, O hpgoageadVanre Fi@echt PTestetrRntifEy be
avai l able in any formsuch as a stringed .instrunent, g wi.nd_instrunent, a
per cussi ok ianst raHEHt kakency ¢ hikekeys diMend Ahedadth iiventital B Siot
limted to a_single electronic_nusical_instrunment ich égé:el:uggés ag((iBsong

data repricdidt i 'oHe e ofP WAYEIAHE SEUReSHE i atih Fon , the

f t hesi tion 101C, th f i s, Secigon 101D,
B, o doursns pgahcen: forhotet o da S AL R AL EPEO%E monent

whi ch fi d i |fd Etﬁ Q_’:Eg;b fgf

co%iun?gjir}%ﬁ%%un@r'el%#&ﬁ %gmggﬁﬁmé#%?fglac% vaaréous ne‘%%@, lgtc. The
o o . _ . . _

fg”t Ih?gr agés%’” \{”?Bj}’ugo”';g%' f%ré?é’ﬂlgf@aio o €72 AWh SPPH SRt bosuspihgar e

Y erable fo sSupply a processing program stored

on ecor dig Sy 0; . FER, P06 Rgl f1fuicimasrept i aalowdi sks, semt conduct or
nmenory, e c.) via net rF(s. Further, the present invention nay be
appl i ed [0115]

4, Modifications

The present invention is not limited 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
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to automatic perfornmance apparatuses such as a player piano. [Olif% gmﬂn
t he af orenenti oned enbodi nent, a single cache page stores a plur f
vector data. Cbviously, a single cache page nmay store one piece of vector

data. [0117]

be shifted to the USED state by increnmenting or decrenenting nenber

dwCount i
however,

cache pages and sequentially shift FILLED state cache pages with_ .
prioritiesia getworlsED starther hebhe PFPEFREANEEREEON WHENLS 2BRAkVRL! or

conmmand i
t he FREE

n the cache page header. \Wen unused cache pages increase,

(3) The aforenmenti oned enbodi nent determ nes cache pages to

this method nmay cause the cache nenory 44 to becone insufficient.
In this caskiaisucmyadpeopbietbrdbskst oseetcordugepnrenNe@Ly . f@FCFI LPED- st at e

| ow

s received fromthe vector |oader 20 for a cache ia eaigifted to

2 ABLORAELC POFEFBARNGRBPRIBRETTET | SRCH AR 7 PIR

exanpl e of "prioritigi", a value for nenber dwCount nmay be used as is
rge

the prem
effect).

uses of t
val ue in
bidirecti

pages. Wien . FREE-stale §AGh5188065: becorEriastificient, a cache page at

se that thel

XIrum va r=dwCount (

r the value is, the higher the priority takes

&%{L2@%ét%%g%P%¥g§§8é%$gé8béﬁb%%%m$%¢pn%f %Péf@ Qggﬁgrgggepast

maxi num

(on

h hi f [ ' et h
e SA LRk kA PF redtot aPE. D P TB L ST (P A b e

[0117]
(3) The aforementioned embodiment determines cache pages to
be shifted to the USED state by incrementing or decrementing
menber 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 received 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 dwCount may be used as is
(on the premise that the larger the value is, the higher the
priority takes effect). Further, it may be preferable 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
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the end of the lined list is released sequentially (fromthe earli engEBIUUL
first) and is changed to the FREE state. However, the sequence for 0
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 accunul ated nunber of uses, cache pages with a | arge

maxi mum value in the history of nenber dwCount, or vector data used at

t he begi nning of each nodule. In other words, these cache !£a es .or vector
ot a oy IBENESiiGHr o R SbHA 1PITP IR (TS L Aaoiar b PASE Pos b

Al t tively, it ferable to t he .actuall dat

o o o FRRE st dadie madturaserd iRl Hddhd e A P 1 @
diction). [01191 ..The h i sk .10 it :

P eabe o e i e, P SR e R T ARE Al e By | R oat

begi nni f i i i bt id it .

egi nni “%qoryl,laevﬁ]@d#u%t)d%{&aﬂ f}gloérgb}d;ggﬁgaié Yk UG tsSubsidddddve pages

Specific en ‘a ‘cache page preterentially needs to be

shi fted t&% @&dﬁﬁétﬁf,sﬂifﬂﬁg el @bl ot thatneachenpege to the
|

begi nning o nked list. Wien the other cache pages need to be

shifted i tde, USER Statsmpid, i shorefn) iy eeio mrkE thesee aaphebpages to
the mddle of the linked list. [0120] 93 BFEB1 (5) In the aforenentioned

enbodi meipe ATy G dti dSd Useth aSespdctexenptacid el ating Howeaege t he
sound data is not _
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, decreasing 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 list. 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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limted to vector data. O course, it may be preferable to use variogg 00k
wavef orm data or parameters for specifying nusical sound wavef or ni3 & 1
sound data. [0121] (6) In 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 packet streans tenporarily witten in

t he packet queue buffers 21 through 25. In this case, it is, preferable
that the (ge- Fretidre s@miwmlzi%%fgse@miiw%%ss‘&cfaorpﬁﬁ ot i Bt he
packet queue buffer at a specified tine before the vector | pader, 20 does

t he sane.ar @Mplwww%e@?%ovéﬁo%‘@ﬁdthW‘fﬁ ‘%ﬁ%tl%srb%‘ét of the

invention, the nusic apparatus receives a tinpre s eCif}%?%i , or, gne of
first to YiFeedotmdreater IPERi fiChi TS priliE BE Rt date of “Sound

data to be specified subsequent]y, and transfers i e froma

| ow speed*2& o‘?%jemﬂ%v‘i’%‘éef%g& ﬂ?ﬁ-%ﬁ&?@%‘f%ﬁ% %éal\t;?éc%é:%g@%ance.
Accordingly,.it.is Si r r s the first to third sound
dat a speg?"ﬁ]c%ﬂo %'919 i‘T’%‘g{%]?T%gg%p%%?(ge&%ﬁ%Unt of sound data in the

| ow- speed storage Qf?’ﬁ?e- This makes it possible to realtinme reproduce
sound data for mé ofmsynthesis with rich expression. 94 0 3 FEB 200 As

ment | oned (ﬂgovﬁm ﬁq.ﬁ%%f&néﬂtwﬁeae&m&aﬁﬁm; a®f shdwen | INeRLEHN, 16he

synt hesi s thod makes 1t possible to
through 23, the performance synthesis section 101C inputs a
packet stream directly to the pre-fetch section 42. Instead
of this operation, the pre-fetch section 42 may read packet
streams temporarily written in the packet queue buffers 21
through 25. In this case, it is preferable that the pre-
fetch section 42 reads and processes a packet stored in the
packet gueue 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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determ ne whether or not sound data transferred to a high- speed stqr mmm
device is used in the future based on an associ ated count value. W

sound data is actually used later on, it is unnecessary to access a

| ow speed 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 nentioned above, according to the third aspect of the invention,
the present nethod can realtinme generate high- quality waveforns in

consi deration of »%ayengiengfesboveara¢eor@ingntof bhe ngrredf a8BRAESE by

usi ng a conpact storage capacity. Nanely, generated vector data is

correct et ddtorid P oDt a ﬁlﬁgsléﬁyﬂl%sb%r%’%?%‘?s“}a}ﬁ?ﬁ st PpF 5P tRe need

to store vector data corresponding to variations

) of many . nusical
per f or marft&t igHRe (pralieg ST yRRL)SouRd dniA s Ih“gé%rr%%o'f%g% Riglcity for
limnarily_ stori t or data. th Pt [ble to finel
Cont rol | TRESR 1T TEe9e 55y o eft raehctd st Hatds SRR S fBn domron
Playing siyl &1 JA80t LELERL LONENT OABLT Ol | odti QMLIBNCEs Vad i@l 2y B8eaL Y1 €
par anet er’s, Het e y rnproving controllabiTity. Inthis way, 1t is possible

to use hiﬂé‘f@f‘%ﬁtyit‘“?%'eéﬂrﬁg‘éeélé\é{wgt&h@éé&wréSiwss@éediyedsﬁsgﬁl ayi ng
n).

style (or "articulatrio ese waveforns include a waveform provided wth

the modul §d 0k Ssiedh s Vabrate anskt&espl orhis weae! aserepsovined with the
pitch nmodul ati on such as bend, a slurred 95 0 3 FEB 2M waveform a waveform

provi ded wéddudhey PesSaBEePEiR tNariowi opesdchtasage piseing sook as an
orpanment. The
hard disk etc.

As mentioned above, according to the third aspect of
the invention, the present method can realtime genérate high-
quality waveforms in consideration of playing styles or
articulations for musical sounds by using a compact storage
capacity. Namely, generated vector data is 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 playing style
identification information in accordance with playing style
parameters, thereby improving controllability.

In this way, it is possible to use high-quality
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 modulation such as bend, a slurred
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utilization of high-quality waveforns can be further inproved by sig?hﬁ 0
conbi ni ng such high-quality waveforns for free wdlveform generati oh: éQe
is provided an excellent effect of realtine generating high-quality
waveforms in consideration of playing styles or articulations in the
manner of inproved controllability and editability. According to the fourth
aspect of the invention as nentioned above, after sound data is used for
waveform synthesis, the used data is_stored in the aforenentioned
hi gh- speetvetformage aleaaf o PErided dpdl st RAS It SH ut ure. Wien
that sound data is actually used |ater on, it is unnecessabéato access a
crea

| ow speed BGHRN FBIFR A% R PRSI HEP REKIBD 9N de se the

frequency of_ accessing the  |ow speed storage device s . i sk.
060 3 P A O DRt RRTTEr ehaars G e kRiures A oy ans
of a first storage device stor] n r t4 vef or ns
of vari od¥ rifst %%ﬁ?foré];n a?%d?%}gﬁ_s%%gri% dg%%%&;%%efs%l?b%e&gt a first

access 1 alfyeflith HSELONCL G OF aBe VI £ HLAFINAD dlSox O dal pe e a

second access irst access rate for instantly

provi di n%é%%lgﬁﬁ(tgh %péleé@m@tﬁy& u&li Vewed e fo s aimusi cal sound to be
me

synt hesi zed, the conprising the steps of: appointing sound data for
prepar at i&g]ﬁd&@tﬁaﬁt@@sg;ﬁaypﬁgtmymgi 628l asplsdiathenappoi thed sound
udi

data i ncl ng sound data representing waveforns determ ned or predicted
for use igandde SH¥NMMEEOEed 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 is actually used later on, it
is unnecessary to access a low-speed storage device such as a

hard disk. This can decrease the frequency of accessing the

low-speed storage device such as a hard disk.
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instructing a start of the synthesis based on the sound data which are
cached in the second storage device and which nmy or may not coqgﬁ%ﬂammp
appoi nted sound data; transferring the appointed sound data with

associated count to the second storage device fromthe first storage
device when the appoi nted sound data has not been cached, the associ ated
count being set to an initial value; increnenting a current value of the
associ ated count of the appointed sound data when the appoi nted sound data
has al read been cached; 97 0 3 FEB I Nk executing the synthesis of the
nusi cal sdﬁh%ﬂm% 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 and cached sound data in the synthesis; and detecting

rel easabl g s i n t or age. . devi according to the val ue
of the asglo'c|3<L31j'[1]é;'eitdl‘EI %%%ﬁtﬂsgggq‘gggrgre?%gﬁ %%%%?]disﬁélq%gb&%‘??ﬁﬁ,&f Briett
conprisin the step.of sequentially retrieving event data representative
of each miTERISJENACRSEAYLAE S I [ tay RERESPENER tATENO P IO und,

wherein the appointing step appoints the sound data according to the
sequent i al9% vpEipne i iGadnsoyats . fadd fhast steragaidgviaeacrngsdidle
appoi nted commonly for a plurality of the event data, and the transferring
st ep transfepsfihet coness yateppmdiresdesondd ttatagadesice tachhegseoond
storage device. 3. The nmethod according to claim2, f urther conprising
the step dfownnl dang &t ta secbad dedeawenatherasteremadn ahd berevesicess
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 appointed 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 oxr may not contain the appointed sound data;
transferring the appointed 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:
incrementing a current value of the associated count of

the appointed sound datawhen the appointed sound datahas already

been cached;
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data and the synthesis of the correspondi ng nmusical sound such thﬂt3c}1‘:_|3e]_ﬁul.
retrieving step can sequentially retrieve a plurality of the event data
within the set tine lag, and the appointing step can appoint the sound
data common to the plurality of the event data during the set time |lag. 98
0 3 FEB 2004 4. The nethod according to claim1, wherein the appointing
step may appoint the sane sound data two or nore tinmes according to the
retrieved event data, the increnenting step increments the current val ue
of the cached s&xe¢uddng thersynthasithofsthe muuinal gauad ingmanansad, and
the decrenenting step decrenents the current value of the associated count
of the cadiredhsoshdrtdiastaverion iveindeheaappsdubdddand ¢cachis@ddwrd t he
synthesis of the event data. 5. The nmethod according to claim1l. wherein
the first astzprage device is provided in the formof a hard di sk drive,

and the second storage device is provided in the formof a random access

menory chip. 6. 4 inPEOSLEFLRYFAT DI Lk BELLOIEREA Lo Eridod for

synt hesi s of a nusical sound according to claim 7. Ane or

synt hesi s si_cal ; sQund n first . stor devj ce sforing
vect or dat%fer Za rpeqslen‘;ﬁeaq ia\?léaqc‘):fa%\ﬁara\igsfoglrn?r&s doaf &an 3:1515',3 rﬁﬁﬁ%‘a SJ’sso'unacPs(% sai d

first storage device .accessible at a first. access rate, and a second
storage devi ce &Y ﬁ@%\?@aa&aeua%ﬂﬂ A2 &, doh FRfe SEEOTL S 24 %r t han

the first_access rate for instantly providing vector data 99 0 3 FEB 2004
device according to the value of the associated count.

2. The methcod according to claim 1, further comprising
the step of sequentially retrieving event data representative
of each 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 retrleval of the event
data and the synthesis of the corresponding musical sound such
that the retrieving step can sequentially retrieve a plurality
0f 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.
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representative of a waveformof a nusical sound to be synthesized, 0OheEB 200
nmet 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 vector data can be tinely cached in the second storage

devi ce i n advance Tie tiedhodrddmsrding ¢brekaimg , twhee osioh ¢tevegrpwin tdiatgg f rom
t he second storage device when the specified timng is reached so as to

synt hesi zesteppmal o ided tRetsane Ebandeddt &4 YeGide Baindsidddotdithgrusi cal
sound. 8. The method according to claim?7, further conprising the step of

det or i ni gy WAG! BEEr9kyBAleddife VRALO! o8l SnbdBRbhELRY obUp UMcrSfElied

packet has been already cached in t secon storage devi ce

transferri es t tr rringso he .jdenti.fied vector data
o ovi ded 1k ShEReRopHlaR de Snel s§C§s?e?ﬁ1“9%é%%%teﬁrg SalnsEnd el
devi ce has i}stored the jdentified vector data. 100 3 FEB 2004 9. The
met hod accHHhGAE tFf ARROADEGH ¢ Q4 Egﬁpfin‘FﬁE)‘enFPngs?Eﬁg LIRS ng
when the second storage device does not have a free area sufficient for
accept i ng Hhavciazest daduerof e asangiated aintthefstbengashedageuridyi ce,
and rel easing old

datga 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. A computer programexecutable 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 vector 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 vector data at a second access rate faster than the

first access rate for instantly providing vector data
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vector data fromthe second storage device to yield the free area for
accepting the new vector data, the released old vector data incl ﬂ%l% 0l
vector data which is already used in previous synthesis and vect ZQ
whi ch remai ns unused in previous synthesis. 10. The nethod according to
claim7, wherein the first storage device is provided in the formof 'a
hard di sk drive, and the second storage device is provided in the f orm
of a random access nmenory chip. 11 - A conputer program executable f or
perf orm rigntesandieidee of avarelforno fod masipeilcaiursbumbieayoditdisigeda cl ai m
7. 12. A nethod for synthesis of a nusical sound by neans of a first

st or age dettieenegtihrd Rpmpaind ndatther epepsedifati ve of wavef ornms of various
musi cal sounds, said first storage device accessible at a first access

rate, and a secqre3vandle s42¥ator pRERLRS £68 IPFUIARARY Bhe FniHEAHNd
access rate faster than the 101 03 EEB 20A first "access I%’at eef or instantly

provi di N9 SR Ml ndceoLnbali K Bl Syerel o YA paslasaung o be

r epr oduced, risi e Steps of: recelving a sequen of
soundi ng instr i0 f or, roduci ng e mysi cal sgunds_in a contjnuous
ranner e AlE RS or B SREREF BB Ro Lot R HLTE TEprCRdALA | ve of
a waveformfor use in the synthesis of the nusical sound; transferring the

desi gnat ed® SHftHiBatRe FigHtt HecFrya devics 598 they isye thgsiifeard doHng or age

device for caching in response to each of the received soundi ng
i nstruct i ciformatjanefifechive dompeeing ning ofnthersyssbesdssalomge

the time axis;

transferring the identified vector data f£rom the first
storage device to the second storage device before the specified
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, further 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 d.ata provided that the
determining step determines that the second storage device has

not stored the identified vector data.
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device for use in the synthesis; and retaining the sound data used in a
synthesis corresponding to a preceding sounding instruction for reusetg ik
anot her synthesis corresponding to a succeedi ng soundi ng instruction. 13.
The net hod 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 claim 12, further conprising the steps of detecting when the
second storage device does not have a free area sufficient for accepting
new sound data to be 102 O03FEB2001 transferred to the second storage

device, and rel easimg aetrovdadcodatiagh £6Mk18emSEC oG 64 OF AgfnSieYd £eg t O
yield the free area for accepting the new sound data. 15. The net hod

according tRe Qg &4, é‘@é&@dﬁ‘g Wh%nsﬁ?ﬂ@dse&%{c@ Adr %ewcr?sxehgq%w ng a

wavef orm of the nu5|c soun having a predetermn Ien e sound

data cont ni_f i cant und a_used for _synthesis, of di ng
portion a#g?ﬁe pre eﬁﬁ%%n? % %?rtﬁﬁcﬁﬁ é?grﬂ?gnﬁeHBﬂrsgﬁk? %ant
sound data?used for II_yntheS|s of renalnlng portions of the_ predeterm ned
|l ength of PRETAHTTRY SRR SESORY HECFRIL A8 HFe s P F@F-§§§é§gt%bd
non-si gni ficant sound data nore easily as conpared to the significant
sound dat aVeq&oT TRt HehinRR thec segond ssotrapndepicenteeyheldethertree
storage device is provided in the formof a hard disk drive, and the
second st oreer fdevaceeptipgdihiedadwivedter flatm, ofhe nedieborrd atdessctenor y
chi p.

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 1s 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.

11. Acomputer programexecutable for performing themethod

for synthesis of a musical sound according to claim 7.

12. A method for synthesis of a musical sound by means
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
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17. A conmputer program executable for performng the nmethod for synthesis
of a nusical sound according to claim12. 18. An apparatus for synghegp 300bf
a nusi cal sound conprising: 103 03FEB1004 a first storage device that
stores sound data representative of wavefornms of various nusical sounds,
said first storage device accessible at a first access rate; a second
storage device that caches the sound data at a second access rate faster
than the first access rate; and a controller that controls transfer of the
sound dat af ¥ actress$ i ¥ate sftor aes thvi ke novibimecmhdtdatge device for
synt hesis of the nusical sound, wherein the controller conprises: an

appoi nt i ngreprésant 4 i vaplic wavegosn wEh fakAchbisouidEpabal +&pr Sdutde,
synt hesi s of the nusical sound, the appointed sound data including sound

data repr eggathéhd@RVESRG FBs 1§t @ dN feghoroPr edicted for use in the
synthesis; an instructing section for instructing a start of the synthesis

based on the scnggk i C c i he secand. .stora devi ce and
whi ch may or nmay no c%%% ngl?cﬂ'{e&a%egoﬁ?seéd'{h&slo%dmarél;Ctalcfr%sag’g?rerri ng

section for_transferring the poi nted . sound data with an associ ated count
to the secdi %‘f’orf‘%géh ‘i‘%’ecgfr%?ﬁrﬁ% 13 C QR IR AR TN eFEERe
appoi nted sound data has not been cached, the associated count being set
to an ini tFANARG jestrGHOeAeFipRgtirgtsond datianceprerentgtiveuet ent
value of the associated count of the appointed sound data when the

a waveform for use in the synthesis of the musical sound;

transferring the designéted 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

retaining the sound data used ina synthesis corresponding
to 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 manner.

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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appoi nt ed
section f
the start
decrenenti
count of t
detecting

storage device according to the value of the associated count. 19. An

appar at us

devi ce that stores vector data

sound data has already been cached; 104 0 3 FEB 2004 an exe
or executing the synthesis of the nusical sound in resp
I nstruction using the appointed and cached sound dat a; a

il

ng section f or decrenenting a current value of the associated

he appoi nted and cached sound data in the synthesis; and a
section for detecting releasable sound data in the second

fernsiprrRadte 2L PRRT Efpraganievicenmndrageagingodid sewrdge

representative of waveforns of various

nmusi cal sodatx frswm d¢hei secondtramyaldeiviceatoegse bl ebled farefel askaafGess

rate; a second storage device that caches the vector data at

access rat

sctost g tHee e $umsd @LeLss rate; and a controller that

a second

controls transfer of the vector data fromthe first storage device to the
second storage device for synthesis of nusical sound, wherein the

controll er

conprises; a receiving section for receiving a stream of

packets for reprﬂguq;ggTegiogyg 8rd?8§ng°ﬁgponnggysh%8 gsﬁet%gﬁ%gxis,

each packet contalhin

entl- I Ca

identify vector data aﬁﬁéed |q?the first storage device for the 105

B 2006 synThedi¥FHge

h@IH Her ith eV RERE PTR 95 HgeBrFycalt ??ﬁ“ﬂ@

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
p:r;edetemined 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 to claim 12, 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.

17. Acomputer programexecutable for performing themethod

for synthesis of a musical sound according to claim 12.

18. An apparatus for synthesis of a musical sound

comprising:
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3 FE



of the synthesis along the tinme axis; a transferring section for
transferring the identified vector data fromthe first storage deV|c$ quh
the second storage device before the specified timng, such that th t
identified vector data can be tinely cached in the second storage device
in advance of the synthesis; a retrieving section for retrieving the cached
vector data fromthe second storage device when the specified timng is
reached so as to synthesize waveforns defined by the retrieved vector data
into the nusicala ddwmst sibrafye depacat khators teymishesiummdfdatamusi cal sound
conprising: a first storage device that stores data representative of

wavef or ms mdprveadd st fiSdERAvE BURMS o FSaird dud s ¢ Q1 868nd8Visea d BGERssi bl e
at a first access rate; a second storage device that caches the sound data

at a secodhBffEHvidle dadigiand e dildst %rom & and a

controller that controls transfer of the sound the first storage
device to the sec sloLage dev ce. for nt_hes f the ound,
wherein the cont?ar %Pﬁ ndcgnprl 98s° e‘él?%c%rff\l/e/ﬁ:gacg}secst |t3'r? 1E8Pngu§8%9|% A
sequence of soundin g |nstruct|ons for producing the nusical sounds in a

cont i nuousSAHD af RS i GV deftdnat i ng

sound data representative of a waveformfor use in the synthesis of the
musi cal sound; & €pRRSPiieridadeeenbroistransieircef ithe sdnd daitgntran
sound data fromthe first storage device to the second storage

the first storage device to the second storage device for

synthesisof themusical sound, wherein the controller comprises:
an appointing section for appointing sound data for
preparation 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 second
storage device and which may or may not contain the appointed
sound data;

a transferring section for transferring the appointed
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;
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device for caching in response to each of the received sounding
instructions; a retrieving section for retrieving the cached sound dgéiEBZML
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 sounding instruction for reuse in another synthesis

corresponding to a succeeding sounding instruction. 21. A nethod for

synt hesis of a nusical sound by neans of a first storage device storing
vect or data reprasemeaiitieng cecrdvel Bonseofcwiai n® UshensSmtdle sseubdstheai d
first storage device accessible at a first access rate, and a second

storage demusecatastumy iheeffdnie 4t nal s@as@COAdt20E6eISn" dkEnfagher than
the first access rate for instantly providing vector data representative

of awavef apppRbiRpEe 478 SQLNdat Qs sytesi zed, the method conprising the
steps of: receiving a stream of paaﬁets I ncl uding a precedi ng packet and a

succeedi ng packe or._ repr.aduci ng, the sical_sound. 107 0 3 F E B 2094

conti nuously al ogrllg({ef elmrﬁ%talxnlgs,segﬁé‘ﬁnp 3ﬁe‘fe%%‘?{'f%ﬂtfﬂ% a CHERERE ¥AtTSNn

information_effective to specifg vector data stored in the first storage
f

devi ce; pr8Hits AFseEirdrdusPUnbiof fbesappedatag ne cachad srendgdats t he
identification informati on contained in the preceding packet; transferring
the predi ciBdtRecsprtidesdstramithe first storage device to the second
storage device before the succeeding packet is received such that the
predi ct ed vect oradmteadimdeection 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
representative of waveforms of variousmusical sounds, 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: 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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cached in the second storage device in advance to the synthesis; aaﬁ .
retrieving the cached vector data fromthe second storage device éﬁkﬁ%@“
succeedi ng packet is received and the identification information contained
therein hits the cached vector data to thereby synthesize the nusical
sound. 22. The nethod according to claim?21, further conprising the step
of transferring vector data specified by the identification informtion
contained in the succeedi ng packet fromthe first storage device to the
second st ovEfdharehd endvikibming Hafogviadd onecef bectiave o speicifivt a timireby
ensuring the continuous synthesis of the mnusical sound. 23. The nethod
accordi ng ¢ weaispithesieraliond e itisde W30 3 F E B 2004 storage device
stores the vector data classified into first vector data representing an

attack wavefor m£ @raasRerding 8ctachesdt NerpsELLRIRG BndUSA&A s squpd, and
second vector data representing a body waveform corresponding to a

SUSeUeTed0st gt p BRIV GAL AOURI1RUEL SICLeLBRI PRy

predicting predicts e Secon a fepresen ive

body waveform whi.ch is nnect able to the attack veform specified by the
first vecté%v%ﬁﬁz?e 8ﬁFh%ﬁ§dsPﬁcfﬁéebrEi@ﬁ?ﬂg S%ﬁgmg?thE?eT%égqﬁiﬁﬁﬁF
according to claim23, wherein the first storage device further stores
third vect¥ic R dat@pFaiehe| Hijrely aiched ifatbpofarendastorage \R&ekes m

subsequent to a body waveform of the nusical sound, such that the step of
predi cti ng-n prdstinges ofhditffersyritdheasiis:d vector data representative of the

o aretrieving section for 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.

20. An apparatus for synthesis of a musical sound
comprising:

a first storage device that stores data representative
of waveforms of various musical sounds, sald first storage device
accessible at a first access rate;

a second storage device that caches the sound data at a
second access rate faster than the first access rate; and

a controller that controls transfer of the sound data £rom
the first storage device to the second storage device for
synthesisof themusical sound, whereinthecentroller comprises:

a receiving section for receiving a sequence of sounding

instructions for producing the musical sounds in a continuous
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rel ease waveformor the joint waveformis connectable to the body waveform
specified by the first vector data contained in the precedi ng packgt.fERsik
The net hod according to claim?21, further conprising 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 rel easable status can be erased from
the second storage device before a further packet is received. 109 0 3 FEB
200 26. The nethod according to claim?21l, wherein the first storage device
i s provi detannex heedeh rs@indinmrich sdimsic iran e s igrhttirey semomdl dditor age
device is provided in the formof a random access nmenory chip. 27 . A

conput er premreseretecitalpe of eaveEokar FoBgubbei APtHEJsPEERESL 800t Otgd ai M
21. 28. An apparatus for synthesis of a nusical sound conprising: a first
storage dewhEfcdhadosidres vector data representative of waveforns of
various nusical sounds, said first storage device accessible at a first

access rate; a Lce that caches the vector.datfa at _a
second access rzfgﬂgggﬁ%gﬁﬁh ng?églPPrs?rag%%%gé?ﬁf%ngo he;deyigpryied

provi di ng vecgﬁraggt? representative of a waveform of nusical sound to be
synt hesi ze¥UHH & BEBSHY Torst SORTREPISYIFR I the FRECPECEERTRBRa from
the first storage device to the second storage device and acquires the
vector dat@¥renterecachbng is seapenseicearhrofiehsersivetl seundirg cal

sound, wherein the processor conprises:
instructions;

a retrieving 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
of waveforms of various musical sounds, said first storage device
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
representative of awaveformof amusical sound tobe synthesized,
the method comprising the steps of:

receiving a stream of packets including a preceding packet

and a succeeding packet for reproducing the musical sound
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a receiving section for receiving a stream of packets including a FER 2004
precedi ng packet and a succeedi ng packet for 110 0 3 FEB 2004 reprodhélﬁg
t he nusi cal sound continuously along a tine axis, each packet containing
identif ication inf ormation ef f ective 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 informtion
contained in the precedi ng packet; a transferring section for transferring
the predi cgertinuaisdy datand rorhifmee aiiisst estchr pgekidy icom ttad ntilvg second
storage device before the succeedi ng packet Is received such that the
predi ct ed it iorf idsttal crani o madtienh iof fiedot ivec ard ssiedridye vt oae ddtha
advance to the synthesis; and a retrieving section for retrieving the

cached veddsreintih tHepmp i eSlghagR .devi ce when the succeeding
packet is received and the identification information contained therein

hits the cached pierd il 197f delfol A8tEWE SHANRA &L pTURLE U cosRtiily 1!

to the identification information contained in the preceding
packet;

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

retrieving the cached vector data from the second storage
device when the succeeding packet is received and the
identification information contained therein hits the cached

vector data to thereby synthesize the musical sound.

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
from the first storage device to the second storage device when
the cachedvectordataisnothit, therebyensuring the continuous

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

portionof the samemusical sound, such that the step of predicting
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 joint 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 21, 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 . Acomputer programexecutable for performing themethod

according to claim 21,

28. An apparatus for synthesis of a musical sound
comprisiﬁg:

a first storage device that stores vector data
representative of waveformsof variousmusical sounds, 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

a processor that controls transfer of the vector data £rom
the first storage device to the second storage device and acquires
the vector data from the second‘storage device for synthesis
of the musical sound, wherein the processor comprises:

a receiving section for receiving a stream of packets

including 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

aretrieving section forretrieving the cached vector data
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.
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