|

; VWKYZ[ e3e7\: 7Y| | 6T: ~Wr 1191BI V MJSI C SOUND SYNTHESI S W TH WAVEFORM CACHI NG
BY PREDI CTI ON BACKGROUND OF THE | NVENTI ON mm(?omm The present invention

relates to a sound data transfer net h(r)rjmmlw mml lwm ta transfer apparatus,
and a programthereof for generating voi ces, and any ot her

sounds based on readi ng of waveform data f rowve rel ati vely | ow speed

st orage nedi um such as a hard di sk, V\/ni ch has a relatively slow access rate
to stored data. More particularly, the present invention relates to
generat i on MUSWnSﬁHEDsS‘éﬂTﬂE\SWO‘f’HﬁH CHE QR t FACHING SprREDEHCEIMre of
nmusi cal sound in response to perforner's various performance styles or
articulation characteristic of natural nusical instrunents. The present

invention is widely applic nmusi cal instrunents,
but al so devi ces, appar at u@&fﬁﬁ&&@? lg%%ﬁ }arﬁé'\s%bgs having a capability
of generating rrusipgb ﬁounds, voi ces or any other sounds such as nechani cal
i nstrunents, corrplg ers, electronic gane apparatuses and other multinedi a

devices. In this @H@Cbt:bﬁéhtomnvénwéhceéléee@dtwemﬁaIéafl&t limted to
t he pure nusical sense ut may I nclude a waveform of a voice or any sound.

[0002] Thergnkse fethodNOdNsbhed " d@veT oF h SBSPrapp Lt g, drethwol ogy which
stores waveformdata (i.e., waveform sanple data) encoded with any encodi ng

syst em suphogsa®Chhé paid 8 ef br~genes#t I1d MDD cal coslendodut@aiced,) ,adPCM
(differential PCM and ADPCM (adaptive differential PCM, and which reads

t he storeanygatbharceoodindg basedson eveadibng adf pracdiesrn olafemefzdme ar

synt hesi ze a nusi cal sound. Further, there are known various types of
"wavef or nredabiyetealiPrigsByed ent oragh it dhiressuibsas corvasd i &kl . " wavef or m
nmenory reading systenf technol ogies are used to generate a waveform of a
singl e soWhHCRrbAFt AcTOLYFHYIPHY $HOW RCARP JTaR U TP TRE A3toh.  dirre
exanple is to store waveformdata of a whol e waveform of a sound fromthe

begi nni ngp?’ét%ﬁ‘él%ﬁﬁyoft]?ﬁepg%%%F g R O H e lidt helr© @Fé}ﬁﬁae QP F store
f dat f tial It f th

conpl ?E?t%ﬁnﬁaéﬁb%sgﬁrﬁa?%f%m? SRt e PR P P D A s [Xgr%ucbsequent

part at a,gustajn &'QH %“ééé‘oﬂéétﬂ? oér%c%d§ x}ﬂlo pea cﬁﬁ*ér?@e t he

term"| oop Wave or Si gni a wavef s rea y 1n a
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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

: AR R

*159159*




ROM RAM hard disks, CD-ROM etc. A hard disk and CD-ROM provide a | ow
unit price per unit storage capacity and are suited for storing a great
amount of data. However, the hard di sk and CD-ROM offer a slow and unstabl e
access speed, incapable of imredi ately readi ng necessary waveform data j ust
at the timng of outputting a nusical sound signal. For this reason, the
foll ow ng technol ogi es are proposed. Japanese Patent Unexam ned Publication
No. Hei. 6308964 corresponding to the United States Patent 5,463,183 2

di scl osescpHe m@éﬁﬁe¢639>ef053¥|KﬁﬂﬁgﬁFﬁpt%ﬁénE?%Prﬁﬂe PRPRAM adBRELKRI ng

ti f I li f f . dat [ h i sk. Nanely, wh
B oundi ngAFABEPDPIN LY ) ¢ uBBtt HHLChn s 630P aEPEn° L BP R o130 aRREOTRLB g of |
a succeeding portiaon of .th Bert'nen% mavefgrggda%a fﬁgﬁ1g9§ehgrd di sk, and
concurrenFPydg36F8 u PﬁécFﬁe B&GPRRI °§ BSPEF3Rcoftt REPHATA AP eli ousl y
t d i f h ' I t] f_th
begi nni ng"SEEERdn "o Ehe aFScFhe toasseatins aart § akratet FePsEue or m data

s reprOduﬁa@efBQQOmhméégaaéaaiR@tgpgtbmexaebﬁﬁglggbégcatﬁsgthb- Sho. 63
181188 di scl oses the technol ogy of reproduci ng waveform data by

sequenti abbhveaadiondl Mﬁ&%@b&mdabﬁ\otg beagefiyesysebmy 688RHEUohSes
predefined as sequence data. This technol ogy predetermnes the tine to

start readiraguekdeaohgenvehoemadanseEornespoadsnggle sosrquEnce thai ng so
that the start tine becones earlier than the note-on timng. SUWARY OF THE
| NVENTI ONbeg@ahlingowevehe ehd bEchnohddgpugadupatiog.t cOdaperasplalento
Unexam ned Publication No. Hei. 6-308964 needs to previously transfer

begi nni ngsporei savedbral Gavavefornwhala wevehidtrmt oErabyohnddEremgthae
efficient use of the precious RAM Since the technol ogy according to
Japanese PagénningekanithedepdbPicihpoRompdingodusatign188Anathated on t he
assunption that a nusical sound signal .is generated non-realtine, it is 3
i npossi bl 8XBBPASpAY LRI §tPEENHBNEE9TRodata a8t anerEtiasi ’ts@udhEackata is
supplied realtine. TQS preseat L@ entiog.hag geeﬂ made i n.consideration of
the foregBPRGIOft Ofs tPReFORB e WA THi POPPLAFREE of L ENEeHr 8R&nEC i AVRREI Bn to
provide a_s .dat a I t had t apsfer tus, and
B b ogr an PRGLSF o 5P 0B PRYEsETy Sang SuPSHANeAP) okt iae R pIRERIS,

real time geneali fgth YEkea! cAAHBESS! 0PA! tROBCUPEEREL ¥abYoHS PeatBRRT

di sk etc.
"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



The technol ogy according to Japanese Patent Unexam ned Publication No. Hei.
6- 308964 needs to previously transfer begi nning portions of all waveform
data to RAM The technol ogy accordi ng to Japanese Patent Unexam ned

Publ i cati on No. Sho. 63-181188 always requires a hard disk to be accessed
for every event, thereby increasing a noise fromthe hard di sk and
shortening the life thereof. In addition, frequent accessing of the hard

di sk consunes extra resourcesi whi ch shoul d be allocated to other
processesdigptopeesthe Facereiedy ok Beehimdfer iy dFrfn e iivh bt RMé
foregoing. It is therefore a second object of_the present inventiopn fo
provi de a@sPeAHRHERA P?Eﬁ%?%roﬁe‘? R & K00 d%ﬁvae%cf% & azfptpfé‘?ea‘?ujsn and

Convont GhARESS EHER~ W VBFo it NEH  rEal AP Ly o Seinat Dy b ©

vavel o m gat & 0lafs dol e vewelarm ol oneusoundk 17 Amdhe hisal g4 the

end of the soundi ng duratrton, or or form one

sound as @A ghd aGkr 1 neRP T PEr o G £ LA Qe MiSta Qe el eat number

of various wavef'orm data corresponding to various playing styles (or

arti cul atéORGUrré RELY I FE¥r ity ST agsy apaty portilors iy ite: idwlse di verse
waveform data. The aforenentioned system for storing waveform data of the
whol e wavefeviowshy fstdbdédl 11y eapr e SF tembites wapdati icns ahinep ltedt esartitous

pl aying styles (or articulations) specific to natural mnusical instrunments.
However, septodystion nefy therpbegimpingurer il ol Hwurtdst g .udthe n accor dance
with the stored waveformdata, providing linmted controllability and

edi t abi | i $Ycceiling ap@reion tof stheawmianm fata cdHrraRapaudftact eri stics
control such as tim ng axis control of waveformdata corresponding to a
desired playing st9P@%lor articul ation) according to the nusical

performance data. _The present ipvention. ha en. made in. consi deration of
Phe foregoi ng.  119PBanREr ofBenh ThFam s L Aior i ThE ot Sl SiwentT on ¢o
provi de &, ypyed o 11 syl Dests, TEL A0 A0 0D AP A0S B ARRAY Ay, and &
program thereof cCapa T2 0f ea5|€fy, Sl rﬁ?fy and rear maggenera i ng

hi gh-qualy§ ys%(@(%]ﬁﬁ tf?éd’fﬂé ablyg J o MRATdAUS 1Y 3 %ﬁéﬂlﬁ?xlg% ed

articulations): e technol ogy according to Japanese Pate

Publ i cat i gsuiNgeq Hed -gﬁeéé)ﬁﬂ%h needse i \dus! Y M@ deihikadidini ng

portions of all waveformdata of various tinbres to RAM thereby

sacri fi cipweddtefiMaes | the at imd. tdwWidier , rddfidedmMAaegy wvsesohmddta
Japanese Patent 5
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 precious RAM.
Since the technology according to Japanese Patent Unexamined
Publication No. Sho. 63-181188 is based on the assumption

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



Unexam ned Publication No. Sho. 63-181188 always requires a hard disk to be
accessed for every event, thereby increasing a noise fromthe hard di sk and
shortening the life thereof. In addition, frequent accessing of the hard

di sk scarifies limted resources of a machine. The present invention has
been nade in consideration of the foregoing. It is therefore a fourth

obj ect of the present invention to provide a sound data transfer nethod, a
sound data transfer apparatus and a programthereof for saving accesses to
a hard di kpeseib]leobe] aPRlyr tletst beakrrbRdy the 3 i93%e IHjEt ,MEHES pr esent
invention is characterized by having the follow ng configurations. It

shoul d besﬂﬁ?%ﬂc?hﬁ?téxéﬁpFBéP%}%d g2htHBRi zed. The confi guration
according to a fi&ﬁt asgect of thetinvegtion s a éound dat a. Lan fer

met hod of using alPSwEpEea St SPRGRTHRYI 28° (hard BRIk 10oy0r 3t 3F1RY sound
data (vectpr t ical,s .ah-sp or age

devi ce (céghggﬁeﬁ%%-%&ﬂ%{af origag%%g\f%ﬁélg%ﬁd@%%g%éﬁ%z?rcgﬁs IZ% ring a
part of spuadesdat n§éﬂfﬁ9n"_@ot ot Dk SPESEd UALE taw £t Qud fifod) ah- speed
storage device. The nmethod Is characterized by having: a tinbre

speci fi catb@Rar 888t t PANHEOLCSFp&Fat €S LI Mt th iy Ears PAtd Ads@timn (M DI
program change nessage) associated with sound data to be transferred to the
hi gh- speegf 51 61 g€l dexndeex Besoinel ¢alisi py eRAIM tarah o aassl {fep S30) of
predi cting a candi date of sound data to 6 be specified | ater based on the
recei ved gembretspecafmeaicah; seumid as pygroxke ssor{caimeril3) dwrudimnsd erri ng
the predicted sound data candidate to the high-speed storage device from

t he | ow sipaed diskagtcdevice. Preferably, the sound data stored in the

| ow- speed storage device includes first sound_data corresponding to a
soundi ng start poFPRpofeFRACAPIACRCEOFEIDS) tandPRERSTRI BOHRRT dat a
correspondi ng to subsequent portions_ (a bod ortion)_other than the

soundi ng LReFEMpBRY| %ﬂ?lhﬂ@tg%nfﬁp dated pr%ﬁ%lﬁgeqﬁ HitRy R hbr e
specification 'ks the first sound. data. Tthe rreth(%d IS aratct i edﬂ%/
further hEUARGTSH PPALRLRENRCTE A ki 11 13 6H ¥t it idn Drigitss bte

recei vi ng iLficati] .any, fi SO ta; second sound data
predictio%g€$§%%é§9(é?§%géé€§ %é {éﬁ%ﬁ% ?ﬂﬁggﬂgénlﬁﬁééyﬁﬁésecond sound
data to i f te as i slcg@% { 4 iyon; and
a pr oces?‘fg?g%é&g? l?%i %?ghsfgrirj?ln%é?héeivﬁ%sdi ct Ig%ti:gan sound atg&to

the hi ghspeegd-sto588Cr8RVEGEryIOMRANE 1V SRE S S AR I\ EBse Her ably,
the sound data stored in the 1ow speed storage device further includes

third soupgl dpaad (@isk! gREesPOFtéRn@rtive j DIfY HHRddH) l1h heidisedbif ter
the first and second sound data. The nethod is characterized by further

havi ng: af segoent satcesshhq spethd i lwatd ahi gkecapidunme Preaacass mdsqanssy/] ng
speci fication of any second sound data; a third sound data prediction
process (wihephSIyubd pe edll bocamed taniltkt eodcaddgsl sound data to be
specified | ater based on the second sound data specification; and a process
(step S43) 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



7 for transferring the predicted third sound data to the highspeed
storage device fromthe | ow speed storage device. Preferably, the inventive
sound data transfer method further has a process of providing
identification information (setting nenber 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 candi date of sound
data with failed prediction. Preferably, the inventive sound data transfer
met hod fupbliéionas &Sughoteshnoflogyemistisbyoreansyeeat ngubbsrcofound dat a
(substitutive page) to the high-speed storage device for every tinbre prior
to the ti¥BréoygevpieéarmofataceprrefPpraétgstoieRigeanBl@asiadIspEELEFed in
the first, second, or third data specification reception process is not
transferréartSrﬁﬁéuHF§H9§ﬁéedr§98%§@89d@vpeg? Fﬁgrﬁggiﬁag GhBY d5P% i s used
instead of  the spggifie .sound dat a er to achieve the aforenentioned

I
second.obFEBF}PPh fr&s ﬁ?eFﬁﬁeWFVSﬁOFQ g%g?acterized by having the
follow ng configunald AidrehorifiOted BsRaheHotnato2XaPlESe8ben anta
nfi 0 5|ng asp fhe

par ent hesi zed. The co gurat’i on ‘acc 0 a secon ect of

i nventiongies +ReSQMBd edahdekb2Rstah FREBAGUDIyUSkPPe8s! OYRPEEd Storage
device (hard disk 109) for storing sound data (vector data) of nusica

sound wavehenatiand aubi @8- sReedust plagengdeytgees CasHeafEIBEYadddnE or
caching the sound data, and transferring s part of the sound data stored in
t he | owspeedcstarage davuecalt mutheahi ghsspaednssor ajeweeatr cestich 8
wavef orm synthesis. The nethod is characterized by having: a preparation
process ofbyptepamaygssopis depzodetermilagdal osbendseiust pneaccordanoebe
used (supplying a vector ID or a packet froma prediction control section
41 or a pWaghnghet prersdnwavstfornedaian POAGLEENG pimikedh section 42); a
synthesis start _instruction _process of instructing to start synthesis by
usi ng souRAREAPALARILLALYsaBAeGldGEPYLEREL r UEPEBICX PP BE epht atF oVCBRAd i s
stored in_the high-speed stqQrage device; a.transfer process (sieps S42 an
313 “or " gheribhet. thnEtatede FEaraEt et rbichr eRaFER PoRrR pby tEREREL”
t he hi gh-speed st e devic a rri d, dat a .
high-spee%gégoFgaggggvP%e% ygﬁ?%ﬁe8$g§fé%gg%£€§%§§§€ tev%c%é%ﬁéggetting a
count val - t oLtk a o} ' t he
Cranst orr BA€RNa SkeS. o PR Reaar Bk e B G e e Bat &

i nstruct edet-ebrpbgBar ahit@n is already stored in the high-speed storage
device, increnmenting a count value (nenber dwCount) for the sound data; a
wavef or m synt hesi gher peesendf istanting wavebeem myabhesi ohyidsragibhe
sound data according to the start instruction fromthe synthesis start
instructi ofi phecéssegndndecr énensi hpeftéfot&EDastiated @b péet chif ath&64) a
count val ue (nmenber dwCount) associated with the used sound data; and a
setup probessent daveotiing $oupdodade ahvavefermtsyerthesis hmebhgh, speed
storage device and which is not scheduled to be used for a subsequent start
i nstructi 8AUBdsda@tantyaBEGAT PAPAEAEBFr cB3PGNAi RECIHAR e ERRhdCaRdRle and

setting the detected sound data to_an erasable state (shifting the FILLED 9
of easily, simply and realtime generating high-quality

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

The technology according to Japanese Patent
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



state S64 to the USED state S63 when the nenber dwCount reaches "0").
Preferably, the inventive sound data transfer nethod is characterized by
further having a prefetch process of prefetching event data froman event
sequence (nusical performance data) prior to a reproduction start tine,
where the preparation process determ nes sound data associated with a
preparation instruction based on the prefetched event data, and thereby
shares the transfer Erocess anong a plurality of event data for which
comon soUpexasinefs Hbéé?aFﬂéneﬁablgboth@3T B8 8 velwaymor e hres adsf er
met hod i s characterized by further having a process of setting a .

repr oduct PeRAsg4Fk FPnﬁemﬂ?ﬁeés??n§°¥aﬁv?¥%n$%???rnﬁ%ﬁﬁﬁp%v%% reRf g s

epar on process _Ca er.m neogommn

lied. B h t ti det
P Gaia HelEe e el PRE et ar abEE P LoR PLOESS Sfe LES SRS

sequentially jed t LLhin t i , y share
t he trans#%raégggéég'aﬁ%ﬁgﬁ?ﬁg %?%%%?%@% %f %@%ﬁg&%%ﬂ%ﬁggréai%gﬁy?%g conmon
sound dat f;hsrb§eesBhelesabEYa hbenpi&paration process perforns a
plurality of the preparation instructions for the same sound data based on

singl e event datarhangritBentaysientieyNhleShseR REES Sifle6sLEEAEBat DEnCOUNt
val ue each tinme the sound data is used for the single event data. |In order
t o achi evert breaforegenhgonedtt bértheb¢fote 4 hfoynrEsesth jedtvant i time i S
characterized by having the follow ng configurations. It should be noted
t hat exanptesei® inweetpanehthpsovide Jheowwdfdaia atrars Zeconelimgd oaa
third aspect of the invention is a waveform synthesis nethod characterized
by havi ngsoandi @ptié prageser ofPpPatalvs nigpd paekedrae ridwre@hpidsing a
plurality of packets including at _|east specification information (vector
| D) aboutS¥étRera2eaeasef ofed?i nakd| Sk RS st orage device (hard di sk 109)
and timng inforngbiog about waveform generation; a transfer process of
transferring vect 088da specified by the specification information
h- speed
n

i ncl uded i h k he_ | d devi i

;Pgrggg dLCiEe?Sﬁﬁ ?éfﬁg?hggfggﬁ§$g?0€$%g ggsgtgéfggﬁf?%¢g§%£§$$?€; g
ndi oat ed. N ; ) ) ) | : q ¢
Lgn;ﬁgs?slgg%%gggﬁgg%z%?%gggfg?%%ggi%?ﬁg¥g§&?ggg%ﬁglﬁgﬂféﬁ%hea?in?ngave orm

i nf or mat i 0By f DgRR&R: PREKEE £ f Ofioti FRT O UCH Nl tHiga v St it st ored in the
hi gh- speed storage device and specified by each specification information

in each opat&etpaskeéaand for synthesizing a waveform based on the
reproduced vector data. Preferably, the inventive waveform synthesis nethod
is characterized tyef gohbegueatpohsatgoadpri@cessa of i tlet ed opad ngohehider or
not vector data specified by the received packet is already stored in the
hi gh- speetins¢nthge devacsoumfied@ia thensfemgierhqgt cxfesssimg perfarned on t he
condition that specified vector data is not yet transferred to the

hi gh- speegipeedraperdasi deviee efleand| §isk M0\ afief ertrie ssowwhptatses: a

(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



11 process of determ ning whether or not there is a sufficient capacity
for storing vector data to be newy transferred to the hi gh-speed storage
device; and a release process of, if the free capacity is insufficient,

rel easing a storage area of old vector data already used for waveform
generation or of unused (unsuccessfully predicted) vector data so as to
yield a free area (setting nenber dwStatus to 'FREE ). In order to achieve

the aforenentioned fourth object, the present invention is characterized by
havi ng t hBef 8PPEREAGIcoAFPHU aFPBnS" FheshBGPHveE FHFRECt hat exanpl es are

h d h f f
Pavent | onspec afls%ﬁ%gﬁal R e SParSRe: hohonr Sad) Eoh FrdtbEdtrShe, Be
d har d d 109 t d I
Gound wavBFSAREtEAISRUR ﬁaﬁszrs'aﬂs%égﬁ tfiobfle WEGh kpdlh 24 oo U, 08
cachi ng tB@viBH”@rgﬁt@heaﬂgw %ggﬁ Egbgg a @@gicgf sound dat a stored in the

| ow- speed storage device tot spe d st orage device for waveform

synthesis. The i nygalrievapT®t hedel eoehar astarbzeéeaylha\zhegloa tpagaf er
process (step $43) of transferring sound data fromthe | ow speed storage

devi ce tostBeabeghesheedintonage devstesHan@ddQbaacsprdshogdingt tycai on
(note-on); and a retention process of retaining the sound data, after the

sanme i s usednBangwavetrer posynbhesasn, atbatkepbighespestid stocond sewnde in a
state capable of use in the future (setting nmenber dwStatus to 'USED ).

Pr ef er abl gataheorrespbedipgotessubsagsért spentiond2(a kbedy peotiche

| ow- speed storage device to the high-speed storage device in units of

speci fi edothpacithrBs thensanpdsnef SRBRBryobrbeks) anerependpigtathe transfer
process conprises: a process of detecting whether or not there is a
sufflC|enPréﬁﬁQEP?yaFSPrgﬂBglﬁ@ EB%nHlﬁgfé %%%f&f%?%he?%r+%dt?% fhest

hi gh- speed st orage device; rQcess city
|nguffPC|§HPn r93585|n6hﬁ §F6$86e15r85?5?0£?ﬁﬁ%% s?% f%? %Edh§%h%% data to
create a free, ,area and_.a grocess of

transferr ﬁﬁs§oﬁﬁﬂngaﬁQE?ogggcggﬁf§gf?%n§?%??gﬁégﬁg$%é9??e%faf QSLving
e P el 80N OBEAahs 3R0L! 0 MAVRLOLIN SVELEGRA el lachle

speci fied Ion d IS characteri zed

CO”DV'S'“BrealeEQSESErQEeéﬁr@Qgéﬁgs§@§ao ?égéﬂ@ﬂing“atQQn@iﬁgfép@Pd
storage device so that sound data used at the begi nning of each portion is

not easil ¥et6haasedntindaeapasbi se@NsPeEf DéAET a tOHNBaslad aorf at@df f+€at i on of
addi ng vector data to be cached preferentially to the beginning of a |inked
i st and sosrpdt dagaosheci¥écabiodat andnatpeocesisll estoéptde3 ) itdeed |ist).
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 S43)



$RI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagram for
exenplifying a hardware configuration of the waveform generator according
to the present invention; FIG 2 is a flowhart show ng an enbodi nent of

t he "wavef orm dat abase creati on process” performed in the 13 waveform
generator; FIG 3 schematically shows an exanpl e of conponents and el enents
constituting an actual maveforn1corresponding to a perfornance style
module; FI.G 4 is t show.n n._enbqdi nen ca .sound
synt hesi sfBFocFE??S%§§E&n8n%Elﬁepaﬁ\gléﬁgga" tg#F% S%uf’é gaBFoEﬁ Léﬁgé howi ng

T S8 B S AN FLOER BUSEEE, o
illustrating a fl(pyégérably, the inventive sound data transfer method
further has a process of providing identification information
(setting member 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
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



t he performance synthesis process in the aforenentioned performance
synthesis section; FIG 7 is a flowhart showing in detail an enbodi nent of
t he perfornmance synthesis process perfornmed in the performnce synthesis
section; FIG 8 is schematic diagramfor explaining a |link process when a
performance style nodul e corresponds to the anplitude el ement or the pitch
element; FIG 9 is a schematic diagram for describing wavef orm thi nni ng
when the attack portion waveformis connected to the body portion waveform
FIG 10 iyaae§@ﬁ@nﬁﬁpéhéﬁé§ranThSrmaééeﬁib?n@hﬁﬁﬁé¥%¥h¥?%iHﬁih@vkhéh t he
body waveformis connected to the rel ease wavef or FIG 11 is a_schematic
di agr am f 8r PHEBEFABILAY RéQSFﬁFnPFhPﬁﬁPﬂﬁlQﬁeﬁo?%%n%%ﬁﬂ deteERIDRdef8rmis

ConneCtedbe used or predicted to be used (supplying a vector ID or a
packet from a prediction control section 41 or a playing
style synthesis section 101C to a prefetch section 42); a
synthesis start instruction process of instructing to start
synthesis by using sound data which is previously instructed
for preparation and is stored in the high-speed storage
device; a transfer process (steps S42 an S43) of, when the
sound data instructed for preparation is not stored in the
high-speed storage device, 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 S$64) 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



to the rel ease waveform 14 FIG 12 is a schematic diagram for describing
wavef orm t hi nni ng when the normal attack waveformis connected to the

rel ease waveformhaving a loop portion; FIG 13 is a schematic diagram for
descri bing a wavef orm connecti on when a performance styl e nodul e ends

bef ore 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, FIL.G, 15

schemat i caldte Stans carthenBSEDmsater Sthe Woedr &Re @SﬁgﬁﬁupgpPBHtfor

expl ai ni ng operations in the waveform synthesis section;
reaches "0").

Preferably, the inventive sound data transfer method
is characterized by further having a prefetch process of
prefetching event data from an event sequence (musical
performance data) prior to a reproduction start time, where
the preparation process determines sound data associated with
a preparation instruction based on the prefetched event data,
and thereby shares the transfer process among a plurality of
event data for which common sound data is used.

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

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

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

following configurations. It should be noted that examples

10



FIG 16 is a block diagramfor concisely showing a fl ow of the overall
waveform synthesis; FIG 17 is a block diagram for explaining a vector

| oader; 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 enbodi ment of the data structure of vector data;

FIG 21 shows the content of nusical performance data created in the score
interpretation section 101B; FIG 22 shows the timng for supplying packets
fromthe peefprmgnt8esyatHesi s section to the waveform synthesis section;

15
The configuration according to a third aspect of the

invention is a waveform synthesis method characterized by
having: an input process of receiving a packet stream
comprising a plurality of packets including at least
specification information (vector ID) about vector data
stored in a low-speed storage device (hard disk 109) and
timing information about waveform generation; a transfer
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



FIG 23 is a block diagram showi ng an overall structure of the cache
control section; FIG 24 is a state transition diagramfor prediction
operations in the predictive control section; FIG 25 is a flowhart which
shows a | oad process perfornmed in the pre-fetch section; FIG 26 is a

fl omchart which shows a packet reception process perfornmed in the pre-fetch
section; FIG 27 describes operations for configuring a cache page; FIG 28
is a signal flow di agram between the_ performance synthesis section and the
wavef or m ®¥RERESi §fs8etesRintng whothaswert RRt| thrTSt LcRufetbiciepige

header in ] )
capacity for storing vector data to be newly transferred to

the high-speed storage device; and a release process of, if
the free capacity is insufficient, releasing a storage area
of 0ld vector data already used for waveform generation or of
unused (unsuccessfully predicted) vector data so as to yield
a free area (setting member dwStatus to 'FREE').

In order to achieve the aforementioned fourth object,
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 method of using a low-
speed storage device (hard disk 109) for storing sound data
(vector data) of musical sound waveforms and a high-speed
storage device (cache memory 44) for caching the sound data,
and transferring a part of sound data stored in the low-speed
storage device to the high-speed storage device for waveform
synthesis. The inventive method is characterized by having:
a transfer process (step S43) of transferring sound data from
the low-speed storage device to the high-speed storage device
based on a sounding instruction (note-on); and a retention
process of retaining the sound data, after the same 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



the cache nenory; FIG 30 is a state transition di agram between pages in
the cache nenory; and FIG 31 is a timng chart which outlines the timng
control for the aforementioned enbodi ment. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON [0007] 1. Hardware configuration according to enbodi ments of the
i nvention Enbodinents of the present invention will be described in further
detail with reference to the acconpanying draw ngs. 16 FIG 1 is a block

di agram exenpl i fying the hardware configuyat,i on of vef orm erat or
accor di ndiaté tHeomridienkoy RRGRY oﬁ{orﬂﬂes%ﬂdiﬁart & W%dﬁ,[h Pedd]

& Pg@atiton “exanpl e

uses a conputer. In this, confjguration, .the conputer .exe e jfied
progr a{n (SRR JeYPT it et t W@T%Ter%cé:gﬁgrcgﬁl%% gcligloiléllqntgssp'?)oqEI t he
present inventian. course, the waveformgeneration is not limted to the
f or m of W%?&s‘?ﬁ%%‘r e, but is also available in the formof a

nicroprogran1prop§§g§gr§g%§1Fﬁg%gg}%ﬁéégfsgﬁgggsénégﬁfyﬁygs: Rurther, the

wavef orm generation 1S no e formof these types of prograns,
but is alsgavad | @bl getdct heg idndr dadical athdiay dware samHiicgemd t o

include discrete circuits, integrated circuits, large-scale integrated

circuits,c&fdcity for storing sound data newly 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 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

13



The wavef orm generator may be applicable to any products such as el ectronic
musi cal instrunments, karaoke apparatuses, electronic ganme apparatuses,
ot her multimedi a devi ces, personal conputers, etc. [0008] In the hardware
configuration exanple in FIG 1, a CPU 101 functions as a nain control
section of the conputer. Via a bus line BL (data or address bus, etc.), the
CPU 101 is connected to read-only nenory (ROVM 102, random access nenory
(RAM 103, a panel switch 104, a panel display 105, a drive 106, a waveform
i nport sewhwefol®7geaewavefror m out put section 108, a hard disk 109, and a
conmmuni cation interface 111. The CPU 101 perforns processing such as
"creation of a waVéCord gehepasdcaliy,sheyr sbufdasPhenesi SOPBBRERE&Fe sound
source 17 based on a created database", etc. (to be described) based on
speci f i ed2pAoGLERED tPhESBSHLEYLARE aPeaShppti BAYEF OFF nebTb? RROYALNG hEO
comruni cation_interface éZi or gx&e(nal storage nedia 106A etc. such as CD,
MO, etc. RoBRTEGTBATCReSEFi-Fe™26B 8Ad are stored in the hard disk 109. At
the time of execuiin. o g Br 99LARRAALCshopdnd LhoBnbOALERE disk 109 to

y, 1t may be I

the RAM 103. Alternatively, preferable to record prograns in the

ROM 102. Tﬂﬁsggyhlg%uﬁhoﬁ9ﬁtﬁ@5EQK?rBE@Qéaﬁﬁsegaéﬁ’tﬁé?da@é@&gé@g or
referenced by the CPU 1017 The RAM 103 is used as working nenory for

tenporarily storimpggvani Qs a BieckakiagraRoshoRifyShabmpetlinenense or
vari ous data generated when the CPU 101 executes a program The RAM 103 is
al so usedcaaftigoptiyigf @heSkamengacuEoemnt synexesisi pgopsograsstioatr ehat ed
data. Specific address areas in the RAM 103 are allocated to associ ated
functi onsFaAad dreénusbd fisrmegifstiedscatédgbardestres, nenory, etc. The panel
switch 104 is configured to include various operation devices for issuing
instructions to sddFl-ebmisi @ablockinddagednt fay sihprtrathnef ar mlawt af etc.
entering various information, etc. The operation devices include a nuneric
keypad fothenPertAgmAnAEr F¥NARLELSaPKeGBDE! $1 f Bl cRf @F R ERRR@Rt er dat a,

panel switches, etc. Further, it nag?be preferable to include various

oper at i onPAEYPEBENEE, SYBIBEPLigSeEELPPAg, or control ling pitches, tinbres,
effects, etc. The nel, di_spl 105 displays_varioys.information entered
fromthe panel swfﬁgh 10450F géﬁﬁFgar&agéPﬁ%ﬁgdéPaaeg?%i Por exanple) a

|1 quid Cré?k@hiﬂ%ﬁ?'?¥ thED, ergﬁqmaﬁég-sggghgéf u%gécéﬁgpﬁﬁffofﬁgﬁ'iﬂiSp'ay

150. [000 e waveforminport section I nc converter for
converting,ESaEPELRRANBE 89akAEsTHSEEati§QUNd signal (external waveform
input, e.g., ITnput froma mcrophone) to digital data. The digital waveform

data is inported tact.he RAMsZBdmatithaihgedmdesk dRP1asnonfghnainkavef orm
data (waveform data as a material for waveformdata to be generated). The
CPU 101 pprborss pheneaspagfofrmanawetbyie dadt@bbs ecoareadpomistvo ctieate a
"wavef or m dat abase"” according to the present invention based on the

i nported ampgihafewalementh dat dheFpithkrelemenTPU 101 perforns processing
of "nusical sound synthesis based on the database"” to create waveform data
for any nusical s&dfd Si dfaP e6heB3IpdAdAAGITOMNEST cApSPELPHRETNCE
information by using. the "waveform database". O course, it is possible to
si nul t aneBa¥f °§@n§géPE159pWHPﬁIFP9 BETAGK | RAF L EQRINFA S £RMM s1S Wavef or m dat a
for the generatgd siggl Eognd signal is sg&gﬁied to the wavef or m out put
section 16870PE PRe *BuSRPi RBIBLPSRHIPR BaY? " appropriately. The waveform
out put section 10 utputs the buffered formdata according to a

apeci fied outpui TASHI Mg r Sqdeneyatar e aharel deBberbtdiat Santa, and
sends it n : . +ELN , ngd. s o S the
nmusi cal s%gngé?gngpﬁﬁgéggl%PgﬁanhegéggeY%?§$§§#p%? %2%??%%&@855 #ﬁ% har d
di sk 109 sLorgseayRVHEBLILY Of types of data associated with a nusical
performance such as waveform data, data for synthesizing 19

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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wavef ornms corresponding to the nusical performance (data for a performance
style table, a code book, etc. to be described later), tinbre data
conprising various tinbre paraneters, etc. The hard disk 109 al so stores
data fox controlling various prograns etc. executed by the CPU 101. [0010]
The drive 106 drives a renovabl e disk (external storage nedi um 106A) for
storing a plurality of types of data associated wth a nusical performance
such as waveformdata, data for synthesizing waveforms corresponding to the
musi cal perf or man€&G(vari d8s 8dACHeMLls FéATEAMRRRE de§rEIPABAe, a code
book, etc. to_be dgﬁcrlbed Iﬁterg tinbre dat conprisin d|verse tinbre
par amet er ¥aVEERIM LRANRIRY ¥ herBPFPRY 94 %%SW%Y%%? 13tc, executed

by th d e d b I
1 oppy ai SRACPEFEARLP ShEor A eaRBalEVATSR" (LB M br 0o s - B iragnet

optical disk (M) gya D i t Kk a ypes of
renovabl e nedi a. vﬁgn gﬁ;Qg;ge%%éFM§%§?a8%8ﬂ£%§u%?io@% 8%%??%8 g contro
program i %aGEEBEﬁdcgﬂnébﬁlgﬁ' ¥ReRO8, ﬂéffgﬁﬁv(aﬁ’@e Ps ey £E aRb@ui® dhggctly |oad
its content (control progran) into the RAM 103 wi thout copying it to the

hard di skpé88rel hnbsneenpepkephath e PsOY1demd el € OHNlb HEqRERYr 8 Byatisi ng t he
external storage nedium 106A or via the network because control prograns
can be eapetryoandadeostupgrmdédlie[ 8604ttsThe conmuni cation interface 111 is
connected to a 20 communi cati on network (not shown) such as a LAN, the
Internet, a tel epfdGe [LKnéds et schemetionduagrami bori deecfibéngsaconnect ed
to a server conputer (not shown) etc. via the comrunication network for

i npor ti ngpepketoAtrepmpgepeantedain otke deeufovranesi sl thes ivrpe@eon:
information fromthe server conputer, etc. to the waveformgenerator. Wen
the ROM 102 or thEIﬁaré5d?§hemegl§ﬁéﬂ§ssh@W§oﬁBr%mbﬁﬁb@?%h1@f Baea, the
comuni cation interface 111 is used for downl oadi ng the control pr ogram or
vari ous daYﬁrP}6nFPH£l§BFQEF°EoﬁﬁHt%?pl%%%lﬁﬁv%?%ﬁ Pner® otPeworking as a

client, sends erver conputer for domnloadlng t he control

progr am of 2y VSFPBWSS§3?§35%3 Fﬁg%%gﬂhunlcatlon i nterface 111 Wien recei vi ng
this command, theFiErV?éQSQUB“PEBcﬁt8E§§r5Q9f5§q88§%$$ ﬁQ% ﬁ%ogran1or

data in the hard di sk Vi a € conmmundication 1n o conpl éte the

downl oad. ffgatggrthét g?¥a9g pg@éggf@lﬁ¥$€hé§@gude a M DI interface for

receiving MDI"s nusic perfornmance intormation CbV|oust, a nusi cal

perfornmance keyboafd, 0&731996fBEHBHC§19§§5ﬂthP 1&6niRYy Reyeeppsected to
the bus line BL for realtime supplying nusical performance infornmation.

Furt her noggadkt; my be preferable to supply nusical performance infornation
by using the external storage nmedi um 106A which stores desired song's

nmusi cal performange&aGi.nfler tat aoblofR0d2hgPam\VWavef expl dah abhgse ceetdbron
process 2.1 Qutline of the process FIG 2 is a flowhart show ng an

enbodi nentpefathe: 21 "wavef or m dat abase creation process” perforned in
the aforenentioned waveform generator. This process creates vector data
based on wavefor nE16f 38uidsapbagel @ﬂ@ﬂréﬂrggnseﬁﬁi$%mh%ﬁc@ ¥egtes (or

articul ati ons |n order to conply with various performance styles (or
arti cul at FBReFd

FIG. 20 schematically shows an embodiment of the
data structure of vector data;

FIG. 21 shows the content of musical performance
data created in the score interpretation section 101B;

FIG. 22 shows the timing for supplying packets from
the performance synthesis section to the waveform synthesis

section;
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At step S1, the process prepares a database for storing the performance
style table and the code book (to be described). For exanple, the hard disk
109 is used as a nmedium for the database. The process collects waveform
data according to various performnce nodes of natural musical instrunents
(step S2). Nanmely, actual performance sounds of various natural nusical
instrunments are captured froman external waveforminput (e. g., a

m crophone) via the waveforminport section 107. The process stores
wavef orm dat a (or Fdbnrak3wasehobhrakt 8}agsamt Abgwipgr #br @deE@lsounds in a
specified area on the hard di sk 109. The waveform data for performance
sounds t oSBEUCEPERt 8 HR§ FPREPEJIECREAObfSeRbIPsi cal perfor mance or

characteristic part thereof such_as iven, phrase, one_note n_attack
bort on. or a rel E&Se fdr SFofl SLB03ar T THEL RADRT OTRUBATAEPE DhEG Shtah ned
from perfornan unds cordin var j nce nodes
charagter?g?Fegg?E%a%ﬁrgﬁgnﬁggéﬁgtiggt?%%€ﬁ$%?g%%€{%$6cess then segnents

t hi s wavef orm dat @ f-nt g=specif i on n d, f{ a Lt-(step
S3). Nanely, the g}géegg ggpgrgggge?ﬁgeiﬁ%%ége %??g?n%%gﬁagg§%%%fdata into

partial wayetQrBa(en fhe BRe-f@LERCKePPLLHON Waveform body portion
waveform rel ease portion waveform joint portion waveform etc.)

representative of rehangesiknat B@owaMeter whsbapshéyd] aspgersatati on). The
process determnes a pitch for each separated waveform data at one or nore
cycl es ([28cépbiof)prdbesprpeessrinedt her tias spxwist et ¢h | seraeor 0 each
separated waveformdata ([3] filenam ng). This waveform separation ([1]
segnment ati on) canFBé.o@i't tedcwhbast hpepabtess foporcorfpanting & heache

per formance waveform data such as the attack portion or the rel ease
portion. HA8Beprocess then separates conponents by neans of the frequency
analysis (step $4 Nanely, the process separates partial waveform data

: Y . :
separatel y genera%é@-a?asﬁépasélgﬂﬁé 1oV uRSRPEYMOPEEVRPBNERES by means of
the FFT (fast Fourier trgﬂsfornz a aI%sis [.n thigﬁgnbodine t, 1he waveform
data is SEPTATBANPAt SYRERRBHT CCROhPONEMS Hit HORHETHbMTE Cisfthent 5. The
process fgéépgr extracts characteristics for respective elenments such as
t he wavef Or T thé pitch, and the anplitude from each conmponent (harnonic
component, non-hagfRNi 6o°aABARCEhe Rif! BEChitale DBMB!Yagl MheadBaNey ! e
characteristics separation. (Wen the mave?orn1data IS separated into
har noni ¢ £¢REPEAERE SmakdrPonhar noni ¢ conponents, the pitch separation is
unneeded for a non-harnoni c conponent because it has no pitch.) For
exanpl e, the "wavefarnBo(tisnhr elatbetbahsition @Xadoah v thesdmcpegestic
conprising only the waveform shape with the normalized pitch and anplitude.
The "pitchl theneath3memgoypras@s an extracted pitch variation
characteristic against a reference pitch. The "anplitude" el enment conprises
an extracted anpl FEGde3éntel aptivhagachert svhich [ goulings theptBBingect or
data is created. Nanely, the process discretely or, as needed, continuously
extracts @OPFLRal oy BgesaﬁﬁF%m%%Ph%%e¢r%Wﬁ?Q%&%%ﬁive el ements such as the
waveform (tinmbre), pitch, and anplitude in separated harnonic conponents,
non- har noni ¢ conponents, etc. A relevant sanple val ue sequence i s assigned
wi th a uni que vector I tifl i L r i Is stored in the
code book along with #?Tnékgglgi%%gﬁd%ﬁ;ol#g&ot% sﬁ%w ue. Such sanple
data is hereafter bgggﬁred to as vector data. This enbodi ment creates
vector data for tﬁe waveform (tinbre) element, the pitch elenent, and the
anpl i tude el enent 1in g,baLAPRI EoRPTRRPEPI on MEULELRY €8t Enbod1hEe: ywavef orm
(tinmbre) elenment and the anplitude el enent in a non-harnonic conponent. The
vect or dapf tRE €a¢bnE€oHROnent el enment can change with the progress al ong
the timng axis. The process then creates data for a perfornmance style
nodul e (to be det Bmbedilhahek) of the present invention will be

described in further detail with reference to the

accompanying drawings.
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and stores the performance style nodule in the performance style table. The
performance style nodul e and the vector data thus created are witten to
the perfornmance style table and the code book in the database (step S6) for
data storage in the database. As nentioned above, the vector data is not
original waveformdata in itself, but separate data for elenents in a
waveform representative of the shape of an 24 i nported original waveform
This vector data finally beconmes unit data for a performance style nodul e.
The code book st oFds$.canpisessbdogir diabramvekemmidéyangephesbardwave of
changes in the extracted waveform shape. The performance style table stores
data for perfégnmatdost pfeanyauPESTTt BeHETALPAI REEOTAIRE) LONBRRI Y, this
data i ncludes various data needed for restoring the vector data stored in a
conpressearﬁéﬁﬁﬁt6nﬁﬁ8t6PPgin3PlﬁavéFSWﬁF8a?%nngPﬁ@t%ﬂ% GROBPOF n11€RSpe, ID

data f f t dat dint de b t 015] Du
he- af or eAOROMBHAR chaf 2o B P PB: CERAPELPBN [ GBcSRTBR &) FEFRIRY oboss

peri o Lhec8BaEACkepkaLhe (SXEEASLLAN:HY 1Qae§betﬁ%n@a€gcapme'enent in

addi ti on iItc wave rnle enen tor data for

the eXtragEﬁQrB%EBnGE@Eﬁﬂhlha @gr@ﬁgtﬁfe§§£€riﬁgeﬁ91@§ ‘thpecygeker data’.
This time~el enent uses the tine length as is for original waveformdata in

a tinme pethedwhoerbh@ geRaratebyt gengoet edmpesdi b vy eform oat a.
Accordingly, if ratio "1" is used to indicate the original tinme |ength
(vari abl erolputtlesbifteaper,i bdt thealwavetatbabbt abaseherfathoof paocess”
need not anal yze or nmeasure this tine length. In this case, the code book
need not mécespapgrpmspupreedatd byrat R8Pt (dkgbtahesigial epyocespovict or
data) because it always takes the sane value "1" at any tinme period. O
course, tRurghesenthenvarefenmi geperatiant &9 nokrbimited e peesform to
enbody an exanpl e which anal yzes and neasures_ 25 the actual tinme | ength,
and st or e8%i thgge" tYRESvEEL BFCHRPES - i RUE hes calee bRl 1pbba el THas, £oEmi s

det ermi ned _whet her or. not .t he database is created full step S7 Nanel vy,
the proce8E GaﬁéPﬁlﬁéshaﬁQWﬁEﬁ FanfaﬂvyeﬁbFa.hna%f%ef%¥ éa?F%u%l%%v+6?nance
styl e nodul es an ector 9§ sufficl entI coI |nat wavef orm
data for bggFgf i eC%SUHa arfous® %r%% %%ﬁ% ha? ¥ al

nmusi cal r b o he_e vefo i
deternlna?ﬁgnwggaﬁgfﬁ P&gggggé%oﬂh% Be %#ﬁiféé %@pﬁéféﬂgbﬁpyéucgb ucn
'nStrUCt'QQSewﬁétﬁéhlermﬁgEchi hﬁs@?ﬁﬁéﬁ%@ tQan@ﬁé”&ﬁp&f&@@§één9 based on
user's switch operations. The process term nates when 1t is determined that

the Orl9'Babc%@Mﬁﬁ@fghﬁétappéréﬁhbéﬁteétﬁ@ﬂ MECt Dhedtd aadaseds on it is
fully created (YES at step S7). To continue collecting original waveform

data and peeabnad vemparedat aebased on it (NO step S7), the process returns
to step S2 and repeats steps S2 through S7. It may be preferable to
generate a nusi call0968id by actually using the created vector data for
determ ni ng whether or not vector data is fully created (step S7). Nanely,
control once exiténfﬁbﬁlhﬁédﬁﬁ§w canfiguratpondexamplai iy Fhat Yecfor data

is fully created (YES at step Thereafter, there may be a case wher e
t he HUS|c§PUséGAd §CFé698dG§e6 B?lﬁsFﬂ@tFﬁ% seehien Qbcthe GATRUL DTt i s
unsati sfact or

é hi s § E it may gg greferable t o, add vector data by

per f or mi ng*E&h BPﬁc dne Bl GaEFt8F 2tepeed PaRatetS; ) veblterCiidi 1O 451%6
connected to read-only memory (ROM) 102, random access memory
(RAM) 103, a panel switch 104, a panel display 105, a drive
106, a waveform import 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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created and added to the dat abase whenever necessary. In the aforenentioned
"wavef orm dat abase creation process”, it may be preferable to provide
capabilities of adding or deleting any perfornmance style nodule, or editing
data etc. for performance style nodules. [0017] 2.2 Performance style
nodul e data structure The foll ow ng specifically describes performance
style nodul e data. Perfornmance style nodules are stored in the perfornance
style table configured to be _a database on the hard_di sk 102, One

per f or manbasefyPB AoStPetedndpsabpsel+i elCwi ot Be deREFhReddnbased on
performance style_ID and ﬁerfo%gance garaneters The %OEnance style ID
cont ai ns ﬁB?F& FeAnBEPERENRE - i nfOPfEt PORILATS aﬁ%dﬁ?%pg hTfe. For

exanpl e, % B Ffornangg gle lEEE dgfin %# e af
perfornanBS gPore Tb%i SPExSPRRERACRI R A 2 3%r f% s 0to
31), six he ay S to ress S I
|nfornatlgk5§ﬁhen&gﬁga Pg ggaueﬁgéﬂlgg S%OG%QU é?gr %ﬁgég%&ﬁgéhghﬁu3|cal

i nstrumeng i pEon g8t hAR hPEI 6abeEaALKOBRY - hX%@ndiQE sesluenge {ge " PHAO00")
the nusical instrunment information indicates Violin. It nay be preferable

to use thpeeechibghtobder thit profrafe Brbi losga@ert6mf Bic anaBd o gk vigbon of
musi cal instrunment types and three | oworder bits for a mnor division

t hereof, tor tRkarRpMelo0Anot herteshathiésyi nithead2bdi prepgueihte ave used to
express a nodul e parts nane. For exanple, the nodul e parts nane 27

i ndi cat esrblopmdl progrhmboint hbe6ROMt 182queTice ROAMODOD"s t Beas Avantaus$ or
"000001"; GraceNoteAttack for "000010"; Normal ShortBody for "001000";

Vi bBody fproygamepldatior airloaysodyed opr " vefenercedioryntiRe| €Bdel by
*010000"; Normal Joint for "011000"; or G aceNoteJoint for "011001". O
course, nbAal BANalP3 AEnBSedr 8SnBeTkiRg t BYQEY tFPE EIMRPHUFBEY oRtOoTDOI8] As
nment i oned above, each performance style nodule is specified with the

conbi nat i HﬁeruFhénﬁeFF‘BFhﬁﬁcébgﬁl e ‘F‘Eﬁhﬁ@ltﬂ’u%r%%?m%‘?%n%’é YaFbees er .

port of ranB8t 8t GPEeFBLeRy EhBnraR rE L3t “BEFrakfy SRRPHRY: 1 oriferam
ber f of Mng gL agpL gr usgaeag%z;a LERNES: PRLATEL S" o Shas et or éggél@{ ont rol s

wavef or m a corresponding to the” perfornmnce peci i ed

types of pepheniBnGe pRiavBhchscale aualisble c?&’fe S0k 928 f O PG R Y| ©

nodul e. r exanpl e he Al'toSax [ Nornal Attac ul e may gl ven types

of perforﬂaacsraaamebstéaweha§§o@ﬂa@@§0f@ﬁ@tp¢ﬁ§ham AryohsE® A4St after
the attack, etc. The AltoSax [BendUpAttack] nodule may be provided with

types of ﬁ@éi@té’ﬁ@?efﬂlagéﬁetabﬁe§l,lCrhexﬁérﬁln &bs ol uliee PhAkdN agwi fien engls of
BendUpAttack, an initial value for the bend depth at the tinme of

BendUpAt t askcoafpgured 0b Lhnokulieomatheubegpemrdtpon odd e €ndf of
BendUpAttack (note-on timng), a volune just after the attack, tenporal
expansi oniaadingninatriiohiohsatdefambie covsecafursogpBendipittimak, etc.
Mor eover, the Al toSax [ Nornmal Short Body]
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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28 nodul e may be assigned with an absolute pitch of this nodule) the stop
time and the start tinme of Normal Short Body, the dynam cs at the begi nning
or end of Nornmal Short Body, etc. A performance style nodul e does not
necessarily include data corresponding to all avail able values for
performance paraneter. The performance style nodule may store data
corresponding to sone intermttent values for performance paraneters. For
exanple, the AltoSax [ Nornal Attack] nodule may store data corresponding to
parti al dpaaelnélsplayvables for an absolute pitch or a volune just after
the attack. As nentioned above, a performance style nodule can be specified
with the perfornahé€08tfyle 1D and the performance style nodul e.

Consequently, for exanple, the AltoSax [ Norma] Attack dul e specify
dat a correspondi n§heovWaEsEPER b@PPBFnﬁﬁ%Elﬁ%rgﬂ%té?gi%ﬁgso?naggﬁuraIity of

data (elenment data to be described) indjcati{ve of r . rtion
of thg al £8N¥8XbBRoABT FRBVEA biTH %fﬁ%@ %?%.k?nrﬁ?Llé§2é§%%é%%i %uﬁgta

di ' f I | i f d
(ol cront - aApato (BEERERLHM RRGPETR; SuPRE g 617 B SRR 80T o Of the

escri a bend attack portion of the

violin [@039hpRofieRerbOnTBACS) Shyts. L aPhe @b cal rwatererheaerior mance

style tab res data neeé to generate a waveform corresponding to the

rel evant perferpanes shy! Rapdbbeow thergspecdise Peghapesigimare style
nodul e. For exanple, the performance style table stores a vector ID and a

typi cal photr¥ahuaasaqyeacerbent aataraspecmiyényah £8r wayeicah dahpl e
point for correction in a plurality of sanple sequences) for specifying
vect or data peavyeheratelignentrhepcPuhlel epenforpstphoesseiopedt anplitude

el enent (anplitude envel ope), etc.) for each conponent el enent. .

Al ternati Vehyefbhhe pgethbesencezest{bn”t bl ergabees |WrveHRFNoh2saBASEs the
start or stop tinme position of vector data (waveform el enent, giéch el enent
(pi tch enaetopd)ingaftpl thedereFerEninVaRHLPR UBRS@AVRR obR§) 1FRYT EGLh

conponent el enent. Nanely, the perfornmance st lﬁ éagéf stores various data
(hereaftePr&B§6aﬁeWéVP§8rWodé§a"eIEHEﬁPeHat§h¥ Blged! tR°FePrBauce t he
waveformin a normal shgpe fromthe veformstored in th a 5
vect or daP&°FRS§LEInP esEBﬁlFBELF°?H§aFXP?%%fﬁ§ é%g%éi%ﬁig%guéggg?ﬁ%g

Al 't oSax [ Normal Attack l e _far plai,ni-ng; e e ecific data to
be storedtPncFﬁgkﬁeWF F%§%§e8§F§I£8?a%ﬁg @Q?%ggﬁoﬁgﬁﬁg ?gégégerfornance

styl e nodyl ngo2PhGsli £t BePEodmRREEOE HBOERaEi¥hEDPDEYE fg PABA 2:
Not e- on t#ﬁ?ﬁs %gpﬁpgnigggtglg: Vggto? ?D and a typ?cal po?ﬁt val ue

sequence hQLkkeraimplhithvdeeel enert codraehaimonscpesspphento Data 4: Vector
ID and a typical point value sequence for the pitch element in a harnonic
conponent simultaneously generate a plurality of musical sound signals.
Waveform data for the generated musical sound signal is
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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Data 5: Vector ID for the waveform (tinbre) elenent in a harnonic
conponent. Data 6: Vector ID and a typical point val ue sequence for the
anplitude el enment in a non-harnoni c conponent. 30 Data 7: Vector 1D fox
t he waveform (tinbre) element in a non-harnonic conponent. Data 8:

Begi nning position of a block of the waveform (tinbre) elenment in a

har noni ¢ conponent. Data 9: End position of a block of the waveform
(tinmbre) elenent in a harnonic conponent (begi nning position of a |oop for
t he wavef 6RHEEPFNEr EPTERERBALLNE BOhBReURReledhpReEheymares al d4®ta BEYT nni ng
position of a block of the maveforn1étinbre% el enent in a non-harnonic

conmponent @ PAFACIMANERSHBLLt FBRLBI A BPORKPRPXt hetGavk? dPen 485 FbtRTd
el enent i non- har poni onponent (beginni ng position of a ﬁoo for the
waver or m LEFABY 6) LAPERENGAFR HORBh: AEPHORTEL CBRPOHERS PR Te 498° Erte
posi tion a,.Logp %9 ? § for ééi€?£ ) eggﬂ{ ' ;AL oni ¢
conponent?gfoaag§ ? eka gre%@%ﬁi%ng% dat a % %ﬁ%oug ﬁéﬂ%f?QQ@% %%scribed
with refepepgean® EtES. 8xeEhealvychggrtrealdy, exenplifies conponents and
el ements constituting an actual waveform section corresponding to the
performance styl e[opdghe. Fromthe top to the bottomin this figure, there
are shown the anplitude elenent in a harnonic conponent, the pitch el enent
in a harnoni c conpaeredtriveheodadeioem &t raboeabet edbsk (extehaabhoni c
conponent, the anplitude el enent in a non-harnonic conponent, and the
wavef orm étonbge) metidnwni 0bA) afponsBAring a plurality of types of data

associated with a musical performance such as waveform data,

data for synthesizing waveforms corresponding to the musical

performance (various data for a performance style table, a

code book, etc. to be described later), timbre data

comprising diverse timbre parameters, etc., and data for

controlling 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
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har nmoni ¢ conponent. Reference nunerals in the figure correspond to the

af orenenti oned data nunbers. The reference nuneral 1 represents a sanple

| engt h (waveform duration) of the waveform corresponding to the performance
styl e nmodul e. For exanple, the sanple length corresponds to the entire tine
| ength for the original waveformdata as a basis of the perfornmance style
nodul e. The reference nuneral 2 denotes a note-on timng position which can
be variably specified at any ti osition in the perfaormnce style npdul e.

t
I n princiEP@Tu%iﬁéF?BPnﬁﬁE@ogﬁhEEOEO??%¥%bnﬂ?%@ 2% 3 ePNavEror i seanes:

di f t hi tim iti .. De di f tyl
Such s bRnboAPPAGRE ToReexShpl o, RRCC VIR tTREL 'br 4 SR ATOr I component
may preceggn%gétgéit £ood &é%??c%@%&&éﬂ of e%l%v?rp yMeral G denotes a
vector I D and a tTypical pornt va sequence to 1'ndicate vector data for

the anpl i&&ﬂﬁuﬁi@gﬁ%niHe@wQEﬁ”P&fCixﬁlS’&%gﬂt?%tlﬁ L&tk thS, book. 1n

FIG 3, typical points are represented ack squares. e reference

nuneral 4y88086653at46CHET mhH1 AT BefYBHhEhcd Ol KK o MR oS BEAMSRCENL O
i ndi cate vector data for the pitch el ement in a harnonic conponent. The

r ef er encesapi®r akofipdeap] estd. Vest lie |1k v Bin tydH &P t PO) Nt Ugh&equence
to indicate vector data for the anplitude el enent in a nonharnonic
conponent ROMhe0 2 ypt cehe ppantl &hskiel G®osestEs dad acdmst skl bifagramasgi ng or
controlling vector data (conprising a plurality of sanple sequences)

speci fi eddayat heheecommuhicahioB2intenthoat Bkl ks spswi fias Gomel dagingl
sanple points. Wth respect to a specified typical sanple point, its tine
posi ti on thdseprtrnoixPEPInad PevErrbyis qafalifrare the senier cdrmRtieor
corrected. The other sanple points change accordingly, thus changing the
vect or shEpe. vFeefeXBnpeRreTraker t yWEainHorhtd vl i sediffiite AU NERA cat es
di spersed sanﬁles fewer than the_sanples, but is not |imted thereto. The

typi cal pb? nENaf GEYEE GeRRRL 8t EOTe O MR Fedt et RO HA AL IREIFSH Al es
or may be data within a specified range (a pJurality of sucgessive

campl os) VETOREr AAERGTES pFial ST At 1R SU ARtk g TP &

di fferenc . iplier ggg!e i tse ch vector data
shape Canﬁ%%g%%%eﬁk%§ %%ﬁ%?%gnﬁl&ﬁ gsefsypl ca"’fO\{’grlolﬁ:ﬁet]‘1 aﬁstognlgest %{{bsci ssa axi s
and/ or t j e ' t 4 XhS) Vond tha i bl g t; £hange an
env_el opehf\;\%%?%?%n& s%(g%{éfo%o%%?gqrrﬁe lfe?%dr\%ﬁe tr?uérne‘hralaxl%1 gﬂ Sil_nglt(g)s \glé\;/ec_t or ID
to i ndi catge VEGHREN H84 81 bR ik Fer MavEel €F N drip TEXY )t 1R RiH1ddm @ harnonic
conponent. The reference nuneral 7 denotes a vector IDto indicate vector
data for phetnew el Dt it i bdreYye & AR id) Endlaftdal MIDE Oy . fohe
reference nuneral 8 denotes the begi nning position of a block of the

wavef or mX¢ecebyeng MEPEhs mums bedhrpent armgaonpo ngriiormdie aref er@@nceurier al 9
denotes the end position of a block of the waveform (tinbre) element in a
har noni ¢ @oApdheat POFfeHRARES) kY PRATDE idrPeffarnayle faperadielamyvef or m
(tinbre) elenent in a harnonic conponent). Nanmely, the triangle starting
from t he $@fEFeneay 38e coppeeted gte Nt s BBl doF EeAK MR sect i on

whi ch continupusly stores., a characteristic waveform shape. The succeedin
fect angl S WERITTRY FHOMT T heP S or QLI IR 6 Ui FHRSHSFTRSy vigvef or m

ti I T -1 f i .
secti on YL Eo0e BecLeed ERSRREL Y (OGRS S ien

(or articpdationd t8E Coxtdend LOP: VBV MdR i & dHN tynRuETQIJRLOr respondi ng

to a relatlve%y nonot onous sound portion and conprises a wavetorm for one
cycle or 4&eipe@pesnHushflis DEarysd Lsornditcd efif e syeral 10 denotes the
begi nning position of a block of the waveform (tinbre) elenent in a
non- har noni ¢ conppoent] The reference nuneral 11 denotes the end position
of a block of the waveform (tinbre) elenent in a non-harnonic conponent (or
t he begi nhi ngiposfottondatabaseoprdarismhemmasform (tinbre) element in a
non- har noni ¢ conponent). The reference nuneral 12 denotes the end position
of a |loop2fbr PhelimecPbr b€ tPPPERYS el enent in a non-harnoni c conponent .
The aforementioned data 3 through 7 are used as information for indicating
vector data storeBifn £héScddElpBeRa¥brsktine dpoiEtdiataret the

af orenenti oned data 2 and 8 through 12 are used as tine information for
restoring the original waveform (before separation) fromthe vector data.

[ 0023] As nentioned above, a perfornmance style nodul e conprises data for

i ndicating the vector data and data for the tine information. It is
possible to freely conpose 21



34 waveforns by using data for performance style nodules stored in the
performance style table and using nmaterials (vector data) for waveforns
stored in the code book. Nanely, the perfornmance style nodule is data
representing the behavior of a waveform which is generated according to the
performance style (or articulation). Respective performance style nodul es
may contain different data types or the nunber of data. In addition to the
af orenent i oned data, the performance style npdule nmay be praovided with

ot her i nf ¥#EefQFM cdatakaed GEebiAn FRFOGHTH I AGTHRFSGh s B or
conpression of the waveforms timng axis. [002_4% For easy under st andi ng of
the expl FERFRERthered of ARSI BRI e has S RIRFYIRtCTHE$er f or mance

e o HhSbca Ch e i S LSTREYS: YN e B o) 1 e
non- har M, ¢. 69 O”E”%t Towever, o LNEPLESEN s} MENLAN. 1S, N4l
thereto. XBvious rf/?et eyperfe(;rmance styl € m)d)lul € nay conprise or?{;n of "1 he

el enents {yayeh or BarPbihiin &Pt 1de)od Mf Ml dhcomponent or the
el enents (waveform and anplitude) I n a non-harnoni c conponent. For exanple,

the performance sayl et8pdsh e fRY FPOPESS pHEIEaRds theaaeved &8 NEd+ i nbre)

el ement in a harnonic conponent, the pitch elenent in a harnonic conponent,
t he anpl i4étsheied etiat pénf Gt e ns tty o npablsntand hehenvavoefeorbodit i (dar e

el enent in a non-harnoni c conponent, and the anplitude elenent in a

nonhar nondes coiipadkent . Fdhi exansp bonviegre didrdetiaisd Qerifornmitcas83®m  style
nodul es can be freely conbined for each conponent. [0025] As nentioned
above, almedfum heonaiied oiatalzase dohea@ranss ol yeartfsomarese ™o gl
according to diverse performance nodes for various natural nusical

i nst r ureMECOTHEN Gl f GRHt dlat BRSO TaREST AP IO fabutsdc M1§isdl a parti al
waveform (e. g., attack portion waveform body portion waveform._rel ease
por ti on VEREFRITRTTB] R tH0re? bn VAR BF maiia) RERARIRASS GRS 95 ¢ he

wavef or m‘;ha c‘e.sfur1g herl a sf) er ricrpsitcal Saf rel;sesicoan ttuecetHﬁi e iasn used
accordi ng ¢ np%%elﬁ]f%, et s arird”?ypl cal” poi Ms 10 store Wavef orm

data as c j IS |5 PQS:SY he
st or age c%%%ﬁ%fﬁgﬁﬁo%@rmgﬁ(%ﬁg 'n?eﬁ@%%dgrhdsr%o)r ?’rsi%Jt tbclhrge v\t“/gd\%ifa‘E:/)ér%’:r%]i dat a.
[0026] 3. ; Mayef 05dR YoM NEGT S PRAC 65 ddies Y AR atd) FIG 1

synt hesi zes waveforns by allow ng the conputer to execute a specified

program (sefiywie) wa¥ef dih ety ) Ntbt Neh My i T raEHde Sun# D Ges &
according to the present invention. FIG 4 shows an enbodi nent of the

fl owchar tspedtifhed piogd avn (teishard &okd 8y.nt sl svgredcass deasedoan t he
dat abase") which inplenents the aforenenti oned waveform synthesi s process.
In this erbotermance homavds , tydre ouspdied ings Iinmpluwleerstldd dfy tthee program
are i ndependent of each other. The follow ng descri bes operations based on
t he functMéwbtablRRREFBRGEN 0 Fhaxacterffd s ¢asht theraaf Gvahs afpta 36

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.,

22



limted to this type of program The waveform synthesis process nmay be
enbodi ed on a dedi cated hardware apparatus. In this case, FIG 5 is a block
di agram of the dedi cated hardware apparatus configured to provide the sane
wavef orm synt hesis process as shown in FIG 4. The follow ng description
mainly follows FIG 5 and indicates corresponding steps in FIG 4 in
parent heses. [0027] 3.1 Song data reproduction section 101A The song data
reproduction section 101A reproduces song data with performance notations
(step SllpttEcksporthenswayefiara.rbpdpdpertben se’yebermeceeved8sgong dat a
wi th performance notations (nusical gerfornance information). An ordinary
nusi cal S§QF§1@BnWéVﬁ§°ﬁm3|daﬂnﬁaPR§ ipehvaef9Ran @tfmat ks (crescendo,
decrescendo, etc. npo _mar ks éallegro rltaédando etc Ll sl urs,

telnutosh 5€EEﬁF§D{EF&V3THESShﬁBB ? 10§ thncHang mc%%ﬂ%? belM D dat a. To
sol ve t |583ng§§ng§r§s a&gstiggg rnggtég?ggég gs $h Prnangehnotatlons

S
M DI song I'ng mance no rons TsPTefertdd T as song

data with n i ) e C t C S a
chart ID gﬁgggﬁgg? %gyg%%?@rgaﬁ%he §%€t6%2§?ﬁ§|c ?gééalggglca in%?k on the

score. Th@h@hﬁ&&c@@éaﬁﬁk%ﬁekngbgvaﬁ§ Lhe; degsre 06 éﬁaﬁeﬁéﬁaﬁﬁté@e nusi cal
mar k i ndi cated by the chart en the chart ID indicates "vibrato", for

exanpl e, ghaetopAar ageLe($33r eipeANnded)t o fﬁm@lwv@f@meﬁepalﬁ@trbnetc of
the vibrato. Wien the chart ID indicates "crescendo”, chart paraneters are
37 provi ¢fed segmpathatyocn)vohunbeadmiheedeghemi tige oprenessof inperts escendo,
atime length for volunme changes, etc. [0028] 3.2 Score interpretation
section 1paBtThE tberperfibempnecavavefeemtdaba (phelyeng tiddBBapeatiorns a
score interpretation process (step S12). Specifically, this section
converts NPEﬁilatQraﬁgetﬁ@laﬁéﬁeﬂﬁﬁti@ﬂed "performance notation" (chart ID
and chart paraneters) contained in the song data to the perfornance style
speci fication |nf8Pﬁa??8ﬁ365eFFGPnﬁﬁEér§F9FeCPEP%hﬁnb%rPﬁrﬁﬁﬁ%é of

araneters% The converted_data is outg to_a $E§fornance S ntheS|s
section (5PEi ELPEREPFY18RELY 8t heFCRi Ph) t neNTMPEY i nFRE MREFSTES Gener al |y,

iy %S[I& R R éf@?@#%éé‘é%%ﬁ%ﬁ? e f%réﬁéfﬁ? oo

F I

per for mangs. SisPes PTREaBLEY B EbhiSn gl PObF nbine Tt %%%fﬂ%e{fé%‘ét em of
the know fgafléwtkahgfefﬁggg?agﬁké OnR 8608 CoribiBlifaky Miks . arrangenent

of nusical notes, etc exanpl e, e score Interpret ation

section UzggeEBeml abkamagssp&@fea i@fo'ﬂéﬁﬁ@ﬁf&'é’&nﬁ@ﬁeﬁt@%@dsﬁ&ﬁe The
vibrato is just applicable to an eighth note or |onger. The staccato

nat ur al | ynaprbaasesoflgbaghes. ATHEJpLEcOHEs t Eititpefederrades a note's

decrenent. The | egato does not attenuate within a note. The tinme val ue

det er m nesharspeetlistics 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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38 of vibrato for an eighth note. The dynam cs depends on a pitch.
Moreover, there are various interpretation criteria such as changes in the
dynam cs due to increase or decrease of a pitch within a phrase, dB-linear
gain for attenuated dynam cs, changes in the note |length corresponding to a
tenuto or a staccato, and a bend-up wi dth 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
per f or mancempatise sFant lextraciieds pditehi vasipitdpat cbarseterdatiolBIpanssdr ns
the aforementi oned score interpretation process according to the user's

pl ayer spécirRifegdenss, piteh. t fdespaPplitifdponedemeRE BPEPELSLEr aPhe
performance (performance style). The score interpretation section 101B
interpret§XFH€C§@§r@mﬁé&$P§%n&“W81PPPscBP&?EFe§b§EFFrcation by varying the
interpretation ne%ﬁggé]For exanpl e, the database stores different score
interpretation net conpliant with a plurality of players. The score

interpretation segﬁjqﬂx%ﬁo iQ&ﬁﬁﬂ%@%%t%hﬁss%Q%%t%&.Sehgﬁ ﬁyel*h%arying t he

score interpretation ne S according to'the user s player-specification .

[0030] !t pimyels Righeedlly be canl hauheasondntahaohls! egk-RBELOpMANCE
informati On) so as to previously I nclude data indicative of score

i nterpret 31,28 15@FULYES safPleOysh iest Reonf EapBRLI9BCH1BMEARESshish as
unnecessary when the input song data contains data for the result of

previ ousl ¥hentakerekinng t3%bret)hepitene. ahbeampletpast ahi seapatadedacore by
the score interpretation section 101B (step S12) may be fully automatic or
sem aut omaaraohy cagpmppnieattel, y nperhiarmbndgcusempenenpsat eper at Rons. [ 0031]
Referring nowto FIG 21, the follow ng describes contents of nusica

per f or manceleéxyaatcseapde valukeseqgueacentier peetignednwitht fonnlQes. Li ke the
normal SMF (standard M DI format), mnusical performance data conprises a
header an¥egtprud® i(d@eptifigakdonFinformackoBdndBfingsasppEgfainaticevent
data (note-aqn, noteoff, etq.%. In this enbodinment, each track_contains a
modul e sp&EALi PROKoA1RBS: Wakh AMmepBOSATiiAY ABHAI ESToERPhEARPLECKABERE on,

t he bod i he j oi nt, ti d th I tion. .T dul

Speci 11 Cabtbh BOMPIGnIeEa, 18" BEFPATrancEoLPaFRSs FacRF, EREFOR PAFDY mat | on

fﬁ”ta'”'”%Pﬁsp%%%%pﬂ%ﬁﬁ% sruleLD,and a HSELO%H?”EEeP 59@?59@-§€&%H%£5y1
ese nodul & specification portions use undefined system exclusive

Tessages, JiRhAnRYeRhS, pltch b1eABNEO! aRHARAESanB] Srufl! Lighentash L ack

contains tine fferenCe data specifying a erence between

event dat §a@hoiBeUempRaeniti, Cahiiohepebli @A%a £6P32he THEVEEHBM PEiAbEASE
where each track contains a programchange for specifying tinbres, i.e., a

new dat abasemehke apar themampe itukecellahkatantl ahaononarhoenky. compbhestcase,
the score interpretation section 101B supplies a 40

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 S$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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wavef orm synthesis section 101D with the program change as prediction data.
Si nce the waveform synt hesis section 101D reads vector data to be used next
by predicting it fromthe code book, the program change is specified in
order tolimt a prediction range to sone extent (to be detailed |ater).
The prediction data al so contains other various data. Based on song data,
the score interpretation section 101B supplies the waveform synthesis
section 101D with "data indicating the subsequent performance style

speci fi calMpRTtge prddivfilonaygtar™The TRLEr BRERPT oRBEpEbPRAAY cRERGBESS

i ncluded as .one of prediction data. [0033) 3.3 Performance _synthesis

section 190EtTREYRefPEr RaREELOTRRRES StEde: PBHULSrt | ChPaPBRT ROPE

f th f tyl bl d th f . I
Cpoci 11 CaPto SChEPIGERAREE BeYEaalDaNE BB OFhAnE P RAPAREEELY ScOfver t od by

the Scorech%B%rEr%%akhg”e§%§gb%gd(%E%X%E m19%$ eTh'§hée§££98r@SH8éat65 a
packet strean1€also referred to as a vector' s Pean) correspondrng to the
per f or mange vty kapiReGithiredl haRal L’ pEFRBERafbY! §t#Peaﬂ08§§.EQr fRBCEe
parameter) and a vector paraneter concerning that stream corresponding to

t he perfopenaceepananetgr., NameIypPpPkhes Hhem LfAclhgewavatooassyathesi s
section 101D (step S13). The waveform synthesis section 101D is supplied
wi t h dat anegdedpd@oketresitbeangc ahtavechgrpaakat storedi nhoanmabinphesaedect or

I D, a typical point value sequence, and the like with respect to the pitch
el enent afigrtmhéoarplei crdgiskdnwavefWtmhddata havipgctheowanefommesbape,
(tinmbre) elenent, that data contains a vector ID, tine information, and the
like (to BB detai Fed BReeAfYipgoS8rtvRedatizesbpredyhnhthescaedet beakl101D
retrieves vector data fromthe code book according to the packet stream
nodi fi es ER&: vector data according to vector paraneters, and synthesizes a
wavef orm based on the nodified vector data (step S14). The waveform

synt hesi s secti on [PO1B )t hen perfornms a waveform generati on process for the

th t t S13) . I | i f f t th th
parts are those pAIFaRTIRE SaPEeRrBr RAcan cha BREP et AhiEe SepRERLIPE
brocess 13588 LAEHPAYnd thiieppebaBL BUSLGRhs SPHAdHAXELOLE YOS oS! o
process | appl 1 ed. or exa e, e normal wavef orm nmenory sound source

system i soyusedck9odenyr akengusheak ifBURESafiob16RERE PhheaaPRIES- tdNthe
"wavef orm generation process for the other parts” may be perforned on a

dedi cat edghgndwaeae ,sgufens ouhaewadBrexheeNahefOYNd UBEL0PT aaL80HHE €REd
nount abl e on a conputer). For ease of explanation, this enbodi nent uses

only one patlrat@egenemat elenentalisshupdareorr eependeagtdoashetpref or mance
style (or articulation). O course, a plurality of parts may be used to

r epr oduceveheéopedhadartanc&hdsyitéme| 8086EnEl Gse theatbheckengbigras Lsr
illustrating a flow of the performance synthesis process in the

af or ement Eomedrpoihednwavefoym: Hasnsineat tdme1peciodl faouheFIG 6 is 42
presented as if the performance style nodul e and the code book were stored
separ at el FePBERhCAYe IgRETALEY PAGLEEL WaVAEOoHRt 8BE3e OACEREIRABYYdi $k 1009.

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. In 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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The performance synthesis section 101C creates various packet streans to be
supplied to the waveform synthesis section 101D based on the perfornance
style specification (perfornmance style |ID and performance paraneter) and
data of the time information fromthe score interpretation section 101B
The performance synthesis section 101C does not use a performance style
nodul e permanently for each tinbre. A user can add a new perfornmance style
modul e to currentlﬁ used perfornmance stxle mpdul es, or stop using soge of
them ThetP&r f6EHE c§1§§nﬁﬁB§F§'s€BFiﬁﬁ ¥BCLhI 29 pE%T%rﬁECBOBrgeégs of
creating the_correction information for correcting a difference between the
sel ected &Fe ﬁt°8§Fa A&t he performance paraneter value, and a process of
snoot hing a juncti%%l%ﬁr snoot hly connecti ng waveform characteristics of
precedi ng and subéeque t performance style nodules. Normally, the score
Interpretation seghlqn %QlﬁssﬁﬁEbkﬁinéat@h&@h&?epP?hBerHH808a§¥B§§§5'5

section 101C, but the present invention is not limted thereto.

menti onedjigbeygatetl Fay1he (Btepesahle hameigpatBe SPREcEas aast&hmpresor mance
style wherein that song data is already interpreted by the score

i nt er pret ahe@hegecbi 601191BbtAihedaati feryvariouaypbefpredrcabseyle prepare
song data with performance style wherein a user provides that song data
with 43 mbHelper hodnueceost ghtal Dyasdffecienhivceopheahiengrerpbyginal
interpreting the score. The performance synthesis section 101C may be
suppl i ed wavhfdamadpyar Eprogecrifagmange senpddain. vaphoes Performance
flowchart showing in detail an enbodi nent of the performance synthesis
process. TREeFefPsr REREE2SYRUIRESAS ééﬁFFBﬂeﬁBECPEE@éE?g 5?%@r¥%?nance styl e

nodul e fromthe performance . style taple according o the perfornmance style
'D and t hE*bEFRBLAHALET AT AABPEE - ( STBAS SISFSTRERREION (hS DRFotWaEe

hesi ion 101 I | e, I di
Tl per f oFHGHEBCAFy| o LFDNEHuBRcHr SF REEPAFGRE TR b WatTON: ARl iB8ul ¢ par t s
dth f 4 f ' [
cect] on LBIBCHRE BPGUBRL &Fpik: PRyStRECake EOPHRASeCEFae PLTLThFAE B8

section 101B.elhecks [Lheofdatabdshst 0 daLeLmlog. uhal pduLe PaLy £¥i oL i

the perfornance style table corresponding to t re 1ndicated by the

nusi cal i ggtEvRBAEGl RhAtMRhbOBridNRafCREGERERT RaEL AL OB BEELL QA 4R4B
specifies a performance style IDwWwthin the range of existing parts. \Wen a

non- exi st yBgtpar laks sAEeHf baditi LsNByM1lDe srehesableegoat nstepdssglect a
performance style ID having simlar characteristics. Then, the perfornance
synt hesi sTseebhennh8l€odtkbecingaopliginhltyavéfeten@ata dan@ coeaespondi ng to
t he specified performance style I D and performance paraneter (step S22).
Nanel y, twuecperfdatanbassgntheits(Necsten 301C thecpfoesss petfionsahece
style nmodul e by referencing the perfornmance style table 44 according to

t he speci fteB pér ABAnHAPEasEyEEEPD AAdthEPRGR Mahce PharB@Etle? and sel ects a

plurality of elenent data corresponding to the_performance paraneter from
t hat noduPEefQRERlen&CpErREFAhfice SE§leatpiorrddbesarbratbnt afine| Bient
data conpl et el

mat chi ng .t he perfqrpance paraneter) the perfornmance

aynt hosi SCEREEPOn VEGTERSgREs: EOFI QRERFRARERS CBRF BABBNGT yoF ovaC bt ue
apprOX'”Hﬁgtgoi%h%uREQTBEQE@gﬁ Patapessy . [RARdy ThEoRELSESSnLlel, £RFPUL €S
the tinme at each position

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, vector data is
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in the elenment 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 absolute tine
based on the tinme information fromthe el enent data indicating each
relative time position. Thus, the process determnes the timng of each

el enent data (see FIG 3). Further, the process corrects a value of each

el enent data according to_the perfornance paraneter (st$§g524). Nanely, the

process coreated andedfdedohopERRcdAtEPRSE HRALE | RERFISHY 2 and t he

erformance paraneter, For exanple, the,score interpretation ction 101B
gends t he AIPoSaxIPNGPﬁaPﬁPFé@EFtﬁBHﬁEe Vﬁ%@gob%lﬁﬁga?%%?;%Fﬁéﬁ%%h

parameter) just after the attack.is "o9" roance style
t abl e con%ﬁ%ﬁ%s?he %&t8§%nghBF%ﬁ?ﬁ??g%k#gﬁ%%%Y%9%g§EE§§%}%§%§$u£? after
the attack.Ls set tg © " j ctyd el ects
el enent d%?%l?grgfhge%%?gggxgﬁg Bgf%%%ﬂ%ﬁ§§t§%€%9§§%§$%§Mh%§ge%%%ﬁ2% j ust
af t er theaégsaekci.Sféﬁtp&f&%ﬁQﬁce@WY@rmoa@feypl ume just after the attack
remains to be "100". The volune just after the attack is corrected to "95"
by correcting a typogah point for the selected el enent data. The correction
is performed so that the value of the selected el enent data approxinates to
t he perfopnmanceepacamahee ¥ayle. mbauaddiatansttheterare perforned
correction according to the predeterm ned value for mcro-tuning (nusical

i nstrunment tuni ngThevdbdiewioor epecdfiiastdydiagcrobes| paeferaagee
characteristics of a nusical instrunent, etc. These corrections are

per f or redsbylehmagithg dgpheal point val ues or respective el enent data.

Typi cal point val ues may change greatly. Nanely, a tgplcal oint is data
necessary and suf PeEfermanse Eh¥18oMPEELPENATYaFEBtEdcoPr ERRi ons are

performed by controlling._this typical, point.. [0038 he af orenentioned step
S23 may cEFF@@FmanFPn§t§6§iFPBﬁgiﬁaPEéggﬁe%yt%h%et% aF??%?ﬁn??oﬁh%y usi ng
correction infqrnati such as _the perfornpn t r

there nayhﬁﬁgaaaggfgggncegBStRgggofﬁ%n??ngg%ggiﬁ?%ﬁf%b?%?ngg %ﬁé?ﬂgiggsis
of the migical (RET LORARAGE AR BeandpLhe LhaRE0sE Lo ghgat ed by the

af or ement I'61i8d Trms I 'Rf-OF ratl on. nESUCA & case, e process selects tine

i nf or mat i gArERghAaAEE"YaRahkRBrBOS TheNpaPPsLihiBsestP1éNEDt LoRLAOREL i ON
obtained on the basis of the nusical perfornmance data. The process corrects
t he obtai paditheipesirtineiti AhebFAbt@Onaanar di mgdavet bertsisnamé . peFodor mance
46 data. This makes it possible to obtain the intended tine position

i nf or mat i egampl et hehsupecdbrpenter sapte @Bt s Abfinedtasefgllows. nusi cal
performance data nmay contain a variable control factor such as a touch or a
vel oci ty. Whant bne peséorimance ptydeblP ie pxpvedesedavibbl @ seauenreopft he
time position information according to the nusical performance data by
correcting2t hatsi fbif6sPOt ton3ilnf oF k¥t PdhiSatBeFaPhgat® vRag Yar PABF&SEontrol
factor. The correction informatign _includes information for this ti

f
posi tion E8fr BEELGRL LOSITPMeRtt ABEOTRALACR entiENdhbg Fébﬁﬁjﬁgﬂﬁﬁngg
f dir f hi t he j i t i .
Per f or mandd S09PEBnauEs? cRPER Saofnendneryal: foe broteEt IRESFRAb Raver orm
charact eri;gki; 65 @l Rh§EeALNI ﬁﬂgnsghaegaﬁag?ﬁgrierﬂ@&f@oétyl@?avdu'es by

cl osely connecting typical ‘points to eac rin junctions for the

precedi “Qm%'%‘ic?‘ibi‘?%%i%ﬁh eR& fialrfe%a%i%yhﬁaﬁeg%gs\rimﬁ. coppemhiyoBeor |ink

process is perforne Ividually for respective elenents of the waveform

(tinbre), ptrageampiic Hdeusandnile Bigehorfe2 BatBOBECtREENPOBERt s@fuence
respective el enments of the waveform (tinbre) and the anplitude in a

non- har Nnofoe @OMAGRAENAiviiea4n] oft mulisali fRstirhmead] ugbaenanistheetor med
fromthe "beginning of the link" in the preceding performance style nodul e
to the "endweforides hitds' fior Bheinwrsddqudstiopethersaficefd¥ 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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style nmodul e. Nanely, the process adjusts typical points within the range
fromthe "beginning of the link" to the "end of the |Iink" based on an
"approxi mation rate". This "approximtion rate" is a paranmeter for
controlling an anmount of approximation fromeach of the precedi ng and
subsequent performance style nodul es to nmake a connection therebetween. As
w Il be described |ater, the approxinmation rate depends on a conbi nati on of
the precedi ng and subsequent perfornmance style nodul es. Wen the preceding
and subsetn@hcapestNprBALdtsagkefapdtinest aptt copmieenerl, " WO ns nay not
be connected successfully. In this case, the connection is snpothed by

thinngng EevgﬁFBFCFEfPBry?ﬂ%?ﬁébéf%Fﬂ?%%%?%ﬁ?g??gt#%?f?QﬁH%&Qhér_oflthe
i Li%eflkin el RaFEHERy  PaEa AOTRER: o famERE SRR aBPe Er nat | oﬁzem
ki p 11 moflaPLEEEUby CFoPYI 8RO £O - [ ARGMAIRE Fopdd, £ MO SEGEEEL, and @

charact er yghhg8562Rt PEoEORHEEH 68" SNBA BLYcdi¥o FRANEL Of £dhen b O] dO NG b nk
process in the score interpretation section 101B. For exanple, the process

smoot hly gedapeet sméiatanphPtoUsaRest 4BOSnbh Daiif Lédars etpps amet er s :
(dynam cs val ue, pitch paranmeter value, etc.) independently of performance
styl e nodobersigétraetoatively, in the case of shift froma vibrato to a

rel ease, a snmooth connection is made by early dimnishing the vibrato. 48
[ 0042] The af oremtAPit8ded |ink process will be discussed in detail bel ow.
Nanmely, the follow ng concisely describes adjustnent of each el enent data
for snoothing a jAfchedliipsed abepes28ichePOEEArMARCYr 2ERHE NROARYe 1s
subsequent performance stzle nmodul es. Referring to FIG 8, the |link process
i s descriPRECH LRdrespRcEneocambhRat {ipferof t Hee ReFirTRAREe sT{¥ e nbleiul e
corresponds.to the applitude elenent or the pjtch elenent. [0043] There is
S Case nihd EnéaBerTarPBHCEcBeraTaten. | NGRS hh bute e ARG A PEE and

subsequent perforpance style modules due tg di scontinuous typjc poi nt
valves T eRELs Rt PesoThLr S ataeaatod Fo hfhd SEEFRNE Sl R ot at e
needs to S fiLs S Ny X rym ny i val ues
for the p?g%:e_ %Eggﬁdiéuﬁggq\lﬁﬁ%éggff%%%%(gjgﬁit% ?%ﬁjﬁ%&ﬁ%?ﬁrget val ue
for a conpgrhhepepoi n@néhgaféoﬁmﬁeélﬁ@f&neéért&aératéf@n@egy@@m cs
connection point is used for the anplitude or a pitch connection point is

used for &bgtPblshwalt8rbihsagtRodbiEdéponding €S StHE thd FEd ridiiidXd fipté ON
rates are given in a table as shown in FIG 8. For exanple, when the vector
I D for theofueeedi speperiodnappes soF| perbsitthends patramditeideanwect or | D for
t he subsequent performance style nodule is "7", the "approximation rate" is
found to &ealBblér Hort éaechaperfoBasrece osityhe maedwit ed Fapprxampid | on
rate”, the envel ope shape is gradually transformed toward the target val ue
from49 thaerlpegannlNgroalihback hkmodyle tRy heceiverny e rofnce styl e
nmodul e to the "end of the performance style nodul e". Moreover, the envel ope
shape i s BPREQEPAYCEr BAEPBLREHES t BUER d2F Ha t 3R TR VA REL TR F theVOBHBR of t he
i nk" for_the subsequent performance style module 1o the "beginning of the
perfornan&%sgt9$EeﬁDgUFea€t9ﬁ§n ?F%'"aﬁ&%ﬁé%kﬁ?%wjﬁ%ﬁibp%Eﬁ %ﬁpto "30",

for exanple he target val u or.the precedin rformance style nodule is
S0 S Thengraldanad 8 pEPYERRR L I crRESE R FRPE TR T ik el o quent
per f or man tylLe " 30~" n ) di Qﬁ typi cal point
g&c@ Xg aﬂngﬂgglugg g%géé aEddﬁ% Qﬁﬁ’éf&ﬁgq%ﬁ dd%%%gT P

in the précedi ng pérfornmance no appr oxi na ~~30~" . )
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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[ 0044] By contrast, the preceding performance style nodul e approxi mates to

t he subsequent performance style nmodule "70~" (100 - 30~). (In this

enbodi ment, the first typical point in the subsequent perfornmance style
nodul e approxi mates upward "70~".) A plurality of typical points exits in

t he precedi ng and subsequent performance style nodul es fromthe begi nning

to the end of the |link and approxi mates upward and downward together with

t he af orenmenti oned approxi mati on. As nentioned above, the approxinmation

t akes plamedaﬂeamﬁyubélﬁﬁ?léﬂeﬂywiehlapoﬁhﬁgluhethetﬁheeﬁdt gsamgdule,

subsequent performance style nodul es. The beginning and the end of a link
may be appPepfitaPeltymeernfegheppéfetabipe PﬁeNBEEPgﬁhﬁﬁt%QthetEﬂd of a
link may be set to the sape point as an i ntended t |caI Qgint so as_to

el i mi nat e3¥"BEAESt AEm Pﬁebéﬁngﬁﬁgsﬂﬁp@ngt°Fh§°§@a B%ﬁFﬁE?ﬁg BFCt he®end of

a link as_shawn in thet g E when he be nni g i ﬁ egd of a link
is not sePSFo°IHENSanE S Pogg 8 ﬁfeﬂa dn?gﬁ %Flg i ht§-YHs

appr oxi ma u r o t he envel ope
pp ng? gﬁoﬁﬁ%hg %Fyﬁe? oLLY ¢dps8 %Qiﬁe& £8FNJe PEGHRSNLE P

shape. ermning the proxinmation rate”™ is not

'i"ited t?aEQﬁe%EQVG”?HE'BaﬁﬁoﬁmaﬂEbestfﬂé hBé&ﬁQCﬁath€oﬁ8D&9¥b”Ht'0” rate
may be determ ned based on perfornmance paraneters specified before and

after theceepB8pbh@ANEOILBt sofbt @hRatnyYet¥ntt PE1GHHT Xt NBé+PBrndh8e MY be
determ ned based on mnusi cal perfornmance data before the performance style

| D or theppeametaBBce paragrumpleS gReeAdtesax FINdhes IRt ack hemodule
approxi mation rate nmay be determ ned based on a conbination of these data.
The af or emegt sbned danampkerumespoadshpgte pypttal @atat fot &he values
approxi mati on based on the "approximation rate". The other typical points
appr oxi naferf an apprdptearétghoont 8 weotundi r'nQStoafhes ’alp@r@ktmkion. It may
be al so preferable to determ ne an individual "approximation rate" for each
of a plurality ofAﬁyﬂﬁ@éﬂoﬁéﬂn?§°Xﬁd ﬁoPQESPE%ﬁﬁﬁﬁeS5YbﬁuW9ﬂP@9 680t ypi cal
poi nts on the basis of each "approxi mation rate” 0046] Then, the |ink
process |?edégéFFEéﬁdeFﬁhrégﬁeE?rfBr@aE§§eSRﬂ%?eI ardtBR%ance style
nodul e is th maveforn1 i nbr h el engnt. FIGS, rough 12 are schematic
0 agr ars POF LBKBRAFR REVLROMPRNKS DY 0 eggeameﬁtéype FBrEHEaLS  yFRS 51

foaar bl B SEsAR T HOE R AL RBERN RO fREE et e ofe ﬁé'ﬁ?ﬁ%’#ﬁ)‘é’r’*@%ﬁﬁ?& 2

to the bo I engt i c_ (i f ribing
wavef or m Thi BachboanEa P RETRBES Barenskenavareraris RENARLILY €8 ffe

rel ease p@éibﬂ@nﬂﬁﬁﬁﬁﬁrﬂb b8 Eeghrgbe&belgggMaPPﬁé'Qﬁ deySERL N £PEREK SES
five | oop waveforms L1 through L5 each of which is reproduced in a |oop

W thin thgospeehf bedthenailtanga@xobhks¥l seThé heibody pREhdRtta@eformin
FIG 10 conprises six |oop wavefornms L1' through L6'. [0047] There are
vari ous mebfodle ohnadpasifmpgdetaneotrredspandibmgetoi dgsiewefpenBotmarce | i nk
processes for wavefornms). As an exanple, there is proposed a nethod of
parti al | ypahamatagsaowsvefoanpriorshbvdtyhof edgta coherent obhabettweepea
performance style nodule for the attack portion or the joint portion and a
perfornan€65§F9P§dﬁDaU¢éCPBFV?h@fbéd?eB@r@FE@CKOPOEBH%%C@foﬁh%eYM@bhna

per formance style nDduIe for the body portion and the rel ease portion or
the joint portlon)[O OA%dross-fade is MAder knomn for connection between

f f th
Sonnect | o PoPEREOKEBNER ASVEP FBbSuB0ERor PG SE shown in FIG 6. a rapid
cross-fade is neeqed WelliognshALt otifE ta tcabh@nglcx reLNaL AP HLASBo ! ade

Si gnl fies a cross de per orrre |ng very S et ween wavef or ns
to be Conaéﬁéﬁgtepﬁr%QGEEBQmSHSPrés?éHBQn%r9§5tﬁ@d§e9@#§§§ PeMByshoaBe Wi ch

generates a | arge noise. This is unfavorable
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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52 [0048] To prevent rapid waveform cross-fading, part of the waveformis
ski pped {deleted) to increase a tine interval between waveforns to be
connected. In this case, the waveformfor the attack portion, the rel ease
portion, or the joint portion constitutes a block, preventing waveforns
from bei ng ski pped. Accordingly, |oop waveforns are skipped fromthe body
portion. In FIGS. 9 and 10, | oop waveforns L1 and L6' are to be ski pped.
These | oop waveforns are represented in black squares. In FIG 9, for
exanpl e, &YPAead- BaIw lies pedinfto fREd COETREEAORhANs@cBRYTRIOBYWAFeFamMMLE2 Wit h
arelatively long tine difference fromthe connection tine_point and the

| ast waveF6aRensesie fLt PR ISVINGn VRGFeF oAt aTEAVRESEM B4p™RBYef Orm L1 i s
not used. Likewise in F cross-fade hﬁtﬁgrfo med between | oqp

|G, 10, a .
wavef or m P3tchh@lemente| (@44 6PVEIRPRAY e FBP £ GLPRENFobPTREFENEPM L6 .
It should be noted that the joint portion is a,wayefor ion, for
connect | of SRR ‘s80as TSP BRERRCRTeB0RA o BRETER) D) GEFRGLARGLY.
perf or MaNGReS KUl ¢orhAtY oAyiavehsnlt SkbReks 1REERRTEEN! 8u8HPALN hgNNect i on
between a perfornance style“nodul e for the attack portion and a perfornmance
styl e modulig ftolrt Re opelaane pReliliiel 8F Betbel AhtRO({heBfobhCe1ahénand 12
are schematic diagranms for explaining a waveform skip when the attack
portion wadetar eiehes@NNeatiet b@vbh@E;eeyI,eaﬁ@m@ﬁaeoalmmton Enph A thhks
case, a waveform may or rmay not be skipped 53 froma performance style
nodul e f oent/e@ oplet)gc lf oporiaichn compbhentekdamenpor t Namelyhethend attack
portion is an exanple of attack portions which allow the waveform skip from
t he assocpetrédrpantcer sdyde saple stdukesvaTheusedahd Khéfeafteheabend
attack portion contains several |oop wavefornms. Trie waveformskip is al so
f easi bl e refermedr &pease "gdemeds d@psae)f nestedatp ronrafinsessheral | oop
wavefornms. A waveformis skipped froma performance style nodule for the
porti on cHBYBEETHf ifhé RAFEEdr APERPpITOReANEhWaBERATH: BhekeRoiPi bRei s
connected _t he rel ease portion, .for exanple | oop waveformis skipped
from the BEXAPAEEAGE. S5FEPoNcBkde 1BeosRORACPRERRCEOTR. | (Enes F94 SHEAE ¢ hat
one | oop i .rep n a S I ki pped from the bend
attack poﬁ%ﬁ%%géE38S)h%%%nkggeaﬁgg§§# gﬁ?ﬁ@éiégF?ﬁgi nggg%n£8fed to the
rel ease p [ [ | wa e . et pe p f ' [ d from
t he releaggbéggP?gﬁ g%dgxggggﬁowx %EEE}E§E1%%Q§FF%?K%ZQEﬁ%%g ? a?ﬂgne | oop
“@Vefor”‘P%EE%%%%h%@ QXngbE%%ﬁesQB%E@sbénEthpﬁg £rpaYEBemhRLEAgEyRAI i ON
side.) A [oop waveform fo be skipped need not necessarily be nearest to a
junction hetween performance style nodules. Nanely, it need not be the
first or last |oop waveform It nmay be preferable to select a | oop waveform
to be skipped fromaxapliur alSamplef lengghwatehopprfacmandengtiydegmodnle.
priorities. [0050] As nmentioned above, a waveformis skipped when a
connection i s unsbadesf:ul Neitelrion &imdnge pokipéphoer mance

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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54 style nodules in a given conbination of performance style nodules. To
i nplement this, there are provided, e.g., a "performance style nodul e

conbi nation table", a "skip execution paraneter range table" to be
referenced, and a "skip tinme table" to be referenced. The "performance
styl e nodul e conbi nation table" determ nes given paranmeters according to a
conbi nati on of precedi ng and subsequent perfornmance style nodules to be
connected. The "skip execution paranmeter range table" deternines a tinme
range in order toDﬁgﬁfBFn1Ke§RPE {BrfeachhefvavRt a¥pr ehepTohetl pBeRRet er s.
The "skip , tine tabl e" defermnes a skip tinme. There is a tine difference

(time t ih®FGOLNIHPRLLR 99TPRRENeen the connection tine point and the
first | ast) | f . : i i i i
Shorter than the Darar Bhoeoeli it dubthtsalieE d hEedh e cid elorm s

ski pped. [005A) AV { et el etend: HG o 1lordit d Qldyiian descr [ bes a

wavef orm connecti on en a pertormance style nod e short sanple

| ength and ends bpheaeganokher poelt O6HBHE Ea SthYVdEk "B U ge SHDSEEMERt to that
performance style nodule starts. In FIG 13, a packet streamfor the

wavef orm (timbre) elenemnt C0nPrhsason Durcaepd s nCs: Giintd i droshid StSion . €.,
A. Sax[ BendUpAt t ack] , A. Sax[ Nor mal Short Body], A. Sax[Vi brat oBody], and

A. Sax[ Norof| &Releep efonr thegeavéfarm t heimiefe ) tedldnent iighta imxnmenic gur e
chronol ogi cal ly. Each performance style nodule's sanple | ength (duration)
is 55 esxpreereRtin "length". In FIG 13, "note-on" and "note-of f"
described on the top are event timngs of MDl data._ In the mddle of the
figure, A. Sax[BenbB@pat{lck]BaginBdnGnPeHttLeR CHhehet RFOOE i Mifgs of
respective gerfornane style I Ds. Note, dynam cs, depth, etc. denote

gener at i OFRY¢FPHBs! b hettetRnhelt &t PR SYPIHIE2]  The

A. Sax[ BendUpAtt ac nodul e starts fromti tO, Tinme.tl is a note-on timng
W chin that” modal BRERGL L houf B cer bR cr (o Dh e 15 W EET L1 i ng.
The cont e{;{irﬁéréﬂg Pagkst £ rae%{%% fnbo%i@dégr%o' ferONHed 1t ppsed on
per f or mantc€ para Ters such as & atorehentd orned ho €, nam cs, depth,

ete. The 4 Sa] Nor gl ShoseBody] dROU RS At S {IRIRAY TR derliSfn A Ler e

attack t cates a timng to start the vibrato performance

style fraoppdheafetH & dmpdgedtnction. This timng is determ ned based on
the start timng for a vibrato mark provided in song data, for exanple.

Time t5 denotes apapheipff Ehal pgsipidheoA Saxddprice Raleaselefdel e and
shoul d correspond to the specified note-off timng. Tine t4 for the

begi nni ng( afmbie) Ae Bam¢iNor im | KReh erased rmen ispeminipaateratc.cor di ngly. [ 0053]
Since a note-on event occurs at tinme tl and a note off event occurs at tine
t5, the actual sol@@d2&d tine according to a waveform generated fromthe

packet streamranges fromtinme tl to time t5. In the case of this packet
stream it is oftEhetaheremenhEoped | @datsd rbrthyorgh 213 vl kb &6

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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t4 does not match the sum of sanple I engths for the A Sax[ Nor mal Rel ease]
nodul e and the A Sax(Vi bratoBody] nodule. An appropriate corrective neasure
is needed. In this case, the sumof sanple lengths is adjusted to the

af orenenti oned tinme period by repeating the sane performance styl e nodul e,
by varying sanple |lengths for the performance style nodul es, or by
conbining the both nmethods. In this way, the nodul es are adjusted for

wavef orm connection. In the aforenentioned exanpl.e, %%ge .

A. Sax[ Nohaaimensir Bedponeddul e Referepsst @&"‘Fﬁaﬁﬁkénat vELGPRCconnect i on

wi th the subsequent A. Sax(Vibr atoBody]nﬂrSSD?}éI e. Likew se, the

A. Sax[ Vi sonteBRd sy dihe o arsgeRtdy k8 RURR$EPor m connection with

t he subsequent A. Sax[ Nor mal Rel ease ule. [ 0054] t2i. 0 ove, when
a performance st ﬂ% rfif'o{ﬁreeri%e rnéﬁré%i%qf (ﬁep\/\r}ae\?eeiérsm%iosﬁ@&% orl%?lgg&vari abl e
time length shoul d Y t r | @ o e repeated.
Thi s var %mveer}goorm r%%agcflot?ﬂe Q[Q:LI ?r"ieg% B’%é{e%#g’n%%\%%??“gggﬁogfngh% typi cal
point in ﬁ; &@Mﬂﬁé%&lﬁ%@y] FRA:ampn et, e nd. SaxpYiebnaneRedy]

nodul e. nmely, this control is inplenmented by an appropriate nmethod such
as varyi ngthadddm 1 the ransrfada meoneeettihoforetthecord giadal i ty of | oop
wavefornms constituting the A Sax[ Nornal Short Body] nodul e or the

A. Sax[ Vi hyatemngy |datd e .a Addxiap ofavdfeo panfeiraance] B tadsi mpdudiess it
possible to provide variable control of the tine length for the entire | oop
r epr oductpion mefafaras hunsatdl iy dene tasrise madie HogoFdmgngs posittien oop
continuation tine to be variable. In the case of a non-loop waveform on

t he ot herwthiaoid,cant bes vaotiapl e aneaid gt iadblapyc ddmMmeoPoastid 08ndith 18 st i ng
on the timng axis. Accordingly, as nmentioned above) variable contro| is
provi ded parferman e Rl euftP @Bk r adi® tHE NGRSy & IRSTESTMARRET M ¢ht a

during a |l oop read_period in a sequence .of sound vef Qrns nprisi,ng a
non- | oop SRIASRAENRE £9 ddy° WRMR SERAL LR, &Y nrgo(r)frrr?rnb\c)ﬁ%dlisngnovtdreq'i abl e

control over the entire soundi tife length | v eQs @ £asy
control QRertiweq %EO%Xpﬁ |eonn£§1rﬁj OCrgrﬁ rpaecsrtflloglnyan%%r t igapur pose, it
is recommended to use T tr jgébd GRS 'a GRIUdE]rrf TSC control)
previ oursr}@erb(fo%%%ae%ébyfﬁee%pg: |e§'an’fq4€?rr1£ apanese Pat eant Unexam ned

Publ i cation 5\&1 [ 530080 tifs Rt &l dy £ infling . TSC control * is desirably
appli cabl(g eca%lg% Iﬁ%o%l mng axis length is va{% ed for a non-1oop waveform
corresponding to pogpegi al performance style. [0055] FIG 14 schematically
shows an exanple of the packet streamthus created. In FIG 14, there are
shown, fromthe topet petbLechott Mimepal ketdehdeassa fuectdie Ehpind we

el ement, the pitch elenent, and the waveform (tinbre) elenent in a harnonic
conponenttypheal hgotmpl value stquemte atel tidioatieftraiqn idire)fal gt in a
non- har noni ¢ conponent. Bl ack squares represent typical points in the

anpl i t udeamp bivbade agtienert pih ch RIEREHIC | FPRRRNGNY RTEE b oS t he

anplitude el enent in_the_ non-harnpni c conmponent. A curve_ connecti 8
t hese poi®@ekrepfesBhes 3 vE¥RIFa% h%%“?%o?%%t%%?%‘?ﬁ‘?rh‘ée%g%’f o9 [S)n%b%f ai ned

in a packet of the packet_stream A whiie,rec e t 00
wav ef grm?%‘r‘aﬁ%%efo W(F?ﬁ%?%?c%l%%ﬁ%i"ln ‘?ﬁegﬂar n%h%gg%ﬁpﬁeﬁ?@a%d Fhe

onhar TN o TPORST: (ROLDCLoRSERBNOLE Ml ERESRI! SR dONL oRp: veNeT orm

ca 2
Shaded nonY 00p VEF Orns~ are especi al aracteristic ones. In this

e”bOdinen?it&ﬁoeiﬁﬁEHEsiﬁrﬁ Hé?ﬂoﬁﬂcceaﬁ%ﬁﬂé@t?aoﬂn@fréfﬁréﬁw@f@mméf&inbre)
el ements Tor the harnonic conponent and the non-harnoni c conponent in the

Nor mal Att gcheHBEELECa (PBBLtYECHED ah8 HSEPpiOalopdigreabaehsefuehee atpl itude
el emrent and the pitch elenent for the harnonic conponent and the anplitude
el ement f @rgtiBatBORebabRDAREaCOOPODRAt 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 sequences) specified by the vector ID and
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[0056] In this enbodinent, the anplitude el enent and the pitch el enent
contain no vectors at a portion where the waveform (tinbre) elenent forns a
non-| oop waveformin the harnoni c conponent or the non-harnoni c conponent.
However, it may be preferable to control a generated waveform by providing
vectors to the anplitude el enent and the pitch elenent at a portion where
the waveform (tinbre) elenent forns a non-loop waveform |In the VibratoBody
nodul e, five vectors are used to configure the waveform (tinbre) elenent in
a har noni tndbepbaener €pecivEtesrsome usEpical coamp gireoigach. ofWitlke anplitude
el ement and the pitch elenent in a harnonic conponent, and the waveform
(tinbre) Beepedt Badatseeaipled ubepbrahesAmple PHYHE haktbnt ¥ onponent .
Here, the 59, _VibratoBod¥ i's rePeated three tines. It shoul d be noted that
each repeR?FibHORsERPSCHFFR PEhE ) VRRY oF e RF L1 orn| XN ek f76ES HidF%r ent
performance paraneters _are specified for res tive repetitions. According
Do di {1 or@rengest o nEREECGEF Aot LIS, OHITT Fal %I BHEH® GRIPIR sel ected, or

Nor mal 201 ATCREGHIELY [ pHRa8 el bl IS FAREP e, P TRl eg,

Nor mal Joi n three vec re use 0 configure eac

wavef or m (i} Mpye) 21 EFEAE &1 8HCs EQEERE CaLAPANEIa Gl d NG i dar moni ¢

conponent. Two vectors are used to configure each of the anplitude el enent

and the psimp1&tenBihéri thanethar Sahp Le £OMMANENE , nANAL {nhie: PR d A iSkES €] enent
in the non-harnoni c conponent. Description about the Normal Body nodule is

om tted. TROSTYypLSalendintedanbevesqiidrece add td Maie e Vit thased seied | on 101C
generates a packet stream for each of the harnonic conponent and the

non- har nodia ta Coerpeaent samatds obr tieg coeatkisd wi rleianm cpyrifiesi argplge al ity
of packets. Each packet contains a vector ID and time information for the
packet . | e apltiarabhty aohasheces ptvedeanples) ue Butthen fidre dathiceadbi cal
point in the case of the anplitude el enment and the pitch element_ in a

har noni ¢ Rohpbneatuaniedreneeplatadene Reehtdifferenat ha M EiRbfonent .
O course, theﬁgresent invention is not_limted thereto, It nmay be

pref er abl @€ o' prObi AeSYREE YHFSF bSO i n V&5 q 4atd Rfr 99% and
th ket's ti L nf tLon. ket st | fi df / h
conponent VARG D THbE CoM cHYL bf "R hRAGEE BERS THE FAGHT R r eam

t ai i j i ! ti tart, fi. bout
cach packar® iy, She PRESEAS AN SR MR Al 18 4B iPng.
to nusic oéé‘ﬁidls‘r%‘tcﬂéﬁﬁ)&é’aﬁt&nviﬁéﬁéﬂwé’vé‘féﬁﬁ’eﬁﬁﬂﬁﬁym hesis section

101D 3.4.71 Overall operations of the waveform synthesis section 101D The
wavef or m synt hesi gpgggfi on 101D synt hesi zes a

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
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wavef orm based on a packet stream (a sequence of a plurality of packets

i ncluding vector ID, tinme information, correction information, etc.) for
each conponent supplied fromthe 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 diagramconcisely show ng an overall flow of the

wavef or msymgieeksi &, iKlEGates & el e NaRgRaRT edpmaiiiid a vect or

| oader. FIG 18 is a block diagramfor expl.ainin ve%%fr operator. FIG
19 is a eekiniesbn $Rre @ FHATRF Vet A 3RS 22 SHows

tim f | yi k f Ih f t ' ti 101C
Lo he. e RIS S TR SV ELR 1 G W7D St U e G e o

| ai ni . h t r ol ' 40, 4 ; G f
Syt hes SRELERERE of Lo ryiTEl ol el gl S peddl B0 P T e

component Th - . Ni 5 & UEIYH -} a/L il P Uka e
dr%él%%?&h%éugng@% BddLamverdie gi a1 tipwaderorm

specifie uffers 21 through 25 provided in the waveform

synt hesi s, $8£44 08nd PP £01 £ £5HONGiEY 49 £asdr Fofpanants 9 lsTedr on a packet
basis (i.e., 1tnhput in units of packets). Input packets are stored in the

packet qugseibeiheisony]l ébeoughheSlel wevee Smoueid ialund tserevefomm vect or

| oader 20 in a specified order. The vector |oader 20 references a vector ID
in the packeteepondeadsté| aads)atireely impmatonaes cFouhd PUNFFEE I ng to
that vector ID froma code book 26 via a cache control section 40. The read
vector datempsisestatwagptermi for vere ofY ke otferthe PEIRJUGHTEET 9ese

vect or decoders are provided correspondi ng to each conponent el enent and
gener at e ayeheef or Fhe oretaraneeyynertl el @nisROteHoE BRFIHEI"9t he vect or
decoders 31 through 35 sxnchronize a wav forn%ge era%q%bfor e%ﬁ@ gonponent
el enent beefbbhoRhefvachPbPChetbdERe %aVEHPHLg ot GEAERRE e avef orm

for each of conponents (harnonjc c onent _and nonh j A
maveforn1@%ﬁé?g?@8nF8rc ZRANED on@ﬁ? TS %%ﬁﬁc?cPéhé%%gpigéggﬂﬁegﬁg%%?on to

i nput of gg@kets.%?8$?§ et ﬁfg“ﬁlgﬁfEﬁésygéef§¥ﬁugpiﬁgkefrEﬁéﬁ%ﬁ@rf@n&e

synt hesi s cPPBh ulator C perfornms various controls such as the

stream MnAgeEh RS EBRRLRBACUVGE! BRo COBLIRA1AG p DL VG LT &N SYsh hes| s

section 10% ream nanage relates to generation or deletion of

i ndi vi dual,yeehar  dgbaoPR (tohpeePNEEEhont beh Weeior ki siiontat a. The
reproduction control 1s responsible for generating a desired waveform or
repr oduci pgmBbn8hePRI NEnkheegepenat efulesal etz vayed besn thO0EAd As menti oned
above, the vector loader 20 is sequentially supplied wth packets

constitut ppgi@ipacket asibepmesrothd waveherpatkenbyebuelénénterinria Based on
the vector IDin each packet, the vector |oader 20 reads vector data

cor r espondbnghaembhat cemponehDb.fr Bhet Aforetdenbbore@edgta 3heheaesl &ontrol
section 40. The vector |oader 20 then sends the read vector data to_ the
vector deeveensgd @sednfpcmatépn fert hndicpkdnde¥eRtPEadapacREPTRByRBont ain
correction information (e. g., _ correction infornmation about a tﬁ i.cald
point). | fhehicedeadeok EOTyEECHr CPBRABRNS 0 hBUPR es ?H% ?’éaae*a? ﬁ%ﬂaﬁ
vector data according to the correction iinforpation. -Th pfi vect or
data is rQPéPr@dan'gst@EPng 33f8fﬁa?ﬁ8ﬂ gt 51Pgr 1AFS ﬁﬁggggnk§?0n1the

original vector .dat The ,vectar 2 t hayj e
vec?or i nfFEPIMRETON ggfaogggﬁﬁforW%??gﬁgpoQnggggcgggaggg%gggsfggmgﬁﬁgugh

35. This @@Qﬁﬂfid%t%gferred to as a vector packet for distinction froma
packet input  fromthe perfornmance synthesis section 101C. In this way, the
vector |oader 20 rgagszpriginal vector data fromthe code book 26 based on
the vector I D of a packet input fromthe performance synthesis section
(articulator) 101Gs Hshtieniad duaadsr a2@exdoraanset seylecmodudat a accor di ng
to the correction informati on as needed and passes a vector packet to the
vect or decaugrsis¥k @hta for indicating the vector data and data for

the time information. It is possible to freely compose
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t hrough 35 (see FIG 17). There can be various correction information about
typical points for vector data such as correction information for shifting
the tinme informati on based on random nunbers, etc. [0062] As shown in FIG
18, the vector decoders 31 through 35 manage operations of various
operators such as generating or discarding a vector operator for processing
an i nput vector packet, managi ng connection or synchronization between
vect or operators, managing the tinme, setting the conversion to paraneters
for each weyedorseat orsingpdiatir Serorestoraence Ebyser madylest §tovedt or
operators 36 and 37 read vector information data, control a position (speed
i nput) f odDr &R¢i BeROeEMASSE s tydfotdRlLoANdaig i ngoRat6rial§aill HecEan
input), etc. Various paraneters defined for the vector operators 36 and 37

are managfdtien €RE Yevedordec Fored3in fhgugRASSPOPKe vHEMEYlelBBers 31
th h 35 i ded t dt h, t. el t. Th
cor 1 espondehg STIERGE G¥dRemOLe: ffoigh 35 PERESUELPar ChAf BERAVAGE Bfta
f th ket .apd .ch i.call ; i

[0063] " as SoeYe TR Fa 15 157 gRUG AT AT LLSRIAGTLE BndCpRERBABKEEOLT

envel ope wg e%pg%&f%&t&%%l%%ﬁbh%Qdep%kggﬁﬂﬁv%gph??oﬁﬁé Bl grgoapoNnent. A

vect or deco 2 generates an envel opé wave or the pitch elenent in

t he har mogi,@uaREP &R ot aieCiak rdeendcnadd €9pesabestal auMBkePss64
waveform for the waveform (tinbre) elenent in the harnonic conponent. A

vector de@eder. 34ngaddiation ao eh¢chEpeewaviefionedf aathhetnaplitude el ement

i n the non-harnoni c conponent. A vector decoder 35 generates an envel ope
wavef or m per fiolramanaee fsayhe( odinle) malyebenprowitibd wanhaokherc conponent.
The vector decoder 33 generates a harnoni c conponent waveform provided with
t he envel dpéommagfionmeftar. tsmehams| dadde felrepentrphlihg BaApADALONCOMpONnent
and the envel ope waveformfor the pitch elenent in the harnonic conponent.
These enveoapassgiongefetiiceWaveiors ' setimingeasBdeérs 31 and 32. The vector
decoder 33 then outputs the generated waveformto the m xer 38. Nanely, the
vect or decoder 33&4%%#Jpplied wi th the envel ope waveform for the anplitude

Caain i nput) 11 O RS QAR AN A 68! OB BRPLPGRHLPBr LR pi toh
gai n input). i | n pitc

| toi t i d pti
control (SpedemeliciRed, CRaBIE Rl shokRo R BREThEECLBhaheRCsERTE 53"

gener at esaqRal NAINALE CATPRRCRhVRYERERTLPY QXL BPd-H!  Bithe envel ope

;
C .
wavef orm tor the anplitude el ement in e nonharnoni ¢ cohponent. This

envel ope gpdereehedn B haembastotofgendar afa The ¥eehehtde¢Rdeerdemt hen
out puts the generated waveformto the m xer 38. Nanely, the vector decoder

35 i s supphideampiltitudag amvel apé-havebaim tempbhengnpl Howdeeel, epmrat in the
non- har noni ¢ conponent as a control comrand for gain control (gain input).
[ 0064] 65present 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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When waveforns are chronol ogically generated in each conponent and el enent,
the vector decoders 31 through 35 synchroni ze the waveforns for waveform
generation. For exanple) when a vector packet for the waveform (tinbre)

el ement and a vector packet for the anplitude el enent are input, an
anpl i tude wavef orm based on the vector packet for the anplitude elenent is
generated with reference to and in synchronization with the tine for

wavef orm generation based on the vector packet for Hgg wavef orm (ti nbre)

el enent. Thyke anpdiledecanves of FeebniCUMRIRS Lo 3RS YPE WAV ef or m
generated on the basis_of the vector packet for the waveform (tinbre)

el enent. Wien a veéE8Pérlpacket for the waveform (tinbre) el enent and a
vect or packet for_the pitch elegent a i ppu ' r sed on
the vector packetAFoWeFﬁé°BF§cﬁg§Véneé?1i§995%232§2%§€f¥ﬁa§2 e?%%%e to and
in synchronjzati it L f e red i oased on the

vect or pa%ﬂétm?%gg?ﬁg gﬁ%ﬁ?ﬁ&%ﬁ??ig ?ﬁ?ye%gﬁga?. d%%é?ﬂ%his pi tch wavef orm
control s éQP BHh&hcef m8awaVeber fuaenes ahgeupal ties bes1 Siwstiheevest or
packet fo tﬁe waveform (tinbre) el ement, When a vector packet for the
wavef or m ¢k MhaekfeLAMBAt abAstherbat 1oni procapsnextrants ajvettar packet for
the waveform (tinbre) elenent in the non-harnonic conponent are input, a
non- har nopheteanpeaestobmased. gn, t Aetaekt perpackevaveforne NSEfBPRT{PNnbre)
el ement in the nonharnonic conponent is synthesized with reference to and
in synchreavafbron weibashepbrtiohovanefabhi ciebipoPeRties Wa¥gheRas| s
based on the vector packet for the waveform (tinbre) elenment jn the

har noni ¢ ebaponaaeded fesi FRangas| &8l tRBURAVREQET of ?%'geh%FtP%H'b§ m xi ng

f for th t hesi zed h i t apd.non- i
Component higkAECEASIAI ABRPARS 108 LORRSANBe Sousst; aBeBraRpaneb

hroni zat i hr oni zati qn, het . i d
on- har MORPEPCBRBSRenELEBRRY SwnBRO: RESLREnPaRt oot Fone FEEALiaePEaPl ° oy
be preferag%%thg §§@§%§§%éﬁ gé@ggihaEHB“hﬁrganQ emg%an@£0i§1965§&aied on

t he basis pack i the waverorm (tinbre) elenent in the

non- har mopiLC GOUPRARNG bl Bhpheits be @A haraygebkonosahbedenl £bri he
time for waverormsynthesis of a harioni c conponent generated on the basis

of the vechoriRackak lakelrbemrauehorm (tinbre) element in the
af orenenti oned harnoni ¢ conponent. [0066] As nentioned above, a packet

stream conprises gooagial ity of packets. In the case of a packet stream of
vect or packets, each packet contains vector data. Nanely, a packet stream
conpri ses 3vecwarvedarm aynahgsdsalprogeast enporal direction. Vector data
contains different data structures and neani ngs according to the anplitude,
pitch, and mavefomhqtWaﬁﬁﬂgrmﬂGﬂﬂﬁﬂﬁioqﬁwkﬁg%; Ve SYBTHEELZSSs basical |y
the sane fromthe viewoint of the vector operators 36 and 37. 67] 3.4.2

L0
Vect or dawavetfiormsuby RI1GOWimos dhengOMPHtey §Hoﬁ§35Ht8nﬂoﬁpﬁ€ﬁF&8 the 67

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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vector data structure. For exanple, a position for reading vector data is
expressed in units of [SEC]. Wen a read speed is assuned to be constant,
one sanple on the vector data matches one sanple of an output waveform A
read speed is expressed in units of 1/1200 [cent] (2 to the nth power).
Exponent n = 0 nmeans a constant speed. Exponent n = 1.0 neans a double
speed, e.g., an octave higher for the waveform (tinbre) elenent. Exponent n
= -1.0 means a half speed, e.g., an octave |lower for the waveform (tinbre)
el enent (3é@itpd F@ptghérFYPﬁ £f progyamTheTReBaBRERIP 6S ¥R BRRS1act ual
vector data. For exanple, vector data for the anglitude el ement or the

pitch el eRERECEBNPAYSRE SHPAALS] B YEETERPB R RRFUFRLE? cRPRABR YD/ cal

int data, 068] Al f . VECTORP . St t t aj I
Posi 11 on LhatAL0aFa8St of [EAch bBi fit THCR GLATENTI ST BPBToaHEr S haml e, a

t d ' IS ' ' f [db].
A vect or aFdReLF aBhaFAfra Bob RoGr B ER prb OB DLASSone MiPESLR ) 200
[cent] whepnMhbLiBoheoBHERERsOshswASSHMBEGE 04 be Pnd. sdEodyRGcal point data
is a DWORD array and stores an index nunber for an array of VECTORPO NT

struct uregekerbptiisadmasndyt ¥pitawspPPIOl §s&edt hedbeitosn €bpréspondifyg 20) .
Qobvi ously, the present inventionis not limted to the aforenenti oned

exanpl e. §066868] id. #IB.Dat anl patehbresashe control section 40 (1) Overall
configuration of the cache control 68 section 40 This section describes
an overal |l configlo8Ri7dn of the cache control section 40 with reference to
FIG 23. First described is the objective of providing this cache control
section 48.1Sj Reagt AataoderbodkcRionsseecbien 1@lhhe hard di sk 109, vector
data needed for the vector decoders 31 through 35 is read fromthe hard
di sk 109. However Thg geng drsr &eprodnfrEion SeehiaRdltihlt BBPECAEERSs speed.
It is inpossible to imediately read vector data at the timng when the
vect or de€8Bgrd9as2 VhEBUBRTEBTBRABERSROEARIPRT eV aFeP vttt br datBESt asthe
solution, this_enbodinen g&ovides %he cache. control section 40 in the
wavef or m S9RPHERTE EBRFPEHCEATD F5CFHAN VRCTHYCHATRY 2Bk ULt (or expect ed
to be use L . 0] 3 nce, nuner al
ggrkgégaﬁggcﬁggg§ HEQD(¥HS£QQZ é%%g%ﬁ$§%?§ inEQﬁFégigﬁg.

42 denoteS a pre sectron. e pre- sectrone ve%?or | D

froma pasksinaygpllnhs%w gasr&axsﬁeargféémwfééf m&eks 0y Q1L f %@g&hf@

performance synthesis section 101C pre-tfetch section provi read

control tQatkg éfésééﬁﬁoioaeéﬁeééeﬁ@oPrétéeithéﬁﬁéqmaﬂﬁéa appograted with
this vector ID fromthe code book 26. As nentioned above, those packets

constitut eieapaakab,seeeam, i p1tihe, pasketogyesecmt s erst@l tmosghmabkand
are to be read by the vector | oader 20. Concurrently, a prefetch process
t akes pl ate. uh6hdtyedhecanheteheeMiDiedatadl TensdEse atipiedi theye 69

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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control section. The predictive control section predicts vector data having
a high possibility of actual use based on prediction data (program change,
etc.) supplied fromthe score interpretation section 101B and a prediction
condition supplied fromthe pre-fetch section 42. The predictive control
section then supplies a vector ID 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 Ved% Qr dat a

whi ch mayprmtidead #Q EReGLRIE  YH W Ftuithite PaEMRing, &1 §0& % i'8iF
condition"” contains a vector ID etc. settled to be use i.e., supplied
from t he PAIRMMhcS SW?]e]s‘?%gtsrbc‘{qrorV% .ctt\af?g[ehsl 's e\%ac;(/, the pre-fetch
section 42 is sup%égg with vector IDs fromthe performnce synthesis
section 101C and edictive control section 41. Thew pre-fetch section

42 pr e-fgé%ezs%lggé 01?9‘?}%@{%?;‘@%3@@&”3* ket vector IDs while

prioriti oad 0 ta settled to be used (i.e., a |load of

vector data Speci%'&dségfg] m@efﬁfé@ameséamMs%mmﬁi_omﬂmm). Loadi ng
vector data settled to be used is referred to as "designative |oad";

| oadi ng vect prfata wéréeiﬁ*&@%f@t&ﬁ&s%dddﬁ (wiad Gkx) Lo be used) is
referred To as "predictive | oad" hereinafter. The reference nuneral 44

r epr esent SpEALAECAETR! Yihé CHe St Doescqneerfted ML ettaorarghtthe The reference
nuneral 43 represents a read control section. Wen receiving a vector 1D
fromthe yestofiehvhoesd 20pethermamce cortablonectdhar hralilhiand R Yect or
data corresponding to this vector ID fromthe cache 70 nmenory 44 and
suppl i es pasameters) donbained hin vieke FORDLRE2 JiP Hife REHR Gureral 45
represents a tinme management section which gr%des ti mxr}gec]gytro for

pre- f et chihyle especifboafion) inhRFmat bR HRCFHIPARGS T1XE° contTdT section

41 The foll owi ng descri bes processi contents in.th edi.Ct ont r ol
section 4ReTHfPRIRRFEr BRERMELCTH 'stﬁl?% ??%%%Ff?%nd%ﬁagg‘f%nﬁ#g%&Z . The

state of the predictive ntrol section 4 t ot a
wavef ormE?ﬁFﬁE@?gc?aﬁgggg?%g PR oegvg%%%?g%gcogefgl%\ipt ro%g?leQS and,
when the s hesi s e . depen i, C an\6We€al Smark

synt hesi zﬂ%%ofﬁ% Eﬁ?‘?a???%’gﬁgt%\ggéf o?én?‘gg%%%%'sihgﬁ?g%ﬁe pl ace ?n tahlé vect or

decoders tgeo he PhediptbvEachPt petrsaméioON 4iheerhay nadapt
process a{ﬂgt g% gggfé?ﬁg §t he prgcess p?g Icts a candidate for vector data

in the at jagkepanti pareBrfdhebedtyeetobr| BBt dcelsutorssfoel pesfipphardet o
the pre-fetch section 42. At step S30, however, the attack portion is not
predi ct edrypkASS , apeprogmamschaggplaysassppiesdofisnptedi ac¢condtagat®rom t he
score interpretation section 101B. This is because an undefined program
change caas€Seaehar gerdowmancef stgtesr dEha seergpiéelernbeEabiPRck
portions. In an initial state, when a program change is supplied f£on1the
score intsepmébatﬁ@nage@ﬁpéﬁtléYBFemh@prgGiEPPWEegﬁﬁtf6¥ EEE?FBﬁe ing
imedi ately starts a predictive | oad of vector data %or the attack 8gtion
cor r espondiamlst @0t RaECOEEgK BNFERARgBaTKEO73FTFRICMRRF Q% JHPFLCaL PPESS-
assunmed that "piano" is specified as the program change and there are 100
types of @&€t-dr data for the attack portion associated with "piano”. In
this case, the prgghfﬁ%me control section starts a predictive |oad of 100
types of vector data. en a packet is settled for the attack portion, the

vector |oader 20 gnd. t%lﬁarﬁiﬁ Or 11 CRARES i%}{te&ib&@t%i%ﬁ skettioa waesf orm

synt hesi s process for e att'ack portion. his time, the state of the

predicti V%rﬁ%o"fgh‘i'oﬁ% ic‘}rlt‘é]ri%hhffotrs ih@esper 1334 mheRE4bnAn stepeS31, a
e loa

predictiv I's performed wt

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
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respect to vector data candi dates for the body portion based on the vector
ID for the settled attack portion. Since the attack portion pitch is known,
the candi date vector data is limted to that corresponding to the sane
pitch as for the attack portion. Vector data is further limted to those
for the body portion which corresponds to the envel ope waveformetc. for
the settled attack portion and has a possibility of connection to it. At
step S31, the gredictive control_ section ﬁred ctivel Ioads candi dat es

narrowed 86WHIBEBLPAERY BB ERERERCBALPti o PRNLEHASRSPAT @R R

th 101C act | Kk t f t Wh
Zygacﬁ?tSPifo*hgnﬁ8H§°§§§r?§h ?-‘% 880 vE5LOFF Pt Br ot et pebietiGe
contr ol sget 0043, SHECLS 10 RER R cLOGIET LAy RLEa S RE-PESLLCL Ve

control section predi can nex vec or data

based 72 cop bE%cKEQEQﬁlgD f?ﬁr&?@ SEBLY LMo RPUYa PR 4P Nat ESnERALY ONEd

above, a nndu € assocl ate he body portion 1s one of t he other body
portions, ayRbficBr Eh@A§esOinl €hEaBELHOLENGHS  cHEEOESbM@lYy theapredictive
control section 41 predictively |oads these vector data. In the same nanner
as step SB8anutandrdat esatoatuwecand dabandeupewpdeldi aid vehyve oaded are
narrowed down according to the pitch, the envel ope waveform etc. of the
settl ed bodyrpspondang[ 6076heVendt hp perkoimabice syradiesperseeti on 101C
actual ly supplies a packet during execution of step S33, the state of the
predi cti vBagedt pol theeei onineréhantes acevedimterpretatipackectighen the
supplied ?acket is associated with the body portion, the state renai ns at
step S33.1BABednsATPEEESHERG BEPTRORC GOPYRHF citvEo |Wasisal e- executed for
t he ot her bodé Rortlons 10|ntﬁﬁort|ons or rel ease portiops.

3 g

suppl i ed PgEk Fgcﬁsgﬁtﬁate Pﬂrthﬁ ?o?ﬁ?r%o+?F r?ﬁ%t%?%t%e%?l?%e
pred!ct!v ntro%osect 4% shi ft e S32 %0077 A%lon é#o
pred|ct|v nPFS 5@8t 85?%? é?? oa 3t vec Fr %5 or t

tion. h ly | d
SHEN ety ebEcPEEELl1 vel o | onded fy o

connectiogﬁgglgggageghlgg LRENb1RGELT PO ?ﬂéﬁ@bfﬁﬁﬁ@%”@ﬂ&@féﬂﬁéﬁ@é'5

section 101C supplies a packet associated w t he next body portion, the

state of theipyedi ehbvecepBt iRteSEEELANIdE $EELIHS 1Ot EPLSBSréOs TBhe
predictively | oad vector data for the other body portions, joint portions,

or rel easgcpoet aessrdVhgntbhenpser poay@ncepsyit hest sosesy | varddig shpplies a
packet for the release portion, the state of the predictive control section
41 shiftsihbespept88@on| M6TBPdAt EBbepeSldblplas tmetdabnaivasdoveorése
predictive control section predictively |oads candi dates for vector data
for the a@i&€rrport sopreVhahernzepatinnfmethods | cemppracedihghral ease
portion is already settled, it is highly possible that a pitch for the
succeedln@lBFPééRYpB?tPéﬁYaﬁés nBPed§9Pﬁ?elﬁF%§E¥?tat19$r@ﬁ%?h@%e%@%Bof t he
rel ease portion, it m referable to limt vector data for the attack

portion tan@rPBSHEdtﬁéeﬂFe PvRY ySEoCPhb%el B bR R Pt B8 t RFCFSr t hat

rel ease por eggrg%aglbn me@h ghgcéggglngft% Qﬁéaﬂggr 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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[0079] (3) Operations of the pre-fetch section 42 (3.1) Load process (FIG
25) The follow ng descri bes operations of the pre-fetch section 42. First,
the pre-fetch section 42 perfornms a | oad process as shown in FIG 25 at a
specified cycle. Wien the process proceeds to step S41 in the figure, it is
determ ned whether or not to receive a designative |oad request which is
not executed yet. Wien it is determned to be YES, the process proceeds to

step S42 to perform a designative | qad f t he reques r data. After
a |l apse dheyiSFAFS-eadey 10 elrrPé",eettarFé'é)é’ \g cFoch§tea% rtet%(rae\aé%%?%om the hard

di sk 109 and are stored in the r : ify Hosha t i

det er ni néd® t&F B 14 11" ssteecptjﬁll?l%tqh%g (%reco e)sésﬁgr g%‘%%? tf\(éﬁg?ep?h&3 3%e
performa predictive |.oad. s daha 186 of YsetrN® AmgAitcti ve

| oad, thé rsoeéré]s%utaoe'?aetcacg b\)&%p\cl?r gatlaaq%olsf g g Sgommnél%ﬁjs i ssued to

t he Cac“%;{@{}@{%qn@ (vector data already |oaded into the cache nenory 44

and t hose “sche ed to be | oaded according to the other |oad requests); and
vector data for whygi po read conmand is issued to the hard disk 109. The
hard disk 109 is supplied with a conmand to read the latter. Wien there are
many vector data tefrderiwqdes predinei val y,thdifolowinge degcidee- cal |-ed
in the mddle of the predictive load. In such a case, as |long as the

r equest edcslesdgratof endoiack 1 gheast affante ddt@ raxeatadt igy ddiectS9RF9 oad i s
interrupted and the designative load is perfornmed via step S42. In the

pre-fet chisestpoetaion skeiipmtiQB ] oad t akes precedence over a predictive
| oad. [0081] (3.2) Packet reception process (FIG 262 The pre-fefch section
42 al so perforns hikackike rerBatiMF protardatd MARE Ermabh (MWt

performance synthesis section 101C supplies a packet. \%Lencthef ArOcess
proceeds RFEQEPAMEY AFHLR HEOTRGLTRS 5 Hraden arr%?l!as Rigmald ey B did e
SUPPL L0 PRkl A S b SLALE LG o eI da L i e
off, etc.). In this embodiment, each track contains a module
specification portion for specifying modules of the attack
portion, the body portion, the joint portion, and the release
portion. The module specification portion is the performance
style specification information containing a performance
style ID and a performance parameter. Actually, these module
specification portions use undefined system exclusive
messages, meta-events, 1l4-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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"hitting the vector data"” is applicable (1) when any vector data is hit out
of those already predictively |oaded into the cache nenory 44, (2) when the
vector data is not yet |oaded into the cache nenory 44 but is schedul ed for
the predictive |load, or (3) when a once |oaded and used vector data (USED
state) can be used as is. [0082] In this enbodi nent, the used vector data
is not released i mediately, but tenporarily remains in the cache nenory 44
as vector data in the "USED state". Wen the storage capacity has becone

t 00 smal lyalve falrar &yotthess ive eleart idat 40 1Dowidhatpee pragrameghppget RS
USED-state vector data is released to store new vector data. The detail

will be geserididdn atada. [ @88k \Nhen walveferins sy thesigese6tight 4018t ep S51
is determned to be NO. The process proceeds to step S53. Here, a

desi gnat ineedsoattatequakatapdeue tged nedtt §¥ Poeddftdnfedti FTOHe the

af orenenti oned packet. \Wen the packet receptian rocessd&Fl Cf-l %G@its

per f or medaskex ook .Jddiey PRAGFET SRR & FEEFEE 1S PhQENESr Tdhra.

[ 0084] When there is hit vector data, .step 1.is I, 5N be YES. The
process pr QEEHC RS TP EFC (SO 5578 ét%i%vgel g%‘é%ﬁ&r@dt ﬁgttre\%e)dt or data
is inco ete, the predictive | oa t A 0 esi ldgve | oad
request. dili] spﬁeséljbcet%aoﬁlse&atq]aasa lvsgjc% gin%g%?l % iols egg eg%%fs dgrt glf er?r??i ally

when the pa r ti il e afelerwar d9.1pWeamplie gpr ocess
cpqocgss}q{egp %g%), txﬁ{eg NQHES S dte Rt el ot

pr oceeds process returns a handle for the

speci fi ed| Padisaaesth Mo ddtdm 1o pathoratee isyiidasing seet i on
101C. This handl e uniquely corresponds to each vector data. \Wen the

speci fi edsinadideitgsd ebeticy siatle ispeadirfdaniyt isindr ed ipredietdaghe nenory
44, the handle for that vector data is returned. Oherwi se, a new handle is
gener at ediatyl. | STheetafowsndro: idredafagnaan changet Hes il dadeb@SI®RE [ 0085]
When the process proceeds to step Sb5, the process cancels predictive |oad
request s athitredbelrereddptayi ousl y and unsuccessful ly. Specific contents of
"cancel" will be described |ater. Wen the process proceeds to step S56,
the process changk@0$3&diction conditions in the predictive control section

41. Namelg;, the process narrows candi dates ch c‘Ihe predictive load in each
state in HE BOLRTRIRGR Y S S B Yhe Bredi ctive control section 41

according to a pagke!pspRLhetlr OIS PETiOUIBe Sk dEpt Sospotonn 101C

[ 0086] This pack i'S egui va 0 a "CetVector command”

in FIG 28 viewed t | i C. Nanely, th
ngr f or mancs %rse\ar/]\r?%eé O e%%r?@frﬁ%ri%@g%gyﬁmm Haxd 1 el mel'y e

_ Nthesis's ron supplies a packet to the waveform
synt hesi s, seet Lo, 101Dy 181 SpOPEF A4 Ofon S( pdisforinith SnEr e SENEHTY a

Get Vector  command to "get vector data" based on the vector ID included in
the packeperfbifanNEEt Paratastef)StoRee Ptepasedthe 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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until it is read by the vector |oader 20 later. At that point, a handle is
required to specify intended vector data out of nmany. [0087] (4) Data
structure in the cache nenory 44 (4.1) Cache page (FIG 27) The cache
menory 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 nunber of vector data). This conversion is
automatically executed prior to the nusical performance according to a
user's i nsespetitorroorther aved ogond tdmbze ) FeGemghtshohetadasragphtsainsg FI G
27, sone vector data read fromthe code book 26 are subject to a.

desi gnat i vevecd@r TResdlpectivfogapiioncl and the dike (kwpoPAnfipbailed
Accordingly, it is possible to extract a plurality of vector data to be
used conceP¥&Xtl'y. Vector data read fromthe code book contain respective
headers. Vector data to be used concurrently are collected in a file, for
exanple. This fil %%34ji ven a conmon header. This can shorten the time for
t he vector | oader S tQr : 8 i.s fi der
contains the follgﬁg%égﬁn ornaﬁﬁ%%%eég%agfﬁg§§$o}ég%aggfggfgefdgﬁfgﬁgéation

char act er 3RACKT o0k nied@Rldel YoBE hBeokhligt ¥BethPabacRbzestBdihcates the
file data size. VQ Type: Indicates the type of stored vector data. 78

Version: |digakss thie Felct orouah aeea&aﬂnﬁ[Q@89Lcﬁarapakhmatbea,paﬁaram
runni ng on a personal conputer inplenents the waveform generator according

to this eghadheeizesThe waysiformmpaseyd eantaenmotiigiedchectbedavact or data
is cached, cache control is provided on the basis of a cache page with a
speci fi ed (sitz@, Sndt) .on Thiee whaeiforaf synthykeiseseotidat A0{M thea free si ze).
Nanely, single cache data is divided into a plurality of cache pages acid
i s cached pkorf orrawsa ge werve fiowrmu genserett ioac pgopagesforhehsystharnpavty st ores
cache managenent data (page header) corresponding to each cache page.

Nor mal |y, (&te@r §18i)sk SforePlyzrd idN ohRePBaSPEmMancy ppxéd-sthe echsrer. A
cache page size is preferably the sane as the cluster size or an integral

mul ti pl i cREFSS et fROS§ Perfegnenger PRELEnECT¥ROFNJRPaPETERTMAPRES ('t s

apPr OPr i ate 0SSt e ahs Page 3784t 9nd LRLOUGIEY KLLOBYG €5, §090)

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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(4.2) Data structure of the page header The follow ng describes the data
structure of the header provided to each cache page. Each header conprises
a VDDLCSPAGE structure which has the follow ng nenbers. dwPage: A page
nunber uni quely assigned to the cache page. dw D: Vector |ID of vector data
contained in this cache page. dwSize: A data size of this cache page. 79
dwCount: Indicates the nunber of pre-fetches. This nenber dwCount is
incremented by "1" each tine a designative |oad pre-fetches vector data,
and i s depresemted a»y i thecreriomianee ot gyl é“Vﬁ%tor dat a.
dwStatus: Indicates a state of the cache page. TQg .

book were stored separately, bot e actually stored in the

database on the hard disk 109.

The performance synthesis section 101C creates
various packet streams to be supplied to the waveform
synthesis section 101D based on the performance style
specification (performance style ID and performance
parameter) and data of the time information from the score
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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cache page state is one of FREE, ALLOCATED, USED, FILLED, and LOCKED.

| pBuf: A pointer indicating the start address of an entity (portion other
than the header) for vector data in the cache page. | pForward/| pBackward:
In this enbodinment, a plurality of VDDLCSPAGE structures fornms a
bidirectional linked list. Menber |pForward is a pointer to the other
VDDLCSPAGE structures avail able forward of the |ink. Menber |pBackward is a
pointer to the other VDDLCSPAGE structures avail abl e backward of the |ink.

| pNext : AshpeRerépEmanceverlYilhe IRadBfoPaT §erBRrREOr PABgMEECT ApPEMENt ed on
dedi cated hardware, for exanple. In such a case, a plurality of vector data
to be usedNEBRBHPLARL FPPs SEPYEded TRAt BERIBFURRFEt YBERRBLReSHEEESN These
cache pages.forma_"group”. nb lLpNext is a inter for sequentially
ndi cat | nGOLReMBYnRP GBEPEABAGEIER: dEFAr BE BEPBRGRHLEoTRAE SURE BFbRD.

[ 0091] The aforenq@%igged menber dwCount has the followng role. Wen the
sane vector data i 3 d twice in a seguence

FIG. 7 is a flowchart showing in detail an
embodiment of the performance synthesis process.

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

style module by referencing the performance style table
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of packet streams, for exanple, a designative |oad request 80 occurs
twice for that vector data. Wien the vector |oader 20 reads the vector data
for the first time) however, the correspondi ng cache page is set to the
USED state, disabling the second reading. This problemis prevented by
counting how many tinmes the cache page should be read subsequently.
Incidentally, vector data is used nore than once as follows. Nanely, the

same vector data is used nore than once during a waveform synthesis process
for the smmordir Hattheorsyesified Reafiiymady \Fett\g’ltaled#a.anl% ei ther case,

thi s enbodi nent uses nenb dwCount t t 1 h

vec';] or dd?%f,fﬁﬁrﬁb‘;gﬁz?%%;‘?ﬁ earij s(ﬁﬁof?coesme%/r&lglﬁraafleﬁé’gé]r%%;laegiesﬁlsﬁéatiagr the

cache nmenor ) ( .3) Li fead

FIG 29 sq%z%eﬁﬁ&?%c?éjr%h%fpélp%?ﬁa%r}u%%ﬁ%nﬁet}%}ﬁkeg | ist | Gr\nr{)oldedr?:sélat egg%y

pointers Mfort‘é&?rd P&H??r?&é("@{fle %@@%Mt B 1 @ ldridnist ructure
®h |% o freely and

as shown ure’in order fast rearrange, add, or

delete da&?‘ta'@orﬁgf‘é?gﬁ rﬁﬁéclilﬁn% PR heasteramasigdenestat, the begi nni ng

of the bi-directiona nked lis The beginning is pointed by a specified

poi nt er Ljﬁé@f’oﬁﬂ&inéé'esﬁﬁihé§i@0§séﬁeﬂorbylmm ndeeYed 5T lemefat? Gatch A- 3 are
page headers belonging to the sanme group as for the A-1. Nanely, this

"group” isopAsyahenhgt todat vabie r eppect inet € dohet pagesr INTRANCE e f or ned by
dividing one file. The start address of page header A-2 is pointed by
menber | phexametepage header A-1. 81 The start address of page header A-3
is pointed by nenber | pNext of page header A-2.
[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 AltoSax [NormalAttack]
module whose volume (performance parameter) just after the
attack is set to "95". When the performance style table
contains the AltoSax [NormalAttack] module whose volume just

after the attack is set to "100", the performance synthesis

section 101C selects element data for the AltoSax
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[0093] 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 nenber | pForward of page
header A-1. Menber | pNext of page header B-1 points to the start address of
page header B-2 belonging to the same group. Menber | pForward of page
header B-1 points to the start address of page header Cl |inked to the next
stage. Menber | pNext of each of page headers CG1 and C-2 points to the
start address of each of page headers G2 and C 3, respectively. Here, a
cache pagevdmalie: tRREE suctuwle ovimse wodsimend Ugito @ terorthex &FH1a€k disoups A
and B are set to the FILLED state. Goup Cis set to the FREE state. \Wen
new vect gretddia 110Q"% bélaayasy, the AHIMSagdists afied ¢ AtFRSE group in
the FREE or USED state. That cache page is set tQ a cache page f.or new
vector datemaimndd] e WP 'be S erddime (dvsd &fteta a&%@%} page and a

correspondi ng page header qn the system nenory and use .t cache page
for new \aRIRCERE L0 1P hik%yY c%%refé/(?tth% %%% e B3 nﬁlot%st & total
amount of cache pages to a. specified : Vig- A6y K HASOUr Ce.
This speci:&Ht ST Rt b%atgae’t arf'u eorrée/l |Ilc%l1{l$nac%%ofgl Ng to the system

menory an{gfjentvaqu a?#}{é/ V) é-tsfle1 MG R ApdroinMiededd arad ways

ensure a ven cons val ue as the nenory anmount for a FREE-state group,

it is po%%&&rﬁ&n@@ paPEhel&F af£1.9d | 0cat iminfi diew tieateora@at a to a cache
page. [0 According to the bi-directional linked list in FIG 29,

r ef er enci fg- FERREA ScdBFOEWEEH Sedof@IVRIih titac rdis tregiimidy glage freader s
A-1, B-1, and C1 for groups constituting the list. Referencing nenbers

| pBackwarmgli €a¢- baskngr Ontis el t hes hiunBntecturcired) | ivikadnd ierrragtinier to
check whether or not given vector data is cached, it is preferable to
sequent | ahdgotd e begvabumeg @aaregdccitiractemisttiiqr 9y a MI3i&L and to
check if menber dw D in a page header matches the sane vector I D as the
rel evant vestoamemta. et¢.t HERese sCorrRdEdons &R meTERfEesd b6 HWPF W h

that page header is the beginning cache page for grou i ch. caches that
vect or dat@Pig@REnPAiBT nGREUPHGRT i%e%?%ﬁv%s%loer?%r’a%t‘iﬁg'a\i\qf%ﬁ% data to
be used concurrently, the bj-directional |inked |ist I se.only
page head%?%nﬁ-‘i?l‘Bgi,mﬁﬁdc@’igeI\Eﬁ?a 2 i a%%éfi%réleﬁé%#\b% f or

t hese page_ headers. [0096] .Th I el at ugyF{wlicat es
cache paggag?a?%geﬁggf&iég %‘%ﬁfﬁ%ﬁ%’ﬁ%g > UCS%VE& _FREaE in the order
of 'WOftggcgeéﬁyské-awegeffs o B2HF SoBh £r SEAURH Cat Nyt Sa DI gleLn of

i mportance TeVers, ' Tt%rs possible to accelerate allocation of a cache page
to new vector datagpkgnther, it nmay be preferable to reflect a value of

menber dwCount directly on the inportance |level. Nanely, it is preferable
to assign a hi gherhenpgbtraneatliexell teep 52a8geay88orrect a time

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

position information according to the musical performance

46



val ue of nenber dwCount. Between USED-state cache pages, it is preferable
to assign a lower inportance |evel to a cache page previously shifted to
the USED state. [0097] (5) Operations in the read control section 43
Referring again to FIG 28, the follow ng describes operations in the read
control section 43. The vector |oader 20 issues a command 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 comand
is referradtho aFnhlieck¥ketont phssibbekYecbbtatnmbadihsepdedi dédewith a
handl e previously returned in response to the GetVector comand. In a

nor mal opepatitdonstiatermad¢dbor fdat hehwubicbd peofedmancehdatache nenory
44. The LockVector conmand returns a pointer for the start address of a
cache pagéliaezpeitivedywi thet musigadt perfarmanget Qatged®ayr cpphdér 20. [ 0098]
According to this operation, the vector |oader 20 and the vector decoders
31 t hr ougKaBsaRpBr 6pPEACS| F2FEQd FHENCBAt BntSush PRedcueheThE¥oryIR4 for
perform ng. _a waveformsynthesis process. In_this t he ED_state (to
be. det ai | GBI ST CARBol 1&a ro PORENB B aGae DAY RS CHAT hREFBaty™ by oF heey ERor

| oader 20, .etcC -pre i t her e L nodi fi ed by

ot her progégéegégﬁéég§]!Eg%gﬁgfggﬂoﬁaéﬁfégﬁéogé,Eﬁgugggégg%ecessary vect or

84 datapmnyolnhnbe hagdefly BbocbbeifachRe RIREYpS4: 10EA LREoLAKYBR! OF

conmand i 5 recelved fromt vector | oad a situation rmay often

occur whegcaopahifgnab ¢ARRULALiABRLI 68htPB1PERLESM | NPHENBOEBetREoWavef or m
generator according to this enbodinent. This is because the hard disk 109

i s occupi edrbematibal ahcrakgs! oAgormaeidfpeodi bpiontLasdpbsoasonf the
personal conputer's operating system In this case, different processes are
per f or redcaceecding.t o the wavef orm generator's operation nodes. [0100]
When a waveform synthesis is perforned non-realtine, it is preferable to

st op subsequent pl&®®89des until specified vector data is | oaded. For this
purpose, the read control section 43 perforns a synchronous read operation
for the hard di skFr@dherhi ¢aghneieBRdls pEadispafdrssAdnEanBerhRQr™nd ot her

processes_shoul d be gerforned ugtil intended data is read. _ .
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
"pbeginning of the l1link" in the preceding performance style

module to the "end of the link” in the subseguent performance
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[0101] When the waveform generator operates realtinme, performng a
synchronous read operation may interrupt a musical sound. A pointer for an
substitutive page is returned to the vector |oader 20. This enbodi nent uses
vari ous types of vector data for faithfully expressing diverse tinbre
changes. Wien a tinbre selected by the programchange is limted to a
vector for basic sounding without a performance style expression, etc., its

capacity is not so large. The RAM 103 store}éf, ltur&b;t'yéhoftc suicnhcsvectors 85
as def aulstyketmeduier tFaRelY nbike PARRSESS TH5 PRI 36t Sect or

data whi ch cannot be prepared in thge cache, Yerdd. o [ QLD i he
real ti me %iFhestie| E‘E‘b% f %d{h? hgw?eég%@lﬁ%gf Cate %ng%ezdao su? % i c%rtlaé]t
tinme delay_is enspured for th el NESS PIaeess fBld (wavef orm
synthesi§¥§eE??o lﬂfl[fés%%kg%gggt %ﬁé%?%ﬂ% torfoad necessary vectors and

zgz%rg;:ffﬁ§p¥@¥f$g£fﬁﬂjfQEQ“Fféiarﬁﬁﬁﬁheﬁéktfﬂﬁ SatStero11 kigy tdre amount

waverorm synt hesis, a waveform synthesis can be perforned by

| medi at el y éﬁ%igﬂmahfoﬁ%f&ﬁ POAEH NGE Versd Ofr &led @i viednd tsulsséquendt t hat
or

necessary vec ata 1s not | oaded. When the vector | oader 20 and the

vector degofessmadcthseyal R6ahiss stousikg @ camhecpage, thérelvetyeen | oader
20 supplies the read control section 43 with a handl e-attached Rel ease

command Wit hyiespeet déscthBeédcaaher pagee Suppdyimaticn sraet cderer@smend
cancel s the LOCKED state of the cache page and rel eases the handle. [0103]
(6) Stateatcansihabmonpefathensréoedinghandagelsqiech | PRGE HENRSer i bes
operations for state transition of each_cache page with referepce to the
state trassyleomodiiagsam Whep| the3preeading| #gd 2qRsedieRt RYEEOHPANERL to
the FREE state (86%&. Nanely, the cache gage' s header fefely)s ai cr)lrsmrrggggr

dwSt at us 8&V1eomORREES. aTRi SORBERECHhaVaY RECTAR HBHaRY i 2° uRTiiRY its
content is not assured. Wen vector da is 86 lgrz%de .'%‘?- ltlgiﬁ che
page, thi SUEGERETPAYE i s1BeltPEd PRECAL FRRPREELRY( ZJ);. heAL TED

state neans that data has n een, st or.ed i ta read
oper at i ontPFBHFPHeaCHBS%BEOEBZ PrAfcﬁ?thv??gr%r," aliég;gggs{tfg?égéi %rgrr‘gnber

dwCount . 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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[0104] When vector data is stored in that page afterwards, the cache page
state changes to FILLED. Menber dwCount is increnented by "1" each tine a
designative | oad request occurs for the same vector data in the ALLOCATED
or FILLED state. Menber dwCount is decrenmented by "1" each tinme a
predictive | oad request is canceled (step S55 for the |oad process in FIG
25) in the ALLOCATED or FILLED state. Wen the val ue of nenber dwCount
becomes "0" in these states, the cache page is set to the USED state (S63).
[0105] After the t@ehélpage changes to the FILLED state, the vector |oader

20 | LockVect dt t. th h tat
(363 The: LOCKEDYaS agEorenPRr Laned FE ooRRt Dneh T it Vbt Tehaes 20
dth t d d 1t h 3 i Ni NG J d
Rel case O DeLPes udina il o pray T P, PR L0 Sy
in. At_this ting, t qﬂ&ngjggg? | Sifesr b
?%?!nV%ena %%EPé%€C%€ﬁ$g§%c%%%@gﬁ%"é&%%éﬂ%%c e page |§i?hnedf§?gP9§§%tyto
the USED §{€%es£§§3%?t&9é96{h§7 reddd g LAy CandiRe Rader iSers@irianddie USED

state, a predictive [oad request or a designative |oad request (prefetch)

may recurgfoiethsdutashe Ragerrimgthd SFo@ses, tiee canile pagsess eturned to
the FILLED state again. As the aforenentioned process continues, USED state
cache pag@sstéhLpeaseiandrEREE:St tib ca cagde Wages teerpestormande ShHche
menory 44. After there remains no cache page in the FREE state,

pr e- f et chiagubewcweresponds ateeguenanpl i jude rekemer S@p e RIESEE st at e
cache pages fromthe earliest first and returns that cache page to the FREE
state (S6d)lem&hts cache page returned to the FREE state is set to the
ALLOCATED state for |oading the aforenentioned new vector data. [olo~) It
is preferable to G9848He bi-directional linked |ist described in FIG 29 as

a nethod of pronptly specifying the earliest _ca a Nt SED st at e.
When a cache pageTP8T&et St § Fﬁgeu§EﬁF§tSPe?B?ﬁFégggghggﬁgg% ?g gbded to the

begi nning_ of the Iinked list, - t

insufficiéHP?EéOBabﬁEWSSBe%%g ﬁggggﬁe Ef?%ﬁ]%ﬁggggge@?ggﬁgpﬁfﬁﬁﬁaelist and
is changed to.t QSdE?EE 348! €o hQ%PéLtiK&oﬁbm@ PROADEPBILt SPEL08 48 The
time nanage%ent sectron controls tiImngs o¥ t he overall waveform

synt hesi StﬁE_C?hﬁ@t%@i‘aDtth}ébE%laew. NgIAUthi Be6akbe thei ngpppokimhtiaont his

enbodi ment wi th reference to FIG 31. FIG 31 assunes that a reproduction

is instrughedrt @e@8s 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. For 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 "30" from the table.

Based on the selected "approximation rate", the envelope

shape is gradually transformed toward the target value from
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start at tinme t30 (e. g., a PLAY button pressed by the user) and an actual
musi cal sound output starts at tine t40. A tine period between the tines
t30 and t40 is called latency Latency ~ is set to 2,000 nsec for exanple,
but need not be specified especially. [0109] Wen the reproduction is
instructed to start, the CPU 101 generates a reproduction thread every
specified tine The reproduction thread all ows song data to be read.

Accordlng %% cont.ent, % rogcess i s rformed for the hard

di sk 100, GoPaifd pe R TuR Broﬁﬁﬁingerggl%ﬁenegreawa§8ﬁg data is
read to tine t40 n actuyal soundi tarts. Thi s, called
advanced %F%& Ui % L@eral?llrjl ;%gséf PﬁngEPI nggg hgg? Sdvanced
time to . r , c h e from
1,000 to 8?8%aer§2%h b oﬁ%%$822§sﬁﬁéﬂg¥?3§tF%ﬁﬁngE%fé]%arQQQ
advanced tinge thrige teRauiRd O eme e¥hanbs ikhel 3iRRISEBLethe intermttently

generate reproduction threads and read song data intermttently (in given
bl ocks of stidls@queft ipairdot@lanicer sggner abanger €pr edect begihhiaadsri snheal | ed
reproduction thread generation interval e. It is preferable to set the

r ef er ence peaifvemahn cee prgydec modm lielfr.eadthganéhat "epprokémaslioa reted. gs, 20
nsec and vary it wthin the range from5 to 100 nsec dependi ng on
processi ngegi tteat'i3ds. forlexamgde, Whenteoggtdurdupsipzadhat preredidy, part
of the song data is retrieved at step S11 as nmentioned above. The score is
|nterpret@&rﬁpr@@@§38§zyl?h@WduéepéﬁfoﬁﬁanceT§9nPﬁé§P§lP§ perﬁerweacet step
S13. As a result, vector data is prefetched at tine 34. A ti period from

pre-f et ch Stk rogluls SEREAEAgaLes Lot the FHBSPguEHFIBﬁrSPEmPEPEhSF?&ﬁ a.
01121 Th t th d k. 10 t t
Lhe o otolng o 32, L3 bl pBoddhesl [ shActess FeRacal BPibkog: °
data fromdthe %%%@%1§5gg@rf%%mghg & Bgygao BEErBéﬁfﬁﬁkhg@e Sqbpabak!t the

wavef or m synt RESI ®f Pom waver orm 8 esis's Ime t36 to
soundi ng staRt tinme t40 is called output latency 8. It is preferable to set
t he reference vglue of output latency b to, e.g., approximtely 300 nsec
and vary it wthindgyrange from10 to 1,000 nmsec depending on processing
situations. [0113] lee reproduction threads) it is also suitable to

intermttently perdyordona sten dhe) Prelediave peirfosiahesist ypeomessase W t hin
a specified tine range. It is preferable to set the reference val ue of an
i nterval hepretaniitesg tthhe thaveubsegagnthesr§opmanessstgleemgdnlbO"meed and
vary it within the range from 10 to 500 nsec dependi ng on processing
si tuati ong.100B1+4]3049 .wi |[(Inbe&hdspembodifneom, FEBe Birsthéyeicslt peint
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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90 relationship "y > a > 8" anong advance tine y, pre-fetch tinme a, and
output latency 8. Here, tine interval "a-b" fromprefetch tine t34 to
wavef orm synthesis start tinme t36 needs to be | ong enough to | oad vector
data fromthe hard di sk 109. When the anount of 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-b". [0115] 4. Modifications The
present invention is not limted to the aforenentioned enbodi nent. For
exanpl e, begiondngodirf itbet eods offayp Bénkande aboWwn| fowshe( figWhen t Bgen

af orenenti oned waveform generator is used for an el ectronic nusical

i nst r umenwhephitieebegindAng musitbgl enpAspFufehinimysbeotvaftabPethf any form
such as a stringed instrunent, a wind instrunment, a percussion instrunent,
etc. In tRPYecRO4Nt: RE EPeééﬁF“ﬁﬁgeﬁYPéﬁanPﬁthP|ﬁP?eGPP5°§1§PH§PE is

el ectroni c_mysic instr t t he son are duction
Secti on 16EKIORIYs PAFILFAES: SPot APt oHosBETRoRCTBEB, P nEhBePREFREEe
synthe5|s ﬁ ggki on 101C, the waveform synthesis section 101D, etc. O

cour se, gresent invention is applicable to separate conponents which
are conflgured to genrgct with each other through the use of comunication
nmeans such as a M DI interface, various networks, etc. The configuration
nmay conprise a pems%@&mo@O@&uug&e&mdnaagltﬁetwgppﬁekamaﬁgonlaatawslgase it
may be preferable to supply a processing program stored on recording 91
medi a suchoa&sloptited tdi ske, asemremendichesd arampYe.etEor OhsvaAcaet wheks.
Further, the present invention may be applied to automatic performance
appar at usegpsoghmas ianpirayer mpyahe. dp0éi6inéd) basefihen aperéoemanoaed
enbodi ment, a single cache page stores a plurality of vector data.

Qovi ous| ypazaneisgre saerdfpedebrfiprst ond oafitepi tee opnyectbendpeintf 0117]
(3) The aforenentioned enbodi mnent determ nes cache pages to be shifted to
t he USED §ﬂ§?€nﬁ$lvﬁéwenéﬁﬁlﬁQPBPXa@éFéﬁﬁnFPH@ W@ﬁbgﬁ doedtnined bagedache
page header. Wien unused cache p s jngrease, however, this pethod may
cause theoea@Hé1ﬁeﬁopﬁr£&rwansscﬁﬁ£ 2 Rg ?F?cF%ﬁtPeFﬁ°¥%?§°%a§EYl?tIﬂay be

ferable to def t Fl LLED- st at d
Cequent | afFy CBfi PEEPEREBCE: BREBEERE bGESM AT RN ow BrT bhe {TOEET otPfe USED

the vect ofbPES %?9555%%?3%32@8 @%Qaétéﬁﬁwgﬁt?&ﬁ?@%%@ bEGELLEE Trom
af o ement benefosubabbut | ¥8ePATErLACHEtneASeRnpLaTLE, 04 SPAGOL (T €0

val ue for nenber dwCount may be used as I's (on the prem se th t he Iarger

the val uetipichhepbidhekorhenpr hpprb¥ihakesnehbssl) on Fbnéher, it may be
preferable to allow for the nunber of past uses of the cache page or a

maxi mum vabperbatimaeabar rdnedunt Tha oekefutypdtat poinbe apptoxinhate

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

51



[0118] (4) In the aforenentioned enbodi ment, the bidirectional 92 | i nked
list is used to conbi ne USED state cache pages. Wien FREE-state cache pages
becone insufficient, a cache page at the end of the lined list is rel eased
sequentially (fromthe earliest first) and is changed to the FREE state.
However, the sequence for shifting to the FREE state is not limted
thereto. For exanple, shifting to the FREE state nmay be preferably avoi ded
with respect to cache pages having a | arge accunul ated nunber of uses,
cache pagedwle nis e JeAYREGTRINM YIRRe § P4eRe™; st orif -of? néhifer dwCount, or

vector data used at_the begj nni of..each nodul e. I.n .ot her rds,, .t hese
cache pageehejratiet Lraga™ #1%‘9 ‘g%%]rﬁli%r“éad’etlgoo% ARG AR HE renory

44, if ible. Alternati i 1 b ferabl e .t t tual |
ised veetThtar PR FBT RN o3 SRR i S HOb R et ual |y
due to fail di gt 9 7. di e with

 nor cased SLCRRN ekt 113 1) BreTRREN iy B g coethr T used a1

the begi %&%ﬁq\ ?‘tﬁ@[\?\%:l_ﬁg WHESH s NS HAIRGETS il Q45 & 5 Wi dotid v e

pages. Specl y en a cache page to be cached preferentially needs to

be shifteg, tehd hee LISEER: Sh@E€ion twadvefBBl or alll i add dHeatb B i maigen t o
the beginning of the linked list. When the other cache pages need to be

shifted twatdeotiSEELApBLiSesitive Po@s evaabd foiings ddd thmesmlcdcheguagest to t he
m ddle of the linked list. [0120] 93 (5) I'n the aforenentioned

enbodi nenthiseciorrepteducsedisi asleop exdriplre e smend fdad. t ilewvanange ¢ he
sound data is not limted to vector data. O course, it may be preferable
to use vaiikewiseyetine nbedy apert pon arastefiart ogin Fpdei fAD MPMAKBISRE SBund
wavef ornms as sound dat a. {0121] (6) I'n the aforenentioned enbodi nent, as
shown i n Fo@s wagetormsighl 23th¥ereglhdi§ or mance synthesis section 101C i nputs
a packet streamdirectly to the pre-fetch section 42. Instead of this
operation, the pr&9P&féh section 42 may read packet streans tenporarily

witten in the packet queue buffers 2%t$rou h %iu In thi caée,di% IS
preferabl e that th8®pFefBEchaELRYr oi®H2° “éa‘_?jg | %?Jorb%sesfe%m% hatke? stored
AR A St B et R T s St
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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the invention, the nusic apparatus receives a tinbre specification or one
of first to third sound data specifications, predicts a candi date of sound
data to be specified subsequently, and transfers that candidate froma

| ow- speed storage device to a high-speed storage device in advance.
Accordingly, it is possible to pronptly process the first to third sound
data specifications while storing a | arge anount of sound data in the

| ow- speed storage device. This nakes it possible to realtinme reproduce
sound data for waveformsynthesis with rich expression. 94 As nentioned
above, accordi l¢04%! the second aspect of thes_ifa/@mgprpanm&fsytrﬂ%esis

met hod makes it possbghg ggpﬂ@twam¢ﬁ@¥WWEE%%r or not sound data transferred
to a highspeedTQtBFgge evice is used ip t gh;ytéwfﬁﬂmasE@FQﬁV?ﬂ1 associ at ed
count val ue. Wen the, gandadaetedy BRtYATTY used later on, it is
unnecewsde§ofry a8c8ss | ow speed stgr gge ggvtﬁgssuaheastﬁehard di sk etc.
Thi s can decreas%,EgﬁmgrQ@uancpoﬁpeS & ssing the | ow speed storage device
such a®edwedfd "fi'sk etc. As nent iq%(r}eql ahgue reaeased PR 8 rhe third aspect
of the inve tri,ﬁ’”ﬁof hengreasenk Mt Can real time gener atfem}ﬁ{sgtﬂtbadity
wavef orf&’$'n>consi der at i on of (gl ayidgh&t Y s ventdnd AVt ons for nusical
sounds b%,Hgiggrgigﬂnpanst%¥%ﬁ jje” capacity. Namely, quﬁfgﬁﬁhVﬁﬁﬁm" dat a
i s correltd ccording to plaxing stybgppaammﬁmﬁm%.a is elimnates the
need to s&ggesyg@‘@beu.daﬁéc%p Egp%hdi ng to variati onse?grﬂgnmmﬂsﬁcal
perfor mBfice “nodes (pl ayi ng _st Ilgg)_, gt aaﬂemgi.sévpﬂgwﬁvs orage capacity for
preIiniQ glﬁbaywpdnﬂ}omect&P gata. Further) it is %o§§gbggptesbhméﬁy
control Tharacteristics pfG%frfqﬁﬁﬁﬁcao@@uwﬁvﬁ§9§WbrnB based on commmon

pl ayi ng ¢ vl £rd dentld i LEERN i nformation in ac ogdaaﬂgerdgg_rfq@eawﬁwg styl e
paraneters, thereby i ngroviﬂg £oat ro) | &dx 16%3/P4% this way, it is possible
to use highngaeki $§UdEYRf or e havi ng characte%%§}$0§20Withv®rse pl ayi ng
style (or articulationgenTQﬁées@aueﬂolﬁ%Pi%%Y e a maveforn1g(ovided with
t he rmdubah:ifonrmgécﬁeé%’ Vibrato and trenolo, a,ygvebanetpioni tH%with the

. . . £ gm .

pi tch nmodul ati on suc‘lh n%é ared aid felrenFed ™Y waveform a waveform provided
with ther&d@ﬁhﬁ?%ﬁttﬂ1 ariation such as.a gﬁ%%bagpbmméoﬁrWéﬁeanaﬁent. The
utilization of high-oualddy waskesfoathe e ' e f urt her i nproved [y siypl y
conbi ni ngp&th arﬁ‘cgh-qual ity waveforns_for, f e wausfewhsferdr ati on.” There
is provided ap, exceilgptwatésermdr! rEalti e generating hi gh- quaj i ve
wavef or mreTR® tdh3rderati on of plaéigg Q%gﬁeﬁo@@ wavet At Tons 1 n the manner
of i nproved cgggtgghgbﬁbipyréﬁam% i aB| Ity. According tgmtﬂgvtourth aspect
of the infefifC6R as mentioned above, .af hLeansolndpdded®F8 lsed for waveform
synthesi s,  Hhe désgbrdaton waveESrEy in the af orement i oned Jy qhs speed storage
device in"a’'state capabl e of usrgao{éhtﬁyeaﬁ uther eloiRfe Y hat sound data is
actual ly used IateItoﬁU0W¥di§eunnecessary to acceSSﬁ%gcw&§pﬁﬁﬂugﬂbrage
devi ce such as a hard di sk g’héén&@@tmcrquqﬂesq\“r equency of accessing
the | ow sp@g@leﬁbnmagé%l‘é\}ift% such as a harg g&lgrifcegs?tyle-

. erto
sound portions) PY using any P

[0049]

aveform skip 1is perfo

ion
rmed to smooth connectl

o for the attack portion and

module
mance style '
e - jease portion or the

the re
performance style module for
a

FIGS.

i i for
11 and 12 are schematlc diagrams

jOint portion. tion waveform

ln

la
o portion waveform.

in this case,
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What is claimed is: 1. A nmethod of selectively transferring sound data
representative of waveforns of various nusical sounds froma first storage
device to a second storage device, the first storage device storing the
sound data accessibly at a first access rate, the second storage device
caching the sound data accessibly by a processor at a second access rate
faster than the first access rate for instantly providing sound data
representative of a target waveform of a mnusical sound to be processed by
t he procefson)atherfrerhadceonpyisingdehe Seepthefatiadt wogtiombee the
specification informati on which specifies a tinbre of the nusical sound;
predi cti ngeseand Barhiebpr eThat e eabltachRrHat @ wet 3brematRte Phg t he
specified tinbre angagossibl containing a tafget waveform and

transf er r#hBAEhePPFEIPRE e LOR N HAY ath e HF Y P T r SRR tir Yy et fevi ce to the
d st device f hi th h it the t t

vaver or m SHeNG £ FE" cREREYBANER dArE neliet Bl P iR L oG o

claiml, whereiprtbe LhEsiont Q6RE81HEVEEFSL LT £50p Nea dat apbei ng

classified 1nto ?lrst sound data representing an attacE wavef or'm

correspongdhP8rbPmask pdi 80aPS6t £OAs Ph1E FAISI Bd SOMKLe ANk SESONEhsseInd
data representing a body waveform correspondi ng 97 to a subsequent

portion ofitbe RADE BURt&iROUSEvesal 166p Sh@kefdriy ediXxtwaigefsalli tds t he
first sound data according to the tinbre specification, the nethod further
conpri si ngkippedt 8psmod perovmamgceat $ ke spadtule ciir orhe ndartadn on whi ch
specifies a target attack waveform of the nusical sound; predicting the
second socapabaeaofepheseavafove skipandilien etlpdyend \alf tacls nowtlomar e
connectable to the specified target attack waveform according to the

recei ved aft@ernepkedf teathonrehtasereR?BROndl 2T ST ¥E n@ tHOBr edi ct ed
second sound data fromthe first storgge device to the second storage

devi ce fo‘f’a’t‘,%lﬁﬂpﬂg%u_ﬁlﬁii’ﬂ‘é? FRam phlae ReRt HelAHE tp%rﬁjaﬁ‘be‘ii%ofys wavef orm
arong oSG BPELURLE BN LE! SR, e RS TR, o
b R L e R e e e T e
of : 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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recei ving body specification informati on which specifies a target body
wavef orm of the nusical sound; predicting the third sound data
representative of candi date rel ease waveforns or candi date joint waveforns
whi ch are connectable to the specified target body waveform according to

t he received body specification information; and transferring the predicted
third sound data fromthe 98 first storage device to the second storage
device for caching such that the processor nmay hit a target rel ease
wavef or m ahwhg mpdudgshés eaddivent eombirationa9tf PehEoynangy #tyle target
joint waveform anong the cached candidate joint wavef orns . 4. The nethod
accor di ngMPBudpgi-m 10 AUPLEBEREORPLFsi FRCFRe2EE ePTRTL4PP! Yy ng- a Rel easabl e
status to,the_cached soun data epresenti faileg pnes pf the candi date
wavef or o RAFEATAADESnSEYLEEROAPLS SOBRAPARLOR NERRLE hoc s GPtP dat a of t ho

rel easabl e sta%us can_be %rased fro BTe"s cond stprage d vicedmhen next
Speci 11 cabkBROFAPDr RAFFABREPE FERAPyEAPLE, TR DRt Rt SA2ET o RACLD of aim 1,
further CPEEEBStEQet@Sb?&“pthbBrELfgkgﬁééhY tfﬁ@?‘ﬁéfk&%%éﬁHstggéé
representi ng basic waveforns corresponding to various tinobres fromthe

first stopgag)dexbneihatiBg $86084 a&eéftﬂfnggv&f@eﬁug&mééefgl_e processor.
can use one of the basic waveforns corresponding to the specified tinbre in

pl ace of hBeotaiggt tvavetempinBenohhert prgeéda vy chnd nshissd@tettt anong the
cached candi date wavefornms. 6. The method according to claim1, wherein the

first stopag€ofmahce ksypeombdatlesntdheefcommettadharthei $&kipi ve, and the
second storage device is provided in the formof a random access nenory
chi p. 99 ex&cuBioonparemepeograngextebleabl| éeftermpees oz ntirge t henget hnd of
selectively transferring sound data according to claim1l. 8 A nethod for
synt hesi sooflen tosbeafozpuadsbypntanseathaofi thke aforementiboned storing
sound data representative of waveforns of various nusical sounds accessibly
at a firspagapessrpat eThgndskipetéme SablagedeesrBEneachi $iiP helBdund dat a
accessibl¥ at a second access rate faster than the first access rate for

i nst ant | yTBeE®i dFng $oBRJIGRESTRRAReSERNGL F Vi OF 1GS nal et BF W I? b2 husi cal

sound to’pe, synthegized, Lhe, met hod comprising ihe SLepE Pl: 1ast)

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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appoi nting sound data for preparation of the synthesis of the nusical
sound, the appointed sound data including sound data representing wavef orns
determ ned 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 nmay or may not contain the appoi nted sound dat a;
transferring the appointed sound data with an associ ated count to the
second storage device fromthe first storage device when the appointed
sound datexpuessed beehleaghkd; tFhe BESoclau ethermin’beimd ‘Serte coff"
initial value; incrementing a current value of the associated count of the
appoi nt eddgschibedt anwhda gﬁE appoeYert ShuiRES LR MHL takd al rEBadiheached:;
executing the_synthesis of the musical sound in 100 response to the start
i nstruct i BRAMEhofisFRg Fh8UEHpot P2 BERAYRAHRCKbIARE 2R £ ded kR R i ng a
current value_of . the associated count of the oi nted and cached sound
dat & UseddPROFAELEYnERELIES "G oRbect Ty PRrEadIanGe SEme dite | Mo ¥

second st @{71@9&9%}” 88?%00&9& f‘gdéﬁ%%%‘ﬁ%é(ﬁéﬁ?t%n ?%ﬁﬁi&g%gﬁ%ﬁ&ﬁve 9

The met hod” according to €larm 8, I conprising

sequentialLye b ehehEXi PIraVEPLrdat a representative of each nusical sound in
advance to the synthesis of each nusical sound, wherein the appointing step

appoi nts the soungogdgba according to the sequentially retrieved event data
such that the sound data nay be appointed commonly for a plurality of the
event data, and tiRet haBak¢BehAUpAteack! ansdele &berEoNFDoHh Yt appotol ed

sound data at once to the second storage device.
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. 1In the case of this packet

stream, it is often that a time period from time t2 to time
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10. The method according to claim9, further conprising the step of setting
atinme |ag between the retrieval of the event data and the synthesis of the
correspondi ng nusi cal sound such that the retrieving step can sequentially
retrieve a plurality of the event data within the set tine lag, and the
appoi nting step can appoint the sound data conmon to the plurality of the
event data during the set tinme lag. 11. The nethod according to claim8,
wherein the 101 a pointing step nmay appoint_the sane sound data two or
nore tines4ageBEdRA§ FatEhe P%tFP@v@é goEpte dheRItRRef PRk R®ent i ng step

increnents the curre al ue_of the cached sound data ever i t he. sanme
sound daté‘?gxéﬂBBWﬁEé8¥e ﬁaltﬂgéﬂiﬁr% ngvﬁ 5 %ﬁF%%%?%E%%?éYFﬁ%ogﬁ}?ent
val ue of ége associ at cached.sounddggta fve{g.tine t he sane

d f th
sound dat 4 SOREOR-TBFC, FBYEbRPRUL  BeaRSER e SRR c: 3. T2t of et noa
accordingchg GlAT BB HIPLel Bubbee 1L SLastorage dey ee, k5 By Usgoan ¢ e

en.
formof a secon orage device 1s provided in the

for”‘Of_atiﬁ8d88}§8§e§? PEPBEY 168 Phe 1Saméd SOPRYMLRInEE OYF fTR exSesiabl e for
perform ng the nmethod Tor synthesis of a nusical sound according to claim

8. 14. A ppthadying sumphesiengtha rusi eré sotfcrivnd@assyd modu1ss,
storage device storing vector data representative of waveforns of various
nmusi cal soundg aombs$sibyythé hofhrméthedess Imtehiandhy, sE@ntbdhbesge
devi ce caching the vector data accessibly at a second access rate faster
than the &resadaveted farewavefonsteaonngchpiovi dihy Vectaforenentioned
representative of a waveformof a nusical sound to be synthesized, the
met hod cofPrPBifg the Bteps(VermatbikeytRedwnl Jredake ofs parmeatseq oko
reproduci ng, the nusical sound continuously along a tine axis, each packet
containin@a¥ﬂeﬂtWPV%%PFBnCPHF%FFﬁ?Pd%lE?fé%%i%%P%%H??Rﬁnify Z02

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[VibratoBody]
module. Namely, this control is implemented by an
appropriate method such as varying the time for a cross-fade
connection between a plurality of loop waveforms constituting
the A.Sax[NormalShortBody] module or the A.Sax[VibratoBody]
module. A loop waveform relatively easily makes it possible
to provide variable control of the time length for the entire

loop reproduction waveform by setting the number of loops or
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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 device in
advance to the synthesis; and retrieving the cached vector data fromthe

d st devi th ified tim hesi
oot or e PhE Tass BORENRoALLPRAEES b e WAt LIS R e tBapl SrTEOT
Th t hod di t | ai 1 f i Si
determ ni NeRGREPRePIsP 2R "t b Phg, SREEMSREEITITE Ao SheBell boe
packet haéapfsp%g'e8§@¥oia99§d1é9%£ﬂee§§§99ﬁgs&&r@ﬂ@ dBYi 68 agush that the

transferring s executes the transferring of the identified vector data

provi ded jhab bRRqdgt enli ALAYiShER HBLEEIM VesLAbB therBEeToDd provagea
device has not stored the identified vector data. 16. The method accordi ng

to the stgpsasf tdebephhfganhiesohbeanot thaveimifigeexps eposubdveient to be
transferred to the second old vector data fromthe second free area for
accepti ngaabe asawiabaamddp teathpertodpinsangegeenve of osegmddevi ce does
for accepting new vector data storage device, and rel easing storage device
to yiel d whee¥ocmer cdmpaistihg aehensédopl WaugBormvaed o2 HaPR Vaveletrhg

vector data which is already used in _
An invention for providing variable control over the entire

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.

f0o055]

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

58



previ ous synthesis and vector data which remains unused in previous
synthesis. 17. The nethod according to claim 14, wherein the first storage
device is provided in the formof a hard disk drive, and the second storage
device is provided in the formof a random access nenory chip. 18. A
conput er program executable for performng the nethod for synthesis of a
nmusi cal sound according to claim1l4. 19. A nethod for synthesis of a

musi cal sound by nmeans of a first storage device, storing sound data
repr esent B¢ 5@ BPLiNEGFOPFRSOR LY a7 i VRISt MusThaRe Mﬁf&a%@éitﬂ?ﬁ/ at a first

access rate, and_a second storage device ¢ q?ingﬁ%ﬁg soqu dat a accessi bly
s ces

at a sgcoYl?chl‘&Eegg FArEA+RS e’rnt?m?'na(f}ﬁeet f9 % oh &t e T i dstant |y
P b R G2t R FR L FORALIE £ 3 IR SRR ARSI fple ] 10 P

r epr oduc I hig e step recel ving a sequence of

soundi ng | PLpCY | ONSmL L PLAGKEL N LRSh IWISLERlorRaNNdshd ML G nuoUS

manner, souhding 1 nstruction designating sound epr esent at I ve of

a wavef oryyfQbn YsEcbipbhent YNt RestsePfrddieanisd bl Sprkeddansfedid ng the
desi gnat ed sound data fromthe first storage device to the second storage

devi ce foro6BChaPEEbAml eSPRAGEd t RoraldoPiwd e dmeei art espuneliaigly

I nstructions; 104
characteristic ones. In this embodiment, two vectors are
used to configure each of the waveform (timbre) 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 the 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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retrieving the cached sound data fromthe second storage device for use in
the synthesis; and retaining the sound data used in a synthesis
corresponding to a precedi ng soundi ng instruction for reuse in another

synt hesis corresponding to a succeedi ng soundi ng instruction. 20. The

met hod according to claim 19, wherein the transferring step periodically
transfers the sound data in a predeterm ned anmount sufficient to produce

t he nusical sound in the continuous manner. 21. The nethod according to the
st eps of WébvatpRgdwhém rhApepdedhbbcea fimesar ehtssfi¢ubdepe notpd that
transferred to the second old sound data fromthe second free area for
accepti ngeffiB ReRetihipniysepupt ALELeBent i CPRECERARE st of ab® HBvi ce does

for accepting new_sound data storage device, and rel easing, storage device
to yield PRESUSENALGREREN 2P HhATRRRAOPAE LD HF TG TE° cPRFSHB1ST whaF ei n ¢ he

sound dat g apecwoed LODoPYPLOS! 21 08 BNGT pL oL eLhe, sl gl ound having

e
eé-sound dara contarni ng Signi SOUI’]% dat a

used for syALAELEsOf agrkeadhPUePORbhP aRlal e SEEUSLEH M pdel LAGLn P the
n or synthesis o

wavef orm non-significant sound data used remai ni ng
portions QévémecehegélQVBknﬁgmiﬁ?g%ﬁigfcéﬂ@r&@yeéﬁ€r@eff@&ﬂ@@f3|ﬁntﬁﬁe

rel easing step rel eases the non significant sound data nore easily as

conpar ed NorwheJsligoi hbaabe, SeHAde daédtors are used to configure each
of the waveform (timbre) elements in the harmonic component
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
meodule 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 information for the
packet. In addition, a packet includes a value settled for
each typical point in the case of the amplitude element and
the pitch element in a harmonic component and the amplitude
element in a non-harmonic component. Of course, the present
invention is not limited thereto. It may be preferable to
provide other information in addition to the vector ID and
the packet's time information. A packet stream is configured

for each component according to the content of each packet.
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23. The nmethod according to claim19, wherein the first storage device is
provided in the formof a hard disk drive, and the second storage device is
provided in the formof a random access nenory chip. 24. A conputer program
execut able for perform ng the nethod for synthesis of a nusical sound
according to claim19. 25. An apparatus for synthesizing a nusical sound
conprising: a first storage device that stores sound data representative of
wavef ornms of various nusical sounds accessibly at a first access rate; a
second st 8hggPagkeitcetream cqakainsha §éuﬁél§£Ya0§cEé§§¢b$yaH@ fhgecond
access rate faster than the first access rate, a processor that accesses
the second§iBeodngeraefios fgtarkstime)yabeyti epAY PREk8bBund data

representative of a target wayeformso as to nt hesi ze a nusi_¢al. sound;
and a control | er ORYEEF ol etP&%&F@rO%fp?ﬁ§g§oﬁﬁEeGQFamPVoﬂF?ﬁﬁrfirst

storage device.to the second.storage deyice he ntroller conprising a
receivingagggfpéﬁgfgp P&Eé??%né“F?Q PgngngP?%Ca?ﬁgh I nformati on which
specifies a tinbrqo%%aﬁhe nmusi cal sound to be synthesized, a predicting

3.4 Waveform synthesis section 101D
3.4.1 Overall operations of the waveform synthesis section
101D

The waveform synthesis section 101D synthesizes a
waveform based on a packet stream (a 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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106 section for predicting sound data representative of candi date
wavefornms matching the specified tinbre and possibly containing a target
waveform and a transferring section for transferring the predicted sound
data fromthe first storage device to the second storage device for caching
so that the processor can hit the target waveform anong the cached

candi date waveforns. 26. An apparatus for synthesis of a nusical sound
conprising: a first storage device that stores sound data representative of
wavef or ns (eftignilatiornudPdfl creahds achbaskebl ytoeam forseagkcesmpenert a
second storage device that caches the sound data accessibly at a second
access racdemgster Thanprapketi psreaBcéSsthaneseananbiabhyr6PPBE tRat
controls transfer of the sound data fromthe first storage, device to the

second st 8P&géfdedi PACKEE GYRNRBIETEFSt AL HBIEPRAR SouRBOViMefetn the

cont ol el comprlses: A1,30POLAL Y 965h! Q0-L 2L ARRPAS! LD03QHN0 data for

component element on a packet basis (i.e., input in units of
packets). Input packets are stored in the packet qgueue
buffers 21 through 25 and are sequentially sent to a vector
locader 20 in a specified order. The vector loader 20
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 queue buffers 21 through 25, the performance synthesis
section (articulator) 101C performs various controls such as
the stream management and the reproduction control for the
waveform synthesis section 101D. The stream management

relates to generation or deletion of individual vector data
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preparation of the synthesis of the nusical sound, the appointed sound data
I ncl udi ng sound data representing waveforns determ ned or predicted for use
in the synthesis; an instructing section for instructing a start of the
synt hesi s based on the sound data which are cached in the second storage
devi ce and which may or may not contain the 107 appoi nted sound data; a
transferring section for transferring the appointed sound data with an
associ ated count to the second storage_device when the_a Ppinted sound dat a
has not bEEnCEARREfiOoPhRELWEER| BEEHO o@ﬂ?abei%@esﬁﬁp¥?p%£ 1Rt tTat ue; an

I ncrenmenting_section &or increnenthg a_cyrrent val ue_of the associ ated
B e ing a or

count of tfeTSpBBMAtRISsEORA9GREE2 esired waveform

reproducing or stopping the generated desired waveform.

[0061]

As mentioned above, the vector loader 20 is
sequentially supplied with packets constituting a packet
stream stored in the packet queue buffer 21. Based on the
vector ID in each packet, the vector loader 20 reads vector
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 31 (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 wvector 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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when the appointed sound data has been already cached; an executing section
for executing the synthesis of the nusical sound in response to the start
instruction with using the appointed and cached sound data; a decrenenting
section for decrenenting a current value of the associated count of the
appoi nted and cached sound data used in the synthesis; and a detecting
section for detecting rel easable sound data in the second storage device
according to the value of the associated count. 27. An apparatus for
synt hesi s tSfroaghusi dIseso & -cdpr-i siThgTea CAfr & IPASLAYE Ge¥reetinat stores
vector data representative of waveforns of various nusical sounds
accessi bl yoforatian ahqudsdypdcal poddtsndolt YT EEe SEREt aCaches t he
vector data acCaSHP! Al ARG 10! Enb2ehgE §HRnhng bl st
based on random numbers, etc.
[0062]
As shown in FIG. 18, the vector decoders 31 through
35 manage operations of various operators such as generating
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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access rate; and a controller that controls transfer of the vector 108
data fromthe first storage device to the second storage device for

synt hesi s of the nusical sound, wherein the controller conprises: a
receiving section for receiving a stream of packets for reproducing the
musi cal sound continuously along a tine axis, each packet containing

I dentification information effective to identify vector data stored in the
first storage device for the synthesis and timng information effective to
speci fy awaivafngmoforhtheywahesosmal bhgbtrée ¢iemenki sn Bhée raashenicng
section for transferring the identified vector data fromthe first storage
devi ce tocomposepdnd 3t Yeagerdderedebedbrocnpratpeciti e@velaPfg, such that
the identified vector data can be tinely cached in the second storage

devi ce i nva¥ohAEE f£ert hBespmphésnde ahemanteiri BYP ngoReR2FBAESr retrieving

the cached vector data fromthe second_storage device when. the specified
timng re5CHBENERtas ?ovgﬁﬁPﬁeg?Qg ﬁﬁvé%o?ﬁ% HREER Y b YREOPRt ri eved

vector dagg.Lobon! be,TyaLogly30URH. (Pnof0) ADPBRBAYSLL pnsubhiests of 2

musi cal soun rrsing: orage I ce ores sound data

represent gLi¥en9t @@éEBBEHE.OfTﬁérb@H%ofuééEéaefOy§d§e§&f§§ééb£y at a first

access rate; a second storage device that caches the sound data accessibly

at a secOndrA6AaeeSchbAbenbat! RhvER8Amt PLoYLASE #DPPh the envelope
waveform for the amplitude element in the harmonic component
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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access rate; and a controller that controls transfer of the sound data from
the first storage device to the second storage device for synthesis of the
nmusi cal sound, wherein the controller conprises: a receiving section for
receiving a sequence of sounding instructions for producing the nusical
sounds in a continuous manner, each sounding instruction designating sound
data representative of a waveformfor use in the synthesis of the nusica
sound; a transferring section for trapsferring the designated sound data
fromthe first stUP&QewégﬁﬁeémFoaFﬁeCQEBBHHOQFS?ébX gevrEateor 1BakAfhg in
response to each ecei ound| structio a retrieving
section fS?mPBP?ngFH Figmgﬁghea %oﬁﬁﬁpgﬁt e??% gfsg%ﬁﬁﬁggtggage devi ce

for use i oy Lbg-S¥ILROShE: Wa0LeBrhE! AbPI DvSLSHh Oé]eﬁ@fa{fér?! ni pg the sound

example, when a vector packet for the waveform (timbre)
element and a vector packet for the amplitude element are
input, an amplitude waveform based on the vector packet for
the amplitude 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. 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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used in a synthesis corresponding to a precedi ng sounding instruction for
reuse in another synthesis corresponding to a succeedi ng soundi ng
instruction. 110
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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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Exponent n = 0 means a constant speed. Exponent n
means a double speed, e.g., an octave higher for the waveform
(timbre) element. Exponent n = -1.0 means a half speed, e.g.,
an octave lower for the waveform (timbre) element (see the

top chart in FIG. 20). The code book 26 stores actual vector
data. For example, vector data for the amplitude element or
the pitch element comprises an array of VECTORPOINT

structures and typical point data.

[0068]

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

[0069]

3.4.3 Detail of the cache control section 40

(1) Overall configuration of the cache control
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section 40

This section describes an overall configuration of
the cache control section 40 with reference to FIG. 23.
First described is the objective of providing this cache
control section 40. Since the code book 26 is stored in the
hard disk 109, vector data needed for the vector decoders 31
through 35 is read from the hard disk 109. However, a hard
disk etc. offer a slow and unstable access speed. It is
impossible to immediately read vector data at the timing when
the vector decoders 31 through 35 process the relevant vector
data. As a solution, this embodiment provides the cache
control section 40 in the waveform synthesis section 101D to
load vector data to be used (or expected to be used) into the
cache memory.

[0070]

In FIG. 23, the reference numeral 42 denotes a pre-
fetch section. The pre-fetch section extracts a vector ID
from a packet supplied to the waveform synthesis section 101D
from the performance synthesis section 101C. The pre-fetch
section provides read control to the hard disk 109 so as 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 queue buffers 21 through 25 and
are to be read by the vector loader 20. Concurrently, a pre-
fetch process takes place.

[0071]

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

prediction data (program change, etc.) supplied from the
score interpretation section 101B and a prediction condition
supplied from the pre-fetch section 42. The predictive
control section then supplies a vector ID 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 ID etc. settled to
be used (i.e., supplied from the performance synthesis
section 101C). 1In 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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memory 44 and supplies that vector data to the vector loader
20. The reference numeral 45 represents a time management
section which provides timing control for pre-fetching, etc.
[0072]
(2) Operations of the predictive control section 41
The following describes processing contents in the
predictive control section 41 with reference to the state
transition diagram in FIG. 24. The state of the predictive
control section 41 depends on whether or not a waveform
synthesis takes place in the vector decoders 31 through 35
and, when the synthesis takes place, depends on which module
a wave 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 S530.
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 S30, 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. 1In 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 of vector data. When a packet 1s settled for the
attack portion, the vector loader 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 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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the other body portions, joint portions, or release portions.
Accordingly, the predictive control section 41 predictively
loads these vector data. In the same manner as step S31,
candidates for vector data to be predictively loaded are
narrowed down according to the pitch, the envelope waveform,
etc. of the settled body portion.

[0076]

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

[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 S33 to
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joint portions, or release portions. When the performance
synthesis section 101C supplies a packet for the release
portion, the state of the predictive control section 41
shifts to step S30.

[0078]

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 wvector 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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time, these vector data are read from the hard disk 109 and
are stored in the cache memory 44.

{o080]

When it is determined to be NO at step S41, the
process proceeds to step S43 to perform a predictive load.

Of vector data requested for the predictive load, the process
detects vector data for which a read command is issued to the
cache memory 44 (vector data already loaded into the cache
memory 44 and those scheduled to be loaded according to the
other load requests); and vector data for which no read
command is issued to the hard disk 109. The hard disk 109 is
supplied with a command to read the latter. When there are
many vector data to be loaded predictively, this routine may
be re-called in the middle of the predictive load. In such a
case, as long as the requested designative load takes effect,
the relevant predictive load is interrupted and the
designative load is performed via step S42. 1In 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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"hitting the vector data" is applicable (1) when any vector
data is hit out of those already predictively loaded into the
cache memory 44, (2) when the vector data is not yet loaded
into the cache memory 44 but is scheduled for the predictive
load, or (3) when a once loaded and used vector data (USED
state) can be used as is.

[0082]

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

[0083]

When there is no hit vector data, step S51 is
determined to be NO. The process proceeds to step S53. Here,
a designative load request occurs for a vector ID contained
in the aforementioned packet. When the packet reception
process (FIG. 26) is performed next, a designative load is
performed for that vector data.

[0084]

When there is hit vector data, step S51 is
determined to be YES. The process proceeds to step S$52. 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 is loaded
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preferentially when the packet reception process is performed
afterwards. When the process proceeds to step S54, the
process returns a handle for the specified-load-requested
vector data to the performance synthesis section 101C. This
handle uniguely corresponds to each vector data. When the
specified-load-requested vector data is already stored in the
cache memory 44, the handle for that vector data is returned.
Otherwise, a new handle is generated and is returned to the
performance synthesis section 101C.

[0085]

When the process proceeds to step S55, the process
cancels predictive load requests which occurred previously
and unsuccessfully. Specific contents of "cancel” will be
described later. When the process proceeds to step S56, the
process changes prediction conditions in the predictive
control section 41. Namely, the process narrows candidates
for the predictive load in each state in FIG. 24 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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until it is read by the vector loader 20 later. At that

point, a handle is required to specify intended vector data

out of many.

[0087]

(4) Data structure in the cache memory 44
(4.1) Cache page (FIG. 27)

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 be used
concurrently. Vector data read from the code book contain
respective headers. Vector data to be used concurrently are
collected in a file, for example. This file is given a
common header. This can shorten the time for the vector
loader 20 to access each vector data.

[oo88]

This file header contains the following information.

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

Data Size: Indicates the file data size.

VQ Type: Indicates the type of stored vector data.
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Version: Indicates the file format version.

[0089]

An application program running on a personal
computer implements the waveform generator according to this
embodiment. The system memory contains its cache. When
vector data is cached, cache control is provided on the basis
of a cache page with a specified size, not on the basis of
single vector data (with a free size). Namely, single cache
data is divided into a plurality of cache pages and is cached
for management in units of cache pages. The system memory
stores cache management data (page header) corresponding to
each cache page. Normally, a hard disk stores data on the
basis of a fixed-size cluster. 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 is appropriate to set the cache page size to 1
through 10 kilobytes.

[0090]

(4.2) Data structure of the page header

The following describes the 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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dwCount: Indicates the number of pre-fetches. This
member dwCount is incremented by "1" each time a designative
load pre-fetches vector data, and is decremented by "1" each
time the vector loader 20 reads vector data.

dwStatus: 1Indlcates a state of the cache page. The
cache page state is one of FREE, ALLOCATED, USED, FILLED, and
LOCKED.

lpBuf: A pointer indicating the start address of an
entity (portion other than the header) for vector data in the
cache page.

lpForward/lpBackward: 1In 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 lpNext 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 sequence

of packet streams, for example, a designative load request
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occurs twice for that vector data. When the vector loader 20
reads the vector data for the first time, however, the
corresponding cache page is set to the USED state, disabling
the second reading. This problem is prevented by counting
how many times the cache page should be read subsequently.

Incidentally, vector data is used more than once as
follows. Namely, the same vector data is used more than once
during a waveform synthesis process for the same event data
or for a plurality of event data. 1In 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 lpForward 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 1lpTop and the end is
pointed by pointer 1lpTail. 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 1lpNext of page header A-1.
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The start address of page header A-3 is pointed by member
1pNext of page header A-2.

[0093]

B-1 is a page header linked to the next stage of
page header A-1. The start address of padge header B-1 is
pointed by member lpForward of page header A-1. Member
l1pNext of page header B-1 points to the start address of page
header B-2 belonging to the same group. Member lpForward of
page header B-1 points to the start address of page header C-
1 linked to the next stage. Member lpNext of each of page
headers C-1 and C-2 points to the start address of each of
page headers C-2 and C-3, respectively. Here, a cache page
in the FREE state constitutes one group. For example, groups
A and B are set to the FILLED state. Group C is set to the
FREE state. When new vector data is to be cached, a cache
page 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 is possible to
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accelerate allocation of new vector data to a cache page.

[0095]

According to the bi-directional linked list in FIG.
29, referencing members lpForward can forward trace the
beginning page headers A-1, B-1, and C-1 for groups
constituting the list. Referencing members lpBackward 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 beginning page headers
constituting the list and to check if member dwID in a page
header matches the same vector ID as the relevant vector 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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value of member dwCount. Between USED-state cache pages, it
is preferable to assign a lower importance level to a cache
page previously shifted to the USED state.
[0097]
(5) Operations in the read control section 43

Referring again to FIG. 28, the following describes
operations in the read control section 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 ID in
each packet. This command is referred to as LockVector.
This LockVector command is provided with a handle previously
returned in response to the GetVector command. 1In 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.

[0098]

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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data may not be loaded into the cache memory 44 when the
LockVector command is received from the vector loader. Such
a situation may often occur when a personal computer
application program implements the waveform generator
according to this embodiment. This 1s because the hard disk
109 is occupied for a relatively long time depending on
conditions of the personal computer's operating system. 1In
this case, different processes are performed according to the
waveform generator's operation modes.

[0100]

When a waveform synthesis is performed non-realtime,
it is preferable to stop subsequent processes until specified
vector data is loaded. For this purpose, the read control
section 43 performs a synchronous read operation for the hard
disk 109. This synchronous read operation means that no
other processes should be performed until intended 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 is

not so large. The RAM 103 stores a plurality of such vectors
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as default vectors for that timbre. These vectors substitute
for vector data which cannot be prepared in the cache memory
44,

[0102]

Even 1f the realtime synthesis is performed, there
may be a case where a sufficient time delay is ensured for
the waveform synthesis process S14 (waveform synthesis
section 101D), making it possible to load necessary vectors
and synthesize a waveform within that range. In this case,
like the non-realtime waveform synthesis, a waveform
synthesis can be performed by immediately reading the
corresponding vector data when it is found that necessary
vector data is not loaded. When the vector loader 20 and the
vector decoders 31 through 35 finish using a cache page, the
vector loader 20 supplies the read control section 43 with a
handle-attached Release command with respect to that cache
page. Supplying this Release command cancels the LOCKED
state of the cache page and releases the handle.

[0103]

(6) State transition operations for cache pages

The following describes operations for state
transition of each cache page with reference to the state
transition diagram in FIG. 30.

Initlally, 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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loaded into the cache page, this cache page is set to the
ALLOCATED state (S62). The ALLOCATED state means that data
has not been stored but is reserved for a data read operation
from the code book 26. At this time, "1" is stored in member
dwCount.

[0104]

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 time 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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After the cache page is set to the USED state, a
predictive load request or a designative load request (pre-
fetch) may recur for that cache page. In this case, the
cache page is returned to the FILLED state again. As the
aforementioned process continues, USED-state cache pages
increase and FREE-state cache pages decrease in the cache
memory 44. After there remains no cache page in the FREE
state, pre-fetching new vector data sequentially cancels
(SwapOut) USED-state cache pages from the earliest first and
returns that cache page to the FREE state (S61). This cache
page returned to the FREE state is set to the ALLOCATED state
for loading the aforementioned new vector data.

[0107]

It is preferable to use the bi-directional linked
list described in FIG. 29 as a method of promptly specifying
the earliest cache page in the USED state. When a cache page
is set to the USED state, this cache page is added to the
beginning of the linked list. When FREE-state cache pages
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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start at time t30 (e.g., a PLAY button pressed by the user)
and an actual musical sound output starts at time t40. A
time period between the times t30 and t40 is called latency f.
Latency 3 is set to 2,000 msec for example, but need not be
specified especially.

[0109]

When 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
Yy 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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When song data is read at time t32, part of the song
data is retrieved at step S11 as mentioned above. The score
is interpreted at step S12. Then, a performance synthesis is
performed at step S13. As a result, vector data is pre-
fetched at time 34. A time period from pre-fetch time t34 to
sounding start time t40 is called pre-fetch time a.

[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 5.

It is preferable to set the reference value of output latency
& to, e.g., approximately 300 msec and vary it within the
range from 10 to 1,000 msec depending on processing
situations.

[0113]

Like reproduction threads, it is also suitable to
intermittently perform a given bunch of waveform synthesis
processes within a specified time range. It is preferable to
set the reference value of an interval for starting the
waveform synthesis process to, e.g., 50 msec and vary it
within the range from 10 to 500 msec depending on processing
situations.

[0114]

As will be apparent from FIG. 31, there is the

920



10 "10%& ()- "10%& ()- 10@ 10@ 10@ =10%@& ()-! 3" 10%@8& () - 3" LO%G () - eKw
u_@ 10 10%% ()- 10b 10b

10b=10%& ()-9- 3" 10%&" ()-!"10%p& ()-"10%& ()->"j =@ ?4@ 100=10%0& ()-!"
"109008 ()-y' "109& ()-y "10%& ()-"10%08& ()- 10% & ()-ABC(XkJ@

relationship "y > o > 8" among advance time y, pre-fetch time
o, and output latency d. Here, time interval "o-0" from pre-
fetch time t34 to waveform synthesis start time t36 needs to
be long enough to load vector data from the hard disk 109.
When the amount of vector data to be loaded causes a high
peak value, it is possible to prevent a noise from occurring
etc. by increasing this time interval "o-0".

[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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media such as optical disks, semiconductor memory, etc., or
via networks. Further, the present invention may be applied
to automatic performance apparatuses such as a player piano.
[0116]
(2) In the aforementioned embodiment, a single cache page
stores a plurality of vector data. Obviously, a single cache
page may store one piece of vector data.
[0117]
(3) The aforementioned embodiment determines cache pages to
be shifted to the USED state by incrementing or decrementing
member dwCount in the cache page header. When unused cache
pages increase, however, this method may cause the cache
memory 44 to become insufficient. 1In 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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FREE-state cache pages become insufficient, a cache page at
the end of the lined list is released sequentially (from the
earliest first) and is changed to the FREE state. However,
the sequence for shiftlng to the FREE state 1s not limited
thereto. For example, shifting to the FREE state may be
preferably avoided with respect to cache pages having a large
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, 1f 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 1list. When the other cache pages need to be shifted
to the USED state, it is preferable to add these cache pages
to the middle of the linked 1list.

[0120]
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use various waveform data or parameters for specifying
musical sound waveforms as sound data.

[0121]

(6) In the aforementioned embodiment, as shown in FIGS. 15
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 gqueue buffers 21
through 25. In this case, it is preferable that the pre-
fetch section 42 reads and processes a packet stored in the
packet queue buffer at a specified time before the vector
loader 20 does the same.

[0122]

As mentioned above, according to the first aspect of
the invention, the music apparatus receives a timbre
specification or one of first to third sound data
specifications, predicts a candidate of sound data to be
specified subsequently, and transfers that candidate from a
low-speed storage device to a high-speed storage device in
advance. Accordingly, it is possible to promptly process the
first to third sound data specifications while storing a
large amount of sound data in the low-speed storage device.
This makes it possible to realtime reproduce sound data for

waveform synthesis with rich expression.

94



11098& ()- '10%& ()- 10-u 10-u 10-uy= 10% u& ()-o0; uxy A6; 10b=10%& () -
F+3"109%&' ()- F+3"10%& ()- F'109%& ()-F"109%& ()-F"10%& ()-yz{nhl;

10b0G' 10%0% ()- @ G' 109%& () - FG' 10%0% ()-F G'109%& () - G' 109%% () -
10b, !10%& ()- @"109%& ()- 3"109% ()-S3"10%& ()-S 100

10b 10bX] { A

As mentioned above, according to the second aspect

of the invention, the synthesis method makes it possible to

determine whether or not sound data transferred to a high-

speed storage device is used in the future based on an

associated count value. When the sound data is actually used

later on, it is unnecessary to access a low-speed storage

device such as a hard disk etc. This can decrease the

frequency of accessing the low-speed storage device such as a

hard disk etc.

As mentioned above, according to the third aspect of

the invention, the present method can realtime generate high-

gquality 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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waveform, a waveform provided with the passing pitch
variation such as a passing tone or an ornament. The
utilization of high-quality waveforms can be further improved
by simply combining such high-quality waveforms for free
waveform generation. There is provided an excellent effect
of realtime generating high-quality waveforms in
consideration of playing styles or articulations in the
manner of improved 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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What is claimed is:

1. A method of selectively transferring sound data
representative of waveforms of various musical sounds from a
first storage device to a second storage device, the first
storage device storing the sound data accessibly at a first
access rate, the second storage device caching the sound data
accessibly by a processor at a second access rate faster than
the first access rate for instantly providing sound data
representative of a target waveform of a musical sound to be
processed by the processor, the method comprising the steps
of:

receiving timbre specification information which
specifies a timbre of the musical sound;

predicting sound data representative of candidate
waveforms matching the specified timbre and possibly
containing a target waveform; and

transferring the predicted sound data from the first
storage device to the second storage device for caching so
that the processor can hit the target waveform among the

cached candidate waveforms.

2. The method according to claim 1, wherein the first
storage device stores the sound data being classified into
first sound data representing an attack waveform

corresponding to a leading portion of a musical sound, and

second sound data representing a body waveform corresponding
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to a subsequent portion of the same music sound, and the step
of predicting predicts the first sound data according to the
timbre specification, the method further comprising the steps
of:

receiving attack specification information which
specifies a target attack waveform of the musical sound;

predicting the second sound data representative of
candidate body waveforms which are connectable to the
specified target attack waveform according to the received
attack specification information; and

transferring the predicted second sound data from
the first storage device to the second storage device for
caching such that the processor may hit a target body

waveform among the cached candidate body waveforms.

3. The method according to claim 2, wherein the first
storage device further stores third sound data representing a
release waveform or a joint waveform subsequent to a body
waveform of the same music sound, the method further
comprising the steps of:

receiving body specification information which
specifies a target body waveform of the musical sound:

predicting the third sound data representative of
candidate release waveforms or candidate joint waveforms
which are connectable to the specified target body waveform
according to the received body specification information; and

transferring the predicted third sound data from the
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first storage device to the second storage device for caching
such that the processor may hit a target release waveform
among the cached candidate release waveforms or may hit a
target joint waveform among the cached candidate joint

waveforms.

4. The method according to claim 1, further comprising
the step of applying a releasable status to the cached sound
data representing failed ones of the candidate waveforms
which have not been hit, such that the cached sound data of
the releasable status can be erased from the second storage

device when next specification information is received.

5. The method according to claim 1, further comprising
the step of preliminarily transferring sound data
representing basic waveforms corresponding to various timbres
from the first storage device to the second storage device
such that the processor can use one of the basic waveforms
corresponding to the specified timbre in place of the target
waveform when the target waveform is not hit among the cached

candidate waveforms.

6. 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.
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method of selectively transferring sound data according to

claim 1.

8. 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 accessibly at a first
access rate, and a second storage device caching the sound
data accessibly at a second access rate faster than the first
access rate for instantly providing sound data representative
of a waveform of a musical sound to be synthesized, the
method comprising the steps of:

appointing sound data for preparation of the
synthesis of the musical sound, the 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 or 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 data when the appointed sound data has
been already cached;

executing the synthesis of the musical sound in

100



10@ 10@ =10%@& ()-0s! 10%@&&' ()-s@ F"10%@& ()- !10%@& ()-F

F'10%@ & () -, F"10%@& ()-,-& &&d(())*7+rP. /1" F' 10%@e% ()-*!" F'10%@@& () - *!
CF10%@ @ & ()-*! P 10v@® () -* F 10%@ ()-* 10%@& ()-m

10@+g+k+l +mtn++++~_ @  F"10%y10% u& ()-910% u& ()- 10% u& ()- 10@10@
10@=10%@&' ()-! F'109%& ()-*+3,7,e,,.$0dE~_ @ F'10% )3"10% u& ()-"10% u& () -
"10% u& ()-y310% u& ()-L10% u& ()-Y "10% u& ()-$0U0YOZO[ 0\ 0122bC! * F" 10%S
Mo%e& ()-!10%& ()-G' 10%& ()- 10-u 10-u _

10- uf | =1098sReR e $581006 ULyt Dimstmyarsyy gt ¥h upHipg the appointed

10bf =109%&' () - 8! 10%& ()-610%& ()-4s10%& () - %G 10%&' () -

3" 3" 10%&3fet§-%%%16%%n%%?? x§atra; 0 0 0

decrementing a current value of the associated count
of the appointed and cached sound data used in the synthesis;
and

detecting releasable sound data in the second

storage device according to the value of the associated count.

9. The method according to claim 8, 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.

10. The method according to claim 9, further comprising
the step of setting a time lag between the retrieval of the
event data and the synthesis of the corresponding musical
sound such that the retrieving step can sequentially retrieve
a plurality of the event data within the set time lag, and
the appointing step can appoint the sound data common to the

plurality of the event data during the set time lag.

11. The method according to claim 8, wherein the
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appointing step may appoint the same sound data two or more
times according to the retrieved event data, the incrementing
step increments the current value of the cached sound data
every time the same sound data is appointed, and the
decrementing step decrements the current value of the

associated count of the cached sound data every time the same

sound data is used for the synthesis of the event data.

12. The method according to claim 8, 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.

13. A computer program executable for performing the

method for synthesis of a musical sound according to claim 8.

14. 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 accessibly at a first
access rate, and a second storage device caching the vector
data accessibly at a second access rate faster than the first
access rate for instantly providing vector data
representative of a waveform of a musical sound to be
synthesized, the method comprising the steps of:

receiving a stream of packets for reproducing the
musical sound continuously along a time axis, each packet

containing identification information effective to identify
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timing of the synthesis along the time axis;

transferring the identified vector data from 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 to the
synthesis; and

retrieving the cached vector data from the second
storage device when the specified timing reaches so as to
synthesize waveforms defined by the retrieved vector data

into the musical sound.

15. The method according to claim 14, 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 data
provided that the determining step determines that the second

storage device has not stored the identified vector data.

16. The method according to claim 14, further comprising
the steps of detecting when the second storage device does
not have a free area sufficient for accepting new vector data
to be transferred to the second storage device, and releasing
0ld vector data from the second storage device to yield the

free area for accepting the new vector data, the released old
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17. The method according to claim 14, 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.

18. A computer program executable for performing the

method for synthesis of a musical sound according to claim 14.

19. 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 accessibly at a first
access rate, and a second storage device caching the sound
data accessibly at a second access rate faster than the first
access rate for instantly providing sound data representative
of a waveform of a musical sound to be reproduced, the method
comprising the steps of:
receiving a sequence of sounding instructions for
producing the musical sounds in a continuous manner, each
sounding instruction designating sound data representative of
a waveform for use in the synthesis of the musical sound;
transferring the designated sound data from the
first storage device to the second storage device for caching

in response to each of the received sounding instructions;
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in another synthesis corresponding to a succeeding sounding

instruction.

20. The method according to claim 19, wherein the
transferring step periodically transfers the sound data in a
predetermined amount sufficient to produce the musical sound

in the continuous manner.

21. The method according to claim 19, 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 transferred to the second storage device, and releasing

0ld sound data from the second storage device to yield the

free area for accepting the new sound data.

22, The method according to claim 21, wherein the sound
data are used for synthesizing a waveform of the musical
sound 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 predetermined length of the

waveform, and wherein the releasing step releases the non-

105



"$&(*, . 024681 $5N+T! YN~, fade, <G/PZ7\ L b$! Q& A06) <ATD_ HLMNOPQS+TTUWWKYPZ™ M xf ;
| qvw#}]) ft&bB 272# ' |, :27u=BC | Q UY_ej pW n{ @AX/ mgOy{ =] J

- &7++3$025f 7: P<, ’?@AEFGI KLM\IP>Q\/R St UnXbY' [ 3\ 7\
" #$9& () *+, -./0123456789: ; <=>?@\BCDEFGH JKLMN6Ti mes New RonanAri al Couri er
New'h Root EntrberdDocunent: I"#$UR' ()*+,-./0123456789:
<:>?@%BCDEFGHIJKLNNCPQRSTUVMXYZ[\]A_‘abcdefghijklnnopqrstuvmmyz{|}~
" #$9&' () *+,-./0123456789;

<=>? @\BCDEF3H J%&WWW[W%@ ettt {1 RS JUBE 2| ) ~

I " H#SOR' () * +. -
#9U& ()3, -, | 0123456789; ; £=>2 GBCDEFGH JKLMNOPQRSTU

23. The method according to claim 19, 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.

24. A computer program executable for performing the

method for synthesis of a musical sound according to claim 19.

25. An apparatus for synthesizing a musical sound
comprising:

a first storage device that stores sound data
representative of waveforms of various musical sounds
accessibly at a first access rate;

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

a processor that accesses the second storage device
for instantly acquiring the sound data representative of a
target waveform so as to synthesize a musical sound; and

a controller that controls transfer of the sound
data from the first storage device to the second storage
device, the controller comprising a receiving section for
receiving timbre specification information which specifies a

timbre of the musical sound to be synthesized, a predicting
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section for predicting sound data representative of candidate
waveforms matching the specified timbre and possibly
containing a target waveform, and a transferring section for
transferring the predicted sound data from the first storage
device to the second storage device for caching so that the
processor can hit the target waveform among the cached

candidate waveforms.

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

a first storage device that stores sound data
representative of waveforms of various musical sounds
accessibly at a first access rate;

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

a controller that controls transfer of the sound
data from the first storage device to the second storage
device for synthesis of the musical 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
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appointed sound data;

a transferring section for transferring the
appointed sound data with an associated count to the second
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 been already cached;

an executing section for executing the synthesis of
the musical sound in response to the start instruction with
using the appointed and cached sound data;

a decrementing section for decrementing a current
value of the associated count of the appointed and cached
sound data used in the synthesis; and

a detecting section for detecting releasable sound
data in the second storage device according to the value of

the associated count.

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

a first storage device that stores vector data
representative of waveforms of various musical sounds
accessibly at a first access rate;

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

a controller that controls transfer of the vector
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data from the first storage device to the second storage
device for synthesis of the 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 synthesis and timing information
effective to specify a timing of the synthesis along the time
axis;

a transferring section for transferring the
identified vector data from 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 to the synthesis; and

a retrieving section for retrieving the cached
vector data from the second storage device when the specified
timing reaches so as to synthesize waveforms defined by the

retrieved vector data into the musical sound.

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

a first storage device that stores sound data
representative of waveforms of various musical sounds
accessibly at a first access rate;

a second storage device that caches the sound data

accessibly at a second access rate faster than the first

109



access rate; and

a controller that controls transfer of the sound
data from the first storage device to the second storage
device for synthesis of the musical sound, wherein the
controller comprises:

a receiving section for receiving a sequence of
sounding instructions for producing the musical sounds in a
continuous manner, each sounding instruction designating
sound data representative of a waveform for use in the
synthesis of the musical sound;

a transferring section for transferring the
designated sound data from the first storage device to the
second storage device for caching in response to each of the
received sounding instructions;

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.
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