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COVPUTERI ZED MUSI C APPARATUS COVPCSED OF COVPATI BLE SOFPAARIS Y- & .
MODULES BACKGROUND OF THE | NVENTI ON The present invention
LeLgtes to a conputerized nmusic apparatus which generates nusical sound by
|*oadi ng software nodul es for carrying out various tasks froma secondary
storage device into a primary storageldevice. Further, the present

I nvention relates to a conputerized nusic apparatus which can enmulate a

tone gener atlCOMPETHRIZER MUSIC APPARATUSISOMPOSEDI®@E by

extended versatility. Thére are various types of electronic nusical

i nstrument s i ncl udi ngOWEPATIBRENSOETIWANRE! MODIUIMmSabi | ity products.
The conventional electronic nusical instrunments enploy hardwares which are
different a product by product, and usually, their softwares are
separately devel oped as specific ones. Since it is troublesone to
indﬁpendently develop softwares for different instrunents, a convenient
technique is disclos; ' P~A S ' I scl osed in

JP- A-3-39995 is suchTHhat>s ' . ggQESﬁgﬂgﬂggggred product is

regi stered by jjunper lines or swtches. A CPU of the product discrimnates

t he nodel code,_and executes data pr cess{ n% accordi n?Z tcf) t he. code. Thus,
common pr ogr ans Lhe present mvention relates to a computesized music

oot

apparatus which generates musical sound by loading software

modules for carrying out various tasks from a secondary
storage device into a primary stofage device. Further, the

present invention relates to a computerized music apparatus

which can emulate a tone generating system of existing

electronic musical inétrument by extended versatility.

There are various types of electronic musical instruments
including high performance products and low ability
products. The conventional electronic musical instruments
employ hardwares which are different a product by product,
and usually, their softwares are separately developed as
specific ones. Since it is troublesome to independently develop
softwares for different instruments, a convenient technique is
disclosed in JP-A-3-39995. The technique disclosed in
JP-A-3-39995 is such that a model code to specify a desired
product is registered by jumper lines or switches. A CPU of
the product discriminates the model code, and executes data

processing according to the code. Thus, common programs



can be used for nultiple products different in performance. It is possible
to selectively carry out various controls such as an autonmatic
acconpani nent function is installed and performed only in a product in
wihi‘ch this function is inplenmented. This function is disabled in another
product in which the function 1is not 2nplenented. However, the techni que
disclosed in JP-A-3-39995 has a drawback that the control program should

be fixed i ncﬁﬁVBQC@sec@ﬁér '1%111163??8 Ebdubts idaffepeihif ¥n thhafonnegicem ItFor
exanple, even if only a part e software related to the automatic

acconpani rreé Iﬂ(ﬁ%ﬂﬂ e%th '%@Peét?vél? ey ARy ﬂcﬁhﬁ‘?\‘ﬁaridué %oﬂ@fol@as'ittlf asmadi fy only

that part In the prio e program conmonly used in the

products o} gt f&&fdlhp%g‘]hﬁ%ﬂ{aﬂﬁ?&lbﬁ iSUOLERNILA FhPPREUmBHOr age. SO

t hat an unnecessary par program may be € primary
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practical use, and various sound sources (nusical e generators) are
known and en@uxgtemp&emltﬁdstﬂgwgwﬁs, thabeghnigue ﬁC fedUdt s, there are
sonme electronic nusical instruments which use the same sound source

commonly. HdveAa3-39995t has a Heawhstokubleat $hgecontabl pregpaoy a specific
should be fixed in advance, and it is difficult to modify the
program. For example, even if only a part of the software
related to the automatic accorﬁpaniment function has to be
modified, it is not easy to modify only that part. Further, in
the prior art, the program commonly used in the products
having different performances is stored in a primary storage,
so that an unnecessary part of the program may be stored in
the primary storage as well. Furthermore, common use of
program modules is not considered in the prior art. For
instance, many similar programs have been developed
separately, and they are not compatible with each other.
Today, various types of electronic musical instruments

are put in practical use, and various sound sources (musical
tone generators) are known and employed in the instruments.
Among current products, there are some electronic musical

* instruments which use the same sound source commonly.

However, most of the instruments generally employ a specific



sound source, which is different by a product to product. Thus,
configuration of a tone generating systemand a data format used in the
instruments also vary by a product to product. To elimnate such an
imconveni ence, and to inprove conpatibility of the data format of
performance data and tinbre data, Gy General MDI) standard is
establi shed. For exanple, an order of tinbres specified by codes is

defined in sohad@bsic)dahich dndifferdtd bappgpmidiscti o ginoubtatred to sel ect a
simlar tinbre even if another tinbre code which is not supported in the

i nstrument %@@e@éﬁﬁﬁﬁxﬁﬁéﬁrﬁ A%tdre keAefafingesystenerarnd & datai nbres.

However, the perfornaice data and the tlnbre |nforrrat|on created for a

speci fic pl g&fﬂawg fttlfe“uié?;g t!sb o fa @P%h,hs npﬂ*] Auéete and

sonetinmes t can e reprodu er platform This is

caused by '“Cga%]cgt "R i flad g&wdﬁ?ﬂégﬁvm P! BatN o SBrofampl s of

the i ncorrpaipr

var L(Ejﬁwi' “ o h@?)éf Bhiedte,dato forpial o ARRBAREE ABHEREL ™ Mok
F
2grrpat| bltll,/l ﬁ?l 9 SI Caél\gooﬁgﬁ’ée@yl\@mgeﬁﬁ Lﬁ&‘?e%%&%ﬁ?h%@t gproé' such as a

tone filter and a reverb circuit. If a sound source %cks t he effector,
it is diffiewample, syuntorderf timebres specified by codes is defined

the GM standard, and a MIDI apparatus is structured to -
select a similar timbre even if another timbre code which is

not supported in the instrument is specified according to the

defined order of the timbres. However, the performance data

and the timbre information created for a specific platform are

often incompatible in another platform, and sometimes they

cannot be reproduced perfectly on another platform. This is

caused by incompatibility of a sound source hardware and

else. Examples of the incompatibility are listed below:

(a) Musical tone synthesizing method employed
in the sound source is different among various
products. There are various synthesizing principles
such as PCM, FM, and physical model.

(b) Sound effector is not compatible. A sound
source may accommodate various effectors such as a
tone filter and a reverb circuit. If a sound source

lacks the effector, it is difficult to synthesize the



sgame sound as in another instrunent. (c) Type and nunber of control

paraneters are not conpati bl e over various sound sources. Even if
simlar control parameters are used in different pl atforns, a control
range of the paraneter may be limted, or cannot be altered at all.
(d) Actual effect corresponding to a paraneter is different due to
hardwar e difference between pl atforns. The actual effect of simlar
digital filterssame s¢end. as i clifothrezqgustcyinemy vary over platforns due
to difference in the filtering nethod or di nension of filtering.

(e) Program of CPU(@O_W?@ Beld hienberd @RHTEE paramétedsfdierent. The
prograns may vary i its tone assi gnnent pattern, polyphony for a tone,
control —  ti Thefcdipatihllover vari P%‘%ﬁﬁ{d hedirabeVEvdd e conventi onal
el ectroni c nusical 1nstrunents suffer Troma lot of limtations with

respect to the_: S -1 0 re poor in
conpatibility aﬁlgﬁgg@‘{qﬁ??? ﬁ‘%‘%&s ot ‘agé%W%EETHE | NVENTI ON

In order to solve the above not ed drawb s of the,prior art, a first

pur pose of the Bf%fsfeﬁltnsb rﬁ/EHngﬁ gzgngeoogzt 'ee%f%%’&?gf may be nodi fi cation
of softwares whjle sgaving a prigary,storage so that program nodul es can be
comonly utiliz mlftﬁaadlrffﬁaﬁ%% [Eaerrﬁlféll'%dcﬁgﬂ @ﬁect roni c nusical instruments.

A second purpose of the preseﬁt invention js to provide a rnusical tone
generation system (i} A etialheffecti soprespiopidingoto a parameter 1is

different due to hardware difference between -
platforms. The actual effect (?f similar digital filters
(e.g. cutoff frequency) may vary over platforms due
to difference in the filtering method or dimension of
filtering.
(e) Program of CPU to control the sound source
is different. The programs may vary in its tone
assignment pattern, polyphony for a tone, control

timings and so on.

As described above, the conventional electronic musical
¢
instruments suffer from a lot of limitations with respect to
the hardware and software construction and are poor in

compatibility and versatility.

SUMMARY OF THE INVENTION

In order to solve the above noted drawbacks of the prior

art, a first purpose of the present invention is to achieve easy



share performance data anong different electronic nusical instru
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perform tasks needed
instruments.

A third purpose of the present invention is to provide a
musical tone generation system tlirough which musical sound
equivalent in timbre characteristics to that generated in
another instrument can be generated by a single processing
device.

A fourth purpose of the present invention is to provide a
musical tone generation system with which performance data
created for a particular model of instrument can be converted
into a more versatile format.

A fifth purpose of the present invention is to provide a
musical tone generation system with which performance data
created for a particular model of instrument can be edited,
thereby overcoming limitation of the particular product
model, and colorful musical sound can be generated.

A sixth purpose of the present invention is to provide a
musical tone generation system with which data conversion

can be effected accurately so that performance data created



i-n generation of the desired nusical sound, a central processing unit for
accessing the primary storage to execute the software nodul es stored
therein to generate the nusical sound, a secondary storage for
provisionally storing a plurality of software nodul es which are designed to
performa variety of tasks, and a | oader operative when the generation of
the nmusical sound is initiated for selecting an effective and optinmum set

of sof t war efomdup@stioylaemadiéingl kst rascentdaay be genpralicedr wiHly t o
prescribed criterion, and for |oading the selected software nodules into

the primarylpdiofrbdithoin haictherampded off istriungerdnd optimum use of the
resour ces. Furthér, the inventive conputerized nusic apparatus

utilizing resou.&x%%%rkﬁ&%%‘# A ST A& SPENEspvEAtiggneLate desired nusi cal
| | i 3

sound, conprises a prinmary storage | oadable wth a set of software nodul es

whi ch are 58@%%&%&%&?%ﬁ@f&hﬁu@%&t@&%L‘Eggzdéé‘r&%’iﬁfcé%iiﬁBhPJliﬂg;e desired

musi cal soun a secondary stotage provi separately fromthe primry

7 st f | Si || ' X j ft dul

ani o ar o ceaiogfas T SR BRBG LA HBE Bl AER Sonddy PRED. TTVe when
th ti f.th i cal d.is initiated.f | [ ff [
and opt 1 munPBBTAHIS CSFRRESES foabnerh esaraioagathe B L o age,

and for |oadjng the selected, software nodul es into the .primar st or age,
and a centra@ tﬁf&i@emi@l%nw 11;1@)@%0%@%@'1@%@‘3@ H%el'r%%m‘rg@%‘/l?ssi@?gé@ to execute
the software nodul es stored therein to generate the nusjcal sound such
that the ceim generptionesfithe desiredmapisicaltdmindf aveandtabdul es to

communi cate with each other by exchanging a nessage so as to integrate
the set of phecesinpanritrfsiuhesessit@diehprimary stécage dongxeauta second

aspect of the invention, a
the software modules stored therein to generate the musical
sound, a secondary storage for provisionally storing a
plurality of software modules which are designed to perform a
variety of tasks, and a loader operative when the generation
of the musical sound is initiated for selecting an effective and
optimum set of software modules by searching the secondary
storage according to prescribed criterion, and for loading the
selected software modules into the primary storage to thereby
ensure effective and optimum use of the resources.

Further, the inventive computerized music apparatus
utilizing resources including software modules to generate
desired musical sound, comprises a primary storage loadable
with a set of software modules which are selected to perform
tasks needed in generation of the desired musical sound, a

secondary storage provided separately from the primary



conput eri zed nusic apparatus is constructed to enulate a tone generating
system of a nodel electronic nusical instrunent. The apparatus conprises a
storage for storing device information indicative of devices contained in
the nodel electronic nusical instrunent and for storing performance
information originally prepared to feed the nodel electronic nusical

I nstrunent, a processor for retrieving the performance information from

the storagespidhed fir prosheshalytdteriat vaelad kbideofaufewanéor mation to
produce event information which comrands generation of a mnusical tone, and

an_enul at or popeald ﬁﬂ}iﬁﬁt QBsi ﬁh"eddf% :Iﬁﬁgform a variety of tasks, a

8 information store e storage nmul ating thé tone generating

System of ¢ i BIBD cGhaSk Ach. MNEEAerh BT HIRRL nafitiiatodha gl ator

operates in 0 the eve rmati on to generate the nusical tone

as 1 f sounded, by, t el.electrenic sl gal_ . u - In a specific
form the gﬁlﬁf%ﬁ%ﬁ%%ﬁ%&&@@a% F@gﬁ?tlg’gﬁ%?’@ Hrlrlt%giulﬁlegag%f enul at i Ircl)g a
driver device.involved iP the tonaﬂen fati n slys; em so that 1%hg driver
sof tware nodeitwatshmenales Ry seaz Hgog 18fsng?Qc YT OIREEARY fH anot her
specific form _the enulator includes a [egister software nodule for
errIuI ating aloading thenslected s_&ﬁtwarsquc{ulﬁ@ lnéﬂéi@eﬁéﬂaﬁmg system so t hat
the register

storage, and a central processing unit for accessing the

primary storage to execute the software modules st.qred
therein to generate the musical sQund such that the central
processing unit enables the software modules to communicate
with each other by exchanging a message so as to integrate
the set of the software modules altogether.

According to a second aspect of the invention, a
computerized music apparatus is constructed to emulate a
tone generating system of a model electronic musical
instrument. The apparatus ¢01nprises a storage for storing
device information indicative of devices contained in the
model electronic musical instrument and for storing
performance information originally prepared to feed the
model electronic musical instrument, a processor for
retrieving the performance information from the storage and
for processing the retrieved performance information to
produce event information which commands generation of a

musical tone, and an emulator operative based on the device



sof tware nodul e nenori zes control paraneters used for control of the
generation of the nusical tone. In a further specific form the enul ator
i ncludes a generator software nodule for enulating a generator device
imvolved in the tone generating systemso that the generator software
nodul e creates a waveform of the nusigcal tone to be generated. In a still
further specific form the emulator conprises a single conputer for

conmonl y enihfairimgtidnf ftredt i1t ¢he genagatfonemaystiagstled tenpl urality of
nodel el ectronic nusical instrunments. Further, the inventive

conputerize eﬁéﬁéﬁﬁgp%t@w%f genshodel elbctosiuhaisical ihglignencated by a
nodel el ectronic si‘cal instrunent, conprises first neans for setting up

del el ¢ . M
a basi c f[‘ﬁg%ﬂ&rﬂ% m%ﬁﬁb?%@%%%@‘in”f&ﬁ%ﬂs@tcprtﬁ\é'éj\'/

ori gi nal rein I on whi characterizes a tinbre gf musi cal tones

gener ated i RaRERll fo WIS-IR0RRA LI SyStal of (Feipfe) 18) epLron ¢

musi cal | nsUTUnen | freans” f'or ‘convert e provi I'grnal tinbre
information_in i val ent tinpre information which.ig effective in the
basi ¢t oneTyeek SfEES S R ic b TR e G FBPCRIO g Bevent
i nformation effective [o,co nd generation of i%?.l cal fones, so that the
basi ¢ tone gmaapr R CYeem GP¥Eat tware é@ﬁ@lﬁ ob erpaladyBgta i nf or mat i on
and according to the equivalent tinmbre information for generating the
nusi cal tondsiveavideyice tivdveddn the dovat genenating syséeit so thate
generating systemof the nodel electronic nusical instrument. In a specific
form the tthednivensoftwhredesodnld controteaihe generation of the

musical tone. In another specific form, the emulator includes

a register software module for emulating a register device

involved in the tone generating system so that the register

software module memorizes control parameters used for

control of the generation of the musical tone. In a further

specific form, the emulator includes a generator software

module for emulating a generator device involved in the tone

generating system so that the generator software module

creates a waveform of the musical tone to be generated. In a

still further specific form, the emulator comprises a single

computer for commonly emulating different tone generating

systems of a plurality of model electronic musical instruments.

Further, the inventive computerized music apparatus
constructed to emulate a timbre created by a model electronic

musical instrument, comprises first means for setting up a

basic tone generating system, second means for providing



ffor reversely converting the equivalent tinbre information into different
tinmbre information which is designed for use in another nodel electronic
musi cal instrunent different from the first-nmentioned nodel electronic
musi cal instrunent. In another specific form fifth nmeans is manually
operable to rewite values of the eq@ valent tinbre information to nodify
the tinbre created by the basic tone generating system In the

conput er i zedrigiaht tapbaedndsrmet i iwigichochheactierizes agpedireost t he present
i nvention, the software nodul es are | oaded into the primary storage, -and

ar e execut efmichN@ofBY deh #806d A2 a”?é@ﬁb tonndenéhstingf sygteen modul es are

10 provisionally stored in the sécondary storagé, and are |l oaded into the

primary st OE’P%-?EEMHQS8‘){%E§‘?}E§f¥fgggﬁmvﬁﬁﬂﬁﬁg th¥RPBaR§ bRl N user

command entry. € no I's determ ned according to one or

nore item o% ?ﬁogrtiﬁgeﬁ% %giﬁq(g%l %ﬁﬁl?{?? acimﬂl‘é:igﬁpﬁlz{t?&ﬁ (}%]Qger ating system

iUs set up f eXecuri on ng o ware no es is very easy.
nnecessary progr,ami,s_not | qaded j.nto {hg .pri y . Sstor d just a
required so?ﬁ% e;q]g t %n%rmaq%nt\ﬂ@mj} r@ﬁ&%ﬁ&%{e ggéggsl?%%gt o the
second aspect of the invention, a Ccﬁgbi g@‘t?i on of .the device information
speci fyi ng toRe SenarpbHig SyteBalalh PRI FRERS QT FAVALEE SNEDF he
performance information created for a specific platformaqf fhe enul ated
el ectroni ¢ mforoatdtionseffecine tioscenunend generriian efeaiEsICTFhen, the device
and perfornmance information is read out fromthe data nedia, and event
i Ef or mat i ontenesEselithat thesbesic tone geereabinigaystermropexatesatcor di ng t o-
t he | :

response to the event information and according to the

equivalent timbre information for generating the musical

tones having a timbre as if created by the specific tone

generating system of the model electronic musical instrument.

In a specific form, the third means includes optional means

for reversely converting the equivalent timbre information

into different timbre information which is designed for use in

another model electronic musical instrument different from

the first-mentioned model electronic musical instrument. In

another specific form, fifth means is manually operable to

rewrite values of the equivalent timbre information to modify

the timbre created by the basic tone generating system.

In the computerized music apparatus according to the
first aspect of the present invention, the software modules are

loaded into the primary storage, and are executed by the

CPU to generate musical sound. The software modules are



performance information. Using the device information, it is possible to
process the performance information by the inventive conputerized nusic
apparatus. Further, with setting up the tone generating systemaccording to
the device information, it is possible to reproduce nusical sound having
equi val ent characteristics to a nodel 10nstrunent. In the inventive
arrangenent, an electronic nusical instrunent to be enulated is specified.
Wien nusi calpreeisidnglyestasrednini $he secondargostoraged anal emsiloatledound si gna
waveformis generated by enulating the operation of the sound source of
the specifi et ehtRetpnEryesofate UPTN pRAir-bi dfslieappdratileosound

generation conmand.” The rfusi cal” sound i s reproduced according to the

generated Migjdifla 8GN UARAoNRUERA" ShtriNFhe! inddyleogsbll € {0 process

t he performance infornation i n manner ical to the specified electronic

musi cal | ns?}é&l&?ha d&e@m@g&@l‘éﬁ{%@ﬁé@n@%&?%gl%ngf'tm?%@‘?témsbfﬂlesOund si gnal

wavef orm ge pf ocC ations of a processor controlling
t he sound sourge, of the,specifieduel ectronic nusical.instrunment, so that

t he nusi cal %Gaﬁge%m gd m*%r ﬁ:nl rfé%epg%? rggentecgal}]é]ra 8ﬁ§ﬂ?3pol(§essors can
be generated. In the inventive arrangenent, th si cal SOL{”@ si gnal
wavef or m geRgb ain Aot sxecrswL falthads IS tware MBP ANt S er s
storing plural control paranmeters in the, sound soar,ce of. the specified

el ectroni c WEEY 8SY. dnnesessarys progeampisones dpagedaadertieg to the
contents of the control registers can be coomonly used for different

el ectroni ¢ pranzaly $terageremd justnat teepiined moftware inhgadedt , t he nusi cak.
sound signal waveform generating process emulates a nethod of nusi cal

sound gener ati ofinofhé hersogatestuacsordinght shesetbad aspett ofithenusi cal -
instrunment, so that variouS sound sources operating according to various

met hods  caniffeRiTBhate ot AFeH T B¢/ debicd Refdri¥afibhvepasifpngenent , the

an electronic musical instrument to be emulated and the
performance information created for a specific platform of the
emulated electronic musical instrument is stored in a data
media. Then, the device and performance information is read
out from the data media, and event information commanding
musical tone generation is produced according to the
performance information. Using the device information, it is
possible to process the performance information by the
inventive computerized music apparatus. Further, with
setting up the tone generating system according to the device
information, it is possible to reproduce musical sound having
equivalent characteristics to a model instrument. In the
inventive arrangement, an electronic musical instrument to be

emulated is specified. When musical sound generation is



¥2 nmusical sound signal waveform generating process is executed by a
single conputer, with which operations of different sound sources of

el ectronic musical instrunents are enulated, so that it is possible to
emul ate many nodels of electronic nmusical instruments with the inexpensive
arrangenent . In the inventive arrangenent, firstly an electronic

musi cal instrunment to be enulated is specified, first tinbre information
of the specicbinethdriided, aleisiculi soumdisighal wisteformenis gendisted byt ed, and

t hen musi cal sound generation is comanded. The first tinbre intformation

i s convertedhiifinPate oper&fivnVsf Rk doufd Bolinte'oTeflicoBpteihiaede in a

basi c tone generatgng syStem wni ch enul ates the sound source arrangenent

nthe fi : - : : P
basi get o'nres:geéeﬁéetﬁébﬁéﬁé‘h‘éﬁfs%%ﬁ?éﬂgﬁééﬁti@eﬁsmﬁ%%ﬁﬁ R 2 s cal
soun [ ' -h | d. Th
st cal oottt e BT e Aoy e PRd AP O™ Sound
si gnal wavef or mq]'Thu i mbre i n{é)ctnat i.on creatEd. foaré W%F’ rticular nodel

of i nst rumeRCCeH il}fé%‘@o BT RbA% musica] Sopdidssign My the
I nventive arrangenent, th% basic tinbre i nf?r mati on be converted into
second hus, it 1s possible to process the performance information in

manner identical to the specified electronic musical
instrument. In the inventive arrangement, the musical sound
signal waveform generating process emulates operations of a
processor Controlling the sound source of the specified
electronic musical instrument, so that the musical sound
signal waveform corresponding to various processors can be
generated. In the inventive arrangement, the musical sound
signal waveform generating process emulates operations of
control registers storing plural control parameters in the
sound source of the specified electronic musical instrument, so
that processings according to the contents of the control
registers can be commonly used for different electronic
musical instruments. In the inventive arrangement, the
musical sound signal waveform generating process emulates a
method of musical sound generation of the sound source of
the specified electronic musical instrument, so that various
sound sources operating according to various methods can be

emulated very accurately. In the inventive arrangement, the



tsi tbre information of a second el ectronic nusical instrument which is
different fromthe first electronic nusical instrunent, so that specific
tinbre information created for a particul ar

3 nodel of instrunent can be translated with high fidelity for use in
anot her nodel of instrument. In the ibgentive arrangenent, a value of the
basic tinbre information is edited in response to manual operating neans,
so that thepmisighhabubidrbipsal nfravefurine parerat ey papcasp i exealibed nodel  of

i nstrument can be freely edited, thereby overcomng the limtation of the

particul ar gloingd coptpifer Witk dicEperatians lof diffeeent ed.
BRI EF DESCRI PTI ON %: THE Il%LF\’AV\VNGS Figure 1 is a schematic bl ock

di agram of Egﬁﬁﬂl SGUEQHY 6f eIBREGRIC IHNNEAT RNt ratnéndd A5 epiRdiedEnt

according to e present 1nvention. Figure 2 shows a bl ock diagram of
o e _c 05 o AR RN AR BElben e 1 oure
of the Yof FasEahsnataneits witfulle SPeEi e ardibting 2 boot ng
program of the _instrunent., Figure 6 is a, fl owchart show ng operation
of a main nodulB the mygnfive wraggsmmﬁ\mff@ﬂy SHoMESHTHBEr ati on of each

musical instrumeﬁt to be emulated is specified, first timbre

information of the specified first electronic musical

instrument is distributed, and thé_n musical sound generation

is commanded. The first timbre information is converted into

basic or equivalent timbre information for use in a basic tone

generating system which emulateé the sound source

arrangement in the first electronic musical instrument. Then,

the operation of the basic tone generating system is executed

in order to produce a musical sound signal waveform in

response to the sound generation command. The musical

sound is reproduced according to the generated musical

sound signal waveform. Thus, timbre information created for

a particular model of instrument can be converted into a

more versatile format. In the inventive arrangement, the

basic timbre information may be converted into second

timbre information of a second electronic muéical instrument

which is different from the first electronic musical instrument,

so that specific timbre information created for a particular'



¥4 software nodul e. Figure 8 is a detailed flowhart show ng | oadi ng

procedure of the sound source resource. Figures 9A and 9B are detail ed
fl owcharts showi ng |oading procedure of the assignor resource and the
automati ¢ acconpani ment resource. Figure 10 is a detailed flowhart

showi ng | oading procedure of the autb¥mtic performance resource.
Figure 11 is a schematic bl ock diagram of the nusical tone generating

system as ansedehdf énbtriment carbedireqsiated tveithrkiginfidetitgntaron.
Figure 12 shows | ayer structure of softwares installed in the second

enbodi nent ggedndhnether thedel egenttiuinenti . the invéhdwees 13A- 13D show a
data format adopted in the second enbodi nent according to the present

i nvention. ,rrap %131@ iny .ale'ﬁ‘h?é‘egjcﬁﬁ ﬁ@ﬁg’ g%ggﬂﬁh%’fﬁ%ﬂi@ﬁ Hi sditeged in a

screen of a disp evice 1 n the secon ment according to the
present inventjan, ' A f Lt Seishowi ng a
control pr glgrlgnﬁé)}}ggu Oe@%%qﬁgﬁggégﬁg %r%bl%’ %é)n%ﬂéggggﬁd%ﬁgn?%w t he
present 1 nvent o8 information created for a particular model of
instrument can be freely edited, thereby overcoming the

limitation of the particular model, and colorful musical sound

can be generated.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram of the electronic
musical instrument as a first embodiment according to the
present invention.

Figure 2 shows a block diagram of software construction
set up on the hardware construction shown in Figure 1.

Figure 3 shows an example of software modules st_ored in
a secondary storage.

Figure 4 shows an example of attribute information of
the software modules.

Figure 5 is a flowchart showing a booting program of the
instrument.

Figure 6 is a flowchart showing operation of a main
module.

Figure 7 is a flowchart showing operation of each



Fi gures 16A-16C are flowharts showi ng the control program executed in the
second enbodi nent according to the present invention.

15 Figures 17A and 17B are flowcharts showi ng the control program
executed in the second enmbodi nent according to the present invention.
Figure 18 is a flowhart show ng the ¢dntrol program executed in the

second enbodi ment according to the present invention. Figure 19 is a
timng chargosfipidgnegalati on of the second enbodi ment according to the
present invention. DESCRI PTI ON OF EMBODI MENTS Her ei nafter,

embodi ment s of tF'i%u%e@‘?é“a tl@l’ﬁ@édq{bv%lhért Ql‘i‘oﬁﬁ%%rlbhﬁ% pith reference to

Figures. Figure 1%s a schematic bl ock diagram show ng a hardware

const_ructlog)flg ﬁg‘?‘ e&ea%é%@lﬁl éﬁféérhééb%ifdém?”t accor di ng to a first

enbodi nent resent i nve e 1nstrument conprises a Central

I\P/lre?n(;(raf/SI( gl\/)umlz) lglu%ﬁ/lj%& Pﬁlﬂ]}m cg‘}lghﬂ&i ‘W{&% gl taIsa}Q%Ne{agf giggjoimnf\g(r:fzze
104, a Sourfga ﬁijgr, (i)ero%:%ﬁme "of Hi§ rasgicg%o%:opesto%ltcg S SRESERHOS
accompaniment resource.
Figure 10 is a detailed flowchart showing loading
procedure of the automatic performance resource. -
Figure 11 is a schematic bloélc diagram of the musical
tone generating system as a second embodiment according to
the present invention.
Figure 12 shows layer structure of softwares installed in
the second embodiment according to the present invention.
Figures 13A-13D show a data format adopted in the
second embodiment according to the present invention.
Figures 14A and 14B show display examples displayed in
a screen of a display device in the second embodiment
according to the present invention.
Figures 15A and 15B are flowcharts showing a control
program executed in the second embodiment according to the
present invention.
Figures 16A-16C are flowcharts showing the control

program executed in the second embodiment according to the

present invention.



an operation device 107, another interface 108 to the operation device
107, a secondary storage 109 and a sound system 110. These hardware
nodul es are connected to each other through a bus |line 111. CPU 101
controls the whole systemof the electronic

16 nusical instrument. The operation df the CPU 101 wll be described in
detail later with referring to flowharts. The ROV 102 stores boot i ng
program (Fi gur e Biguresi ChAwnd BB atesttomshartashpwingvidie cowbrolbus
software nodul es are |loaded into a primary storage in the formof the RAM
103. The varioperans eiecated nimdtheseeordpembicclinnait gcsordiag; to tltee
secondary storage 109. The secondary storage 109 may be structured by a
hard di sk dripgent dhvensiomce. The sound source or tone generator 105
receives commands fromthe CPU 101 via the interface 106, and generates a

signal of nusi C@iﬁiﬁ%n% i Re AR NG re YeH AWkl €h e aHtE b1 ?bg&‘aﬁ?pr oduces the

musi cal sound sig generated by the sou source 10 nthis

enbodi nent, r 05, 1S A: [ re

modul e, roudoeeuteih Bl seont SultipiTent BEBHIRE 18 i1 Brbfeticr 2

sof tware mg%lxjrleﬁtion. The operation device 107 may be conposed of various
Figure 19 is a timing chart showing operation of the

second embodiment according to the present invention. -
DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will
be described with reference to Figures. Figure 1 is a
schematic block diagram showing a hardware construction of
an electronic musical instrument according to a first
embodiment of the present invention. The instrument
comprises a Central Processing Unit (CPU) 101, a Read Only
Memory (ROM) 102, a Random Access Memory (RAM) 103,
a MIDI (Musical Instrumenf Digital Interface) interface 104,
a sound source 105, an interface 106 to the sound source 105,
an operation device 107, another interface 108 to the
operation device 107, a secondary storage 109 and a sound
system 110. These hardware modules are connected to each
other through a bus line 111.

CPU 101 controls the whole system of the electronic



ki nds, of manual input hardwares such as a keyboard having keys and being
pl ayed by a user. Input information fed from the operation device 107 is
sent to the CPU 101 via the interface 108. External MD instrunents can
be coupled to the MD interface 104. © Figure 2 shows a bl ock di agram
of a software construction inplenentedl in the hardware structure shown in
17 Figure 1. The software construction includes a keyboard _driver nodule
201, an automsical mestompaentedihe aperapionoof BhesCEHIr )1 wodube 202, an
automati c performance (SEQ Sequencer) nodule 203, a MDI interface nodul e
204, a comdescdbiednic detadl lader teithnefendniget @ lwarartssiBher nodul e 206,
and a sound source driver nodule 207. Each software nodule is | oaded from

the secondaROM AGWEtEAR ailisetihhep RAMaAY Figndei 5) ewddelt anilbyet he CPU
101. The keyboard driver nodule 201 is actuall’y a controlling program

desi gned toesdtibell Idterkay Real, dVhpiduidesktiwarkng o APRE alietlbatiad ce 107. The

automati c acconpani nent (ABC) nodule 202 is executed to performa specific

ook o8 WM SRR AP SRORERS B, A SR AN Sr e (500,
ifMTihZ :ssz&%ﬁf&% SO Wa%etl%occf)}ﬁtegoe{re f)Pc?viMo%a,lwts%(r){'&f §n'ff Shown in Figure
.seconda,ry storage 109. The secondary storage 109 may be
structured by a hard disk drive, for instance.
The sound source or tone geﬁerator 105 receives
commands from the CPU 101 via the interface 106, and
generates a signal of musical sound. The sound system 110
acoustically reproduces the musical sound signal generated by
the sound source 105. In this embodiment, the sound source
105 is implemented by using a hardware module. However,
the sound source 105 can be implemented by using a software
module.
The operation device 107 may be composed of various
kinds,of manual input hardwares such as a keyboard having
keys and being played by a user. Input information fed from
the operation device 107 is sent to the CPU 101 via the
interface 108. External MIDI instruments can be coupled to
the MIDI interface 104.
Figure 2 shows a block diagram of a software

construction implemented in the hardware structure shown in



nmodul e 206 perforns a task to allocate or assign tone generation channels
of the sound source to each note-on conmand recei ved by the sound source.
The sound source driver nodule 207 is a driver software to control the
sound source 105, and executes the note-on conmand according to a conmand
fromthe assignor nodul e 206. Th&7 communi cati on channel switching
nodul e 205 swi tches a nessage exchangi ng path anong the vari ous

18 sof t war FigmdellesThRasdftealrar¢onstrhetiomnindincesi akeyhaardl  swi t chi ng
nodul e 205 is inplemented by a main nodule (Figure 6). For instance, the

communi cat Eli‘nﬁi}aﬂﬂﬂiuleswl chhngutdiddtic a6tongiditiment (B CzhAngot ask

I ncl udi ng: pon recei ving key depression information from

the keyboar gﬁ%rstﬁ gngo%ha%oi hﬁé%/ﬁgogg%ﬂgz perforﬁ?ﬂ%@( Qﬁ%_sends t he

|knf o(rjmat i on t0 f i'gnor (2) receiving
ey depresswon in h
modul o 205 SedueleRElHhbaME 03, o MIDF3EPFHARE RA0904, ﬁaﬁcivn“p;ﬁm%t

%TEE Sﬁfgiﬁggwwﬁ@w AeRC SRk T 08 AR hoau e 202
ufl 286, and a sound source driver module 207. Each
software module is loaded from the secondary storage 109
into the RAM 103, and is executed by the CPU 101.

The keyboard driver module 201 is actually a controlling
program designed to control the keyboard included in the
operation device 107. The automatic accompaniment (ABC)
module 202 is executed to perform a specific task of an
automatic accompaniment. The automatic performance
(SEQ) module 203 takes control of automatic playing. The
MIDI interface module 204 is a software module to control
the MIDI interface 104 shown in Figure 1. The assignor
module 206 performs a task to allocate or assign tone
generation channels of the sound source to each note-on
command received by the sound source. The sound source
driver module 207 is a driver software to control the sound
source 105, and executes the note-on command according to a
command from the assignor module 206.

The communication channel switching module 205

switches a message exchanging path among the various



205 sends the command to the assignor nodul e 206. Figure 3 shows
software resources in the formof a variety of software nodul es
provisionally stored in the secondary storage 109 of the electronic

musi cal instrunent. Selected ones of these software nodul e are | oaded from
the secondary storage 109 to the RAMIZ03 to constitute the software
construction shown in Figure 2, which is conposed of an effective and

opti mum set gpftiife srbaaled Pattivalarly, the communication channel - 19
nodules. In Figure 3, a nain nodule 301 is selected as the conmmunication

channel sw ts?{li(ﬂ@iﬂ?ﬂf&)ﬁ}lﬁ%%Oﬁaﬁ%ﬁﬂg@rﬁ%&}Eedi I Aot Qduessage exchange

anong the software® nodu sing oar rirver m)dullle 302 is

sel ected as (ghe, keybopididiele MALEARLL BE Hlgug 2 Structure. An

ABC nodul e (S aut omat1 ¢ acconpani nen (ABC) nodul e

202. Wen the .ABC nodul 03nis. L oaded intq the Qri. ge, an ABC
engi ne and ﬁ@&tﬁgﬁ%mg&@%éf}ﬁdp BECArEH So‘%%é’h“?%t ’6“’??@%?‘?%' y storage as
a subnodul e. The subnodule is a | ower level nodule integrated into a

hi gher | evel nodul

nodul e. Nuneral s 3_81)a g’Oi@(s)Bg&gagiéqﬁe%aggg%@%fﬁi%&’gﬁﬁ#ghgtrjblrrg\dlﬁ: es.
Nunerals 306 to 308 denote three types of ABC patfern subpodul es. The ABC
from the keyboard driver module 20‘13, tfle switching
module 205 sends the information to the assignor
module 206.
(2) Upon receiving key depression information of
an accompaniment chord, the switching module 205
sends the information to the automatic
accompaniment module 202.
(3) Upon receiving a note-on command of an
automatic accompaniment from the automatic

accompaniment module 202, the switching module

205 sends the command to the assignor module 206.

Figure 3 shows software resources in the form of a
variety of software modules provisionally stored in the
secondary storage 109 of the electronic musical instrument.
Selected ones of these software module are loaded from the
secondary storage 109 to the RAM 103 to constitute the
software construction shown in Figure 2, which is composed

of an effective and optimum set of the selected software



rodul e 303, one or nore of the two ABC engi ne subnodul es 304, 305 and one
or nore of the three ABC pattern subnmpdul es 306-308 are sel ectively |oaded
into the primary storage to constitute the conposite automatic

acconpani ment (ABC) nodul e 202 shown in Figure 2. Nuneral s 309 and 310
denote two types of automatic performance (SEQ nodules. Nunmerals 311 to
313 denote three types of format converters, which are a subnodul e

subor di nat eniedthe. JEQFigdue 8, Arhaimmatodfila30dnst sdechet fsrttence data nmay
vary over nodels and nmakers of the 20

i nstrument, cemhiidicationdeaahel Eavitehingonuadiler 265pand bentisdkected to
translate one format of the autonatic perfornance data to another format

whi ch can bﬁlforrﬁ"i‘éﬁ&lb?r hﬁlgst @ eXEIAh Se a%@ngftli@‘éofﬂf\@ar%EQ modul es 309 and

310 and one or nore o ee format converters 311-313 are sel ected

to define tﬂ?o%fe%mki inpFE flfé&%‘}ﬂ 55 MRiHle 303 is setelnadi gure 2.

(?iC(r::(S:'i[F;altlry’t o (')(r);nia c nve 'E)er ![s r(?qw red if the SFQ m)dﬁl e g:{]a
Nuner al s 31ﬁﬁ1§r]rt?y %ar(ggﬁl(g%}eert &bgq@gegé%gﬁggg#;ﬁggg Sjécr?n u l{e@?ﬁgh One of the
asstgnor m’f&“é?f rr?&éu?engﬁ 1i53 é.eiected as the automatic accompaniment
(ABC) module 202. When the ABC module 303 is loaded
into the primary storage, an ABC engine and ABC patterns
should be also loaded into the primary storage as a
submodule. The submodule is a lower level module integrated
into a higher level module, and is operated dependently on
the higher level module. Numerals 304 and 305 denote two
types of ABC engine'submodules. Numerals 306 to 308
denote three types of ABC pattern submodules. The ABC
module 303, one or more of the two ABC engine submodules
304, 305 and one or more of the three ABC pattern
submodules 306-308 are selectively loaded into the primary
storage to constitute the composite automatic
accompaniment (ABC) module 202 shown in Figure 2.
Numerals 309 and 310 denote two types of automatic
performance (SEQ) modules. Numerals 311 to 313 denote
three types of format converters, which are a submodule

subordinate to the SEQ module. A format of automatic

performance data may vary over models and malkers of the



sel ected as the assignor nodul e 206 shown in Figure 2. Nunerals 316 and
317 denote two types of sound source driver nodul es, and one or nore of

t he sound source driver nodules 316 and 317 is selected as the sound
source driver nodule 207. Particularly, the sound source driver nodule 316
is designed for a waveform nenory readfout type sound source, and the other
sound source driver nodule 317 is designed for a physical nodel type sound

sour ce. inktrithieategbodiatean, adéguats fotmas danmeertensiioldd Iséown i n
Figure 3 are provisionally stored in the secondary storage 109. In

response t o0 JpRMRIOfb efah SRtk NS foRARL S tsehuteaTaEiRd efbrsharsed t abl e
software nodul es are selectively |loaded into the prinmary storage in the

formof the AN é(?%llotller format, which can be treated by the BEQP set up the

el ectronic music Instrunment. ader Ts insta in the instrunment and
oper ates when genReraiion ] C 1S 19Hd Late ting an
ef fective aﬁ&og%{i?h@ﬁlge({fo%glsﬂg)ﬁ %@%@&ng %{? ggglrg%p%u?ﬁ;elﬁgecondary
storage according to e foll own rescribped j terd a: (D)
Exani ni ng ed¥i ﬂg}”gﬁaﬂg € %g?@tggagyergerssgje—éﬁii %68&%%“&%# r espondi ng
to the equippea _@ardmares..For anpl e, aghié checgkin he sound
source boar ¢0i definel e pRtoRRatA D TIREMANGE ) THe Hi%& menory read- out
type sound source is_ equi pped, the correspondi ng sound source driver
modul e 316 ishosmsanFigube 2. dadeasionadly, ypo fhemat comverder dper at es
according to a physical criterion for

required if the SEQ module can directly treat the original

format of the automatic performance data.

Numerals 314 and 315 denote two types of assignor

modules, and one of the assignor modules 314 and 315 is

selected as the assignor module 206 shown in Figure 2.

Numerals 316 and 317 denote two types of sound source

driver modules, and one or more of the sound source driver

modules 316 and 317 is selected as the sound source driver

module 207. Particularly, the sound source driver module 316

is designed for a waveform memory read-out type sound

source, and the other sound source driver module 317 is

designed for a physical model type sound source.

In this embodiment, the various software modules shown
in Figure 3 are provisionally stored in the secondary storage
109. In response to power-on of the instrument or user

command entry, suitable software modules are selectively

loaded into the primary storage in the form of the RAM 103



exam ni ng hardware nodul es included in resources
Identify effective hardware

of the instrunent to
nodul es used in the generation of the

nmusi cal sound, and for selecting effective software nodul es
corresponding to the identified effective hardware nodul es. (2)
If there are software nodul es perforn?lng tasks of simlar type, the

| oader sel ects the one havi ng hi gher performance or the one having a
newer tine 6&eb.u glecthenicortdsicapristrament. Achbaadémis to a
performance criterion if the 22 secondary

storage stofgsalleel bi ther ;stfugidiitl and spéiarsewiedugeserztiénrof ng

substantially identical

and differe

sof t war e nodul es

secondary ne
subrmodul e eR

according to an integrity criterion for

tasks but having different degrees of perfornmance

uﬂ@ﬁﬁ s8{ner fsah%]i@mtfeqr faesdetting ant éffavgivenm®! the simlar

I

es, the [oader seeks t

aving either of the highest degree of perfornmance and

h | :
ts e\?e%/ gr il ggz %%gﬁ]ﬁlﬂ fset r(ﬁa%bﬂ(}vare mo(cﬁ)le]% 2932 Sgﬁ%g%i?%gtl@@ debsntiag

exl st ng

ires
ivn t he

e MEAMEE S AR b rackibde wtBosfalie: “oper at es

sel ecting a software nodul e

together with one pf) pLfhiftn@difh3ACRARELSS {HENSaa8PTodul e only i

selects modules corresponding to the equipped
hardwares. For example, after checking the sound
source board installed in the instrument, if a
waveform memory read-out type sound source is
equipped, the corresponding sound source driver
module 316 is chosen to be loaded. Namely, the
loader operates according to a physical criterion for
examining hardware modules included in resources
of the instrument to identify effective hardware
modules used in the generation of the musical
sound, and for selecting effective software modules
Corresponding to the identified effective hardware
modules.

(2) If there are software modules performing
tasks of similar type, the loader selects the one
having higher performance or the one having a
newer time stamp. Namely, the loader operates

according to a performance criterion if the



t-he i ndi spensabl e software subnodule is stored in

(4) The | oader does not | oad a software nodul e subordi nate as
flowto a certain software nodule if the sanme is not evail abl
the | oader operates according to a continuity criterion for

sof tware nodul e which is positioned &2 an upstream of data pr

relative to

anot her software nodule only if said another

23 sof t war gerogidatyi starhgrestorsas the seqandarof sinmlage.
The | oader does not |oad an inconpatible nodul e for conbi

other modul es. NyfB¥re modulés rde‘i’?&%hiﬂ%%ﬁ@is@&n@i%ﬂy idestical a

conpatibility

criterion for selecting a software nodule o

econdary ot or ngioks bt HeiheaitR0e RREE O et ARt

conaary undant |y

various software es. , Howeve t he staor ) - Di
secondary stor ag"énﬁTns(ﬂ?‘r‘?égﬁF aﬁ?st?é{mﬁm%e@l %’%{fe%gf;ié %ﬁféﬁl%%n °
\é\?lofggga {Rg(l\)/; Pgo@g;g}g%élﬂﬁagts%ﬂwg?g (%hodtuﬁ'gs L9 A9%iERet o?f

the highest degree of performance and the youngest
age of creation.

(3) If a software module requires several
submodules, the loader seeks the submodules
existing in the secondary memory. Then, the loader
selects the software module whose submodule exists
in the secondary memory. Namely, the loader
operates according' to an integrity criterion for
selecting a software module together with one or
more of an indispensable software submodule only if
the indispensable software submodule is stored in
the secondary storage.

(4) The loader does not load a software module
subordinate as for signal flow to a certain software
module if the same is not evailable. Namely, the
loader operates according to a continuity criterion
for selecting a software module which is positioned
at an upstream of data process flow relative to

another software module only if said another

t he secondary storage.

for signal
e. Nanely,

selecting a
ocess flow

(5)

ning with

nly if the
romthe
stores

f the

store nodul es
the primary



and the capacity is limted. Thus, according to the present invention,
suitabl e software nodul es are | oaded fromthe secondary storage into the
RAM upon power-on or upon a user command entry, in order to set up an

el ectroni c nusical instrunment. Figure 4 shows an exanple of attribute
information of the software nodul es.23he attribute information is referred
to by the | oader for determ ning whether a nodule is to be |oaded or not
accordi ng to theoftwies nsodile i st@edas thiebsstonatrayestdiizgeat t ri but e

i nformati on conprises a general portion common in all the software

nodul es, and a speo{5 "Ph@clbbﬂ@@ doddnbtdund 4n incoripatiBdd denotes a
general portion of 24 attribute

i nf ormation of Eﬁédﬁ‘l’é”fgr %E)‘ﬂflﬁﬁn@‘l@ ¥&th e em o ulees Ne@gipdul eName
denotes the nane of the nodule ersi onNum specifies the versi on nunber,

CreateDate  speghiig %cfcj}i]‘ ﬁgﬁﬁ&héé&%@@%%%&% 'a@fbﬂf%gd Modul eType

specifies the type o uch as”a main keyboard driver

nodul e and an Al ra 2- 404 he attribute
i nf ormati on of %&Jéggolsilf SRB}QF?%Me E%\%%Pe[fedﬁ{b:dﬂ% %Iﬁl%' 8) th ul e have the
same  structur es%%né rfs? c%tr}lf)hg%le Wﬂ;fl (tall gg tlxli&(r)a%reofncg u eséound source

selected from the secondary storage.

The secondary storage 109 redundantly stores various
software modules. However, the storage cost per bit of the
secondary storage is cheap, so that it does not cost much to
store modules which may not be used. On the other hand,
the storage cost of the primary storage (RAM) is expensive
and the capacity is limited. Thus, according to the present
invention, suitable software modules are loaded from the
secondary storage into the RAM upon power-on or upon a
user command entry, in order to set up an electronic musical
instrument.

Figure 4 shows an example of attribute information of
the software modules. The attribute information is referred
to by the loader for determining whether a module is to be
loaded or not according to the criteria (1) to (5) described
above. The attribute information comprises a general portion
common in all the software modules, and a specific portion.

In Figure 4, numeral 401 denotes a general portion of the



driver nodul e. Nunmeral 405 in the attribute information of the sound
source driver nodul e denotes a nessage TgType specifying the type of the
sound source supported by the driver such as waveform nmenory read-out type
or physical nodel type. Nuneral 406 denotes a specific portion of the
attribute information of the assigno4nodule. A nmessage MaxChNum
specifies the nunber of the tone generation channels which the assignor

nodul e can gettibelte iIBESHEAUSN Idfiheé Beantl ssutdeedrbasi mcalwder i Ahm of the
channel assignnent (e.g., priority in the order of the data arrival),

AbcAwar e |Spgedda3@ MISHIdNARE dg‘ﬂ%&@@ﬁ;lhbrﬁ‘ ARIBE ¢heamadleci ity to detect

. a
an automati c acConpani nent sound signal and to assign it, eqgAware is a

flag signifyjng L _
per or mance auit S a0 ARGER SsCurigiof o glheh, CleBBAR an autommtic

L, A T R
o of mati onéBCHiGE hBe PG bR ecelg Uy perd ATLBSTILS $he nurber of
Vari ati ong. kbybiardagriowatme tieamdmmiBC madnlcophagsReTshe Speci 1 es
portions 402—-404 of the attribute information of the assignor
module, ABC module, and SEQ module have the same
structure as the attribute information 401 of the sound source
driver module.
Numeral 405 in the attribute information of the sound
source driver module denotes a message TgType specifying
the type of the sound source supported by the driver suéll as
waveform memory read-out type or physical model type.
Numeral 406 denotes a specific portion of the attribute -
information of the assignor module. A message MaxChNum
specifies the number of the tone generation channels which
the assignor module can control, BasicAlgorithm specifies the
basic algorithm of the channel assignment (e.g., priority in
the order of the data arrival), AbcAware is a flag identifying
whether the module has a facility to detect an automatic
accompaniment sound signal and to assign it, SeqAware is a

flag signifying whether the module has a facility to detect an

automatic performance sound signal and to assign it, and



t-he nunber of the chord types supported by and used in the automatic
acconpani nent . Nurmer al 408 denotes the specific portion of the
attribute information of the SEQ nodule. An entry nessage TrackNum
specifies the nunber of tracks of the automatic acconpani nent,

Ti meResol ution specifies the tine resdbution of the automatic

acconpani nent, SeqFormat specifies the data format of the automatic
acconpani meMutiaKa3 Aware Muneflag speeifyingswbethepsbei melduledhas @ a 1i st of
messages receivable by each nodule and included in the specific portion of

the attribufgcilitfogordietect ab tiohelmphed upper oe ldwereregiodube, the assi gnor
nodul e, the ABC nodul e, and the SEQ nodule. In this enbodi nent, an

interface amrﬂ&?ﬂéekéﬁf_)og%ﬂg igqggh?@ﬂa%egni fied in order to inprove the

conpatibility of the ul es. Nane a nessage passing nethod is

enpl oyed. The r%ﬁh@%ggf@gﬁgg%é 'rtlg% e%ipég?jﬁ% ﬁ)éfpc?on of the attribute

26 i ndi cate nessages processed by each nodul e.

deraited t ot iq@fﬁl@ i &h%i—%?aé R oRfEb i Bes s, S o P re "mss age
: _ | ess
Phe oot LuaPBeREiRn BIE ARBEEF i Y @YB PR Hin A CORIRBN Jm o OMbenabl s  h

software nodul es to_communicate with each ofher, by exc i ng nessages so
as to int egivangtiondbum spﬁglaf}es the number of variations OP the' "9 J

automatic accompaniment, and AcceptChordType s'peciﬁes -
the number of the chord types supported by and used in the
automatic accompaniment.

Numeral 408 denotes the specific portion of the.attribute
information of the SEQ module. An entry message
TrackNum specifies the number of tracks of the automatic
accompaniment, TimeResolution specifies the time resolution
of the automatic accompaniment, SeqFormat specifies the
data format of the automatic accompaniment data.

Numerals 409 fo 412 respectively denote a list of
messages receivable by each module and included in the
specific portion of the attribute information of the sound
source driver module, the assignor module, the ABC module,
and the SEQ module. In this embodiment, an interface
among the software modules is unified in order to improve
the compatibility of the modules. Namely, a message passing

method is employed. The receivable message lists 409 to 412



set of the software nodul es |oaded in the primary storage. Now,

exanpl es of the communication nessages handl ed by each nodule wll be
descri bed hereunder. (1) Messages receivable or adm ssabl e by the
sound source driver nodule, and procedures conducted according to the
recei ved nessages (11) Gsfglglnfo(): CGet various

i nformation about the sound source. (12) Get ToneCol orList():
Get a list ghdicate messhgas whidl saorbatieablvedyndhpreocessdsbyr ce.

(13) GetTonelnfo (ToneCol orNunm: Get i nformation for a specific

tone color. each module. B 1&%0&%@1‘?%%‘11%Tﬁﬂ%sé§@rlﬁdtr,lfthren@?ét@mIcan
Synt hesi ze a note or generfate a tohe according to Tonel nformation,

whi ch . ) . Lo ' :
conmang. _obtain mowledes ahoutdstalfd faci ey SRR AAGREMR ° o7

_ np a note according
to Tonel nf or mat

n, 16) Get | X ' Ge
the status & Ofﬂ;llg??'oﬁé' Sm]roéftlggn&ee %%%iﬁg%ﬁgﬁgg%@%ﬂ %ﬁn}gemannel }\Ium
éf%cg’gﬁfggeﬁn%& %,Ic\éa}?étewggn ttﬁ% r?'llgcfuq%g,l %he pc%&%%%ﬁﬂﬁ%f% %e modul e, and

software module can be improved very much. Namely, the
CPU enables the software modules to communicate with each
other by exchanging messagés so as to integrally execute the
set of the software modules loaded in the primary storage.
Now, examples of the communication messages handled

by each module will be described hereunder.

(1) Messages receivable or admissable by the
sound source driver module, and procedures

conducted according to the received messages

(11) GetTglnfo(): Get various
information about the sound source.

(12) GetToneColorList(): Get a list of
tone colors createable by the sound source.

(13) GetTonelnfo (ToneColorNum): Get
information for a specific tone color.

(14) GenerateTone (Tonelnformation):
Synthesize a note or generate a tone

according to ToneInformation, which



executed by the sane according to the received nessages (21)

Start Al'l Track (SongNum): Start to play the song data corresponding to
SongNum (22) StartSpecificTrack (SongNum Tracklnfo): Start
to play a specified track of the song data corresponding to SongNum
(23) StopAllTrack(): Stop to rec@d/ play all tracks. (24)

St opSpeci ficTrack (SongNum Tracklnfo): Stop to record / play a
specified trackadicates a téﬁé)ge?@tﬂaﬁo)n cbaupanicdh record / play all
tracks. (26) RecordAl'l Track
(SongNum): Start PO Tont r@ﬂﬁelmfmma’cmﬁ?n Recor dSpeci ficTrack
(SongNum Tr ackl nf } Start" to record a specified track. (28)

l\/bveSongP0| nter (So pointer to a
specified address | g%la%o% %?tés?%gga#&m& tW&w_é‘Hﬁ%‘i‘ﬂ{aﬂﬁén
(16) GetChannelStatus (Cha,nnelNum).
Get the status of the tone generation

channel corresponding to ChannelNum.

(2) Messages receivable by the automatic
performance (SEQ) module, and procedures
executed by the same according to the received

messages

(21) StartAllTrack (SongNum): Start to
play the song data corresponding to
SongNum.

(22) StartSpecificTrack (SongNum,
TrackInfo): Start to play a specified track of
the song data corresponding to SongNum.

(23) StopAllTrack(): Stop to
record /play all tracks.

(24) StopSpecificTrack (SongNum,
TrackInfo): Stop to record / play a specified
track.

(25) Pause(): Pause to record / play all

tracks.



dat a. (3) Messages received by the automatic acconpani nent (ABC)
nodul e, and procedures executed corresponding to the nessages (31)
Set AbcType (AbcTypelnfo): Set up aut omati ¢ acconpani nent according to
AbcTypel nf o. (32) ExpandAbc (Chordlinfo): Cenerate an automatic
acconpani ment pattern according 28 Chordlinfo (chord information).

(33) CGetAbcStyle(): Get a list of avai | abl e aut omati ¢ acconpani nent
styl es. (34) Gef26F RensdA B raek |(SomgMum): dvait abl e aut omatic
acconpani ment types. (4) Messages received by the assignor nodule, and

procedures execut edt§ee8sdalllitpgclks t he
29 recei ved nessages. (41) Get Channel MaxNum(): Get the

maxi mum nunber of the K%?Emagﬂ%ﬁﬂmﬁ%éwﬁﬁ (42)

Get I dl eChannel (): Get rmation I ng’- or avail abl e tone

generation ﬁggﬁﬁkﬁ)) Start to re or#lg?m)sm{#%ﬁggq}i@ﬁ?l

(Tonel nf or mati on): Assign o an 1dling tone
.generation channel .

(28) MoveSongPointer (SongNum,
Location): Move an address pointer to a
specified address location of specified song

data.

(3) Messages received by the automatic
accompaniment (ABC) module, and procedures

executed corresponding to the messages

(31) SetAbcType (AbcTypelnfo): Set up
automatic accompaniment according to
AbcTypelnfo.

(32) ExpandAbc (ChordInfo): Generate
an automatic accompaniment pattern
according to ChordInfo (chord information).

(33) GetAbcStyle(): Get a list of
available automatic accompaniment styles.

(34) GetAbcType(): Get a list of

available automatic accompaniment types.

(4) Messages received by the assignor module,

and procedures executed corresponding to the



(-44) Truncate (TruncateAl gorithm: Truncate a certain note
according to Truncat eAl gorithm Now, the operation of the

el ectroni c nusical instrunent according to the first enmbodinent will be
described in conjunction with flowharts of Figures 5 to 10 in detail.
Figure 5 is a flowhart showi ng a boogpng process of the system A booting
programis stored in the ROM 102, and | aunched upon power-on or upon the
user conmand, nga@ivedarmeasgpbesomand. First of all, in STEP 501, the CPU
101 | oads the main nodule 301 shown in Figure 3 fromthe secondary storage
109 into the primary storage. The main nodul e_is_invoked or comrenced in
STEP 502. (41) GetChannelMaxNum(): $@et theri gure 6 is a

fl omchart showi ng the operation of the main nodule invoked in the STEP
502. The main nodul ma:datsm wanlboes of dhienboiee peterationequentially from a
downstreamto an upstreamw th respect to data flow of the system The
sof tware nodul es arghSehekgti vely | oaded fromthe secondary storage 109 to
the primary storage of RAM 103. In STEP 601, a sound source resource is

| oaded. Then, an assig‘iqgngd &%&H@E&iﬁﬁsle@?@_@tiiﬂf&Iﬁﬁtﬁﬁg- The resource

| oading will be expl ater wt erring to Figures 8 and 9A. In
STEP 005, 85" AR ERUGR Al febiaatop. (he Keyboare
channels.
(43) AssignChannel (ToneInformation):-
Assign Tonelnformation to an idling tone
generation channel.
(44) Truncate (TruncateAlgorithm):

Truncate a certain note according to

TruncateAlgorithm.

Now, the operation of the electronic musical instrument
according to the first embodiment will be described in
conjunction with ﬂowchérts of Figures 5 to 10 in detaii.
Figure 5 is a flowchart showing a booting process of the
system. A booting program is stored in the ROM 102, and
launched upon power-on or upon the user command, namely
a reset command. First of all, in STEP 501, the CPU 101
loads the main module 301 shown in Figure 3 from the
secondary storage 109 into the primary storage. The main

module is invoked or commenced in STEP 502.



ot her drivers concerning various operation hardwares may be al so | oaded.
In STEP 604, functional or application resources are |oaded. In this step,
the automatic acconpani nent resource and the autonmatic performance
resource are | oaded, and the resource |loading will be explained |ater with
referring to Figures 9B and 10. In SBBP 605, an interface (I/F) resource
such as a M D driver nodule is |oaded. In STEP 606, the main nodul e

sets up the resdiipage 6asreflomahary doses Egslhhe&)p@%mtm‘e)ﬂﬂm enaithe
resource table |s allocated in the RAM 103 to store the nane and type of

the sof twar eneprilbasvokederh the STERP M. TIR0MAiB/mMIdSRSKIMS t he Tesour ce

tabl e, the nmain nodul e recogni zes which nodule Is |oaded currently. In
cot g, ub NASiGLaLBeRhare rodyles sequeptially,from a downairdm e, esoures
Fesour ce 1 s ThUBREACTR SHER rgé%@%ﬁ%eﬁd%f"’z% °§c‘l‘e’b‘hg§9‘f :Tﬁﬁrough Step
oceur i ng. eVORIMATE THAGYLSS B SeLS UL l@cﬁ%ﬁges "Bt SPReRaEY, ' tpon:

keyboard mani pul ation, a key depression event cte STEP 608, and
a message ccﬁtp§§)$©r1(§191§0tfélet RelIRayy storage o RAMd 05. In SLIEE

601, a sound source resource is loaded. Then, an assignor
resource is loaded in STEP 602. The resource loading will be
explained later with referring to Figures 8 and 9A. In STEP
603, an operation resource is loaded. In this step, the
keyboard driver module 302 shown in Figure 3 is loaded, and
other drivers concerning various operation hardwares may be
also loaded. In STEP 604, functional or application resources
are loaded. In this step, the automatic accompaniment
resource and the automatic performance resource are loaded,
and the resource loading will be explained later with referring
to Figures 9B and 10. In STEP 605, an interface (I/F)
resource such as a MIDI driver module is loaded.

In STEP 606, the main module sets up the resource
connection by accessing a resource table. The resource table
is allocated in the RAM 103 to store the name and type of
the software modules loaded in STEPs 601 to 605. By
accessing the resource table, the main module recognizes

which module is loaded currently. In setting up the state of



depression event is issued. Nanely, key depression information is passed
to the automati c acconpani nent nodul e up on an acconpani nent key
mani pul ation. Oherwi se, the key depression infornmation is passed to the
assi gnor nodul e upon a normal key mani pul ati on. Figure 7 is a
flowchart showi ng the operation of ea8h nodule. Upon receiving the invoke
command generated in STEP 607, each nodul e executes procedures shown in
Figure 7. AE@(G(‘ rf%?ﬁﬁ?@e 'c%nrn%g‘ﬁio‘ﬁegn ISTEHEB 060 %negé‘é‘jgr;lé @%&B’S%"e%et

0 thé receive P

correspondi ng message 1 s execduted i 702 7Ot her
processes may. b rrhedi0 ' / required to pass is
sent out in é?E‘Iill%gE.gjllrﬁréﬂghtﬂge %EEP@%F%&%& gﬁ%ﬁggs §$’ EP 701, and the
same steps are , repegted. For, e anala], i n, t;he ABC nodul e, upon receivVving
chord key deprelangad;smsnithenopsth madwlssnoard in STEP

32 701, the ABC nodul e expands, an_inputted chaord pattern.to an automatic
acconpani nent noE@«ObaIQEétheﬂﬁeHWBdieﬁbmlISer[‘Ei)xéé)G’t erﬁlﬁtlhéheprocedure in
STEP 703, and then sends the expanded acconpani ment notes to the assignor
modul e. prgoecu e lsops ddiraugbdSTIHRcGAS ttostmaichga tVéDloerdénty  procedure
of the sound source resource conducted in the STEP 601 of Figure 6. In

STEP 801, t hpn GPPERX@091emesbagéd€bLrdspondifignth $hereecuinf dventot yet
processed by checking

are passed to a concerning module. For instance, upon

keyboard manipulation, a key depression event is detected in
STEP 608, and a message corresponding to the key

depression event is issued. Namely, key depression

information is passed to the automatic accompaniment

module upon an accompaniment key manipulation.

Otherwise, the key depression information is passed to the

assignor module upon a normal key manipulation.

Figure 7 is a flowchart showing the operation of each
module. Upon receiving the invoke command generated in
STEP 607, each module executes procedures shown in Figure
7. Amy message is received in STEP 701, and the process
corresponding to the received message is executed in STEP
702. Other processes may be carried out in STEP 703. Any
message required to pass is sent out in STEP 704. Then, the
procedure returns to STEP 701, and the same steps are
repeated. For example, in the ABC module, upon receiving

chord key depression information from the keyboard in STEP



any sound source connected to the hardware interface. After all the sound
source resources are processed, the procedure returns via STEP 802. If
there is any non-processed sound source hardware, the routine forwards to
STEP 803. In STEP 803, the type of the sound source (e.g., waveform nenory
read-out type or physical nodel type) 3i2s stored in a register TgType. The
regi ster TgType is a work register, and is different fromthe attribute

i nformati on y S ' | gur f S L V.E. dul e
tored i n thdOansn ey bl bkpans R RHERA AHHRE RRELAET (07T

exi stence of the sound,.source driver du] e _speci fi b r eQi ster
TﬁType i nbt héms@ﬁﬂgﬂvcﬁ%%Bawelgoﬂﬁgé%B@Eg‘?rirbni%se MQEB&O(?@L% ng out
the attribute information TgType of, 0 souyce drive dul es from
t he secondar FX%M%@‘J&‘—E@SPT%&@IH@ Jébggngf')nngt é‘vllﬁgﬁﬁénvﬁec“rdst € of the
wor k register TgT%fe, in order to search a correspondi ng sound source

33 driver nedpanded adccomspanimenshotest tathecassigrppmivdgleound source

driver nodule exists in HD of the secondary storage 109 in STEP 804, the

procedure forwar @ighneT &8 Bdbtailéd fbowsbharnid showing tdré Yeadimpdul e i s found,
the routine returns to STEP 801. In case that plural drivers exist, a

driver hi ghegjrodedurer dPthBRGRURNdolie¥E Fbshiirdd BBnduted s tlgéected in STEP

805. The capability and age of the driver nodul e can be
STEP 601 of Figure 6. In STEP 801, the CPU examines if
there is a sound source which is not yet processed by checking
any sound source connected to the hardware interface. After
all the sound source resources are processed, the procedure
returns via STEP 802. If there is any non-processed sound
source hardware, the routine forwards to STEP 803. In
STEP 803, the type of the sound source (e.g., waveform
memory read-out type or physical model type) is stored in a
register TgType. The register TgType is a work register, and
is different from the attribute information TgType shown in
Figure 4 of the sound source driver module stored in the
secondary storage. In STEP 804, the CPU detects as to
existence of the sound source driver module specified by the
register TgType in the secondary storage 109. This detection
is done by reading out the attribute information TgType of
the sound source driver modules from the secondary storage
109, and by comparing its value with that of the work register

TgType, in order to search a corresponding sound source



detected by accessing the attributes VersionNum and CreateDate. In STEP
806, the nane and the type TgType of the selected sound source driver
nodul e are registered in the resource table. In STEP 807, the sel ected
sound source driver nodule is |oaded fromthe secondary storage 109 into
the RAM 103, and the procedure returd8 to STEP 801. Figure 9A is a
detailed flowhart show ng the | oading procedure of the assignor resource

shown in STER 602 of Figurg 6.:.
_checE on apgﬂvcegtﬁb%gfgg?tmelsrgﬁézggd?g%% ‘%Q?A(gé 8%138@@5@ nsi%ﬁdersn 2? I)?/ed
in the secondary storage 109.. Assi gnar I t dyin th : d
storage 109 ﬁﬁ?f%l(ﬁl‘(@lbm%&ﬁlegﬁxbgg?ﬂ@rﬁgggeaﬁ§géﬁl%$¥ﬁtgﬁ?sé‘gggi Sayt he
aut omat i ¢ acconpani_nent t t ti f t tel
froma regul éBgEiéySﬁBEE, ggé?zh%@amﬁk%fgg@ggg%ﬁfﬁ@@%eﬁgﬁg;ahgv?ng

just an ability to assign a received key code. However, if there is no ABC
or SEQ rodul soahdasburce driver module is found, the routine re@arns sadi ng of a
hi gh perfornmance assi gnor nodul e just wastes the nenory capacity of RAM

103. In that SCREP 861l dw pasé ehapnslerabsirivers ¢xist, dodsvehdipblest This is
the reason why the prelimnary check is conducted in STEP 901. In STEP

902, assigno i e ined. In
STEP 903, t hie11 SSi gﬁaﬁnﬁjﬁﬁg -it‘igﬁvggt Fﬁ;;tgg%a?za%g{e$ﬁl@r?§g&l %gr %rig?%llmarl y in

this determ ga?hgf]rlgts %a‘%ﬁ&yhéﬁgr %é fo‘frﬂﬁnﬂ?i\}e?yﬂocﬂﬂet be, ignor is

?ﬁ;e;?singgo? Wi, t h tf t performnge Ilg\r/nelna'rg ex:;ncﬂatl |02 ![ E sesoggi.r yThe-T.,
ﬁ;\?ir ﬁget %thidPEiie& %ryf %%%‘??H&gg%éar% f&'é‘?‘éh?sey%fﬁlr?lﬁg}‘f’?rﬁﬁ}‘ ssi gnor nodul e
Cgreate ate. Inn%'].gﬁP 806, the name and the type TgType of
the selected sound source driver module are registered in the
resource table. In STEP 807, the selected sound source driver
module is loaded from the sec_\onda,ry storage 109 into the
RAM 103, and the procedure returns to STEP 801.
Figure 9A is a detailed flowchart showing the loading
procedure of the assignor resource shown in STEP 602 of
Figure 6. In STEP 901, the CPU conducts preliminary check
on application software modules such as ABC and SEQ
modules stored in the secondary storage 109. Assignor
modules stored in the secondary storage 109 may vary from a
high performance version which can assign the automatic
accompaniment notes or automatic performance notes
separately from a regular key note, to a low performance or

simplified version having just an ability to assign a received

key code. However, if there is no ABC or SEQ module at all,



and the newest age is selected. In STEP 904, the type of the selected
assignor nodule is stored in a work regi ster AsType, and the nane and the
type AsType are registered in the resource table in STEP 905. In STEP 906,
the sel ected assignor nodule is | oaded fromthe secondary storage 109 into
the RAM 103, and the procedure is conpleted. Figure 9B is a detailed
fl owmchart show ng the | oadi ng procedure of the automatic acconpani nent
resource sho in the, STEP 604 ?f Figure 6, In STEP gell’ t he ABC engi nes
stored in thdosddngdel 9 2igh pesfommanee assigRoaodnle jneh waskeasC nodul es
stored in the secondary storage 109 are exanmined in STEP 912. In STEP 913,
a conbi nat i ortlef maemory capacity of RAM 103. In that case, 36lowodul e and t he
subnodul e hi ghest in performance and newest in tinme stanp is selected to
det er ni ne t heperdopataiite assiprvmptstodoes thieejohBCIimslus ¢ henreasom ABC engi ne
found by the exam nation. In STEP 914, the type of the selected ABC

engi ne is stopb§ the predirkin®gl eheck Abcbittuctied BISTEPLYOLL Hey name and t he
type AbcType are registered in the resource table. In STEP 916, the

sel ected ABC d,ed: i l; adar
S’!E‘EPG%@Z‘ asélgglgﬁgﬁiﬁb@%faaf&l ifaded sEEQAAPE 86 y

storage 109 1nto the RAM er in STEP 917, any ABC pattegrn DB
(database) audyl kel iR, 5L SO 065, PG A5y kr LEGHER P50 L1,
e Sl o be L osded o S A0 8 delall sy [l et
executed in required performance level of the assignor is determined as

the result of the preliminary examination in STEP 901.

Then, the assignor with that performance level is searched in

the secondary storage 109. If plural assignors are detected, an

optimum assignor module having the highest performance

and the newest age is selected. In STEP 904, the type of the

selected assignor module is stored in a work register AsType,

and the name and the type AsType are registered in the

resource table in STEP 905. In STEP 906, the selected

assignor module is loaded from the secondary storage 109

into the RAM 103, and the procedure is completed.

Figure 9B is a detailed flowchart showing the loading

procedure of the automatic accompaniment resource shown in

the STEP 604 of Figure 6. In STEP 911, the ABC engines

stored in the secondary storage 109 are examined, and then

the ABC modules stored in the secondary storage 109 are

examined in STEP 912. In STEP 913, a combination of the



the STEP 604 of Figure 6. In STEP 951, SEQ nodul es stored in the secondary
storage 109 are exam ned. |f plural SEQ nodul es are detected, an optinmum
nodul e highest in performance and newest in age is selected in STEP 952.
In STEP 953, information about the data format of the automatic perfornance
data conpatible to the selected SEQ B®dule is stored in a work register
SeqFormat. In STEP 954, the type of the selected SEQis stored in a work

regi ster Se a1 P t t he 4Vl are

36 register g%lagﬂ? ﬁglfgggu&@g O&Qﬁ?%%?éﬂ gg{s{f&fﬁﬁ%ﬁg(g%c ed SEQ nodul e
Is | oaded fromthe secondary storage 109, to the RAM 103. Further in STEP
057, “the. 1 or HRV e VL e StarmRoB ARee b S dfEraiit Hie sogibp Aple

per f or mance dat a_ . havi ng ormat _specj fied by th rk register  SeqFor nmat
is | oaded frcmmbnéa'@@aofnﬁéﬁ? gﬁrﬁd@@dﬂég?ﬁl the Wl@wn&wgﬂu@ e
procedure finishes. Cccasionally, two or nore converter nodules may be

| oaded into thie theieraminatioageln STEPASdd: dhegtytpe ofidiei selectedodi nent ,

nodi fying of the software nodules is very easy. For instance, an old

version of 2ABEJugndae Brstorad it werkagpistevpiibcddpe b rEWBERrsion by
just storing the new version of the sequencer programin_  the secondary

storage of the sl hathé JHPithe! typ WBEPYpe are registered in the
resource table. In STEP 916, the selected ABC module and

the ABC engine are loaded from the secondary storage 109
into the RAM 103. Further in STEP 917, any ABC pattern
DB (database) available for the selected ABC engine is
loaded from the secondary storage 109 into the RAM 103.
Occasionally, two or more ABC pattern submodules may be
loaded.

Figure 10 is a detailed flowchart showing the loading
procedure of the automatic performance resource executed in
the STEP 604 of Figure 6. In STEP 951, SEQ modules
stored in the secondary storage 109 are examined. If plural
SEQ modules are detected, an optimum module highest in
performance and newest in age is selected in STEP 952. In
STEP 953, information about the data format of the
automatic performance data compatible to the selected SEQ
module is stored in a work register SeqFormat. In STEP 954,
the type of the selected SEQ is stored in a work register
SeqType. In STEP 955, the name and the type SeqType are



The new version of the sequencer programis automatically |oaded into the
primary storage upon power-on or resetting of the system The present

i nvention can be applied to a nmulti-purpose conputer system which nay be
called an electronic nusical instrunent in a broad sense. For instance,
the present invention is applied to asggeneral -purpose conputer system
provided with a sound source board and a hard disk. It is possible to
store each softwgr

f t wgr e nodu descri bed, aboye | condary storage, and
Lo sel oot | dsBIStegad ok bieresatanrblS ot il Bt e aeeeiederv: ng
command to pl musi ¢gal notes . froma user. Soffware

37 nodul es eﬁé%@ﬂ@ yig ys é@%ﬂﬁdﬁ?@% tfw %@W{?dm storags J09dkedthesuch as
fl oppy disk, and can be C]?[Eli ed into a hard disk. As described in the
foregoi ng, adtAddi 193t duttdelriins STASPeBD TptheHormats eanverkasnt i on, t he
software tone generating systemis set up freely so that nodifying of

sof twar e modyhdanoiduileatompasibleSnthereatometics petfmmancdu®ts ar e
selectively | oaded fromthe secondary storage to the prinmary storage, no

unnecessary NAGHATLI Hrhoaredebiiel Hieos visel rekiiasBdqFomuat dswast e of

t he nenory capaci progra e distributed by a nodule unit,

and i nter - Mgyl g AOFIVAIGA Lot JaARELEREUN0NY, HiE RESSRABDIAM No

nmet hod, so he “sane program e used comonly’over

di fferent prqducts which e different.fr each other in th sof t war e
speci ficati o(rl‘r.ijleTRﬁg?eqlhtu? ?ﬂdﬁﬁ%%bacqa&l%‘ﬂ% nat'@ ?%EHBF%\?B?XEIF(# the prior
art that the praogram could not .be easi]y repl aced even if a new program has
t he sane facimpgﬂﬂl@l% BAY bﬁgpa{iﬁgtmopﬂ&@A’!maﬁf)’emr@g?-the i nt er-nodul e

interface
According to the first embodiment, modifying of the

software modules is very easy. For instance, an old version of
a sequencer program can be easily updated to a new version
by just storing the new version of the sequencer program in
the secondary storage of the electronic musical instrument.
The new version of the sequencer program is automatically
loaded into the primary storage upon power-on or resetting of
the system. The present invention can be applied to a
multi-purpose computer system which may be called an
electronic musical instrument in a broad sense. For instance,
the present invention is applied to a general-purpose
computer system provided with a sound source board and a
hard disk. It is possible to store each software module
described above in the secondary storage, and to select, load,
and execute suitable software modules upon receiving a

command to play musical notes from a user. Software



i's unified by use of the nessage passing nethod, so that it is easy to

i nprove the performance of the instrunent by updating the software nodul es,
and it is easy to increase a nunber of facilities by adding software

nodul es. Only the required softwares can be conbined with each other since
each programis packaged in a nodule &EZcording to the present invention.

Al so, data such as ABC pattern can be 38

utilized comumnlyy qi er.form: X C e ils of a
second errbodi{ 85#{118#] C%ﬂebﬁré%éﬁ{ c&]@@%@%%lf}%}%g l}}gggﬁsli%ed W th
referring to the.draw ngs Al . rdware Structure ,. ., The ha re

confi gurati oﬁnsalfi‘ FEC (ﬁéﬂpﬁyoﬁliﬁc’g@ﬁér%q § %%‘leélrﬁlg@cﬁﬁbﬁ‘%% £t he
second enbodi nent of the_present invention will npow be fh%s ribed with
referring to Fi gﬁ%ﬂeﬂﬁ@%éll e FQWS%@&E?LQW' ngyte deald¥dr di ng to the
second enbodi nent is inplenmented on a general purpose conputer such as a
per sonal comaspect ofntlre quresent invemtioal, th@(ﬂot}éwmeéoxmgenpmtmgvi ce such
as a keyboard and a nouse tool. Nunmeral 1002 denotes a display which

di spl ays i nf gyeeéiois detstup braedy sohtloalymedifying iofesdfédare Muwehedes 1003
denotes a hard disk drive which stores an operating system software,

various appl ii§%ﬁér?2%£§a}998ﬁ{@e r@%%tﬁsgfédﬂtme%oﬂiﬂ@%%w@@ti% so on.

Nuneral 1009 deno CPUto ¢ ot her devices according td a control

d | I . j h
Wi oh M D sigaard B0 S8 FEAAL RS, B, iRelblimaly SIREEG G070, £ ace
1007 interrupts the CPU 1009 u onlre eiyVi M DI si%n | from external -
devi ces. NumtFHRCGRFERT ¥ HAEETS 1§ H@ﬁe@&ﬂggo@‘c&@qfflﬁé iﬁpﬁlﬁ'ﬁtqoon. Nuner al

1010 denotes a F whi ch sﬁores vari ous pr,ogrng and data such as an
initial progra@lfiouaste ahdhenmersosy Gamaaty. Soltware programs can

be distributed by a module unit, and inter-module
communication is carried out by the message passing method,
so that the same program module can be used commonly over
different products which are different from each other in the
software specification. Thus, it is possible to eliminate the
drawback in the prior art that the program could not be
easily replaced even if a new program has the same facility as

~ old one. In the present invention, the inter-module interface
is unified by use of the message passing method, so that it is
easy to improve the performance of the instrument by
updating the software modules, and it is easy to increase a
number of facilities by adding software modules. Only the
required softwares can be combined with each other since
each program is packaged in a module according to the

present invention. Also, data such as ABC pattern can be



39 displayed by the display 1002. Nuneral 1011 denotes a RAM which can be
accessed by the CPU 1009 to read / wite data. Nuneral 1004 denotes a
reproduction device to read out the data stored in a predeterm ned area of
the RAM 1011 and to reproduce the data by generating DVA interrupt to THE
CPU 1009. Nuneral 1005 denotes a DA cg@gaverter to convert digital sound
data produced by the reproduction device 1004 into an anal og sound signal.

anal g sound VOHERAIERRBE TR 3% EoRRHFSeRarE paddBR T TY Lo The |
devi ces as |isted-apaye, .t he opti,ona ar dwar can be atitached to the
system (1) 1!%1% 3 SeC&Adl\ﬂmLHd;{%m?f EQF REGTEHY I BViCOH i t ;
' {hi's. enboBrHbAOW iz desprinedcPiibh Taboities Jo0ke SrapEntbepl aced by a DSP.
board 1014. The DSP board 1014 is provided with a DSP (Digital Signal
Processor) 10la Hardwese fitewchtunemati cal operation at high speed with
pi peline process, a waveform nenory 1014b, and a delay nmenory 104c. A-3.
The Layer Struct Ulkediartheakerkodifipentation of the musical tone

generating system according to the second embodiment of the

present invention will now be described with referring to

Figures. The musical tone generating system according to the

second embodiment is implemented on a general purpose

computer such as a personal computer. In Figure 11, numeral

1001 denotes an inpﬁt device such as a keyboard and a mouse

tool. Numeral 1002 denotes a display which displays

information distributed through a bus line 1012. Numeral

1003 denotes a hard disk drive which stores an operating

system software, various application programs, data utilized

by the softwares and so on. Numeral 1009 denotes a CPU to

control other devices according to a control program

described later. Nurheral 1007 denotes a MIDI interface

through which MIDI signals are exchanged with external

devices. The MIDI interface 1007 interrupts the CPU 1009

upon receiving a MIDI signal from external devices. Numeral

1008 denotes a timer to produce time information. Numeral

1010 denotes a ROM which stores various programs and data

such as an initial program loader and character fonts



40 The | ayer structure of the hardware and software of the nusical
tone generating systemaccording to the second enbodinment will now be
described with referring to Figure 12. In Figure 12, a first layer is a
physi cal |ayer conprised of the hardwares such as CPU 1009. Second to
sixth layers are logical |ayers conpr3g$ed of softwares which are executed
by the CPU 1009. The second layer is conprised of signal processing

nodul es i ncl ydi suby outi ngs_to_e t rimii signal _ pr i ngs such
as four rul ealﬁﬁ%éﬂsat h%ettl}ecab%f% r@@f E}I‘Engfﬁf tmir]rdaﬁgpg‘fﬁ gﬂg/ﬁi rd |ayer
[ i sed qf. [ d basi c t t dul

to generate WEIERGH: g 2CB55E By HHE oF bhaP0gr R asefing HIER et accor di ng
to various nethods. The sqund source nodule wi |l be explajned hereunder.
currently, tRMNumexadk 84 dasotesiadrapmoditctaden desgcariockead sitdethee wavef orm
data according to various nethods, including major three types of nethods

as follows: datassteeaddnsauprelaterirdedPiidss ofintiesBiAbe10d)inahdstzes a
sound by readi ng out sanpled waveform data of nusical sound stored in a

nmenory, and Bypesdiies ttheodhbe bypygeheratidat BNV enterrapal g BHEal . A
sound source called ' FM sound source' conprises a multiple of operators or

osci | lators, cangy gpoghq%%ﬁéraamm@ld&o%@wDA%tﬂivéﬁef tBAGRertodul ati ng

an out put signal one 41 operator

W th ot her Oﬂgﬁgﬁlnghﬁfhgi ?laftﬁgéﬁ‘acfdltf(%d ﬁlisﬁ'ﬁﬁé YeproQuctif detRos QU put

signals from e op ors w

into an analog sound signal. Numeral 1006 is a sound system
to reproduce musical tones according to the analog sound
signal.
A2. Optional Hardwares

Additionally to the devices as listed above, the optional
hardwares can be attached to the system.

(1) MMU 1013

A MMU (Mathematical Manipulation Unit:
co-processor) 1013 can be attached to the CPU 1009.-

(2) DSP board 1014

‘In this embodiment, the reproduction device 1004 can be |
replaced by a DSP board 1014. The DSP board 1014 is
provided with a DSP (Digital Signal Processor) 1014a to
execute mathematical operation at high speed with pipeline

process, a waveform memory 1014b, and a delay memory
104c.
A-3. The Layer Structure of The Embodiment



each ot her. A sound source call ed 'physical nodel sound source'
synt hesi zes nusi cal sound by sinul ati ng behavi or of acoustic nusi cal
instrunments to create digital sound data, and by converting the sane into

an anal og signal . There are other nmethods to generate tones in sound
source devices, including high frequengy synthesizing nethod, formnt
synt hesi zi ng net hod, ring nodul ati on method and so on. In this

enbodi nment, soft e .nodul es 1031 t 033 are instal]led to ge ate sound
dat a accordi ng t\gﬁlﬁé%’ﬁﬁé Fackre 9@@&83&3@‘@%‘? B‘é]dd SpEVE 'eAOE sound
source nodul e 1031 inplenents basic operations of circuit blocks included
in that kind mﬂsu:aaitsmeegenpmlgguﬁwt@mr?c,c@ogaw&‘éomalw §8CoRflt ers, and each
operation is executed by calling the primtive signal processing nodules .
1020 in the senbodihepdr wikmem beulescsthed svithdidfernog2te dfigawent s t he
basi c operations of a discrete FM sound source device having six operators.

A physical mddel ;s @iggireol? ca fimdulaget 483 iphylsteantayeorcanprégets of he basi c

operation of the physical nodel of acoustic wind instrunments. The al gorithm

of the physi gale HREGI 38 RO CPTPAW0D. Vesssisd %pfi&‘ﬂh”&ﬁ@s Bire

42 kind of a virtual acoustic instrunent to be sinulated. © Therefore, a

o emil ate a Peireayes cBRAfHsR OEs0fktRs, PRI Ale Bk IRY B oo red
actual syt hdbeztAo0a 000) THRE mecopghuy s iBpaeiBl SHRG on a sound
source LS Cq;il%cieggitn% Lr?gdilfesaﬂlcﬂl?lﬂw_éOsrlllibcrortrlléglgsalto execute primitive

signal processings such as four rules of arithmetic operation,

bit shift and delay. The third layer is comprised of basic

sound source modules or basic tone generator modules to

generate waveform data by using the signal processing

modules according to various methods. The sound source

module will be explained hereunder. Currently, there are

various sound source devices which synthesize waveform data

according to various methods, including major three types of

methods as follows:

A sound source called ‘PCM sound source’ synthesizes a

sound by reading out sampled waveform data of musical

sound stored in a memory, and by converting the waveform

data into an analog signal.

A sound source called ‘FM sound source’ comprises a
multiple of operators or oscillators, and synthesizes an analog

sound signal by frequency-modulating an output signal of one



instrument to be enulated, even if the fundanental nmethod is the sane. The
sound source nodul es 1031 to 1033 are provided with algorithnms enul ating

t he basic operations of the various sound source LSI chips as accurately
as possi bl e. In the fourth layer, pseudo sound sources 1041 to 1045
are provided to enul ate the various sdund source LSIs. The pseudo sound
sources 1041 to 1045 enul ate discrete sound source LSIs by conmandi ng

sel ection, caonbination, ,or scali of. variqus coptrol paraneters used in
Uhe basi o al GRTIARFBItY RARED ARPbS T B als AERES OViiete OBRARLC o st | cs of &
musi cal sound signal generated by the, soung source .nodules is ng only
dependent on SURSTREIRRREScOREPH gignalssiiont theerydiinle eperadors yithhutr ai so
dependent on a controlling programof the sound source LSI. The controlling
program i s ordaghnather. designed to control a specific nodel of an

el ectronic nusical instrunment, and varies due to the difference of the

sof twares. Thus,Aigoumé soufrch dadiert ;phisical anedpt svudedssatedl source
43 drivers 1051 to 1055. The sound source drivers 1051 to 1055 enul ate

e S0 2 Bhias R il o0k e kSIS Whonyser s sound
internal proggag{ Sin®truments to create digital sound data, and by
converting the same into an analog signal.

There are other methods to generate tones in-sound
source devices, including high frequency synthesizing method,
formant synthesizing method, ring modulation method and so
on.

In this embodiment, software modules 1031 to 1033 are
installed to generate sound data according to the
fundamental methods described above. A PCM sound source
module 1031 implements basic operations of circuit blocks
included in that kind of a discrete PCM sound source device
having filters, and each operation is executed by calling the
primitive signal processing modules 1020 in the second layer.
An FM sound source module 1032 implements the basic |
operations of a discrete FM sound source device having six
operators. A physical model sound source module 1033
implements or emulates the basic operation of the physical

model of acoustic wind instruments. The algorithm of the

physical model sound source module varies depending on a



the LSI chip, so that the sound source or tone synthesizer is totally
emul ated. A nultiple of the pseudo sound sources 1041 to 1045 may be
called in case that a nodel tone generating systemto be emul ated
conprises multiple sound source LSIs. The sixth |ayer are provided
with application softwares 1061 to 1065 such as sequencers, games and
arrangenent softwares. The softwares 1061 to 1065 sel ect adequate ones of

t he sound sour.ce, drivers 1051 to0,1055 , n order, t ener,at e, nusi cal sound
hecording to Rdl 9f gt qqtie anptriaRent o' Be STHRIALS) "bop. poard- 1014

I s provided, e processings. concerning the first to third | ayers are
execut ed by t:tge reb@aq;rgﬂj;mcl@_o ghe plivsieat medel 50‘61151 Eiﬂ“rr&%f ormat of the
per f or mance dat a Various data formats utilized in the second

enbodi nent  winodwlew B3 wpapibegeqgiinedr 60 erpulajet a iygicak 13A- 13D, Figure
13A shows a file of performance data, which is stored in the hard disk

1003. I n Fi gunsti@dentunByathe 6y, ddrereesreavhsiater frald moriddl at the top of
the performance data file. The 44

header 1101 reeehdsity eyithesiiesueBi@ld soudsolesdhigheduildloveosnee to be
enul at ed, the nunber and contents of tones used in a song represented by

;Eeeﬁﬁ[ ‘;E’rega;%(gcrtl%ﬁte@nt‘lie@?iiﬁgc%%?ritlﬁ?ldissé’ligﬂﬂy-raﬁféﬂéfn%r(ﬂ.‘@ﬁéﬂ&iﬁf' ating to
on a sound source LSI chip installed in an electronic musical
instrument to be emulated, even if the fundamental method
is the same. The sound source modules 1031 to 1033 are
provided with algorithms emulating the basic operations of
the various sound source LSI chips as accurately as possible.

In the fourth layer, pseudo sound sources 1041 to 1045
are provided to emulate the various sound source LSIs. The
pseudo sound sources 1041 to 1045 emulate discrete sound
source LSIs by commanding selection, combination, or scaling
of various control parameters used in the basic algorithm to
the sound source modules. The characteristics of a musical
sound signal generated by the sound source modules is not
only dependent on the hardware configuration of the sound
source LSI, but also dependent on a controlling program of
the sound source LSI. r.l‘he controlling program is originally
designed to control a specific mode] of an electronic musical
instrument, and varies due to the difference of the softwares.

Thus, in the fifth layer, there are provided sound source



sour ce i ncl udes: (a) The type of the sound source of the

el ectronic musi cal instrunment to be enul ated. Nanely, the type
refers to PCM sound source, FM sound source, physi cal nodel sound
source and so on. (b) The nodel code of the sound source LSI of
the electronic nusical instrunent to pg enul at ed. One or nore of the
nodel code is specified. (c) The nodel code of the electronic

i cal ' d. Th | i vel
ererred to AR L0510 [06orHat RoRdhseRTs Fies] Gekiteel80nt ai ned i 1

a tone generating systemof the nodel elecironic nusi ¢al

i nstrunment t eneladeutlze eperation piimefd? Ulcontrgdhingehe Lsdualiips ol e
parameter field, in which control paraneters are recorded for each tinbre.
General |y, thkerfespmdinfg soand sduree; entd corparaankitbe pseudio fsoemeht from
instrument to instrunent. In this enbodinent, the format of the control

paranmeters rgeardes 1041t te 19d8ntb emulate the internal processings of 45
source paraneter field 1102 depends on the type of sound source. The

format is ideRkigs| dﬁPt ke A9t R&lsoldBbubte b*ﬂetoifélﬂyln’él;i’é%iﬁgr gontrol

parameters of the electfonic nusical instrunment to be enul ated. Nuner al

1103 denot es¢g, ?ééﬁﬁl@&%@.a&-h%ﬂipfenom118rbse‘ﬁ?d’c?%{lﬁ?dd%ﬁrée% recorded to

create a desire
1041 to 1045 may be called in case that a model tone

generating system to be emulated comprises multiple sound
source LSIs.

The sixth layer are provided with application softwares
1061 to 1065 such as sequencers, games and arrangement
softwares. The softwares 1061 to 1065 select adequate ones of
the sound source drivers 1051 to 1055 in order to generate
musical sound according to the algorithm described later. If
the optional DSP board 1014 is provided, the processings
concerning the first to third layers are executed by the DSP
board 1014.

A4. 'Data format

(1) File format of the performance data

Various data formats utilized in the second embodiment
will now be explained with referring to Figures 13A-13D.
Figure 13A shows a file of performance data, which is stored
in the hard disk 1003. In Figure 13A, numeral 1101 denotes a

header allocated at the top of the performance data file. The



musi cal sound. The waveform data nay be a sanpling data in case that the
sound source of the electronic nmusical instrunent to be enulated is a PCM
sound source, or nmay be a nonlinear function table where data conprised of
sanpled values are stored in the table addresses in case that the sound
source to be enulated is of the physicgl nodel type. Nunmeral 1104 denotes a
sequence data field, in which event data of the song is sequentially

recorded. The fornma t he sequence .data 1104 nay be t same as that of
LMD dat o Theael 110t s s o it 65 T RUD Gty RPUAR

Various data formats stored . in éhe RAM 1011 wi || now be e%xpl ained with
referring to SAYEeeo E%e ed, the oy - ang conieaba ol tonesgesed es a

waveformdata field, in which a plurality of the waveformdata W are
recorded. Nuneralsoiigl Oepeesardedaby dilred pepforeranae aletire rtifritaledcades ai ni ng

sound source parameters PDl, PD2 ... PD16 which are separated into 16
parts. Each saubdosout CEhpandorteitién aletaiingr s andethulatsd wauirals
paraneters to 46 generate various

sounds. One s@furek i¥RIAHegOUrce paraneters is shown in an expanded formin
this Figure. In this exanple, the sound source of the instrument to be
enmul ated is the PCM sound source. The paraneters include waveform

desi ti data whi L f f
dosi onati on data ar e 1 B RN ARg I BE Sl BREMGtrahlS 05 S or e,
of the  sound sodFiBiak B BEEIL to R Pofalatedo NRgeely: TR Shown in

Figure 13C, nuneral 1130 denote n i nput buffe ich stores the contents
of the sequence daiRe 1€ Slf&akél\/?ls@ EONESY é‘ﬂ\gr@%UUgSQMWDI dat a

inputted through the MDI interface 1007. The input buffer 1130
physical model sound source and so on.

(b) The model code of the sound source LSI of
the electronic musical instrument to be emulated.
One or more of the model code is specified.

(c) The model code of the eleétronic musical
instrument to be emulated.

These data are collectively referred to as device
information which indicates devices contained in a
tone generatihg system of the model electronic

musical instrument to be emulated.

Numeral 1102 denotes a sound source parameter field, in
which control parameters are recorded for each timbre.
Generally, the format of the timbre control parameter is
different from instrument to instrument. In this embodiment,

the format of the control parameters recorded in the sound



stores event data IDl, ID2, ID3 ... in tine series. The nunber of current
event data is recorded at the top address of the input buffer. Each of

event data IDl1, ID2, ID3 ... conprises event information (note-on or
note-off) and tinme information indicative of timng when the event has
occurred. (4) Sound source registdp Nuneral 1140 denotes a sound

source register shown in Figure 13D. The sound source register 1140 has

32 tone geng Atk RARRel el @0 D ARRE B of N SBYPE Giodifedr egi ster 1S

shown in an ofm as an exanp erein

47 sound source of e dnstrument to emyl ated.is; the P und sour ce.

Each channel S9Cfe tgﬁ rgb%tr },Sel(i%lyilggg:or O?Hgllﬁﬂ]e%%P@'%nﬁ& assi gned

to the channel, t({ue wavef orm desi gnat i onp%%a tﬁﬁ?specjfy one pof the

wavef or m dat $AURG FOURES FBHEPH RRaAMeleds PIXgie §iRFLEPRET YAI§2handed to t he
pseudo sound source. The contents of the sound source register 1140 may be
di fferent depsstanmeptoip biecemypdated. t he pseudo sound source which is

equi valent to a sound source LSI provided in the emul ated instrunent. Bl.

Booti ng and | nitilumersy 1H3 Slestodes a wavHiermpderbaifieldgfint whislecond
enbodi rent w Il be expl ai ned hereunder. The conputerized nusical tone

generating sysiesiornnsddrs édresorelael edairente nedespedatintigreswét em and based
on a shell program (w ndow systen). The shell program creates various icons

on the displ eﬁﬁu%ﬁ%l-sdﬂn(ﬂ.he[‘hé'%z%é}bkﬁfﬁa%ﬂ RSN HEoK rs%@?ﬁgﬁ%?ﬁﬁﬁﬁ the

musi cal tone. ‘generation program nmeans of use t oo ow 1200 is

operating sy Phabite SullitncR o P SIEdEon it B 2na i me 51 ot9)
e e Sk S AR AR S PSRBT T ot e, 11
Fi gure 15A. Upon invoking the nmai.n program as shown in_Figure 15A
pr edet er mi ned Dendingar funetionstaklsewhere idatassamprised of sampled
values are stored in the table addresses in case that the sound
source to be emulated is of the physical model type. Numeral
1104 denotes a sequence data field, in which event data of the
song is sequentially recorded. The format of the sequence
data 1104 may be the same as that of a MIDI data file.
(2) Sound source parameter and waveform data -
Various data formats stored in the RAM 1011 will now
be explained with referring to Figures 13B-13D.
In Figure 13B, numeral 1120 denotes a waveform data
field, in which a plurality of the waveform data WD are
recorded. Numeral 1110 denotes a sound source parameter
field containing sound source parameters PD1, PD2 ... PD16
which are separated into 16 parts. Each sound source

parameter field is recorded with various parameters to



48 In step SP1, the procedures |isted bel ow are executed. (1) Loading
an initial file A predeterm ned directory of the hard di sk 1003
accomodates an initial file defining the contents of the initialization in
the nusical tone generating system The contents of the initial file are

| i sted bel ow (a) Presence/ absengg of the DSP board 1014, and the

type nane thereof if the DSP board is present. (b) Types of a default
sound source driver, a default eugﬁ sound  source, and a default basic
sound sour ce SGRFFRLE, Various ougs.; B%S?‘E)Pftsﬁ'é‘l PAUT € B RdSYdSce
driver, the default pseudo sound source, and the default basic sound source
modul e. 1schawnam angexpandeqd fozm dasilysdiigigre: na this pxpmples.

(2) Setting up the default sound source driver, the default pseudo sound
source, and tiie detiad soweed of $hendstsoorand tod emulated isttde SP1, the
default sound source driver, the default pseudo sound source, and the

defaul t basi cP&iMnsosndr seuroedulteapardeders ndudewaveforai sk 1003

according to the contents of the initial file. The setup of these resources

can be nodi fi&%i@ﬁa@i%?%[ath%gch%f de¥fiéd S nResf %gﬁﬁﬁﬁ*eﬂﬁiﬁ-dﬂé@ detail of

the setup of the“sound source driver, pseudo soun

49 source, apf 0g3LerG0H JesBbE ol A hCate dIErd °8EpkAlThg on  (3)

Gt her initialtzations
contents of timbre registers. The number of the waveform

data may be several times as many as the number of the
sound source parameters.

(3) Input buffer

As shown in Figure 13C, numeral 1130 denotes an input
buffer which stores the contents of the sequence data 1104
loaded from the hard disk 1003 or MIDI data inputted
through the MIDI interface 1007. The input buffer 1130
stores event data ID1, ID2, ID3 ... in time series. The
number of current event data is recorded at the top address
of the input buffer. Each of event data ID1, ID2, ID3 ...
comprises event information (note-on or note-off) and time
information indicative of timing when the event has occurred.

(4) Sound source register

Numefal 1140 denotes a sound source register shown in
Figure 13D. The sound source register 1140 has ‘32’ tone
generation channels. One channel of the sound source register

is shown in an expanded form as an example wherein the



After the procedure described above, various initializations are done in
step SP1, including setting of initial values in control variables. B2.
Mai n Loop After the initialization, the procedure advances to step
SP2. In step SP2, the input buffer 1130 is accessed in order to check if
new M DI data arrives through the M DKW7interface 1007. If no MDI data
arrives, the procedure advances to step SP4. In step SP4, occurrence of a

switch event is detected. he.sw t ch event, i ncl udes ;a. ngus ration
ovent it hi'n SN SoRER Of A TEAt Gy B b SRR RERE The W naow
1200 is active. ICL no swiigqh event, ik(\g %rpocedure advances to step SP6. In
step SP6, a fSOAReRUTSe+ ackychanpel jof the sound sqyreg registetdi cat es

whet her aut omati c _perfornmance according to the performance data stored in
the hard di skecoodsithe nate anunpepaissigeddot de channslathemati c

performance is in progress, the flag RUNis "0". Then, the process steps

forward to stweavéettn desighetosPdata dot specifymareatf dhe wavekssnng
subroutine shown in Figure 18 is called. However, if the sound source

regi ster 114Qeehm nble Wahvefamy datafild 1A20, 40¢ dtdre denehaindud

processing subroutine actually does nothing.” The details of the tone

generation pracgse!gi@udo sound source. The contents of the sound source
register 1140 may be different dependently on the type of the
pseudo sound source which is equivalent to a sound source
LSI provided in the emulated instrument.
B1l. Booting and Initializing the System

The operation of the second embodiment will be

explained hereunder. The computerized musical tone
generating system runs based on a predeterrriined operating
system and based on a shell program (window system). The
shell program creates various icons on the display 1002. If the
user clicks an icon corresponding to the musical tone-
generation program by means of mouse tool, a window 1200 is
operied on the display 1002 as shown in Figure 14A. A kernel
of the operating system allocates predetermined resources
(memory and time slots) for the musical tone generating
system in the second embodiment. Then, the main routine of
the musical tone generaﬁng system is invoked as shown in
Figure 15A. Upon invoking the main program as shown in

Figure 15A, predetermined initialization is done in step SP1.



50 subroutine will be described later. In the follow ng step SP11, other
various processings are done. The steps SP2 to SP11 of the main | oop are
repeated. B3. M D Event Processing Upon receiving an event data via
M DI interface 1007, an interrupt signal is generated for the CPU 1009, so
that the MD receiving interrupt routg ne shown in Figure 15B is invoked.
Upon i nvoking the routine, the procedure steps forward to step SP21, where

t he received [ fr |_inte 07 to a

predet er m nemgégggp}hghé%i%%%ﬁlf.eg%gﬁe%%@@é}tet'J‘T;W |fr)if ormation is
read out from tm ttrrer .1008. .Tﬂg I)ﬁ ei ved data and the timng

i nformation are virli)t beAdMRE &k IBHdabAlE he i nput buffer 1130. At the sane
time, the input event counter at the top of .th i_nput buffer 1130 is

i ncrement ed by ' 1A predeteronaesk dH@Ct@é‘zé(ﬂfiﬂbﬁjiéﬁdvngg& ¢08BI done, the
procedure returns to the routine executed before the interrupt.

Ref erring baccdommadatesian, initial Hdepd efteing éhageontengoasf the st ep SP2 with
new y received data after the previous procedure of the nain |oop, the

routine brandpgtialigasiap i®Hhe musishPRoBEeridratBspeysteiry The newl y
recei ved data, a note nunber, note-on and other various data required to

synthesi ze  tdo (B GF t1{ODEItAEAYS b Qiktell bBRwoUNd source register
(a) Presence/absence of the DSP board 1014, and the

type name thereof if the DSP board is present.

(b) Types of a default sound source driver, a default
pseudo sound source, and a default basic sound source
module.

(c) Settings for the default sound source driver, the
default pseudo sound source, and the default basic sound
source modulg.

(d) Default directory for designating the initial file.

(2) Setting up the default sound source driver, the
default pseudo sound source, and the default basic sound
source module

In step SP1, the default sound source driver, the default
pseudo sound source, and the default basic sound source
module are loaded from the hard disk 1003 according to the
contents of the initial file. The setup of these resources can
be modified by a user input, or by the performance data. The

detail of the setup of the sound source driver, pseudo sound



1140. The processing executed in case that the received data

51 is note-on will now be described in detail with referring to Figures
17A and 17B. In step SP61 of Figure 17A, the note nunber, the velocity and
the tinbre code tn ( ("n" is one of the part nunbers '1' to '16
corresponding to the relevant tinbre)4gre respectively registered in a
variable NN, variable VEL, and variable tn. Then, in step SP62, the
processing concernin he. not e-qn_in. the current . tied sound source
G ver DR a) SPUaEFotRrhRARc SHEad S ek Ml el of BB T ot ar ty ¢ he
subrouti ne shown gSASiﬂure éﬁSEis.called. In Step SP71 of Figure 17B
a vacant tone ge& tREr dRHARMEAHPDShe sound source register is allocated
for the note-on event. If the sound source tp be enu)ated is of a type in
which a tone is ddterddiezprosgdum desaribesbabers, vam®UWhannel s are
allocated. In step SP72, original paraneters PDn ("n" is a part nunber) is
processed acdnitdahgationshare glome imustegy SINY, dudilg setiingy @F inigialt ep SP72,
the tone of the instrunent is changed not only in the pitch but also in

the tinbre. Raltbein ddigrol vare ey, be changed in response to the
operating velocity. For exanple, the tone of the piano changes due to the
key pressurepBdhugaip T4 conventional sound source, the sound source
paranmeters are s%t a%l y %dj usted according to the note nunber or the

V0% L) v TR e SRR 0 PR 1 e
SP2. In step SP2, the input buffer 1130 is accessed in order -
to check if new MIDI data arrives through the MIDI interface
1007. If no MIDI data arrives, the procedure advances to step
SP4. In step SP4, occurrence of a switch event is detected.

The switch event includes a mouse operation event within the
window 1200, and a keyboard event in case that the window
1200 is active. If no switch event, the procedure advances to
step SP6. In step SP6, a flag RUN is tested if it is “1”. The
flag RUN indicates whether automatic performance according
to the performance data stored in the hard disk 1003 is
currently being executed. If no automatic performance is in
progress, the flag RUN is “0”. Then, the process steps
forward to step SP10. In step SP10, a tone generation
processing subroutine shown in Figure 18 is called. However,'
if the sound source register 1140 does not hoid any data at
all, the tone generation processing subroutine actually does

nothing. The details of the tone generation processing



52 sound source to be enulated. In step SP73, the processed sound source
paraneters and the occurrence timng of the note-on event are stored in the
tone generator channels allocated in advance. The registration of "note-on
timng" is one of the significant features of the second enbodi nent, and

is never known in the prior art. The rgason why "note-on timng" is
registered wll be explained later. In step SP74, the note-on is

regi stered to_the gllocat channe] . ;After the,pr ssings, ab re all
Gone. the. pr cutordmErTHEDe deaEbad atEE o b T R FHES R6RE Ra 1 dvent
process subroutine. On the occurrence of notg;off, pi be c., the
simlar procé%tiieﬁg‘éa%f)ései%&ﬁﬂséﬁlga%a}"ﬁC{(H'l@- @&st%lﬁnjéf)g’oﬁ?g)ﬁ@e

enul ated. The_various data are registered into the allocated sound source
register. In téltwmﬂlntkwlb\?é‘ﬁtl‘@ dsi ngs, the registration of "note-on
timng" is executed, and this discrimnates the inventive conputerized
sound sour ce B8oMibd Feehtdbrockessmgce to be enul ated. B4. Tone Generation
Processi ng (1) Method of tone generation processing Ref erri ng back

to step SP10 of HRijpuherdéAvimhem 0ant dhita v MIDIdnterfaceel GOINd source
register (in other words, a certain tone generation channel is allocated to

some note eve hntdidGrAClinflal 9 yichatid fBX Y €T O08, SO Aertes at i on

. E%‘hgat
processi ng subroutine’ BePore expl ai ni ng the detai

53 t —~on. pr- ' ,C; net hod i
descr i bedwi ST B SH5E SPsha Rt BLA RS stBPh L TkBLe IBB Mnf pu at on
processes are_requi reﬂ in order. to ge‘nerate {he rrusiaal t%ne according to
the event datgvoked. Upon invoking the Toutine, the procedure steps

forward to step SP21, where the received MIDI data is loaded
from the MIDI interface 1007 to a predetermined area of the
RAM 1011. In step S.P22, timing information is read out
from the timer 1008. The received data and the timing
information are written at the end of the input buffer 1130.
At the same time, the input event counter at the top of the
input buffer 1130 is incremented by ‘1’. After the steps
described above are all done, the procedure returns to the
routine executed before the interrupt.

Referring back to Figure 15A, if the procedure again
goes to step SP2 with newly received data after the previous
procedure of the main loop, the routine branches to step SP3.
In step SP3, in response to the newly received data, a,lnote
number, note-on and other various data required to synthesize
the musical tone are written in the sound source register

1140. The processing executed in case that the received data



regi stered in the sound source register 1140. However, executing of the
wavef orm mani pul ati ng processes for each event occurrence may occasionally
cause trouble. If another event occurs while the waveform mani pul ati ng
process is executed for one event, the nultiple events should be

processed at the sane tinme by paralleblprocessing. This situation may
cause a variation of the processing tine for each event, and may ruin

quality of the song data reprodyction. .Thus, in t resent enbodi nent, a
del ay due to'% HQ?'?T% "Y@qGPF"EEPef ?SCEIH@GQH&@&EM@”@ g@@?&‘@@d?gr
conpensated |n order to eljninate the i ffect of ariation of the
processi ng tFrkﬁl.u‘%lwﬁﬂaélCt ?Z&)nlen §F¢Pt§é6f\/%fvgi%% hrgﬁh é?—%ﬂlioé'ﬁ processes
are executed together once every period Tp. As sho i.n Figure 19, the

wavef or m manipmiher othe velesisysand dheetimebre goide tw{iancisdonpedi odi cal Iy at
timngs of t1, t2, t4, and t5. Though an individual time T[err] required to

the wavef or nthamiaul athdery deess 16 cofrespendinghte theirelewae ue of the
time T[err] is 'defined as T[err]. By the way, as nentioned in the

foregoi ng,  {hghseyade1RRpRALRELPFepRFE] 1804 VAHIAHIUNDS, VALiaBIY 1009

54 fromtinme to tine to read out the processed waveformdata in the RAM

Loss, and o1 5y B SaW 4088l SPo! eB bmng e Trory

effected at tcgﬁcerning the note-on in the currently selected sound source
driver DP(a) (subroutine in the fifth layer) is executed.
Particularly, the subroutine shown in Figure 17B is called.

In Step SP71 of Figure 17B, a vacant tone generating
channel of the sound source register is allocated for the
note-on event. If the sound source to be emulated is of a type
in which a tone is synthesized by two sound sources, two
channels are allocated. In step SP72, original parameters
PDn (“n” is a part number) is processed according to the
note number and the velocity etc. In step SP72, the tone of
the instrument is changed not only in the pitch but also in
the fimbre. Further, the timbre may be changed in response
to the operating velocity. For example, the tone of the piano
changes due to the key pressure. Thus, in the conventional
sound source, the sound source parameters are sﬁitably
adjusted according to the note number or the velocity.
Likewise, in this embodiment, the sound source parameters

are modified with the algorithm similar to the conventional



constant pitch of T[err]. Thus, the address in which the waveformdata is
stored and the actual note-on timng of the sound signal are correspondi ng
to each other in a certain relationship. Accordingly, the actual note-on

timng is delayed by T[err](T[err] [err] T[err] + T[err]). In other words,
the processed waveformdata is wittersd n the address corresponding to the
del ayed note-on timng. Thus, if a note-on event occurs wthin a tinme sl ot

fromtl tot 3 er t3.

Usual 1y, ¢ ne S ot e B3 Eiudlafed, I TR D 78, HRIPLECeRRY the del ay
time TD may var ue to how t he cons itch Tl[err].is set

bossi bl ety o Fouice SAametSRutha. i pscHs 1 B e Terr
and to set the delay tine TD to abqut 0.01 sec, so ri\t t he pl ayer does
not feel unndi@ePy e¥YdhaEe SFekes fmh%h%rtogﬁeg%elﬁéﬁn wnwjér ating an
instrument connected to the MD interface 1007. As mentioned in the

f or egoi ng, |ta1il($cafr&£hmr26£hva1m& edihst Eeglstlmfad;lusﬁ eénote-oposimpmgtessed sound

source parameters, and "note-on timng" in the sound source register. This

i's required tenexiclesigiificant featares obrther sossl sglscdimmene| ynd n the
present enbodi nent, the timng 55 when

an event 000%&?&@1“12&5%1?@11%@?&% hPt OMIR réasditkehy Phasie-annot e-on at a

timng after the delay tine el apsed” in response to the event

occurrence. Iet?ﬂ“ai‘ g@[ i9'PEERt el 2 willPHR BN 6 GRS B skBpidipg4embodi ment

is unique in
the note-on is registered to the allocated channel. After the

processings above are all done, the procedure returns to the
main loop through the note-on event process subroutine. On
the occurrence of note-off, pitch bend etc., the similar
processings are executed as in the model sound source to be
emulated. The various data are registered into the allocated
sound source register. In any of the event processings, the
registration of “note-on timing” is executed, and this
discriminates the inventive computerized sound source from
the real sound source to be emulated.
B4. Tone Generation Processing

(1) Method of tone generation processing

Referring back to step SP10 of Figure 15A, when some
data is written in the sound source register (in other words, a
certain tone generation channel is ailocated to some note
event), the actual sounding is executed in the tone generation

processing subroutine. Before explaining the details of the



does not only enulate a discrete register of a sound source LSI to be
enmul at ed, but al so nenorizes the timng information of event occurrence.
(2) Details of the tone generation processing The tone generation
processing is carried out by calling subroutines belonging to the fourth
| ayer. An exanple of the process is $3own in Figure 18. In step SP81 of
Figure 18, the content of the sound source register 1140 is searched. In
step SP82, it is tested if new data is registered in any.register slot or
Lone gener at iORCRSAREANIBY PERGISSIHy SURTOREING oA%iS RAOTSear ch i n st op
SP81. If new data registratjon is. detgected in st SP82 (' YES branch in
the Figure), mﬁéﬁﬁﬁlo@e %@15633‘”1'&11)1"% Bmﬂbég,th%ﬁp\%u%%g-s A ¥¥% pseudo
sound source SP(gg is called to function as a discrete sound source LSI to
be enul at ed. WaW qzmunanspu}mtlenqrmes%&)arecmqemmd theonddrt el par anmet er
data registered in the sound source register 1140 into effective or

equi val ent pgreerate that musicabboneladdoedibgdioctlsoevdnsalateze nodul e, and
the conversion result is stored in a predeterm ned area of the RAM 1011. In

step SP84, 3cBaftleredayintheé AisRl %ﬁt%@rbfgﬁeér 19 462! HewevERe

56 sound source nodule MP(c) 1s divided o0 sound source 5ubrodul es

MP(c)-1 to 'VPe(x%)cu%ingQﬁ ﬁl@%ﬁr@gﬁ&ﬁgj&mr@%ﬁ;%&i Sadp! led in

step SP84. I'n order to prepare | at i on

processing shown.in Figure 19 _the soun our ¢ ul -1 sets up
various par ar?&te@li‘so?% CPE§ ’%@[b} 9§ga§1§g$é1§’05ﬁ}1§%ﬁ#§§5g%-i mg/g&%%t hesi s.
Namely, the %%Vgn% occurs while the waveform manipulating process is

executed for one event, the multiple events should be
processed at the same time by parallel processing. This
situation may cause a variation of the processing time for
each event, and may ruin quality of the song data
reproduction. Thus, in the present embodiment, a delay due
to the time required for the processing is averaged or
compensated in order to eliminate the ill effect of the
variation of the processing time. For this reason, all the
waveform manipulation processes are executed together once
every period Tp. As shown in Figure 19, the waveform
manipulation processes are sequentially commenced
periodically at timings of t1, t2, t4, and t5. Though an
individual time T required to the waveform manipulation
process is different, the maximum vaiue of the time T¢ is

defined as Topmax. By the way, as mentioned in the foregoing,

the sound reproduction device 1004 interrupts the CPU 1009



regi stered data woul d be the event data such as note-on, note-off, pitch
bend, expression, pan etc. The detail of the waveform mani pul ati on
processing is defined here in this step. For instance, the manipul ating
process for the pitch bend event is just shifting a pitch. Oherw se, the
process for the expression event is just volunme change. As shown above, the
sound source subnodule MP(c)-1 enul ates various internal <circuit bl ocks

included in g 0 ) : e L at ed., . ; the. third

| ayer. The p?gélggrseﬁﬁ% %%ﬁﬁ%ﬂ{%igﬁg %ﬁﬂ}qhgégﬂ%@g@%&?}%\%}%ﬁr@ ﬁ@@oﬂ%d source
subnodul e MP(¢) -4 | uted.,with respect onky to a.tone neration
chainel of o NelesBhBL Jifioend fiomverts at mtfeme‘wwa@aslggaﬁia stered.

In steps SP85 and SP86, it _is tested if the current tine reaches the timng
to commence URPIREVELHTN i paemarygaceesscek shereproduction slevisein Fi gure
19). The procedure returns to the main loop if the test is resulted 'NO .
Upon proceedili4 ts stiepesPgelyahndr intlesmititently effentedeatitbe the tinming (t),
57 steps SP87 to SP89 are executed. In step SP87, the sound source

subrmodul e MP(os2ain$ mischesft THheThmsydheoaddeesssitbwldidhetIMP(c) - 2 prepares
for the waveform mani pul ating process according to the effective

parameters ohygvéefen Mty st ahdehey actlil YRiteoss tRinpedLthear €

expanded on the tine base. In the following step SP88, the sound source

sunrea e VPGl kel oo coaseutanl SOUMICBIR: B ERkeul o0 o 1o
W(c)-2 and MG aghd"H &t iR e Betd M o8 Uik gug! N gher than
delayed by Tp(Tp > Tp + Tomax)- In other words, the

processed waveform data is written in the address
corresponding to the delayed 110ﬁe~on timing. Thus, if a
note-on event occurs within a time slot from t1 to t2, the
actual note-on of the event is executed after t3. Usually, the
delay time Tp is set approximately to 0.1 sec. As the delay
time Tp may vary due to how the constant pitch Tp is set up,
it is possible to shorten the synthesized waveform data access
interval Tp and to set the delay time Tp to about 0.01 sec, so
that the player does not feel unnatural response even if he or
she is manually operating an instrument connected to the
MIDI interface 1007. As mentioned in the foregoing, it is
required to register the adjusted or post-processed sound
source parameters, and “note-on timing” in the sound source
register. This is required to execute the tone generation

processing accurately; In the present embodiment, the timing



a  predeterm ned value. The processings in the subnmodules MP(c)-2 and
MP(c)-3 are executed with respect to all the note-on channels, and the
waveformdata within the fixed duration T[err] is calculated and

synt hesi zed for each channel. The waveform data synthesized for each
channel is accunulated in the sound $éurce subnodule MP(c)-3, and the
sound data for the fixed period T[err] is conpleted as the result of the

aceuml at | onw By eSS ARAAN SRAIRINE! ARt 168l 6! ahied sound

data is reserv e reservation 1I's ~se reproduction device
1004, so that ;the succeeding calcul at nd a..can e +eproduged

fol |l ow ng topflhgepﬂ‘élé’i&%b ago%%&%dggaﬁgﬁf %&ﬁtﬁlggé’eﬁiﬁ‘aigd‘% digflﬂ m ng when
the data is to be reprodu&rﬁd. After all the rocess is xe;&ut ed, the
procedur e refBriSPOSSLHE FHLEYBYpOCaIENCehn other words, the

58 actual note-on corresponding tQ each event is realized wiith the delay
TD. B5. Swit shuBdesourecegistay in this exhodimensd: scanique iaxdwntt Hd on
occurrence of the switch event by neans of the keyboard or nouse tool in

the input deldesend®@hlwi étnbletesplmcoett régister obg baukdt sodr@ure 15A,
when a switch event is detected at step SP4, the procedure branches to step

SPs, i n vhi ol 3heo psoessslaeranmolionthdmoiRstHd eimevgnt | s execut ed.

The switch event processing w e expl ai ned bel ow. (1) "File

button 1201 infonﬁitﬁﬁ‘?% eiv'%n'fi @é&ﬁ"réﬁée. if "File' button 1201 is clicked

(2) Details of the tone generation processing .

The tone generation processing is carried out by calling
subroutines belonging to the fourth layer. An example of the
process is shown in Figure 18. In step SP81 of Figure 18, the
content of the sound source register 1140 is searched. In step
SP82, it _is tested if new data is registered in any register slot
or tone. generation channel by referring to the results of the
search in step SP81. If new data registration is detected in
step SP82 (“YES’ branch in the Figure), the procedure goes
to step SP83, in which a suitable pseudo sound source SP(b)
is cdlled to function as a discrete sound source LSI to be
emulated. The pseudo sound source SP(b) converts the initial
parameter data registered in the sound source register 1140
into effective or equivalent parameter data to control the
basic sound source module, and the conversion result is
stored in a predetermined area of the RAM 1011. In step
SP84, a basic sound source module MP(c) is called. The



by the nouse tool on the wi ndow 1200, a file selection w ndow is displayed
over the wi ndow 1200 on the screen of the display 1002. The file selection
wi ndow di spl ays the name of the performance data files stored in the
predeterm ned directory (the default directory specified by the initial
file). The 'performance data file' isb@ file having a data format shown in
Figure 13A, and predetermned file extension is attached. |If the user noves

a nouse poi nt t i i ] . and | e-clicks the nopuse
tool, ther elﬁ}gié%lﬂgeg%@s&u%m E@I Léchgﬁ‘r&%gf gfﬁeb. Sgﬁgﬂ &flxxle(’esubr outine to
handl e a data f,ile repr ion co d\ gvent if executed as shown in
Froure o o GRAIE T & MRICLE: elid dhe @M Soite

59 is prepared for_ retyrj . In s&e .SP32, ih_)e t one generating system or
sound source % @é)cd‘blﬁ Mﬁéé})‘ﬂn@ ¢ @qgéllh%@@eé 8401, the sound source
paranmeter field 1102, and the waveformdata field 1103 of the selected
performance dat a Iif iorder Toepsepare foonexd Wavefdrensmamdpatation i s shown in

Figure 16B. In step SP41 of Figure 16B, the 'type of sound source' defined

in the headerphddkksisg rsbgivei anelligureal19athabdcind Gburks dutamioeldlewi ng st ep
SP42, the values of the variable TGT is analyzed, and the target sound

source is | deIVIPQé)?@-sétB 111§tﬁﬁ'i§ﬁ§%)ar&%é%eﬁsc 1iréd feRdlfe are determ ned
according to the‘identifi'ed sound source. The Vvariable a is the nodel

nunber of t heySoud AMGEPMLNEE of sbBthBe TRl AYTRRE Glylpe pseudo

sound source, c'rsthe nunb sound source™module. In
Ztet(:a pug?{?"h et 21%@%“92%@?@5% Sroild Be tIE @entPES S8IH s L ey(%{,i able ais
note-off, pitch bend, expression, pan etc. The detail of the
waveform manipulation processing is defined here in this step.
For instance, the manipulating process for the pitch bend
event is just shifting a pitch. Otherwise, the process for the
expression event is just volume change. As shown above, the
sound source submodule MP(c)-1 emulates various internal
circuit blocks included in a sound source LSI to be emulated,
and belongs to the third layer. The processing in the pseudo
sound source SP(b), or the sound source submodule MP(C)—I
is executed with respect only to a tone generation channel of
the sound source register in which new data is registered.

In steps SP85 and SP86, it is tested if the current time
reaches the timing to commence the waveform manipu;lating
process (t1, t2, t4, or t5 in Figure 19). The procedure returns
to the main loop if the test is resulted ‘NO’. Upon proceeding

to step SP86 after the current time reaches the timing (t),



driver DP(a) is |oaded fromthe hard disk 1003 into the RAM 1011. Simlaly
I n steps SP44 and SP45, the pseudo sound source SP(b) and the sound source
modul e MP(c) are read out fromthe hard disk 1003. Nanely, a set of
software nodules are selected fromdifferent |ayers of the software
resource to integratively set up the tsgne generating system which enul ates
a sound source of a nodel electronic nmusical instrunment. In step SP46,

mul ti pl e sound so par rs are prepared, ac ,ng to the sound
source para -8PS¥$]§§Z o %rﬁé ate executed In step %?529?, bhe 806161(1 1102 of the

selected file. The requir 0 sQurce .. par ters are expanded on the
sound sour ce S93&ReT InMCﬁﬂaSNEf%@-23§éaﬂ€gﬁrﬁ%@?unF mEES SP47, waveform
data specified, by the waveformdata field 1103 is expanded on the waveform
data field 15xbmadhde MH’&)h% iepeaes dor et W@N@goranowuupeﬂatmm shed, the
procedure returns to the original caller routine (File reproduction

routine in tipoaesseccording Ret theieflgcbaakphvantetprSbdanied hn stegur e 16A
subroutine to handle the data file reproducti on command event, preparation

for automati GPA! MARMIS, kheCRlribRS pitamefcdt driesérpaAded Ghefir! er m ned

portion of the sequence data 1104 iS read out in advance.
time base. In the following step SP88, the sound source
submodule MP(c)-3 is called, and actual sound data is
calculated according to the expanded parameters. ‘The
processings in the sound source submodules MP(c)-2 and
MP(c)-3 generate the musical tone having a level higher than
a predetermined value. The processings in the submodules
MP(c)-2 and MP(c)-3 are executed with respect to all the
note-on channels, and the waveform data within the fixed
duration Tp is calculated and synthesized for each channel.
The waveform data synthesized for each channel is
accumulated in the sound source submodule MP(c)-3, and
the sound data for the fixed pefiod Tp is completed as the
result of the accumulation. Then, in step SP89, reproduction
of the calculated sound data is reserved. The reservation is
set up in the reproduction device 1004, so that the succeeding
calculated sound data can be reproduced following to the
preceding sound data currently reproduced at a timing when
the data is to be reproduced. After all the process is

executed, the procedure returns to the main loop. Thus, the



By the processings shown in Figures 16A and 16B, the initially selected
set of the default sound source driver, the default pseudo sound source
and the default sound source nodule are replaced by the new ones accordi ng
to the device information of the header 1101 and the waveform data field
1103. In the initialization of step SBB a simlar procedure as the sound
source setup subroutine (Figure 16B) is executed. However, in step SP41l of
Figure 16B, the type of sound source specified by the header 1101 is
stored in theéGizeElapte-ongorigspoadingftaueack aventsisurasdizeghaviths stored in
the variable TGT in the initialization step. (2) '"Select Tinbre'
button 1202 the delay Tp. 61 Referring back to
Figure 14A, if the '"select tinbre' button 1202 is clicked on the w ndow

1200 with thBivdeitch EviemtrBroedssihion wi ndow 1300 as shown in Figure 14B
I's displayed on the screen of the.display 1002. In Figure 14B, nuneral

1302 denotes ti ntN@WS,edl%}ah‘@@eééiﬁgsexé@ﬂitﬁﬂu%%cd?ﬁ%h@@%fatshé@ t@s the

nunber of the channel’'s or parts o the so source to be enulated ('16'

parLs, 2 SN} S Bl WAt BF PRSP TARSH, 1 oo
d_i spl ayed. T'}Fe\}iicgblr(ﬁ)ls%&lri?ﬁ)ieoé]xﬁliaﬁltle&?’ %et%rr]fjiqlegr Bhck éd ﬁrg%%e 154,
when a switch event is detected at step SP4, the procedure
branches to step SP35, in which the process corresponding to
the switch event is executed. The switch event processing will
be explained below:
(1) ‘File’ button 1201
As shown in Figure 14A, if ‘File’ button 1201 is clicked
by the mouse tool on the window 1200, a file selection
window is displayed over the window 1200 on the screen of
the display 1002. The file selection window displays the name
“of the performance data files stored in the predetermined
directory (the default directory speciﬁed. by the initial file).
The ‘performance data file’ is a file having a data format
shown in Figure 13A, and predetermined file extension is
attached. If the user moves a mouse pointer 1204 on the
displayed file name and doﬁble—clicks the mouse tool, the
relevant file goes into ‘selected’ state. Then, the subroutine to
handle a data file reproduction command event is executed as

shown in Figure 16A. In SP31 of Figure 16A, the selected file



whi ch can be selected. The currently selected tinbre is displayed in a
reverse pattern. In the exanple showmn in Figure 14B, '3 Electric G and
Piano' is selected in the part 1. The nunber preceding to the name of the
tinbre is called tinbre code. If an area showi ng another tinbre nanme is
clicked with the nouse, the area is réversed, and the portion selected
before returns to a normal display (this state is called 'tenporal

selection'). .To chan he tipbre i.n a pa ther than part 1, a
preferred pad® W@P@éga(ftof théle‘@g‘ )1110$tep S?e?)gst e3091e LENGTBEEL wi t h t he
nouse, and another tinbre _selection |ist 1302 _of the relevant part appears
in the tone s¥sbemi oh seuAdbwonso® is set Al ascerding tortlesbsatercli cked with
the nouse after the tinbre is selected tenporally, the tenporal selection

state is all lddcdihedso@ndt smurehpardareder iffeld 1102, and the
62 ‘'enter' button 1303 is clicked with the nouse, the processing shown in

Figure 16C i sygxsdovhedaval el 1008t of theaeledtat! perfbthaiied idaital | Nbre code
tn ("n" is "1 to '16') set to each part is chahged to the tenporally

1
sel ected ti m& "’PH?i-sgl gﬁaﬁgéeesstfb‘% @ﬂa“@ LRAUESEr RA(LPER R field 1110 and

t he wavef or at a O are updated in response to the newy selected
e o0 ARoFtoR, Sk SRl LRSI chlafer S, 10
executed according 496408 NP¥hY header 1101 is registered in a variable

TGT. In the following step SP42, the values of the variable -

TGT is analyzed, and the target'sound source is identified. In

step SP42, variables a, b, and c are determined according to

the identified sound source. The variable a is the model

number of the sound source driver, b is the model number of

the pseudo sound source, and c¢ is the model number of the

sound source module. In step SP43, the sound source driver

DP(a) specified by the variable a is set up. The sound source

driver DP(a) is loaded from the hard disk 1003 into the RAM

1011. Similarly in steps SP44 and SP45, the pseudo sound

source SP(b) and the sound source module MP(c) are read

out from the hard disk 1003. Namely, a set of software

modules are selected from different layers of the software

resource to Integratively set up the tone generating system

which emulates a sound source of a model electronic musical

instrument. In step SP46, multiple sound source parameters

are prepared according to the sound source parameter field



sel ected paraneters such as sound source paraneters. (3) Start event
process Upon clicking the nouse on a 'Play' button 1203 on the w ndow
1200, the flag RUNis set to "1", and then the procedure returns to the
mai n | oop of Figure 15A. Thus, in step SP6 of Figure 15A, the procedure
branches to "YES direction to step SEg. In this step, the current tine is
tested as to whether it reaches the timng to generate a next event in

t he sequence 4 i e performance data. The event stored
at theqt op of Tihg %éghﬁng@ie‘%&ﬁaﬁhoﬂ 1S TeGUFEASSIBE rSOWIEEt ed as ' YES at
step SP7. In subsequent step SP8, the event at the top of the cue is
processed. Thparamsterprasecespanded e rilleasouind ssarcsPsarameter disddsi ngs on
the input M DI S|§nal). For instance, if the top event is note-on, the

procedur es shdb0i(Bde fligase IBB ankh bfﬂaéﬂéél’é;(&muddrm data speciﬁed
63 In step SP9, the timng to generate a next event is acquired according

to the duratiby €laé avabdforni dathofell 2003 1%"é¥q§é}ﬁdedtdlﬁ thleowRgdferhet ur ns

to the main loop. Thereafter, in step SP7 of the main |oop, the current

time is testegdakh ﬁ(ﬂdr mbe flePeall it &é‘éssbé‘ rﬁgfg’g%%d hbotfaeatest result

I ndi cates ' YES , e proce ure branc to step and the event

processi ng rﬁh?é’l?@cﬁ, tie L[ﬂ%ctecmr@grétﬁlﬁéec%ufﬁg original caller routine
| (File reproduction routine in this case).

Returning back to step SP33 of the Figure 16A
subroutine to handle the data file reproduction command
event, preparation for automatic perforrﬁance is carried out.
For instance, a predetermined portion of the sequence data
1104 is read out in advance.

By the processings shown in Figures 16A and 16B, the
initially selected set of the default sound source driver, the
default pseudo sound source and the default sound source
module are replaced by the new ones according to the device
information of the header 1101 and the waveform data field
1103. In the initialization of step SP1, a similar procedure as
the sound source setup subroutine (Figure 16B) is executed.
However, in step SP41 of Figure 16B, the type of sound
source specified by the header 1101 is stored in the variable
TGT, while ‘default sound source type’ is stored in the

variable TGT in the initialization step.

(2) ‘Select Timbre’ button 1202



(4) 'Pause'/'Stop'/'Fast-forward' /' Rewi nd' event processes Upon
clicking 'Pause' button 1205 or 'Stop' button 1206 wth the nouse tool, the
flag RUN is set to "0" before returning to the main |oop. After that, the
steps SP7 to SP9 are never executed, and the automatic playing accordi ng
to the performance data in the systerfiis ceased, and the perfornmance
according only to the external MDI data is reproduced. |If 'Fast-forward

button 1208 is cly : V- , e; e dat 4 is skipped
over at high speefé.%ﬁ%llug%dgﬁo'%ﬁ%dlé%&tlfgﬁelgg&’?@ﬁ}}gﬁs‘e@i n ski ppi ng
over the se d 104: ] e i [ he second
enbodi nent qqﬁ?&%ﬂ a??#ﬁeéé%lgeo%?ﬁeﬁggc}? iﬂf&ﬁ@" mo pet}lﬁlﬁﬁééugé’t%

i ncl udes not enl,y the sequence dat ut also the jfeader l, the sound
sour ce. par arddbire igstERIC B dogbhpa it dRLEIOE 14EE Lari oo
sound sources,.operating according . ) 64 to
vari ous net hdh§P£%¥?CL@1)eg\]ﬁa?LC§§elﬂlé}fyﬂ}ﬁ:él&$m WOZ- In E%’uﬂeh 148 second
enbodi nent above, the 'occurrence timng' of each event is registered in

t he sound sourwmerabdidéZedenstes hianbrasectettagn distshavipichcessi ng ti me can be

averaged or conpensated. D. Variations The second aspect of the
present invenjriovided avimbnyi dethwitinberhef ehé ehtamiels e pacpndf enbodi ment

descri bed above, and can be nodified as |isted bel ow.
the sound source to be emulated (‘16 parts are shown in the
Figure). Just after the timbre selection window 1300 is -~
displayed, part ‘1’ of the timbre ‘.selection lists 1302 is
displayed. The timbre selection list 1302 enumerates timbres
which can be selected. The currently selected timbre is
displayed in a reverse pattern. In the example shown in
Figure 14B, ‘3 Electric Grand Piano’ is selected in the part 1.
The number preceding to the name of the timbre is called
timbre code. If an area showing another timbre name is
clicked with the mouse, the area is reversed, and the portion
selected before returns to a normal displayl (this state is
called ‘temporal selection’). To change the timbre in a part
other than part ‘1’, a preferred part number (‘1’ to ‘16’) of
indexes 1301 is clicked with the mouse, and another timbre
selection list 1302 of the relevant part appears in the tone
selection window 1300. If a cancel button 1304 is clicked with
the mouse after the timbre is selected temporally, the

temporal selection state is all canceled. On the other hand, if



(1) I'n the second enbodi nent, the sound source driver, the pseudo sound
source and the sound source nodule are |oaded into the RAM 1011 fromthe
hard di sk 1003 in case that they are specified by the perfornmance data.
However, the frequently used programfile containing these softwares may be
prel oaded into the RAM 1011 in advanceg2Wth this preloading, it is
possible to cut the overhead of the loading programfile relevant to the

sof t war es. 2), The al .1 hm af the sound source dules 1031 to 1033
may be nodi fi‘@&g%’cbklgt%gﬁd& ke chigked oWlfﬁhéﬂﬁéee@éesgﬁﬁd)wﬁswsg 1041 to
1045. For instance, the nunber of the operators in the FM sound source
nodul e 1032 ishown imFigere ddfnds enssaitednwitlriespectobe asicly parbper at or s
can be set to '4', if the nunber of operators for the sound source to be
emul ated i s '"The Sitdalaitnhrd i:otlhetnsgﬁnﬂ isdir de 116’ peebrtl eseld part |

65 by the PCM sound source nodul e 1031 | acks filtering function, the

function may iBeleiseed tontl elBosdbpdelsuictiniytuted0 Frther, (3) In
t he pseudo I

t he second enbodi nent, sound source SP(b) is called in step

SP83, and the E@uﬁ%l%@tﬁéé";)h?ﬁﬁ?é%‘é?q‘ielﬁo%'igﬁ df'lﬁgitﬁte%&%f&lhsd&ﬁ’é‘ve”ed

into the equivalent data eftective to contr sound source nodul e.

AT ARG P R A T A Tl S
P]E O;/ihge? y;gat it e%ngé 8%78515%2})%?5?. nzgféeﬁ)* the plfrl(\)/lcgésc 'siloiv}sn Shoverer even
is done, the procedure returns to the main loop, and the
sound data synthesizing is executed according to the newly
selected parameters such as sound source parameters.
(3) Start event process
Upon clicking the mouse on a ‘Play’ button 1203 on the
window 1200, the flag RUN is set to “1”, and then the
procedure returns to the main loop of Figure 15A. Thus, in
step SP6 of Figure 15A, the procedure branches to ‘YES’
direction to step SP7. In this step, the current time is tested
as to whether it reaches the timing to generate a next event
in the sequence data 1104 included in the performance data.
The event stored at the top of the sequence data 1104 is
always discriminated as ‘YES’ at step SP7. In subsequent
step SP8, the event at the top of the cue is processed. The
event processing is similar to step SP3 (the processings on the

input MIDI signal). For instance, if the top event is note-on,

the procedures shown in Figures 17A and 17B are executed.



the el ectronic nusical instrument or sound source to be enulated is
different. Accordingly, the data to control the sound source nodul es
(called '"basic information' hereunder) is very versatile, and can be used
commonly for a sound source group enploying the same net hod of

synthesi zing sound. Thus, the perfor®nce data can be exchanged between
different platforns of the electronic musi cal instrunents by converting

the data thr (Iﬂ9§'te S?Oﬂ'i'é ‘ﬂh‘f’ﬁ‘ﬁ 1‘15'1 "?,Ieh’?rn Bent i é@ dc?j‘éﬁf@d ve

conputeri zed ener em ca e use erf ormance
ot or et on %&&Hr Sy e Cﬁklaﬁscr ' féﬁ% S8 iy B et SachRB%Ber f or mance
:02: form rr;'ngg it Rﬁ(rﬁg%%/@%t hq?a@twgla b thie mais: laap. o heasakter; Anpstggr ef '15?; is
converted i nt Q 'basic performance, information' simlar]y as in the second
enbodi ment . H2A olbthe maeir deopotheraumgnptomesis tested: lidélliﬁap‘él@or mance
information' is converted into the second performance infornation. For
this convertithg treningiset e addinet Ifotlad tesbnesulti mglipabeetiMiEs’ between the
specific performance data format in the nodel instrunment and the 'basic
performance thefpro@édwre biranches toestepr S®8, Wiid thiei sveenypebtesginget hod,
relevant to the timing is executed.
(4) ‘Pause’/*Stop’/Fast-forward’/‘Rewind’ event | -~
processes |
Upon clicking ‘Pause’ button 1205 or ‘Stop’ button 1206
with the mouse tool, the flag RUN is set to “0” before
returning to the main loop. After that, the steps SP7 to SP9
are never executed, and the automatic playing according to
the performance data in the system is ceased, and the
performance according only to the external MIDI data is
reproduced. If ‘Fast-forward’ button 1208 is clicked with the
mouse, the sequence data 1104 is skipped over at high speed.
Clicking on ‘Rewind’ buttbn 1207 results in skipping over the
sequence data 1104 in reverse direction.
C. Effects of the second embodiment
(1) In the second embodiment, the performance data
includes not only the sequence data, but also the header 1101,

the sound source parameters 1102 and the waveform data

field 1103. Thus, various sound sources operating according



the performance data file can be shared by many different platforns of the
el ectroni c nusical instrunents. (4) In the second enbodi nent, the
wavef orm data of nusical tone is synthesized by using the produced 'basic
information' as it is. However, the 'basic information' can be edited
according to the input operation through the input device 1001. Thus, nore
col orful nusical sound can be generated, thereby overcoming the limtation
of the original product nodel of the sound source or the instrunent.

As described ¥ valwusreediods canche dimylated vergensugatelypect of the

i nvention, a conmputerized nusic apparatus enploys device information to
speci fy an el ect r@) tnrls setondstmbodimerd deoeeytlat édcsartemte it is

possi ble to process performance information of the enul ated el ectronic

nusi cal i nstyiument’. ofFgathervent fshrpastdred 4P the sl dkbugcéone
67 generating system according to the device information, it is possible

to reproduce /Buskeal SOHRAL hAKI AGa5F YRGS ocABRIAERRRI &1 O Lo the

emul ated i nst A sound sourc specl ectroni ¢ mnusi cal

i nstrumnent |s‘§ gi%tdegr'd?)éngr ggét%(g generate a nusical sound signal

waveform so ¥ process the perfornance information in
manner i dent |ﬁal ééhe specified el ectronic nusical instrunent.
Oper ati ons of \4"1} K5 controlling the sound source of the specified
el ectronic nusic | nst rurae/nt are errul ated so that the nusical sound signal
wavef orm corr espo biengeaond aspegt ofpilie present tavenfaondsenet daniteskr at i ons
of control registers

within the extent of the second embodiment described above,

and can be modified as listed below.

(1) In the second embodiment, the sound source driver,

the pseudo sound source and the sound source module are

loaded into the RAM 1011 from the hard disk 1003 in case

that they are specified by the performance data. However,

the frequently used program file containing these softwares

may be preloaded into the RAM 1011 in advance. With this

preloading, it is possible to cut the overhead of the loading

program file relevant to the softwares.

(2) The algorithm of the sound source modules 1031 to

1033 may be modified according to the type of the pseudo

sound sources 1041 to 1045. For instance, the number of the

operators in the FM sound source module 1032 is ‘6’ in the

second embodiment. The number of the operators can be set

to ‘4’, if the number of operators for the sound source to be

emulated 1s ‘4’. Similarly, if the sound source to be emulated



storing plural control paraneters of the sound source of the specified

el ectronic nusical instrunment are enulated so that processings according
to the contents of the control registers can be commonly used for different
el ectroni c nusical instrunents. The nusical tone generation of the sound
source of any electronic nusical instdnent is enulated so that various
sound sources operating according to various nethods can be enmul ated very

accuratel y. Apingl POAPSSRAA' somRkefiddiely1 @31 /1aLRS Mpaliaki ons of various

I
sound sources “of electronic nmusical i1nstrunments so that it~is possible to

arrangerent . Roreigh hESRGHRE! Fdl M Bl ATECP T BB ent ron,
ori gi nal tirrbreinforn';'e{{]rB 68

i .
converted i ntQUEELAL ?Lb:#ﬁf ormation for use in a basic tone generating

system whi ch enul e sound, soyrce, aryapngenent of an qri gi nal

el ectroni ¢ nusi c@5?ﬁ%&ﬂ@rﬁ@ﬁp}l%s@nlh(}&ﬂn§mg PSENRISr EOVREFARCGEON cr eat ed
for a particular  nodel of instrunent can be converted_ into a nore
versatile f&Reh) iosalledain gtep b dhsandttihmdatastoredtinothe sovosvert ed
into tinbre information of another electronic nusical instrument, so that
tinbre inforgetircs repesteedl 140,18 coparttaliinto thdedquivalast datant can be
translated with high fidelity in another nodel of instrunent. A value of

the basic ticflicgivertordmitred thansdit@dougde trhbdwds. Genelalbpeylat i ng means,
so that colorful nusical sound can be generated, thereby overcom ng the
limtation ofcoRvelpesd fdftadMdakstributed to the sound source modules -

1031 to 1033 belonging the third layer, and the data has the

same format provided that the method of synthesizing (PCM,

FM etc.) is the same, even if the type or product model of

the electronic musical instrument or sound source to be

emulated is different. Accordingly, the data to control the

sound source modules (called ‘basic information’ hereunder)

is very versatile, aﬁd can be used commonly for a sound

source group employing the same method of synthesizing

sound. Thus, the performance data can be exchanged

between different platforms of the electronic musical

instruments by éonverting the data through ‘basic

information’. In other words, the inventive computerized

musical tone generating system can be used as a performance

data converter. An example is described below wherein first

performance information such as timbre information is

converted into second performance information. Firstly, the



69 Claim 1. A conputerized nusic apparatus utilizing resources

I ncl udi ng software nodul es to generate desired nusical sounds, conprising:
a primary storage |oadable with a set of software nodules which are
selected to performtasks needed in generation of a desired nusical sound;
a central processing unit for accessingthe primary storage to execute the
software nodul es stored therein to generate the nusical sound; a
secondary storage for provisiopally storing a _plurality of software

modul es whi c LISt peforgrance misanation having by fake fomiat amehewn said
plurality of software nodul es include nodules of different types and of
different spacFesured8A is convertehdeto Spesat peefosmeancede generation of
the nusical sound is initiated for selecting an effective and opti num set

T 7120 Aot s eposconsdmd et
reverse converting process, the ‘basic performance
information’ is converted into the second performance
information. For this converting method, the bi-directional
converting procedure between the specific performance data
format in the model instrument and the ‘basic performance
information’ is just required. With this converting method,
the performance data file can be shared by many different
platforms of the electronic musical instruments.

(4) In the second embodiment, the waveform data of
musical tone is synthesized by using the produced ‘basic
information’ as it is. However, the ‘basic information’ can be
edited according to the input operation through the input
device 1001. Thus, more colorful musical sound can be
generated, thereby overcoming the limitation of the original
product model of the sound source or the instrument.

'As described in the foregoing, according to the second
aspect of the invention, a computerized music apparatus
employs device information to specify an electronic musical
instrument to be emulated so that it is possible to process
performance information of the emulated electronic musical

instrument. Further, with setting up an emulative tone



sof tware nodul es by searching the secondary storage according to
prescribed criterion, and for |l oading the selected software nodules into
the primary storage to thereby ensure effective and opti mrum use of the
resources, and, wherein the central processing unit includes neans
for enabling the software nodules to ggnmunicate with each other by
exchangi ng a nessage so as to integratively execute the set of the

sof tware nodules. .. . . 0 ... 2. A
conput er i zed SRRGTAtHMH SYALGRS aeeerdinggto thedlpvics infermatiRn st iSvar e
nodul es to generate desired nusical sounds, conprising: a primry
storage | oagme‘@lmq bo sepap dycessrsiealesound Jiasnghegnrvalentel ected to
performtasks needed in generation of a desired nusical sound; a
central procedsiragteristickdio theessulafedhmsgtrument. Atsownd soimeeciit e t he
software nodul es stored therein to generate the nusical sound, a

secondary st ahagepécifiepr eldcsrona usital imgrameitigkidylatedsief t war e

nodul es whi ch are designed to perform
order to generate a musical sound signal waveform, so that it
is possible to process the performance information in manner

~identical to the specified electronic musical instrument.

Operations of a processor controlling the sound source of the
specified electronic musical instrument are emulated so that
the musical sound signal waveform corresponding to various
processors can be generated. Operations of control registers
storing plural control parameters of the sound source of the
specified electronic musical instrument are emulated so that
processings according to the contents of the control registers
can be commonly used for different electronic musical
instruments. The musical tone generation of the sound source
of any electronic musical instrument is emulated so that
varidus sound sources operating according to various methods
can be emulated very accurately. A single processor
selectively emulates operations of various sound sources of
electronic musical instruments so that it is possible to
emulate many models of electronic musical instruments with

an inexpensive arrangement. Further, according to the second

aspect of the invention, original timbre information is



a variety of tasks; and : a | oader operative when the generation of
the nusical sound is initiated for selecting an effective and optimum set
of software nodul es by searching the secondary storage according to
prescribed criterion, and for loading the selected software nodules into
the primary storage to thereby ensureggffective and opti mumuse of the
resources, and, wherein the | oader includes sel ecting neans
operative accordinP Lo € ig sigal criterion for exan ning hardware
nmodul es i ncl u§eBVERVGHEN}R yubge; gdarmaiey Je5 e bfr BasiGve har dwar e
nodul es used in the generation of the . musical sound, and for selecting

ef fective sof toRELerATGtERE systemspanah mpnudatasethelsotind saueee ect i ve

har dwar e nodul es. 3. A conputerized nusic apparatus utilizing
resour ces i nchmrhmgemeiitval ennorigiesl elecgemercatrensiesal iestrument, so
71 nmusical sounds, conpri sing: a primary storage | oadable with a

set of softwatkat oafigired tihilske aiforaeitiohecrdatedeforos padsdglareeded in
generation of a desired nusical sound;
model of instrument can be converted into a more versatile
format. Optionally, the basic timbre information is converted
into timbre information of another electronic musical
instrument, so that timbre information created for a
particular model of instrument can be translated with high
fidelity in another model of instrument. A value of the basic
timbre information can be edited through manual operating

means, so that colorful musical sound can be generated,

thereby overcoming the limitation of a specific model.



a central processing unit for accessing the primary storage to execute the
software nodul es stored therein to generate the mnusical sound; a
secondary storage for provisionally storing a plurality of software
nodul es which are designed to perform a variety of tasks; and a -
| oader operative when the generation 8P the nusical sound is initiated for
sel ecting an effective and opti mum set of software nodul es by searching

t he secondary storage according to prescribed criterion, and for |oading
the seleghgdmsoftware nodules into the primary storage to thereby ensure
ef fectiveTand opti mnum use of the resources, and, wherein the | oader
I ncl udes sel ecting neans operative according to a performance criterion if

th d t t 1 f_sjpmlar, sof d
por o1 m ng_Substant kaPPPRHERLFEa MESLRCBRRTREYP ige L FHBBent degr ces of

per for ManGe a4 c%isf fi%rc%glﬁ?%g%?gtwageeﬁ%dgﬂ.efso Etoflgjeﬁ%t:’a'%% %%tsii rg one of

the siml ar softwaré aving e of I"ghest "degree of

performanggesiaad RensUNERMp A f: Creation. 4. A conputerized
musi ¢ apparatus utilizing reésourceés including software nodul es to generate

desired a primary storage loadable with a set of software
modules which are selected to perform tasks needed {in
generation of a desired musical sound;

a central processing unitlfor accessing the primary
storage to execute the software.modules stored therein to
generate the musical sound;

a secondary storage for provisionally storing a
plurality of software modules which are designed to perform
a variety of tasks, wherein said plu;ality of software
modules include modules of different types and of different
species; and

a loader operative when the generation of the musical
sound is initiated for selecting an effective and optimum

- set of softﬁare modules according to a message issued from
one of Faid different types and different species of
software modules by searching the secondary storage
according to prescribed criterion, and for loading the
selected software modules into the primary storage to
thereby ensure effective and optimum use of the resources,
and,

wherein the central processing unit includes means
for enabling the software modules to communicate with each
other by exchanging a message so as to integratively

execute the set of the software modules.

| L



72 nmnusical sounds, conpri sing: a primary storage | oadable with a
set of software nodules which are selected to performtasks needed in

generation of a desired nusical sound, a central processing unit for
accessing the primary storage to execute the software nodul es stored
therein to generate the nusical soung? a secondary storage for

provisionally storing a plurality of software nodul es which are designed,

to perform a §qrigt&oﬁéF£é§5§é%a@§S%%i??%?€%£€§d§£i?ggi i ve when the

generation of the nusic soun or selectihg an effective

and opti PéBousesOfi ntAidIBL sHEWaee B AHARIC HohgehlBeatacaBdarpygst or age
according to prescribed criterion, and for |oading the selected software

nodul es miis@ dalle spund@,y comprdgdnge thereby ensure effective and optinum
use of the resources, and, wherein the | oader includes selecting

means oper ative padovery sgoregehdopdaebdei wadhcrai seti ofi 6oftwalkecting a
software nodul e together with one or nore of an indispensable software
subnodul &odxiles Whilleh ax¢ §§desdside tosprrkera $asksdoreded dnored in the

secondary st orage. . .
generation of a desired musical sound;

a central procesgsing unit for accessing the primary
storage to execute the software modules stored therein to
generate the musical sound;

a secondary storage for prévisionally storing a
plurality of software modules which are designed to perform
a variety of tasks; and

a loader operative when the generation of the musical
sound is initiated for selecting an effective and optimum
set of software modules by searching the secondary storage
according to prescribed criterion, and for loading the
selected software modules into the primary storage to
thereby ensure effective and optimum use of the resources,
and, |

wherein the loader includes selecting means operative_
accordi;g to a physical criterion for examining hardware
modules included in the resources to identify types of
effective hardware modules used in the generation of the
musical sound, and for selecting effective software modules
corresponding to the identified effective hardware modules.

3. A computerized music apparatus utilizing

resources including software modules to generate desired

7
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5 A conputerized music apparatus utilizing resources including software

nodul es to generate desired nusical sounds, conprising: a primry
storage | oadable with a set of software nodules which are selected to
perform tasks needed in 73 _
generation of a desired nusical sound;7i a central processing unit for
accessing the primary storage to execute the softmarednndulfs storﬁd
therein t r e | ssqund; a secondary storage for
provisiongFfseE?oéPﬁahg' gpanﬁ%%§8éf sof tware nodul es whi ch are desi gned

to perform a varpeimadly b8sksgeaNfadable wthORUSEt OPET bE¥garbren the
generation of the nusical sound is initiated for selecting an effective

and opti nmoduies whiehf awer selBdubastbypeepbemi Pgskhens€goadanYy storage
according to prescribed criterion, and for loading the selected software
nodul es i geperatipni nfirg desingé musitcakrebynénsure effective and optinmum
use of the resources, and, wherein the | oader includes selecting
means operatived central processing unit for accessing the primary
storage to execute the software modules stored therein to
generate the musical sound:
a secondary storage for provisionally storing a
plurality of software modules which are designed to perform e
a variety of tasks; and
a loader operative when the generation of the musical
sound is initiated for selecting an effective and optimum
set of software modules by searching the secondary storage
according to prescribed criterion, and for loading the
selected software modules into the primary storage to
thereby ensure effective and optimum use of the resources,
and,
wherein the loader includes selecting means operative
according to a performance criterion if the secondéry
storage stores two or more of similar software modules
performfng substantially identical tasks but having
different degrees of performance and different ages of
creation for selecting optimum one of the similar software
modules having either of the highest degree of performance
and the youngest age of creation.

4. A computerized music apparatus utilizing

resources including software modules to generate desired
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according to the prescribed criterion for selecting a software nodul e
which is positioned at an upstream of data process flowrelative to
anot her software nmodule only if said another software nodule is stored in

the secondary storage. 6. A conputerized nusic apparatus utilizing
resources including software nodul es t7® generate desired nusical sounds,
conpri si ng: a primary storage | oadable with a set of software
modul es whi ch are_sel ctegoéqr erform tasks needed in generation of a
desired OeT & ST PLSLHhtr al processing unit for accessing the
primary rimar tora%e loadable with a 2y set YPA%oEqy cute the
sof twar e nDduIes tored therel generate the musi cal soun a
secondar Mné&@i@g%ﬁ%hpéﬁe\!@épé@iéd £ Obd PEborn PAsK R ddeadd ﬁpftvvare
nodul es which are designed to perform 'a variety of tasks; and a

| oader opgemdtaeioheds t Hedgenes @t ¢l tdeumasi cal sound is initiated for
sel ecting an effective and opti mum set of software nodules by searching
t he secondary s oreageral processing unit for accessing the primary
storage to execute the software modules stored therein to
generate the musical 5ound:
a secondary storage for provisionally storing a
plurality of software modules which are designed to perform o
a variety of tasks:; and '
a loader operative when the generation of the musical
sound is initiated for selecting an effective and optimum
set of séftware modules by searching the secondary storage
according to prescribed criterion, and for loading the
selected software modules into the primary storage to
thereby ensure effective and optimum use of the resources,
and,
wherein the loader includes selecting means operative
according to the prescribed criterion for selecting a
software module together with one or more of an
indispe;sable software submodule only if the indispensable
software submodule is stored in the secondary storage.
5. A computerized music apparatus utilizing
resources including software modules to generate desired
musical sounds, comprising:
a primary storage loadable with a set of software

modules which are selected to perform tasks needed in

A DB



atcording to prescribed criterion, and for |oading the sel ected software
nodul es into the primary storage to thereby ensure effective and optinmum
use of the resources, and, wherein the | oader includes selecting
means operative according to a conpatibility criterion for selecting a
software nodule only if the same is conpatible with other software nodul es
sel ected fromthe secondary storage. 7. A conputerized nusic

apparatus_utilizin resources i.ncl udi ng software nodul es to generate
dggired ﬁﬁgﬁggﬁlgguﬂg,ac%ﬁﬁ???PnBVSlca sound;i mary storage | oadable with

a set of softwage Hgggieﬁrggggg%gégﬂﬁgkefggdaég%ggé%ga é;g%f%gggged in

: c%
generation of the desired nusrca

provi ded seaaagbety b£EBLERCHBI LBREYaPLORAEE1LE" s DOLNASEROALLY SLOT I NG

vari ous kinds of software nodul es are designed to performa variety
of tasksgeserdte¥atheumukisds ebuf@ftware nodul es including nodules of

different types and of different species;

75 a | oaglesecprdaty vetahage t her genev b iema Diy t dveoriisg cal
plurality of.software modules which are designed to perform
a variety of tasks; and

a loader operative when the generation of the musical
sound is initiated for selecting an effective and optimum
set of software modules by searching the secondary storage
according to prescribed criterion, and for loading the
selected software modules into the primary storage to
thereby ensure effective and optimum use of the resources,
and,

wherein the loader includes selecting means operative
according to the prescribed criterion for selecting a
software module which is positioned at an upstream of data
process flow relative to another software module only if
said another software module is stored in the secondary
storage;

6; A computerized music apparatus utilizing
resources including software modules to generate desiréd
musical sounds, comprising:

a primary storage loadable with a set of software
modules which are selected to perform tasks needed in

generation of a desired musical sound:;

a central processing unit for accessing the primary

R
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sound is initiated for selecting an effective and opti num set of software
nodul es by searching the secondary storage, and for |oading the selected
software nodules into the prinmary storage; and a central processing
uhit for accessing the primary storage to execute the software nodul es
stored therein to generate the nusicgl sound such that the centra
processing unit enables the software nodul es to communi cate with each

ot her by s@iﬁ%{@'ﬂﬂ &é@?@é‘%é%@&ﬁa&é MR RL - itire & 50f t var e

nodul es al t ogéet her . A conputerized nusic apparatus constructed to
emul at e @é@ﬁtggr@{@tmm@@tﬁﬁrfd, a nodel electronic nusical instrument,
conpri si ng: a storage for storing a set of both device infornation,

i ndi cative of dewersmdmnnt atathgen fidre praddls 1 omladdtyr @rtioa imgs iac al

i nstrument, and performance information originally prepared to feed said
nodel el adtumsHiictynefl caftwargs modwdtes which areprissdgned ftor pegifiomayvi ng t he
performance information fromthe storage and for processing the retrieved
perfornaﬁb@ﬁﬁﬁQﬁﬂnﬁﬁ(ﬁ?%&ﬁpﬁﬁﬂhce event information which commands

gereral [on of & ekeal Lo Anes s oAl PR WS O
generati@%und is initiated for selecting an effective and optimum
set of software modules by searching the secondary storage
according to prescribed criterion, and for loadipg the -~
selected software modules into the primary storage to
thereby ensure effective and optimum use of the resources,
and,

wherein the loader includes selecting means operative
according to a compatibility criterion for selecting a
software module only if the same is compatible with other
software modules selected from the secondary storage.

7. A computerized music apparatus utilizing
resources including software modules to generate desired
musical sound, comprising:

a primary storage loadable with a set of software
modules %hich are selected to perform tasks needed in
generation of the desired musical sound;

a secondary storage provided separately from the
primary storage for provisionally storing various kinds of
software modules which are designed to perform a variety of
tasks, said various kinds of software modules including

modules of different types and of different species;
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system of the nodel electronic mnusical instrunent so that

76 the emul ator operates in response to the event information to generate
the nusical tone as if sounded by the nodel electronic nusical instrunent.
9. A conputerized nusic apparatus according to claim 8, wherein the

enul ator includes a driver software nydule for enmulating a driver device

I nvolved in the tone generating systemso that the driver software nodul e
controls the generation of the nusical tone. . 10, conputerized

msi ¢ appar at U ATHIH P TR LTS WA b T B 1 A (s
register SQidere 1 AP fod OFo MU ALLOME IPUBEL AR £ I Syelng 11 Lhe
tone generating systemso that the register software nodul menori zes
control psgardt essrtieee fReasDed 1oy Satdipingons ddssh®ird Nedpisdeal tone.
11. A conmputerized mnusic apparatus according to claim8, wherein the

enmul at or an@| £6teS1 CaPENS I EHh O sEDd ¢ We@d esoMBiiiitee riciulsall pitdkctde gener at or
device involved in the tone generating systemso that the generator
sof t war e prithttye ctecdes; aandivef orm of the nusical tone to be

a central processing unit for accessing the primary
storage to execute thé software modules stored therein to
generate the musical sound such that the central processing
unit enables the software modules to communicate with each i
other by exchanging a message so:as to integrate the set of
the software modules altogether.

8. A computerized music apparatus constructed to
emulate a tone generating system of a model electronic
musical instrument, comprising:

a storage for storing a set of both device
information, indicative of devices contained in the model
electronic musical instrument, and performance information
originally prepared to feed said model electronic musical
instrument;

a processor for retrieving the performance
informaéion from the storage and for processing the
retrieved performance information to produce event
information which commands generation of a musical tone;
and

an emulator operative based on the device information
stored in the storage for emulating the tone generating

system of the model electronic musical instrument so that

s



gener at ed. 12. A conputerized mnusic apparatus according to claimS§,
wherein the enul ator conprises a single conputer for comonly enul ating
different tone generating systens of a plurality of nodel electronic

musi cal instruments. 13. A computerized mnusic apparatus according to
claim8, wherein the emul ator conpri sesg neans operative based on the
device information for integrating a set of

e S A SRS R 0 A O

el ect roni ¢ Augl ca unen SO as e system
t her eof . ?eneﬂ'élte AtHEtrﬁl?%u?él %é‘téé‘glf‘”s@ﬁx‘?&éd CLHB!Sh: I nstrunent
by a conpute conprising t teps of desigrnating a eS|red node

of el ect rONb&tFHS1E dhusibsl r INBHESmdRt | be emul at ed by the conputer, the
desired nodel using a sound source paranmeter to generate a nusical tone;

provi di ng event9 | nfaorgtaipuiie rdfzedc misd d appaiarnd bkeordinpuiter cllaigener at e

a nusi cal tone; processi ng the sound source paraneter according to
8, wherein the emulator includes a driver software module
for emulating a driver device involved in the tone
generating system so that the driver software module
controls the generation of the musical tone.

10. A computerized music apparatus according to
claim 8, wherein the emulator in?ludes a register software
module for emulating a register device involved in the tone
generating system so that the register software module
memorizes control parameters used for control of the
generation of the musical tone.

11. A computerized music apparatus according to
claim 8, wherein the emulator includes a generator software
module for emulating a generator device involved in the
tone generating system so that the generator software
module creates a waveform of the musical tone to be
generated.

15. A computerized music apparatus according to
claim 8, wherein the emulator comprises a single computer
for commonly emulating different tone generating systems of
a plurality of model electronic musical instruments.

13. A computerized music apparatus according to

claim 8, wherein the emulator comprises means operative

based on the device information for integrating a set of
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t'he event information with an algorithmof the desired nodel;
writing the processed sound source paraneter into a register which has

contents specific to the desired nodel; converting the sound source
paranmeter in the register to equivalent paraneter data used by a basic
tone generating system and el ating the desi gnated nodel of the

el ectronic nusical instrunent by the basic tone generating systemso that
t he conp | ' i se to the
provi ded Lgeo\e}{etnifsgl%%(rﬁ?ruaft%% n&?%fe;seéloe]rfaa%r%e qteigéérr‘{% eiglafé({q{(?naelrgéais:igpg{r%l% he

equi val ool ARIA - IRiA rifs1dd1 Sardaghdiv 4 Qg bdelupd the

el ectroni ¢ nusica I nstrunent. 15. The method according to claim

14, furtR&ne generating system thereof. 78 conprising setting a
fixed tine slot between an actual timng of generating each nusical tone

and an occurrence A& niethodf of emulaspagdangetsetebntibemageotli nformati on
such that the conputer can conplete processing of the event information
wit hi n tHeastinueent hy 9 atomputer, comprising the steps of:
designating a desired model of electronic musical
instruments to be emulated_by the computer, the desired
model using a sound source parameter to generate a musical
tone; -
providing event informatioﬁ effective to command the
computer to generate a musical tone;
processing the sound source parameter according to
the event information with an algorithm of the desired
model;
writing the processed sound source parameter into a
register which has contents specific to the desired model;
converting the sound source parameter in the register
to equivalent parameter data used by a basic tone
generating system; and
emulating the designated model of the electronic
musical!instrument by the basic tone generating system so
that the computer operates the basic tone generating system
in response to the provided event information to generate
the musical tone based on the equivalent parameter data as
if sounded by the emulated model of the electronic musical

instrument.

15. The method according to claim 14, further

L,



16. A conmputerized mnusic apparatus constructed to emnmulate a tinbre created
by a nodel electronic nusical instrunent, conprising: first neans
for setting up a basic tone generating system second neans for
providing an original set of control paraneters which characterizes a
tinbre of nusical tones generated by7&8 specific tone generating system of
the nodel electronic nusical instrunent, the original set of control

par anet erriiiidith f G AP B HH Fiend S1dIE veRGfdl Gl @R&uadenerating
system third neans for converting the provided original set of

control pamANR} &5 JeHeraALIRflWatd efifs ikl GonePRind®lan RYcHFRlRR havi ng
another format which is effective in the basic tone generating system and
fourth neamsidgrofpreodaliregponeiing riner et ithre  eafeindc tinfe rina tdomesucth
generation of a musical tone so that the basic tone generating system

oper at es thaty ddyoremnuien [qane\aoamp lietfeo nredess iamgd ofc dvedievgntto t he

equi valent set of control paraneters for generating the nusical tone
havi ng ardrfoIataty withime e ifixedk g Hldthe specific tone generating

system of the qgﬂelAegggﬁﬁggkgzggshggkc apparatus constructed to

emulate a timbre created by a model electronic musical
instrument, comprising:

first means for setting up a basic tone generating
system;

second means for providing an original set of control
parameters which characterizes a timbre of musical tones
generated by a specific tone generating system of the model
electronic musical instrument, the original set of control
parameters having a data format unique to the specific tone
generating system;

third means for converting the provided original set
of control parameters into an equivalent set of control
parameters having another format which is effectivé in the
basic tone generating system; and

f&hrth means for providing event information
effective to command generation of a musical tone so that
the basic tone generating system operates in response to
the event information and according to the equivalent set
of control parameters for generating the musical tone
having an associated timbre as if created by the specific

tone generating system of the model electronic musical
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79 instrunent. 17. A conmputerized mnusic apparatus according to
claim 16, wherein the third nmeans includes optional neans for reversely
converting the equivalent tinbre information into different tinbre

i nformati on which is designed for use in another nodel electronic nusical
instrunment different fromthe first-m@nti oned nodel electronic nusical

I nstrunent. 18. A conputerized nusic apparatus according to claim

16, furt Somddsing fifth neans manual ly operable to rewite values of
t he equicgﬁznt tlﬁg?e information to nodify the tinbre created by the

basi ¢ tone generali g comptit@Pized musildapPataig! GbbeediNgsSits apparatus
according to claim 16, wherein the second neans conprises neans for

provi di ngzafn | 16 Ofwinerd i nele et ilid @ e i HdIiddie optti g4 meets of

control paraneters and device information which designates the specific

t one genefaat imgreysslmconvertii. thie retuiosh lednte nulnetinen giref armerieorcr eat ed

froma nodel electronic nmusical instrunment by neans of a conputer

conpri si Aigiithedstfgyeendt . timbre infammaiglarp whisdsiis darigpatrial tpsyst em

'n the (ﬁgnggé¥ﬁer model electronic musical instrument different
from the first-mentioned model electronic musical
instrument.

18. A computerized music apparatus according to
claim 16, further comprising fiffh means manually operable
to rewrite values of the equivalent timbre information to
modify the timbre created by the basic tone generating
system.

19. A computerized music apparatus according to
claim 16, wherein the second means comprises means for
providing a file of performance data containing the
original set of control parameters and device information
which designates the specific tone generating system.

20. A method of emulating a timbre created ffom a
model electronic musical instrument by means of a computer,
comprising the steps of:

setting up a basic tone generating system in the
computer;

providing an original set of control parameters which
characterizes a timbre of musical tones generated by a

specific tone generating system of the model electronic

musical instrument, the original set of control parameters

L



providing an original set of control paraneters which characterizes a
timbre of nusical tones generated by a specific tone generating system of
the nodel electronic nusical instrunent, the original set of control

par anet ers 80 having a data fornmat
uni que to the specific tone generatingo system converting the
original set of control paraneters into an equivalent set of contro

par amet eng, gy Ng FL04 hf%rméPHE’x’?{ &4 f &téﬂé’_%%béif"fic?at?ér% té)é}f'emagati ng
system and provi di ng event | nfornati effective t™O comman
gener ati afy Pfem; Musi cal tone so that the basic tone generating systemis
operated in response to the event information and according to the
equi val ent set ednvantimy tharareiRisl fost geher@aitryl tgeranstiard tone
having an associated tinbre as if created by the specific tone generating
syst em ofinte amdequivatenbonset mSicentrohgparamgiters having another

format effective in the basic tone generating system; and

providing event information effective to command

generation of a musical tone so that the basic tone

generating system is operated in response to the event

information and according to the equivalent set of control e

parameters for generating the mu?ical tone having an

associated timbre as if created by the specific tone

generating system of the model electronic musical

instrument.
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