1 COWPUTERI ZED MUSI C APPARATUS COMPOSED OF COVPATI BLE SHétipers
MODULES ' BACKGROUND OF THE | NVENTI ON The present invention
relates to a conputerized nusic apparatus which generates nusical sound by
| oadi ng software nodules for carrying out various tasks froma secondary
storage device into a prinmary storage device. Further, the present
invention relates to a conputerized nusilc apparatus which can enmul ate a
tone gengrating system of existing electronic nusical instrument by
extended ver saCOMPUTERIZED: MUSIGIA PRARATUSICONMIPOSED QK cal

instrunments including high performance products and |low ability products.

The conventional el ect (OMPATEIBRE SOFEWARE MODLES dvar es whi ch are

different a product by product, and usually, their softwares are separately
devel oped as specific ones. Since it is troublesome to independently
devel op softwares for different instrunents, a convenient technique is

di scl osed in JP-A-3-39995. The techni que disclosed in

BACKGROUND OF THE INVENTION

The present invention relates to a computerized music
apparatus which generates musical sound by loading software
modules for carrying out various tasks from a secondary
storage device into a primary storage device. Further, the
I;Iesent invention relates to a computerized music apparatus
which can emulate a tone generating system of existing
electronic musical instrument by extended versatility. |

There are various types of electronic musical instruments
including high performance products and low ability
products. The conventional electronic musical insﬁ;rufnents
employ hardwares which are different a product by product,
and usually, their softwares are separately developed as
specific oﬁes. Since it is troublesome to indepéndently develop
softwares for different instruments, a convenient teéﬁnique 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



JP- A-3-39995 is such that a nodel code to specify a desired product is

regi stered by junper lines or swtches. A CPU of the product discrimnates
t he nodel code, and executes data processing according to the code. Thus,

conmmon progr ans 2 can be used for

mul tiple products different in performance. It 1is possible to selectively

carry out various controls such as an aptomatic acconpani nent function is

installed and perforned only in a product in which this function is
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function is not inplenented the technique disclosed in
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Further, in only in a product in which this function is implemented. This
function is disabled in another product in which the function
is not implemented. However, the technique disclosed in
JP-A-3-39995 has a drawback that the control program
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 accompaniment 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



the prior art, the programcomonly used in the products having different
performances is stored in a prinmary storage, so that an unnecessary part
of the program may be stored in the primary storage as well. Furthernore,
common use of program nodules is not considered in the prior art. For

I nstance, many simlar prograns have been devel oped separately, and they
are not conpatible with each other. Joday, various types of electronic
nmusical instruments are put in practical use, and various sound sources

(nmusical  tongogenEkaliees) Mﬁehklaoa\me&@ﬁt%golaoyﬁeaduat ttfa)ePw&hwrre nts.

Anong current products, there are some el ectroni c nusica I nstrument s
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product. To eliminate such an inconvenience, and to improve
compatibility of the data format of performance data and
timbre data, GM (General MIDI) standard is established. For
example, an order of timbres specified by codes is defined in
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



format used in the instruments also vary by a product to product. To
elimnate such an inconvenience, and to inprove conpatibility of the data
format of performance data and tinbre data, GV (General MDI) standard is
established. For exanple, an order of tinbres specified by codes is
defined in the GMstandard, and a M DI apparatus is structured to select
a simlar tinbre even if another tinbre 4ode which is not supported in the
instrument is specified according to the defined order of the tinbres.

However, the perfosgmRcsodatidas alGhddthdr iateuibddy.mation created for a
speC|f|c platformare often inconpatible in another pI atform and soneti nmes
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products. There are v rious ,s theSIZI n princ ch as PCM FM
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source may accom‘mdﬁa‘g various effectors sych as a tone fjlter and a
reverb circuit. |fPREeTmSs,soeeatrol range ol theparpmatsr mpy Pe difficult

to synthesize the limited, or cannot be altered at all.

(d) Actual effect corresponding to a parameter is
different due to hardware difference between
platforms. The actual effect of 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



4 same 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 paranmeters are used in different- platforns, 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 hardware difference bet®een pl atforns. The actual
effect of simlar digital filters ~(e.g. cutoff frequency) may vary
over pl atfor meydficatidip ofidofBwanee witilé Raving tLprigapt Staftage b mensi on
of filtering. (e) Programof CPU To control the sSound source
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models of electronic musical instruments.

A second purpose of the present invention is to provide a
musical tone generation system with which it is possible to
share performance data among different electronic musical
_instruments. |

A third purpose of the present invention is to provide a
musical tone generation system through 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



As described above, the conventional electronic nusical instrunments suffer
froma [ot of limtations with respect to the hardware and software
construction and are poor in conpatibility and versatility.

SUMVARY OF THE | NVENTI ON In order to solve the above noted drawbacks
of the prior art, a first purpose of the present invention is to achieve
easy 6 5 nodification of softwares

while saving a primary storage so that program nodul es can be conmonly
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software modules to generate desired musical sound. The

~ apparatus 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 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 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



created for a particular nodel of instrument can be converted into a nore
versatile format. A fifth purpose of the present inventionis to
provi de a nusical tone generation systemw th which performnce data
created for a particular nodel of instrument can be edited, thereby
overcoming limtation of the particular product nodel, and col orful nusical
sound can be generat ed. A sixth purpdse of the present inventionis to
provi de a nusical tone generation systemw th which data conversion can be
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execute the software nodul es stored . therein to generate the rrusigal
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sound, a secorfRftyageomnaghilesbypsearchisgathe secondagystorage, and
loading the selected software modules into the primary
storage, and a central processing unit for accessing the
primary storage to execute the software modules stored
therein to generate the musical sound 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 comprises 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



plurality of software nodul es which are designed to performa variety of
tasks, and a | oader operative when the generation of the nusical sound is
initiated for selecting an effective and opti mum set of software nodul es by
searching the secondary storage according to prescribed criterion, and for
| oadi ng the selected software nodules into the primary storage to thereby
ensure effective and optinum use of t he & esour ces. Further, the

i nventive conputerized rnusic apparatus utilizing resources including
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model electronic musical instrument. In a specific form, 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. 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



| oadi ng the selected software nodules into the primary storage, and a
~central processing unit for accessing the primary storage to execute the

software nodul es stored therein to generate the nusical sound such that

the central processing unit enables the software nodules to comunicate

wi th each other by exchanging a nmessage so as to integrate the set of the

sof tware nodul es al t oget her. Accordi%g to a second aspect of the

i nvention, a conputerized nusic apparatus is constructed to enulate a
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equivalent timbre information which is effective in the basic
tone generating system, and fourth means for providing event
information effective to command generation of musical
tones, so that the basic tone generating system operates in
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



I nformation stored in the storage for emulating the tone generating system
of the nodel electronic nusical instrunent so that the enul ator operates in
response to the event information to generate the nusical tone as if
sounded by the nodel electronic nusical instrument. In a specific form
the enmulator includes a driver software nodule for enulating a driver
device involved in the tone generating systemso that the driver software
nodul e controls the generation of the nusical tone. In another specific
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software nodul e creates a waveform of the nusical tone to be generated. In
a still furthwadaskis deserminediaccarduingttsr ovenpr naexe atq:mr@ﬂg theonput er

for commonly enmulating different tone generating systens .of a plurality of
nodel el ect r onpredetsroainedhsritenent $hus, theFiond @eneratingnsystemds

conput eri zed nusi ¢ appar at us constructed to enulate a tinbre created by a
nodel el ectronget upuforcekecutivnuse thatcodifypies; of saftwaenméduleeid i ng up

a basic tone generating system second neans for providing
very easy. Unnecessary program is not loaded into the
primary storage, and just a required software is loaded.

In the arrangement according to the second aspect of the
invention, a combination of the device information specifying
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



9 original tinbre information which characterizes a tinbre of nusica
tones generated by a specific tone generating system of the nodel

el ectronic nusical instrunent, third nmeans for converting the provided
original tinbre information into equivalent tinbre information which is
effective in the basic tone generating system and fourth neans for
providing event information effective tld command generation of nusical
tones, so that the basic tone generating systemoperates in response to

the event infoisRirhQAdRAd ARERSANSohAd SRR U%IbRIYim tis i¥iferatbar BRL i ON
for generating the nusical tones having a tinbre as if created by the
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instrument. In a speci the third means 1 ncludes optional neans
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operable to rewite, val ues, of the equivalent tinbre.information to nodify
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Thus, it is 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



In the conputerized nusic apparatus according to the first aspect of the
present invention, the software nodules are |oaded into the primary
storage, and are executed by the CPU to generate nusical sound. The

sof tware nodul es are 10 provisionally
stored in the secondary storage, and are |loaded into the primary storage
upon power-on of the apparatus or upon d2certain user command entry. The
nodul e to be | oaded is determ ned according to one or nore item of the
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performance information is read out fromthe data nedia, and event

i nfor mat i on canmsiasiligstoementstwid §hadngxpensive greangemneitcor ding to the
performance information. Using the device information, it is possible to

process the perforlmtle invéntivet arrangembnt fivetlyi ae eleofnomdei zed nusic
apparatus. Further, with setting up the tone generating systemaccording to
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equi val ent characteristics to a nodel instrunent. In the
information of the specified first electronic musical
instrument is distributed, and then musical sound generation
is commanded. The first timbre information is converted into
basic or eduivalent timbre information for use in a basic tone
generating system which emulates 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 musical instrument

which is different from the first electronic musical instrument,

so that specific timbre information created for a particular



I nventive arrangenment, an electronic nusical instrunent to be enulated-is
speci fi ed. Wen nusical sound generation is commanded, a mnusi ca
sound signal waveformis generated by enulating the operation of the sound
source of the specified electronic nusical instrument in response to the
sound generation command. The nusical sound is reproduced according to the
gener ated nusi cal sound signal waveforml3Thus, it is passible to process
the performance information in mnmanner identical to the specified
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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 stored 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



musi cal sound signal waveform generating process enul ates a nethod of

musi cal sound generation of the sound source of the specified electronic
musi cal instrunment, so that various sound sources operating according to
various nethods can be enul ated very accurately. In the inventive
arrangenment, the 12 nusical sound

si gnal waveform generating process is exkcuted by a single conputer, with
whi ch operations of different sound sources of el ectronic rmnusical

i nstrunents argoﬁwr@tlﬁ.ﬂjdul%o that it is possible to enmulate many nodel s of
el ectronic nusical Tnstrunenfs with the inexpensive arrangenent. In

the inventive arra s FLrst t.roniic Si -instrunent to be
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el ectroni ¢ nusi cal jnst rgmt is distributed, and then nusical sound
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e execut od | loading procedure of the asignor resonsce and the satomatie o o
accompaniment resource.

Figure 10 is a detailed flowchart showing loading
procedure of the automatic performance resource.

Figure 11 is a schematic block 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 16 A-16C are flowcharts showing the control
program executed in the second embodiment according to the

present invention.



in order to produce a nusical sound signal waveformin response to the
sound generation command. The nusical sound is reproduced according to the
generated nusical sound signal waveform Thus, tinbre information created
for a particular nodel of instrument can be converted into a nore
versatile format. In the inventive arrangenent, the basic tinbre
informati on may be converted into seconds tinbre information of a second

el ectronic nusical instrunent which is different fromthe first electronic

nusi cal instr urrentF1gu1%stWA %R&CirfBCcuI(j ﬁ%’iﬂﬁ’lic&%% fm%lg% Fﬁfqto?fhf)Pr a

particul ar _ I nst rument can
be translated with high fidelit

In the invent iRAOSTAHR gd ir ﬁﬁ?&o&% emp g{lt’ %&dﬁi g;rafr% dlﬂ’j(r)rﬁnf S

edited in response to nanual operating neans, so that the original tinbre
i nformation crreegseatiigvent ¥akticul ar nodel of instrunent can be freely
edi ted, thereby overcom ng the

Figure 18 is a flowchart showing the control program

executed in the second embodiment according to the present
invention.
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. Figuré lisa

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 Instrument Digital Interface) interface 104,
a sound source 105, an interface 106 to the sound source 105,
an operation device 107, another interface 108 fo 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



limtation of the particular nodel, and col orful nusical sound can be
gener at ed. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
schematic bl ock diagramof the electronic nusical instrument as a first
enbodi ment according to the present invention. Figure 2 shows a bl ock
di agram of software construction set up on the hardware construction shown
in Figure 1. Figure 3 shows an exdm®pl e of software nodul es stored in
a secondary storage. Figure 4 shows an exanple of attribute

| nf ormation ofp, %nﬂfaql%?]ﬁﬁ‘@ﬁfelﬁod]?h%soperatloﬁ'(Sluﬁl‘?e TPYU a(1 etihpet showi ng

a booting progra I nstrunent ure 6 is a flowhart show ng

operation of eéﬁ%'rﬂaed TRAGEEil later WidlY rr%fgrriﬁg g d HewWdIairks SeNe ng

operation of e

ROM 102 stores a booting program (Figure 5), which will be
described later as well. Various software modules are loaded
into a primary storage in the form of the RAM 103. The
various software modules are provisionally stored in the
secondary storage 109. The secondary storage 109 may be
structured by a hard disk drive, for instance.

The sound source or tone generator 105 receives
commands from the CPU 101 via the interface 106, and
generatés 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 i



14 software nodul e. Figure 8 is a detailed flowhart show ng | oading

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

showi ng | oading procedure of the automatic perfornmance resource.
Figure 11 is a schematic bl ock diagram q@ff the nusical tone generating
system as a second enbodi nent according to the present invention.

Fioure 12 Showsalauer. TYAChHLG! (SALLIRIS hiRl Abbed kybblggseoond

enbodi nent ac ng to ;;resen I'rhventi on. - 13D show a
ovent on. AUl 208 E A EERE A s b B iR CAR BEETL
o eeent  menBbis Chord) Todule 03, S8 auEohAti€ PerfoRinanice (SEL: 1"
Sequencer) module 203, a MIDI interface module 204, a
communication channel switching module 205, an assignor
module 206, 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



Figures 15A and 15B are flowcharts showi ng a control program executed in
t he second enbodi nent according to the present invention. Fi gures
16A- 16C are flowcharts 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 enbodi nent accordlég to the present invention.
Figure 18 is a flowhart showi ng the control program executed in the

second enbodi ne o di 0 - pr nt g | L QN g Lagure 19 is a
timng chart s%%%ggo%’@rcgﬁle%h lio%%t‘(hlél?&géc' héd Qéﬁ‘%ﬁ‘&ﬂﬁ%“’é’c%@%‘g#ﬁg to the
present | nvents':v?rﬂiching module 205 is implemented by a main module

(Figure 6). For instance, the communication channel

switching module 205 performs a switching task including;:

(1) Upon receiving key depression information
from the keyboard driver module 201, the switching
module 205 sends the information to the assignor
module 206.

(2) Upon receiving key depression informa£1011 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



DESCRI PTI ON OF EMBODI MENTS Herei nafter, enbodi nents of the present

i nvention will be described with reference to Figures. Figure 1 is a
schemati ¢ bl ock di agram showi ng a hardware construction of an electronic
musi cal instrunment according to a first enbodinment of the present

I nvention. The instrument conprises a Central Processing Unit (CPU) 101, a
Read Only Menory (ROM 102, a Random Ackess Menory (RAM) 103, a M DI
(Musical Instrument Digital Interface) interface 104, a sound source 105,

an interface 1ﬁﬁ)d@léshq1§@ig_ﬁré@”a??n&ﬁﬁmoéﬁl@@@laisi Seledfed @@ I8y, anot her

interface 108 to the operation device 107, a secondary storage 109 and a

Poun 1L R AN TROHLRA SHILF S 0L EOElle T
electronic information or message exchange among the software
modules. A single keyboard driver module 302 is selected as
the keyboard driver module 201 in the Figure 2 structure. An
ABC module 303 is selected 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 selectivély loaded into the primary
storage to constitute the composite automatic
accompaniment (ABC) module 202 shown in Figure 2.
Numerals 309 and 310 denote two t;,ypes 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 makers of the



16 nusical instrunment. The operation of the CPU 101 will be described in
detail later with referring to flowharts. The ROM 102 stores a booting
program (Figure 5), which will be described |later as well. Various
software nodul es are |loaded into a primary storage in the formof the RAM
103. The various software nodul es are provisionally stored in the
secondary storage 109. The secondary stajgage 109 nay be structured by a
hard di sk drive, for instance. The sound source or tone generator 105

r_ecei ves commnds fromthe CPU 101.via the interface 106, ;an enerates a
si gnal of nusilBaITEHERA, Sq’h@aﬁoﬁﬁda@‘?%‘@fﬁ %‘?me‘ CRYF S I%horlﬂﬁ]r gﬁuces t he

erbod ment . ¢ Inelecerkite dunnsiateotne Sormrtent hue MBPITatisgPErieTranare

nodul e. However, the sound source 105 can be i npl er&nt ed. by Egi ng a

T Ror o e euon. a8 Keybont o v ng ool var ous
module. One of the two SEQ modules 309 and 3%0 and one
or more of the three format converters 311-313 are selected
to define the automatic performance (SEQ) module 203
shown in Figure 2. Occasionally, no format converter is
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 modﬁle 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 otiler sound source drivef 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



keys and bei ng played by a user. Input information fed from the operation
device 107 is sent to the CPU 101 via the interface 108. External M DI

i nstruments can be coupled to the MD interface 104. Figure 2 shows
a bl ock diagramof a software construction inplenented in the hardware
structure shown in 17 Figure 1. The

software construction includes a keyboardy driver nodule 201, an automatic
acconpani ment (ABC. Auto Bass Chord) nodul e 202, an automatic perfornance

(SEQ Sequencgy ke fTHy g}’ukﬁeg%éctﬁlm%usm&rﬁﬁ%ﬁlfﬂgw eAzﬂf‘a. & [ommuni cation

channel sw tching no an assignor nodu 206, an a sound source

driver nodul e " ry

storage 109 i %’tgza‘pgacl%ARﬁgdg %?lg%Iggc@él%%%g%hiﬂg%lﬂ%%ﬂQqa Th

keyboard driver, oy &éd 1'881111€ia%cd for se(igcr‘%mg an"SHective and
optimum set of software modules by searching the secondary

storage according to the following prescribed criteria:

(1) Examining equipped hardwares, the loader
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



program desi gned to control the keyboard included in the operation device
107. The automatic acconpani nent (ABC) nodule 202 is executed to performa
specific task of an automatic acconpani nent. The automatic performance
(SEQ nodul e 203 takes control of automatic playing. The MDI interface
nodul e 204 is a software nodule to control the MDH interface 104 shown in
Figure 1. The assignor nodule 206 perf%?m; a task to allocate or assign
tone generation channels of the sound source to each note-on command

recei ved by the SQé@é’n&QH*Cs%oré.'@@ s$OteH t WOUHE enode iof esimiibeitil € 207 is a
driver software to control the sound source 105, and executes the note-on

command accor di ng sbgv@aré%%ﬁgés%@ﬂdrﬂ% s11B8eAntTAlY Rieffcal The

comuni cation chann SW dule 20 sw tches & nmessage exchangi ng
path among the vaglous pyt 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. |

(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 stofage.

(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



18 software nodules. Particularly, the conmunication channel sw tching

nodul e 205 is inplenmented by a main nodule (Figure 6). For instance, the
comuni cati on channel swi tching nodul e 205 perforns a switching task

i ncl udi ng: (1) Upon receiving key depression information from
t he keyboard driver nodule 201, the sw tghing nmodul e 205 sends the

I nformation to the assignor nodul e 6. (2) Upon receiving
key depression information of an acconpani nent chord, the sw tching
nodul e 205 sesolffwtdre imfdulenis stored ithéhaweovaidary storageconpani nent
nodul e 202. (3) Upon receiving a note-on conmmand of an '

automat i c _acconpani me(§) fFlgenloAdendadphbE load amdaesngpatiblé nodul e 202,
t he swi tching nodul e 205 sends the conmmand to the "assi gnor nodul e 206.

Figure 3 shows sof w\@dﬁlé f&ok!bﬁﬂﬁﬁiéﬂgtﬁ?tﬂ OtRePmddulés.| Ramely,sof t ware

nmodul es provi si ona

stored int
the loader operates 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.

The secondary storage 109 redlinda,ntly stores various
software modules. However, the storage cost per bit of the
secondary storage is cheap, so -thé,t 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 stofrage 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



secondary storage 109 of the electronic nusical instrunent. Selected ones
of these software nodule are | oaded fromthe secondary storage 109 to the
RAM 103 to constitute the software construction shown in Figure 2, which
I's conposed of an effective and opti num set of the selected software

19 nodules. In Figure 3, a main nodule 301 is selected as the

communi cati on channel switching nodule 20%, and controls information or
nmessage exchange anong the software nodul es. A single keyboard driver

modul € 302 15 Sebabute iRordti IR sHlhUio RS iR Inidulee B ure 2

structure. An I's selected as the automatic acconpani nent
(ABC) nodul e 2

dul . ¥ .

storage, an AB %Sns\géga?m&n@l%g%'pﬁ pg?ﬁgggéhgu+§&gegggitgtgoﬁ%%é ’: rr]r;a(r)yt he
' t . brodul Th bnodul e i I I dul

it egr ated | RS HER krEfer s vt el CHF R Fent!y on the

hi gher [ evel nodul nmeral s 304 and 305 denote two
J specfﬁesl\\lﬂle date oP the mo uﬁe creation, and ModuleType

specifies the type of the module such as a main module, a

keyboard driver module and an ABC module. The general
portions 402-404 of the attribute information of the assignorl
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 such 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



types of ABC engi ne subnodul es. Nunerals 306 to 308 denote three types of
ABC pattern subnodul es. The ABC nodule 303, one or nore of the two ABC
engi ne subnodul es 304, 305 and one or nore of the three ABC pattern
subnodul es 306-308 are selectively |oaded into the primary storage to
constitute the conposite automatic acco g\ni ment (ABC) nodul e 202 shown in
Fi gure 2. Nurmeral s 309 and 310 denot&'two types of autonmatic

per f or mance (Sg? nmodul es. Numerals 311 to 313 denote_ three types of
format conver t MultilfiB Aware is asflbgmpealyinghviuitherthomodubeQasoaul e. A
format of automatic performance data may vary over nodels and nmakers of the
20 instrunent facibityhiad deteetieguas siiethrt uppey et bowesheagibibefsel ected to
transl ate one format of the autonmatic performance data to anot her format

whi ch can be t malti?ﬁlebke bearldfis rm.ﬁ,nlipulg@m_of the two SEQ nodul es 309 and
310 and one or nore of the three format converters 311-313 are sel ected
to define the aut ofpihferad 4 gefi6tes TR sp@dfikepefion of the attribute
information of the ABC module. A message StyleNum
specifies the number of the automatic accompaniment styles,
VariationNum specifies the number of variations of the
automatic accompaniment, and AcceptChordType specifies
~ 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 to 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



shown in Figure 2. Cccasionally, no format converter is required if the SEQ
nodul e can directly treat the original fornmat of the autonatic perfornance
dat a. Nuneral s 314 and 315 denote two types of assignor nodules, and
one of the assignor nodules 314 and 315 is selected as the assignor nodul e
206 shown in Figure 2. Nunerals 316 and% 17 denote two types of sound
source driver nodul es, and one or nore t he sound source driver nodul es
316 and 317 is selected as the sound source driver nodul e 207. '
Particul arly, indHcabendessagesewdrich eranmbduteceivédi andguiogmsded drsy a wavef or m
menory read-out type sound source, and the other sound source driver

nodul e 317 is egldsimoduléoBy averssiog tl@daksdaprelisputide 3gdte@@ can In
t his enbodi ment, the various software nodul es shown in Figure 3 are

provi sional ly =Yo e, r 1N 3 t ower - on
of the i nstrun@?\?élgfrjkggglléag%nﬁgggeednﬁt%%%btlgﬁ%% lsoP tl‘\g/\lglr%gl%rr% tlﬁ glégare

;i' ectively | asiedies" By ddaploy iy ¥hatNedssed badsdfng et pdq'ide (HM 103
interface between the modules, the compatibility of the
software module can be improved very much. Namely, the
CPU enables the software modules to communicate with each
other_by exchanging messages 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) GetTgInfo(): 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 Tonelnformation, which



to set up the electronic nusical instrunent. A loader is installed in the
i nstrunment and operates when generation of nusical sound is initiated for
selecting an effective and optinmum set of software nodul es by searching

t he secondary storage according to the follow ng prescribed criteria:

(1) Exam ni ng equi pped hardwares, the | oader sel ects nodul es
correspondi ng to the equi pped har dwad%es. For exanple, after checking

t he sound source board installed in the instrunent, if a wavef or m
menory read-out type slﬁkli‘éimt%%%% JeSeener£96h RRAAmMARE. correspondi ng sound
source driver nodul e 316 is %n to be | oaded. Nanely, the

| oader operates accordi ngl:gg Bumﬁq'o(h%l (Tf)il&ﬁ?fd}ﬁnﬁﬂbn exam ni ng

har dwar e nodul es i ncl ude resources Instrunment to identify
effective hardware no. sed. | h r e nusi cal
sound, and for select RB“@? §I°t§ %C&pﬁg%et(’gn@%&ezgwﬂng‘b H'Pespondl ng to
the identified effective If there are
sof t war e modul es perform § d&%t@)@é]f&eqsgag‘ﬂ‘?n ?’dl%l}‘f)@]u{‘ﬁ)e | oader sel ects
t he one havi ng hﬁher perfor manfcel or the one having a newer time
stanp. Nanely, the |oddaeb bﬁe‘i tas 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 sorig data corresponding to SongNum.

(23) StopAliTrack(): 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.



according to a performance criterion if the

22 secondary storage stores two or nore of simlar software nodul es
perform ng substantially identical tasks but having different degrees of
performance and different ages of creation for selecting opti numone of
the simlar software nodul es having either of the highest degree of
performance and the youngest age of creat8 on. (3) If a software nodul e
requires several subnodul es, the | oader seeks the subnodules existing in

t he secondary nenory. The(rzs)tR@cb@@AelrI‘reﬁﬂd gsbﬁrN‘@Hﬁ)ofswmrt.e nodul e whose
subnodul e exists in the secondary nenory. Narref)y, t he | oader operates

according to an integrid ¥ecdrd alll oradk@r sel ecting a software nodul e
together with one or nore of an I ndi spensable software subnodule only if

t he indi spensabl e SOftmr@ﬁ“ﬁ%ﬂP&SpieEiﬁéTfﬂc i(gothﬁﬁlc’ondary st or age.
TrackInfo): Start to record a specified track.
(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 (Chordlnfo): Generate
an automatic accompaniment pattern
é,ccording 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



(4) The | oader does not | oad a software nodule subordinate as for signa
flowto a certain software nodule if the sane is not evailable. Nanely,
t he | oader operates according to a continuity criterion for selecting a
sof tware nodul e which is positioned at an upstream of data process flow
relative to another software nodule only if said another

23 software nodule is stored in the2%econdary storage. (5)
The | oader does not |oad an inconpatible nodul e for conbining with

ot her nodul es. Nanglabived me%§§gés‘?ader operates according to a
conpatibility criterton tor’selecting a software nodule only if the

sane is conpatible with other software nodul es sel ected fromthe
secondary st orage. Tdd ) sGevQtrmnn aidaadburt(): Gettliant |y stores
vari ous software nodul es. However, the storage cost per bit of the
maximum number of the tone generation
channels.
(42) GetldleChannel(): Get information
about idling or available tone generation
channels.
(43) AssignChannel (ToneInformation):
Assign ToneInformation 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 flowcharts of Figures 5 to 10 in detail.
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.



secondary storage is cheap, so that it does not cost nmuch to store nodul es
whi ch may not be used. On the other hand, the storage cost of the primry
storage (RAM is expensive and the capacity is limted. Thus, according to
the present invention, suitable 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 ectronic nusical 3®nstrunment. Figure 4 shows an
exanple of attribute information of the software nodules. The attribute

information is ref P‘igﬁf’e iy ﬂ@@cllaﬁﬁighofnﬁiﬁ dgie o e@hﬂﬂ)ﬁ’\’ﬁﬁtth%rnfhlﬁodm e
Is to be 1oaded or not according to the cri erla to (5) described

above. The at!piSWHR WYAKGRihthe STPETRSRY2 wﬁgq@gﬁggbglﬂe og@gon in all

the software no rtiron. nuneral 401
at vt but o o/l 0o veRe B3Ees srengine o dovastienme
Modul eName dengheﬁpé %arr]r?nv?nt r(teshgecrgogo dita flow of the system. The
software modules are selectively loaded from the secondary
storage 109 to the primary storage of RAM 103. In STEP
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 appliéation resources
are loaded. In this step, the automatic accompaniment
resdurce and the automatic performance resource are loaded,
and the r_eéourcé loading Wiﬂ be explaiﬁed 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



Ver si onNum speci fies the version nunber, CreateDate specifies the date of
t he nodul e creation, and Modul eType specifies the type of the nodul e such
as a main nodule, a Kkeyboard driver nodule and an ABC nodul e. The general
portions 402-404 of the attribute information of the assignor nodule, ABC
nodul e, and SEQ nodul e have the sanme structure as the attribute information
401 of the sound source driver nodule. 31 Nuneral 405 in the attribute

i nformati on of the sound source driver nodul e denotes a nessage TgType
speci fyi ng t hthe yesoufce kennechbrs o rS' EFH G0, tmeskyge ipatdisi amy setuich as
wavef orm nenory read-out type or physical npdel type. Nuneral 406

denotes a speciupl, ghReughowhithttite abidmbuiieationf aiegsbpges e the assignor
nodul e. A nmessage MaxChNum specifies the nunber of thé tone generation

channel s whi chexéﬁgﬁgééimlggggllgag@a ARoHlkRk, BasicAlgorithm specifies
' of the channel '

the basic algorith assignnment (e.g., priority in the

order of the data ﬁa{/&l}/gé%)&ﬁgc@vm%qeoﬂ ng% Tg'?Elj %Fyt i’f}iieﬂg t‘ff&et her the

nodul e has a facil ect an au ic ~acconpani nment sound si gnal

and to ass on bt SHAAMS Bk HRouptP TR 0N ASWHIEREMIPR 8Rs© Nes 2
In STEP 609, messages corresponding to the occurring event
are passed to a concerning module. For instance, upon
keyboard manipulation, a key depression event is detected in
STEP 608, and a message correspouding 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. Any 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



automati c performance sound signal and to assign it, and

25 MiltiKBAware is a flag specifying whether the nodule has a facility to
detect as to whet her upper or |lower region of nmultiple keyboards is

mani pul at-ed. Nuneral 407 denotes the specific portion of the attribute
i nformati on of the ABC nodul e. A nessage Styl eNum specifies the nunber of
the automati c acconpani ment styles, Vari®ionNum specifies the nunber of
vari ations of the automatic acconpani nent, and Accept ChordType specifies

the nunber of TO®, therABUpasdulpratpaiddnmitpustd chottiepatiepmmts c
acconpani ment . Nuneral 408 denotes the specific portion of the

attribute infanBiidiRatic ABoRFANREHEnote FaiteynEFhadk BT asodiile

speci fies the nunber of tracks of the automatic acconpani nent,

Ti meResol uti O”e)gtg%?_ﬂécsi %éﬂ“@g%&&&@?ﬂ'ﬂ?l‘m“ 703 t@ﬁdaﬂﬂcﬁgﬁéhﬂs the

acconpani nent , ormat sp Ies fhe data format of t automati c

acconpani ment daban ded actHipHitndinbled 18 (FSRESHGT udlfaRIe @ 1ist of

Figure 8 is a detailed flowchart showing the loading
procedure of the sound source resource conducted in the
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



messages receivable by each nodule and included in the specific portion of
the attribute informati on of the sound source driver nodule, the assignor
nodul e, the ABC nodule, and the SEQ nodule. In this enbodi nent, an
interface anong the software nodules is unified in order to inprove the
conpatibility of the nodules. Nanely, a nessage passing nethod is

enpl oyed. The receivabl e nessage lists 48D to 412

26 indicate nmessages which can be received and processed by each nodul e.

By accessing t fgive@sgrifulel Tf 1itti§9cléﬁé%t€&‘t‘}ﬁllft aﬁ?t&iﬁe§P9Wd?ﬂg%(ﬁﬁRPt

detailed facilities inplenented In the nodules.”By enploying the nessage

Phe. Sof tuare Toduic Enh BddER BERHEAN HIT TG Seeohdfry SERFPEL bl b the
25 101 nt ogr al 190 BLETIEPTRAE, Eud' b ERfite Rsindy T LTl B R8T °°
By cach modur esarne 3TtHedF VBB doURd, the Toutine Fetdits e6™" " °
STEP 801. In case that plural drivers exist, a driver highest
in performance and newest in time stamp is selected in STEP
805. The ca,pability and age of the driver module can be
detected by accessing the attributes VérsionNum and
CreateDate. In STEP 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 secondary 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,



(1) Messages receivable or adm ssable by the sound source driver

nodul e, and procedures conducted according to the received nessages
(11) GetTglnfo(): Get various i nformati on about the sound source.
(12) GetToneColorList(): Get a list of tone col ors createable by
t he sound source. (13) GetTonelnfo (ToneCol or Nunm): Get

i nformation for a specific tone color. 34 (14) CenerateTone
(Tonel nformati on): Synt hesi ze a note or generate a tone

according to T‘P@é\?&ﬂi T, 19gh O12%“&1%’ﬂma,nce assi gpor module just wastes 27
i ndi cates a tone ge AR DunpTone

PGS em?eﬂ%@mm@sﬁ 20T BT,

generation ‘%%' that¥e’ £58 gng %SE ASERERE lJ'SIHmThls is the reason
why the preliminary check is conducted in STEP 901. In
STEP 902, assignor modules stored in the secondary storage
109 are examined. In STEP 903, the assignor module to be
loaded is determined. Particularly in this determination, the
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 seaiched 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



(2) Messages receivable by the automatic performance (SEQ nodul e, and
procedures executed by the sanme according to the received nessages
(21) StartAllTrack (SongNum): Start to pl ay the song data
corresponding to - SongNum (22) StartSpecificTrack (SongNum

Tracklnfo): Start to play a specified track of the song data
Fecor dl play ol | tracks. (55 stontpettror bkt Bopmm
Lkl ot sbeipaihicin ptsmencstod (29
28 (26} eWesPIA A 8campSingtlecked Soadetermine thecosmpatibler acks.
combination of the ABC module and the ABC engine found
by the examination. In STEP 914, the type of the selected
ABC engine is stored in a work register AbcType. In STEP
915, the né.me and the type AbcType 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



(27) RecordSpecificTrack (SongNum ~ Trackinfo): Start to record a
specified track. (28) MoveSongPoi nter (SongNum Location): Move
an address pointer to a speci fied address | ocation of specified song
dat a. (3) Messages received by the automati c acconpani nent (ABC)
nodul e, and procedures executed correspgnding to the nessages (31)
Set AbcType (AbcTypelnfo): Set up aut dati c acconpani nent according to
AbcTypel nf o. (32) ExpandAbc (Chordlnfo): Cenerate an automatic
acconpani nent pafistered in theamsdunge ttabloldl STER IE6 dthekelewtdon) .

(33) GetAbcStyle(): Get a list of avai |l abl e automati ¢ acconpani nent

styl es. SEEHmediAsdIpadkd fBeimahe sécaridary stypagall0® twitthentic

acconpani ment types. (4) Messages received by the assignor nodul e, and
procedures exeRY K 109 "PIPEE 18 SPEF'957, the format converter

submodule compatible to the automatic performance data

having a format specified by the work register SeqFormat is

loaded from the secondary storage 109 to the RAM 103, and

the procedure finishes. Occasionally, two or more converter

modules may be loaded into the primary storage.

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



29 recei ved nessages.

(41) Get Channel MaxNun(): GCet the

maxi mum nunber of the tone generation channel s. (42)
Get I dl eChannel (): Get information about idling or avail able tone
generation channel s. (43) AssignChannel

(Tonel nformati on): Assi gn Tonel n§7or mation to an idling tone
generation channel . (44) Truncate (TruncateAl gorithn:
Truncate a certain note according to Truncat eAl gorithm Now,

t he operati on mfodwlesetaar treoaasilyndistzibutedt byree morsable anempary t he fir st

enbodi nent wil |

be described in conjunction with flowharts of Figures 5 to

10 in detail. ifreglinesuch asdldppyadisk] asibeangbe dopiedngtpradessl disk.he

system A booting programis stored in the ROM 102, and |aunched upon

pover - on or upon the desiribedanthe fofakoin, Racdbommnhe firsst of all, in

STEP 501,

secondary st or 2g8ectO8f i

or commenced i n STEP 50

system is set up freely so that modifying of software modules
is very easy. Since required software modules are selectively
loaded from the secondary storage to the primary storage, no
unnecessary program is loaded into the primary storage to
avoid waste of the memory capacity. Software 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

the CPU 101 | oads the main nodul € 301 shown in Figure 3 fromthe
Izibopi;éé%nlﬁ linfRanic Ot R oftWard Bbile Béit@tigg | Nvoked



30 Figure 6 is a flowhart showi ng the operation of the main nodul e
I nvoked in the STEP 502. The main nodul e | oads various software nodul es
sequentially froma dowmstreamto an upstreamwth respect to data fl ow of
the system The software nodul es are selectively | oaded fromthe secondary
storage 109 to the primary storage of RAM 103. In STEP 601, a sound source
resource is | oaded. Then, an assi gnor re&ource is | oaded in STEP 602. The
resource loading will be explained |later with referring to Figures 8 and

9A. In STEP 6@Qfilized cpairdondy imeslwfoeni of losoitvadenphbksget ep, the
keyboard driver nodule 302 shown in Figure 3 is Ioaded and ot her drivers

concerni ng vari ouspDeiaflst 608 deroideeathdddneat ofl fite éﬁ@ﬂ(’, uhvertibR 604,
functional or application resources are |oaded. In this step, t he

automatic aCCOﬁE’H%@%“&J [ &iwﬁﬁﬂﬁfe H RS i th PFART resource are

| oaded, and e resource alned | ater th referring

to Figures 98 lﬂz %T an interface (I/F) resource such as a
M DI driver e IS 1 oa gﬁr@&ﬁlln STEP 606, the main nodule sets up the

resource The hardware configuration 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 genere,ting system according to the
second embodiment is implemented on a general purpose
compﬁter such as a personal computer. In Figure 11, numeral
1001 denotes an input 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, varieus 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. Numeral 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



connection by accessing a resource table. The resource table 1is allocated
in the RAM 103 to store the nane and type of the software nodul es | oaded
in STEPs 601 to 605. By accessing the resource table, the main nodul e
recogni zes which nodule is |oaded currently. In setting up the state of

31 the resource connection in STEP 606, 3gessage paths are set up, through
whi ch the conmuni cati on nessages are exchanged anong the | oaded nodul es.

STEP 608 1o walSIAYRCRY chentisplon I Sbumore d03dcdenpres BoRAND o the
ceyboar d man plbicharn becegcesspeeby dre GIBH 10994 seadd writeTtos0s, and
a nmessage corresponding to the key depression event is issued. Nanely, key
depr essi on i nf bumerah 1084pdsesetes a teproalutatien ideace dmpeeadrentt theul e upon
an acconpani nent key mani pul ation. O herw se, the key depression
information i sdregstoréd ibhg predetermined area of the RAM 1011 and to
reproduce the data by generating DMA interrupt to THE
CPU 1009. Numeral 1005 denotes a DA converter to convert
digital sound data produced by the reproduction device 1004
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



assi gnor nodul e upon a normal key mani pul ati on. Figure 7.is a

fl owchart show ng the operation of each nobdule. Upon receiving the invoke
command generated in STEP 607, each nodul e executes procedures shown in
Figure 7. Any nessage is received in STEP 701, and the process
corresponding to the received nessage is _executed in STEP 702. O her
processes may be carried out in STEP 7030 Any nessage required to pass is
sent out in STEP 704. Then, the procedure returns to STEP 701, and the

sane steps are repFhedd; cFastrastuny of tive haaimmumlseitwpmqfetdm vi ng
chord key depression intformation fromthe keyboard in STEP

32 701, the ABGsi@fluisheyeardstiay systen ettoordidgpat therseconah aut omatic

acconpani ment note pattern. The ABC nodul e ‘executes other procedure in

STEP 703, and 4B NS Wil n6¥PBRMEEsasbedpaltlealeritigsol Pigiie assi gnor
nodul e. I gure I's a detailed flowhart show ng the Ioac{3

procedine, o 115 1R Ao SRR BT Ispe oA o i ouro
the hardwares such as CPU 1009. Second to sixth layers are
logical layers comprised of softwares which are executed by
the CPU 1009. The second layér is comprised of signal
processing modules including subroutines to execute primitive
sighal 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, inciuding 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



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 nenory read-out
type or physical nodel type) is stored i4la register TgType. The register
TgType is a work register, and is different fromthe attribute information

TgType shown igherfitd &ith Stheho S sl frofh \Rhersperitorsr 6 in the

secondary stordge. In STEP 804, thé CPU detects as to existence of the

sound source | b T ﬂd}ﬁ | ] Eat

secondary sto?%iﬁéﬁgg?gﬁsfgﬁgéﬁg&lggﬁmfs oﬁr}gfg y Ir%g Eﬁg@oﬁ%éﬁsﬁlgﬁg’}tri but e

i nformation Tg%’ah/cge i he sound source driver nodules fromthe secondary
18$1

storage 109, paring its value with that of the work register

TaType, in order 1@ oG8 st (allbd "Phidicl Mol Soitnd source’
synthesizes musical sound by simulating behavior of acoustic
musical instruments 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



33 driver nodule. If it is detected that any correspondi ng sound source
driver nodule exists in HD of the secondary storage 109 in STEP 804, the
procedure forwards to STEP 805. If no sound source driver nodule is found,
the routine returns to STEP 801. In case that plural drivers exist, a
driver highest in performance and newest in tinme stanp is selected in STEP
805. The capability and age of the drive42 nodul e can be detected by
accessing the attributes VersionNumand CreateDate. In STEP 806, the nane

ond e ype TBPE/SLISALGHRY SRR Gl SRR o

regi stered in resource ected sound source
driver nodul e a~¢ | 0aded from.the s ndary .stpra 09 into the RAM 103,
and ' the procedhPErPRREr Ao rig e BERE Py'siEpfiEdehsound fuld o

fl omchart show ng, t;he | i n rocedure, of the Si r resource shown in
STEP 602 of wes 16 ke oo FEaRIReBe, bRkl 8 BREsIcRT nar v chock | on
application software nodul.es such as ABC and SEQ nogul es stored in the
secondary st oridgérugmsent D’gﬂ%ﬁ watheresars ¥arions handamay y storage 109

may vary from a . . .
methods to synthesize musical sound as described above, and

actual synthesizing algorithm is slightly different depending
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. The controlling program is originally
designed to control a specific model of an electronic musical
instrument, and varies due to the difference of the softwares.

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



hi gh performance version which can assign the autonmati c acconpani nent notes
or automatic performance notes separately froma regular key note, to a

| ow performance or sinplified version having just an ability to assign a
recei ved key code. However, if there is no ABC or SEQ nodule at all,

34 | oading of a high performance assignor nodul e just wastes the nenory
capacity of RAM 103. In that case, a | ow3 performance assi gnor just. does
the job. This is the reason why the prelimnary check is conducted in STEP

901. In STEP 9@Zveasslifloto M5y eTlss soeddi souite desersdi(blstorEysd 109 are
exam ned. In STEP 903, the assignor nodule to be |oaded is determ ned.

Particularly ignidlhte dBlecoPeRaiba of ATEPTEWsHte6IPes e RISIechipvel aof the

assignor is determned as "the result of the prelininary exam nation in

SrEr oL, Irenepatpgnegacioutd hokbel e enmaged elpicnsegpaie |1 i

secondary stora ura e an opt1 mum

_ torage It X OpCl
ol eatod. T SRS 0N 0AS T PRBETIRRCHRE R DaPRRETREE T &1 or oo d
' Kk ' T; , d d the t AsT I st

n the T esour it SHECHIE e lgsts RO G oh S8R SAEERRLG 0 7
T oaequr o | o chtally smufaced A Raleipe Hhe Peetido souid Sources M "€

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



Figure 9B is a detailed flowhart show ng the | oadi ng procedure of the
automati c acconpani nent resource shown in the STEP 604 of Figure 6.
911, the ABC engines stored in the secondary storage 109 are exam ned, and
then the ABC nodul es stored in the secondary storage 109 are exam ned in

STEP 912. In STEP 913, a conbination of the

35 nodul e and the subnodul e highest in performance and newest in
stanp is selected to determ ne the conpati ble conbination of the ABC

¥P@ St ERe Sbhind

modul e and t heh ARefndi0Nerécutdd ifforiditisH Al o8)

of the selected ABC engine is stored in a work regi

er AbcType. |

915, the narretgaﬁ-é fo wsg@ga%gg tRe t(ffe &{&Qgc&?télﬂ% of EGINeE bise
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source includes:

st or 109 into.t he RAM 103.
980%s0 o, e thtormation relal:\flng £ an emulated sound

(a) The type of the sound source of the electronic

musical instrument to be emulated. Namely, the

type refers to PCM sound source, FM sound source,

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.

(¢) The model code of the electronic musical

instrument to be emulated.

These data are collectively referred to as device

information which indicates devices contained in a

tone generating system of the model electronic

musical instrument to be emulated.

In STEP

time

he type
n STEP
Hable.
from
ny ABC
aded

Numeral 1102 denotes a sound source parameter field, in

which control parameters are recorded for each timbre.

Generé,lly, 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



Qccasi onal |y,

two or nore ABC pattern subnodul es may be | oaded.

Figure 10 is a detailed flowhart show ng the | oading procedure of the
automati c perfornmance resource executed in the STEP 604 of Figure 6
STEP 951, SEQ nodules stored in the secondary storage 109 are exam
plural SEQ nodul es are detected, an optinum nodul e hi ghest in performance
and newest in age is selected in STEP 95%° In STEP 953, infornmation
the data format of the automatic performance data conpatible to the
sel ected SEQ smdrdecpbsantateedi¢ld 210Rrdepeaydsioer thedyperaf solmdSTEP 954,
the type.of the selected SEQis stored in a work regi ster SeqType.

955, the name gh@rdehe€Therhorvaalisddantical to the original format of the

36 registered in the resource table.

. In
ned. |f

about

In STEP

In STEP 956, the selected SEQ nodul e

| s_loaded fr Or%dlﬂ?d%‘?ﬁﬁ‘?:‘éaédpﬁto‘lrﬁ&eaxﬁ%eﬁs%f RReRAM&GhichyRisiesl I n STEP

957, the format converter

instrument to be emulated.

Numeral 1103 denotes a waveform data field, in which
ngeform data is recorded to create a desired timbre of
musical sound. The waveform data may be a sampling data,
in case that the sound source of the electronic musical
instrument to be emulated is a PCM sound source, or may be
a nonlinear function table where data comprised 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



subnodul e conpatible to the automatic performance data having a format
specified by the work register SeqFormat is |oaded fromthe secondary
storage 109 to the RAM 103, and the procedure finishes. Cccasionally, two
or nore converter nodul es may be | oaded into the primary storage.
According to the first enmbodi ment, nodifying of the software nodules is
very easy. For instance, an old version 66 a sequencer program can be
easily updated to a new version by just storing the new version of the

sequencer pr og_%@ﬁemcé Paresossiands s (e get df sdenédl wRaircenparametend
I nstrunent. e new version of the sequencer programis automatically

| oaded into the FhHWRT n 5&1?@% mmmqm&r QﬁléjFl%ﬁf(et [h thigfexaAplsyst em

The present invention can pplied to a multi-purpose conputer Syst em
whi ch may be Cﬂ‘l&%‘i‘) s%h?ﬁ%rdf”ﬂlfé ﬁ&@ﬂrﬁfﬁgﬁ?%bryé@i‘ﬁ ul sense. For
i nstance, the pres i nvention 0 a general - purpose conput er

L S A0 B A ), 7
command 1o pl afeREBIEPL iR Wiish 3P eabes dif Afdte wavetSin ages v "9 2

The waveform designation data are different depending on
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

Numeral 1140 denotes a sound source register shown in
Figufe 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



37 nodul es can be easily distributed by a portable nenory nedia such as

fl oppy disk, and can be copied into a hard di sk. As described in the
foregoi ng, according to the first aspect of the present invention, the
software tone generating systemis set up freely so that nodifying of
software nodules is very easy. Since requred sof tware nodul es are

sel ectively | oaded fromthe secondary storage to the primry storage, no
unnecessary programis |oaded into the primary storage to avoid waste of
the menory capmaind sosotewfr theinsframaentiobke dimtilated exithg BGMdul e unit,
and inter-nodul e communi cation is carried out by the nessage passing

met hod, so t hagourid searee pRearlachamaiel eofctire bounsesourmamegisterer different
products which are different fromeach other in the software

speci fi cati on.rcbbeds the NotearHbe dsigheditatke diardiewehek i n the prior
art -that the programcould not be easily replaced even it a new program has

the same Tact hibyeil defiatich HARaPI@SERLIF MU oMe WiRdiBher - Todu! ©

interface is uni e nessage passing nethod, so that it is
oy L0 T Oy SRRSOl A (A Rl e
sofvar e ol o 0 AL KA TR S50 A0S FRPARE hbBggech
i:%gvent ron. A Sr%’gigtaetral 46 hmggr ﬁ\g %iﬁaetréﬁ r(‘ie(i)aerﬁc{)eently on the type of the

pseudo sound source which is equivalent to a sound source

LSI provided in the emulated instrument.

B1. 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 predetermined 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

opened 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 generating 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.



utilized commonly in the formof a software package. Details of a
second enbodi nent of the present invention wll now be described with
referring to the drawings. Al. Hardware Structure The har dwar e
configuration of the nusical tone generating systemaccording to the second
enbodi nent of the present invention wlJ), now be described wth referring
to Figures. The nusical tone generating Systemaccording to the second
enbodi nent is inplenented on a general purpose conputer such as a personal
conput er. | n Higstep 8P 1nbherpitoccohireddnstieds batownpe edevibed.such as a
keyboard and a nouse tool. Numeral 1002 denotes a display which displays
i nformation distrift Bdadingugh iaitiak filene 1012. Nuneral 1003 denotes a
hard di sk drive which stores an operating system software, various

appl i cat i on_pr ogr afspredéterukindd Bdrditot eofeihe daireb dadle 19030n. Nuner al

1009 denotes a CPU to control other devices according to a control program

descr bed | 2t efeodiimoahtIPaR, HARRIAMAAMBng MR 6366 B HevA o M D

signals are e extern evices. The MD 1nterface 1007

er P 3 PRI TS Bl oStk SEABE AR S o
denot o2 RO sl s P VTG RIS IARLBGR 2 such s an Tnitial
(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 module.
(d) Default directory for designating the initial file.
(2) Setting up the default sound source driver, the
default pseudo sound source, a,nd the default basic sound
source module
In step SP1, the default sound source driver, the default
pseudo sound source, and thé 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 'ca.n'
be modified by a user input:,, or by the performance data. The

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



di spl ayed by the display 1002. Numeral 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. Numeral 1005 denotes a DA converter to convert digital sound
data produced by the reproduction devi ce49004 into an anal og sound signal .
Nuneral 1006 is a sound system to reproduce nusical tones according to the
anal og sound sbgred,. andbagiptsoanad sdardeaneslule isAteldriloedilhget.o t he
devices as |listed above, the optional hardwares can be attached to the

system (1) I\/@I) dler initfali2AtioNgt hemati cal Mani pul ation Unit:

co- processor) 1013°'can be attached to the CPU 1009. (2) DSP board 1014
In this enbodi nent, Pl b 1 aR, pl aced by a DSP
board 1014. The DS %ggrtg%%m |sﬁlg!r1g§|§aélg Pev(\ill gﬁégebsgm(%ﬁ{sgi tal Signal

Prosesson) 101 uERHL S ABAT Sln SPL SN RDAREGF Al
values in control variables.
B2. Main 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 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
pro.cessing subroutine shown in Figure 18 is called. However,
if the sound source register 1140 does not hold any data at
all, the tone generation processing subroutine actually does

nothing. The details of the tone generation processing



104c. A-3. The Layer Structure of The Enbodi nent

40 The | ayer structure of the hardware and software of the nusical
tone generating system according to the second enbodi rent 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 layers conpris® of softwares which are executed
by the CPU 1009. The second | ayer is conprised of signal processing

nodul es i ncl udwigrutineuwill dse deseri@rid Bateii Mot tve f@llgﬁahgpmgrrﬁSP Ings such

as four rules of arithmetic operation, bit shift and delay. The third

layer is comprifed ohrRAs rée%gyﬂngg%%edaﬁéwme .%'teg?%mtwsmqn%fat or

nodul es to generate waveform data”by using the sign processi ng nodul es

according to Vﬁ{é ?ﬁ‘f&iﬂ{%ﬁﬁd&e Igﬁeiﬁ)é@d source nodule will be explained
Y,

hereunder. Curfen e arevariolis sound source devi ces which
synt hesi ze wavgf,or .
y BT Event Processing

Upon receiving an event data via MIDI interface 1007,
an interrupt signal is generated for the CPU 1009, so that the
MIDI receiving interrupt routine shown in Figure 15B is
invoked. Upon invoking the routine, the procedure steps
forward to step SP21, where the received MIDI data is loaded
fI'OII-l the MIDI interface 1007 to a predetermined area of the
RAM 1011. In step SP22, 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
roﬁtine 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 note
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



according to various nethods, including major three types of nethods as

fol | ows: A sound source called ' PCM sound source' synthesizes a
sound by readi ng out sanpled waveform data of nusical sound stored in a
menory, and by converting the waveformdata into an anal og signal. A

sound source called 'FM sound source' conprises a nultiple of operators or
oscillators, and synthesizes an anal og Sbund signal by
frequency-nodul ati ng an out put signal of one :

41 operator Wsthont ey uﬂfdtsﬂ ro@bgﬁ?&mé&w&w@m WPiRhat Fefring' to

superi nposes out put signa mul tiple operators with ~each other.

A sound sourc 7 RNYBlC fyRTOge N reEy esd si cal
sound by si w?%‘f@]’ge%g%@v@? g? écoué‘f(ﬁ% wsféﬂglpﬁ%ﬁgmﬁfﬂ Slfé[agm??! eate
digital sound da a b onyert.i t ne into «ahnaj o i gnal .
There are ot helgu’:}iqﬂogﬂlet X’eg(’quftne&gbﬁg@l' %88&8 gﬁxr@eaﬁe&@e@,

I ncl udi ng hi gh_,f requenc nt hesi, zi ,het hod, fqrmant nt hesi zi.ng net hod,
ring nodul at i o‘}h%@%xgd“iﬁ@y% (iort‘.o 6 Wf?ﬁﬁenaﬂb%gpn@# ,re&}?am}are nodul es
1031 to 1033 ar.e jnstalled to gengrate, sound. data apﬁﬁr@dﬁf\? tot

f undanent al rre‘ilﬁ@]a%eidéﬁ%rfﬁﬁﬁﬁc%é regisbergc sl Vasia , variable

VEL, and variable tn. Then, in step SP62, the processing
concerning 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 timbre. 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 suitably
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



nodul e 1031 i npl enments 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 primtive signal processing nodul es
1020 in the second | ayer. An FM sound source nodul e 1032 inplenments the
basi c operations of a discrete FM sound source device having six operators.
A physi cal nodel sound source nodule 1032 inplenents or enul ates the basic
operation of the physical nodel of acoustic wind instrunments. The al gorithm

of the physi Caémﬁ?éﬂeélox&%% peUET AR Tl'lvsﬁa%t)eSP?P%?fﬂf@ QQoE’TJ e

42 kind of a virtual acoustic i1nstrunent to be simil ate erefore, a

mul iple of ¢ e Niake el mBRUIaAAUIRE TS ERcd SRALTRIODRE c0ul red to

enul ate a physica r'u , there aré variotis fundanent al

t hods t t hesi i cal .as,.descri bed above, ;and act ual
Cynthesi o1 ng. AOGPERATERS 8P GROFSdPy His Jine AmRaIAtie SPa&8und. sour ce

LSI chip installed in an electronig nusi.cal .instryment to be.enyl.ated,
even i1 the { GRS ACRREG o Lier SHRLTatNR ol REVGSUY CURHBBLIigs. 1031
to 1033 are provided with algorithns emul ating the basic qperations_ of the
various sound eweerafcthessignifigans feaburesot theaseqomtepnbodimenty agek fourt h
| ayer, pseudo sound sources 1041 to 1045 are provided to enulate the
various sound isomever kgoswn Thetlys prier sotind oueason yy fwotdeB enul at e
di screte sound source LSIs by commandi ng sel ection, conbination, or scaling
of various contineingfaisaregsterad edll betdweplained lakear It lstepaSP 74,

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 allocated to some note

event), the actual sounding is executed in the tone generation

processing subroutine. Before explaining the details of the



t he sound source nodul es. The characteristics of a nusical sound signal
generated by the sound source nodules 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. The controlling programis originally
designed to control a specific nodel of an el ectronic nusical instrunent,
and varies due to the difference of the $ftwares. Thus, in the fifth
‘layer, there are provided sound source

43 drivers 10&nd g eh@?ﬁtm—fﬁgréé%ﬁinﬁ%ﬁlf«ﬁnfﬁhéeb%si@%érﬁtﬁﬁﬁ5 emul ate

the operation of a CPU controlling the LSI chip of a correspondi ng sound

source, and ComERbA fie dRset %‘Légf%ﬂﬂmfé’fﬁﬁ o-fié FRubGAPOL gyt e the

i nt er nal processi ngs SO t source or tone

SYIENCS1 261 | Sy e ST A1 os TR L BREER, AT SO OB

1041 to 1045 ma n-casé generating systemto

gfosrlélegt \(/amdt ﬁo& ﬂ 3&% H‘E‘,%tr,lglﬁﬂq;g 2321% aggg{cﬁng §0 sc'he event ﬁata,' xth layer are

- registered in the sound source register 1140. However,
executing of the waveform manipulating processes for each
eve1'1t occurrence may occasionally cause trouble. If another
event occurs while the waveform manipulating process is
executed for one event, the mﬁltipie 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 requi_red for the processing is averaged or
compensated in order to eliminate the ill effect of the
variation of the processing time. For thié 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 value of the time T¢ is
defined as Tomax. By the way, as mentioned in the forégoing,

the sound reproduction device 1004 interrupts the CPU 1009



1061 to 1065 such as sequencers, ganes and arrangenent softwares. The
softwares 1061 to 1065 sel ect adequate ones of the sound source drivers
1051 to 1055 in order to generate nusical 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) Fite format of the performance data
Various data formats utilized in the second enbodinent w Il now be

expl ai ned wi t hek tionfd 1L Jﬁﬁ. b .J‘%&Jf(l;&qws 18t 4 iihe of
per f or mance dam%%{ﬂ%g?sﬁrsrtﬁorgg |cn§ﬁ1e cljgdi&’sk 10 ( I'n F(|; gure113A

humeral 1101 depoties i 10RI8hdPbbR6EHE (ntbEd 9Bulld Ly AiFkor mance data

reproduction. The memory access of the reproduction device
1004 is successively and intermittently effected at the
constant pitch of T¢. Thus, the address in which the
waveform data is stored and the actual note-on timing of the
sound signal are corresponding to each other in a certain
relationship. Accordingly, the actual note-on timing is
delayed by Tp(Tp > Tp + Tcomax)- In other words, the
processed waveform data is written in the address
corresponding to the delayed note-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 “ﬁote—on timing” in the sound source
register. This is required to execute the tone generation

processing accurately. In the present embodiment, the timing



header 1101 records information such as a type of the sound  source to be
emul ated, the nunber and contents of tones used in a song represented by
t he -perfornmance data, tinbre codes and so on. The information relating to

an enul ated sound source includes: (a) The type of the sound
source of the electronic musi cal instrunent to be enul ated. Nanely, the
type refers to PCM sound source, FM soun® source, physi cal nodel sound
source and so on. (b) The nodel code of the sound source LSI of

nodel code is speci he nodel code o ronic

nmusi cal IRt ru ta. b | o a:ar

col l ectively rﬁfaécger ggl%%e—gg %%amiﬁéﬁ}fgd ai‘:e;ﬁ B]ll?réjtq%ﬂqaﬁf(g?’? ﬁ%i(%%?géddevi ces
contained in a. t.one gengrating, systemof the del el ectronic

nusi cal instru’r’r’eﬁf’SE%n%"‘eq‘Qnﬁ?%Fé'ﬁgt Ccurfiﬁﬂ‘é?'ainl(gtgl?rd@%fést €sound source
paranmeter field, i which control, pafaneters. are recorded for each tinbre.
General |y, theSPHREFHROWICS %1§$%¥Ib%b‘h F@@Oé%&%ﬂ@mml&ue m that it

does not only emulate a discrete register of a sound source

the el ectroni cys) ?.Iﬁla%{'f&% E)%Eﬁ?fe(c% ;%h?ﬁl&% %fe%gcted i111 (ﬂgf(;ergfoe g{élk@ of the

LSI to be emulated, but also memorizes the timing
information of event occurrence.

(2) Details of the tone generation processing

The tone generatioﬁ 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 called 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 paraméter data to control the
bé,sic 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



different frominstrunment to instrunent. In this enbodinent, the format of
the control parameters recorded in the sound

45 source paraneter field 1102 depends on the type-of sound source. The
format is identical to the original format of the sound source contro
paranmeters of the electronic nusical instrunent to be enul ated.

Nurmeral 1103 denotes a waveformdata fieb@, in which waveformdata is
recorded to create a desired tinbre of nusical sound. The waveform data

may be a sanpl id\g, dal kAR actlg/ﬁbgé)hfspgmagun s Soflhd Buflectron ¢

nusi cal i nstrunen e enu source or a
" the tabl o cpideted MOLS-TREMPTRLA SRR il efa? 23 s of
mlecﬁhg\s/;ﬁfll da@tgﬁg;o%ﬁﬁ M\Pzrei eil is cél?édqlelngée%sﬁ’gfquence dat afield, in

In order to prepare for next waveform manipulation
processing shown in Figure 19, the sound source submodule
MP(c)-1 sets up various parameters required for the
Waveform mampulatlon or synthesis. Namely, the newly
registered data would be the event data such as note-on,
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)-1
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 manipulating
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),
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process according to the effective parameters obtained in step
SP84. Namely, the various parameters are expanded on the
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 period 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

be



desi gnati on data which specifies one of the waveform data. The waveform
designation data are different depending on contents of tinbre registers.
The nunber of the waveform data nay be several tinmes as many as the nunber
of the sound source paraneters. (3) Input buffer As shown in
Figure 13C, nuneral 1130 denotes an input buffer which stores the contents
of the sequence data 1104 |oaded fromtb& hard disk 1003 or M DI data

i nputted through the M DI interface 1007. The input buffer 1130 stores

event data | Dlacthidd ndt&on cofrespoiRliagf t@eachhevaryrhereslizediwight event
data is recorded at the top addréess of ‘the input buffer. Each of event data

D1, 102, I1D3 ¢he 'eq_:ﬁfpr' ses event information (note-on or note-off) and
time information indicative of timng when the event has occurred. (4)

shown i Frgubs- Stk B E st o s o "1340 has " 32 tone.
gener at  on channel g, Ong, Shannelgly LhS SUNS QU TR f Bhe SitlR™ "

event by means of the keyboard or mouse tool in the input
device 1001 will be explained. Referrinig back to Figure 15A,
when a switch event is detected at step SP4, the procedure
branches to step SP5, 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 double-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



47 sound source of the instrunment to be enulated is the PCM sound source.
Each channel of the sound source register records the note nunber assigned
to the channel, the waveform designation data to specify one of the
waveform data in the waveformdata field 1120, and other data handed to the
pseudo sound source. The contents of the sound source register 1140 may be
di fferent dependently on the type of the3? pseudo sound source which is

equi valent to a sound source LSI provided in the emulated instrunent. Bl.
Boot i ng and | nist pe¢paredy foheetsisvain In staheSBP&; 4hieckord geherstognd

enbodi mrent w Il be explained hereunder. The conputerized nusical tone

generating sysggstenror besad sourcepiseset apnaoest dipgr 6 ithe heydéem and based
on a shell program (w ndow systen). The shell program creates various

i cons on the disglayhé@rind soulee pagimetércheldn 100 mtdrthesponding to the
nmusi cal tone generation program by neans of nouse tool, a wi ndow 1200 is

opened on the §a3Rkgim1A8¢a FFe1ANPYOS !dfecgwgét%&é@&{bﬁ%k@%&ﬁ?

operating system a ates predeterm ned resource menmory and time slots)

for the nusi Ca‘hlé.oﬁmgg@ﬁiﬁtﬂr%%ess for the sound source is shown in
Figure 16B. In step SP41 of Figure 16B, the ‘type of sound

source’ defined in the 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 ¢ 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



systemin the second enbodi nent. Then, the main routine of the nusical
tone generating systemis invoked as shown in Figure 15A. Upon invoking
the main programas shown in Figure 15A, predetermned initialization is
done in step SP1. 48 In step SP1, the
procedures |isted bel ow are execut ed. (1) Loading an initial file A
predeterm ned directory of the hard di skéQ003 accommpdates an initial file
defining the contents of the initialization in the nusical tone generating

system The com@pist the sBRedtRdifiRl. Theeraifiréd SRthdeorivce (a)

Presence/ absence of the DSP board 1014, and the type nanme thereof if the
dofault pseudolSampiers are patded i the Tk 'stRkRhaRUnERLLHOR. @
Sour cor and et HNGRT T Bhute IB5ER SCRHAS ST e Vel yata srsifa Sound
Sound source. dPTVHE Wenetgernderadidiab 08 inemmndtd T bEneseldin: “asi c
sound source nr82(?|L‘l6%,&r"1eld 1120. After all the processes mentioned above are
finished, the procedure returns to the 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 performance 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 df 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



In step SP1, the default sound source driver, the default pseudo sound
source, and the default basic sound source nodule are | oaded fromthe hard
di sk 1003 according to the contents of the initial file. The setup of these
resources can be nodified by a user input, or by the performance data. The
detail of the setup of the sound source driver, pseudo sound

49 source, and basic sound source nodul lis described later. (3)
QG her initializations _After the procedure described above, various
initializations arpdeRnehatleRoFigutd1 UM TotIset4logt efmbikt | 8l val ues
in control variables. B2° Main Loop After the initialization, the

procedure adv a‘é{eif%?% Olcajezé ES ?ﬁ%ke&n(l{}? BF}% witidolwg 200PWiL 1P ch fee{rh(;g}%lq [ﬁ. S

accessed in or new data arrives throu
interface 1004 4f noyM.Dl _data,arr ot [ OCEGHL ¢ ces to step
spa- I n st ep sHmbhe Beivn TSk IE s, eRrOBE R B IBTRS (0 Toh
event includes,a use o ation eve W thin t | ngdow,.1200, d a
keyboard event dﬁqu‘¥§§ ?’Riﬂle‘c ﬁg%heg&lllel%@'f?’% mwﬂ‘?%lﬁ%(? %&Bﬂch event ,
t he procedure advances § ) ) . )

numeral 1 82 denotes timbre selection lists, which are

provided as many as the number of the channels or parts of
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 display (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



step SP6. In step SP6, a flag RUNis tested if it is "1". The flag RUN

I ndi cat es 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 RUNis "0". Then, the process steps
forward to step SP10. In step SP10, a tone generation processing subroutine
shown in Figure 18 is called. However, 84 the sound source register 1140
does not hold any data at all, the tone generation processing subroutine

actual |y does ¢ i | t - AReak] FNg
50 subrouti nee\ifi\n%? Egt%%igg‘lﬁi?e%i Ikgtcgfrgd dlaﬁtl% ﬁggf ol | O\EI)\Z tr%lgs jg?)@%;%ﬁg ot her

vari ous procesgiags A gA8e 16715 ERRSHZth F84Bel ol bRarpRy | cop are

repeated. B3. rocessin n rec an event data via

M DI i nt er f acerfQO7,;.; 3niL5eY bhAL &l §Ah 451990 Ak Yo bhen Fel009. so
is changed to the temporally selected timbre code. Further,
the sound source parameter field 1110 and the waveform data
field 1120 are updated in response to the newly selected
timbre code tn in step SP51. After the process shown above
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 toij 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.



M DI receiving interrupt routine shown in Figure 15B is invoked. Upon

I nvoki ng the routine, the procedure steps forward to step SP21, where the
received MDI data is |loaded fromthe MDI interface 1007 to a

predeterm ned area of the RAM 1011. In step SP22, timng information is
read out fromthe tinmer 1008. The received data and the timng

i nformation are witten at the end of thes i nput buffer 1130. At the sane
time, the input event counter at the top of the input buffer 1130 is

increment ed byry %ltep'glﬁg,r thB&ialigRSto g‘jeﬁ%ga%% ABRY vk, &l dcqoned the
procedure returns to the' routine~executed before the interrupt. _
Referring back, Q. /diflir &, thif dufalibh B50CSHLEIRATOD oPQRE LRdSSRH SP2 Wi th

new y receive e previous procedure o € rai n | 0op, the
Focei ved dat a tie RopEedRerudrurn B B HainIep " VERPRR e BT Ve (o
DL P 5k a0 . e s SRR AT e
the timing set in advance. If the test result indicates ‘YES’,
the procedure branches to step SP8, and the event processiﬁg
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
mousé, the sequence data 1104 is skipped over at high speed.
Clicking on ‘Rewind’ button 1207 results in skipping over the
sequence data 1104 in reverse directioﬁ. |
C. Effects of the second embodiment
(1) In the second embodiment, the performailce 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



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) are respectively registered in a
vari able NN, variable VEL, and variable tn. Then, in step SP62, the
processing concerning the note-on in thédcurrently sel ected sound source
driver DP(a) (subroutine in the fifth layer) is executed. Particularly,

the subroutineshawiohs rhe8Hb8s It g’% gﬁi@lﬁge(%oxﬁegg hBcwbffelypP7l of Figure

17B, a vacant tone generating chann source register is

2 type in whi on o (Eas Ple SYEBhd et B eHE SRk, B AR TR Rannel &

'l d. . ln. SP72, i gi nal _ PDn (" n" i
nunber) o pr olUR4RH BE GoH AEROI ResBReRaT irdhs Satad Rl ety etc. 1

step SP72, the tone of t i ngtr nt i.s.changed not anly in {he pitch but
al Sf; in register, so Q?la,t the 'Eiréfay of the prgcessmg fimé can be- P

averaged or compensated.
D. Variations

The second aspect of the présent invention is not limited
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 is ‘4’. Similarly, if the sound source to be emulated



the tinbre. Further, the tinbre nmay be changed in response to the
operating velocity. For exanple, the tone of the piano changes due to the
key pressure. Thus, in the conventional sound source, the sound source
paranmeters are suitably adjusted according to the note nunber or the
velocity. Likewise, in this enbodinent, the sound source paraneters are
nodified with the algorithmsinilar to t® conventi onal

52 sound source to be enmulated. In step SP73, the processed sound source

par amet er s andbiyhthe ROMesmmd issurgeahnodide 108 klacke¥idtdriage stored in
t he tone generator channels allocated in advance. The registration of

"note-on tim n@yn&HoR)ghef fﬁﬂ?@tiéhgﬁieﬁy prnérded i ¢heoP CNEssaAENd

enbodi ment, and 1is never known in the prior art. The reason why "note-on
timng" is reg%ﬁﬁ?&??ﬂ%hﬂeﬁﬂ]ﬁxm ained later. In step SP74, the note-on is
the al ['ocated "chan

registered to annel . After the processings above are all

done, the procedur t35 Shutine sb@oh@%mbodiment, the pseudo sound source
SP(b) is called in step SP83, and the data stored in the sound
source register 1140 is converted into the equivalent data
effective to control the sound source module. Generally, the
converted data is distributed 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, and 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 converting 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



mai n | oop through the noté-on event process subroutine. On the occurrence
of note-off, pitch bend etc., the simlar processings are executed as in

t he nodel sound source to be enulated. The various data are registered
into the allocated sound source register. In any of the event processings,
the registration of "note-on timng" is executed, and this discrimnates
the inventive conputerized sound source P®om t he real sound source to be
enul at ed. B4. Tone CGeneration Processing (1) Method of tone generation
processi ng fiRstf perforgnback infosmhepiGPiwahgFilge fide foAmathas showen dat a
Is witten in the sound source register (in other words, a certain tone

generation Chaﬁi‘@igh%eal?,ﬂci%t&ﬁﬂf&h&@nﬁltﬁboﬂ:ﬁlsi@\{%ﬂfbrrﬁaﬁfteaﬁ ual sounding
is executed in the tone generation processing subroutine. Before expl aining

the details of; fan’ <im : : eration
; . in tl cond e diment, 'Iq‘ikﬁn 9B .
processi ng sublr%fét?lnh%ﬁmgagll%uloagl aafsl lc%ntlﬁestehogdl s%%crrlnged wthreferring

to the Figure §QveVard Qe RS 0B BB ERE HBhL R RIRGEISRSE a7 © Teaui red in

order to
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 W#vefor1n 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_a sound source or the instrument.

As described in the foregoing, according to the second
aspect of the iﬁvention, 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



generate the nusical tone according to the event data registered in the
sound source register 1140. However, executing of the waveform
mani pul ati ng processes for each event occurrence nmay occasionally cause
trouble. If another event occurs while the waveform mani pul ati ng process
I s executed for one event, the nultiple events should be processed at the
sane tinme by parallel processing. This 6ftuation may cause a variation of
the processing tine for each event, and nay ruin quality of the song data

reproducti on. -@Héradiﬂggélsﬁséegxg%gfvagram%%gpa@é devifelia¥odHatidi e time

Tequired for tHe proce rage conpensated I'n order to

elimnate the .glogsﬁ)flgec%t r(ﬁé‘r %ﬁ:(@é?{xi&%ﬁ%@%oﬁn& ﬁ&%vq{lgg@@ﬁge(}&% nme. For this

reason, all the waveform ni Focesses are oget her once

every period Tpg, As sho i n FEhgure 19 he vef orm ni.pwl ati

processes are gléa%%tﬁféﬁﬁ? Egrﬁ%nggﬁl ake ilmrﬁﬁ\e&tat‘kmlﬂ(gss%lﬂggfft2,
t4, and t5. Th h an..individual. tinme. Tl,err] required to,the,waveform

mani pul ati on Wg@%lﬁ%dcﬁlﬁﬁmﬂF,Wbcws!#ﬁW&%tu§ graulpted i1he Tlerr] is
defined as T[err]. By the way, as nentioned in the for?goi ng, the sound
reproduction devéee tocgenenatera ypusiaalsoomd sigwal 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
various 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



54 fromtime to tine to read out the processed waveformdata in the RAM
1011, and converts it into the sound signal for reproduction. The nenory
access of the reproduction device 1004 is successively and intermttently
effected at the 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 corresponding to each other in a cer®&in relationship. Accordingly,
the actual note-on tinmng is delayed by Tlerr](T[err] [err] Tlerr] +

Tlerr]). In ot behverieds infdaskt eaabsednterphelon d6f asesinvil basie i n the
address corresponding to the deI ayed note-on timng. Thus, if a note-on

event occurs Wl feehdrbBi® LIt nhBatd e 36idl sggkes on of the

event i s execute er t3 tine TD 1s set

approxi mtely Lo {0 Jefi@ht (ﬁsaﬁh@ngﬁ{ﬂyelectronm musical instrument, so

that original timbre information created for a particular
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
pa,rticﬁla,r 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.



time T[err] may vary due to how the constant pitch T[err] is set up, it is
possible to shorten the synthesized wavef orm data access interval T[err]

and to set the delay tine T[err] to about 0.01 sec, so—that—the—ptayer—
does not feel unnatural response even if he or she |s manual |

an instrument connected to the MDI interface 1007. m BE G“!
foregoing, it is requi red to register téfe adjusted or ound
source paraneters, and "note-on timng" in the sound source regl ster. This

is required t t ration processing accurately. In the
PYEHPEE R, CE ARy 25

present enbod m ng
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sound, comprising:

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 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 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.

2. A computerized music apparatus according to claim 1,
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.
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hardware modules used in the generation of the musical
sound, and for selecting effective software modules
corresponding to the identified effective hardware modules.

4. A computerized music apparatus according to claim 1,
wherein the loader includes selecting means operative
according to a performance criterion if the secondary storage
stores two or more of similar software modules performing
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.

9. A computerized music apparatus according to claim 1,
wherein the loader includes selecting means operative
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.

6. A computerized music apparatus according to claim 1,

wherein the loader includes selecting means operative

and



stored in a predeterm ned area of the RAM 1011. In step SP84, a basic
sound source nodule MP(c) is called. The

56 sound source nodule MP(c) is divided into sou l'es
MP(c)-1 to MP(c)-3, and the sound source subrmd-u”ﬂlﬂmm,"lﬁlmmred in
step SP84. In order to prepare for next wavef dr mtmahi ptl at i on
processi ng shown in Figure 19, the sound7%ource subnodule MP(c)-1 sets up

vari ous paraneters required for the waveform mani pul ati on or synthesis.
Nanely, the newy registere u e dat ~as note-on,
not e-of f, pi tcﬁ‘%gﬁ(ggl%i%r%%gﬁllg’if?u%&n&g?%sO#E@rdééigﬁ‘&%f gt «Lém‘%\‘ig?ieform
mani pul ation processing is defined herpe in this step. .Kor instance, the
mani pul ati ng plna‘egélie fvglﬂl‘ﬁ]hég BP[S&%OBE?‘OM @%HPSF%BEFES?]? gﬁ?‘?‘tl?%eﬁspi t ch.

O herwi se, the process .for the &ﬁxprefsi on event.is 'uzg Vol unme (ihange. As
shown above, tHOVEIeHALIYE HOcaneLBEDH S SVARE 90 {AY sgadlianethett er nal

software module is stored in the secondary storage.

7. A computerized music apparatus according to claim 1,
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.

8. A computerized music apparatus utilizing resources
including softwé,re modules to generate desired musical
sound, comprising:

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 storage for provisionally storing various kinds of
software modﬁles which are designed to perform a variety of
tasks;

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, and
for loading the selected software modules into the primary

storage; and



circuit blocks included in a sound source LSI to be emul ated, and bel ongs
to the third layer. The processing in the pseudo sound source—SP(b);—or the

sound source subnodule MP(c)-1 is executed with respect onl one
generation channel of the sound source register |num“ﬂ“ ', \E! \s
regi st ered. In steps SP85 and SP86, 13% Is teste ¢ S tinme

reaches the timng to commence the wavef dfFm mani pul at’i n§| process (tl1, t2,
t4, or t5 in Figure 19). The procedure returns to the main loop if the
test is resulted ' NGentyabprucessiay npit for sioepssiBgptiaé pmintary current tine
reaches the timng (t), 57 steps SP87
to SP89 are exetot#gh tbrexdotite Y softvearsoumold ubsustogeduth@diihetdP(c) -2 i's

cal l ed. The sound source subnodule MP(c)-2 prepares for the waveform

mani pul ating peAeeste AREARISIEL] Sotihd RidLEhby ThRAEAMR S Frottsdimed i n
step SP84. Nanely, the various paraneters are expanded on'the ti base.

In the fol | owi ng: ; | 28 Q.sqcal | ed,
n the tollow %152@%@?% cé%tf’fgté\ieég@dnﬁf&ﬁdll%g to gB{F&ﬁﬁn‘icm gs)drcﬁ égclfd! ' €

and actual sou according t he expand par amnet ers.
The other by exchanging a message so as to integrate the set of

the software modules altogether.
9. A computerized music apparatus constructed to
emulate a tone generating system of a model electronic
musical instrument, comprising;:

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 information
stored in the storage for emulating the tone generating
system of the model electronic musical instrument so that the
emulator operates in fesponse to the event information to
generate the musical tone as if sounded by the model
electronic musical instrument.

10. A computerized music apparatus according to claim



processings in the sound source subnodules MP(c)-2 and MP(c)-3 generate
the nusical tone having a | evel higher than a predeterm ned valué. The
processings in the subnodules WMP(c)-2 and MP(c)-3

respect to all the note-on channels, and the wavef oimﬂmmnqm'mm!le fixed
duration T[err] is calculated and synthesized for each ¢hamn

wavef orm dat a synt hesi zed for each channéB is accunulated in the sound
source subnodule MP(c)-3, and the sound data for the fixed period T[err] is

conpl eted as tlye ‘K/ﬁ%f'éitl oh e ldiBuRetor H GheS a Hreher softwaR RiPule for

reproduction of the ca culated sound data is reserved. The reservation is

set up in the SaREal o e ORv00ty SR thRHE SRRl agn Cl oul at ed

sound data can De repr oW h rece soun

currently repraoduced at when he data to b duced. Af ter
S Ehe b ocoooYREES, &b that %?fﬁ%éﬁffﬁv@lﬁew@qswﬁelﬁﬁ 'oop. Thus.
t he 58 actual note-on correspondi ng

to each event i&enerationof fike,musical tone.

11. A computerized music apparatus according to claim

9, wherein 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.

12. A computefized music apparatus according to claim
9, 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.

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

14. A computerized music apparatus according to claim
9, wherein the emulator comprises means operative based on
the device information for integrating a set of software
modules corresponding to devices contained in the model

electronic musical instrument so as to emulate the tone



the delay T[err]. B5. Switch Event Processing Now, the processing
executed on occurrence of the switch event by neans of the keyboard or
nouse tool in the input device 1001 will be explained. Referring back to
Figure 15A, when a switch event is detected at step SP4, the procedure
branches to step SP5, in which the proce correspoy] Hﬂ ch
event is executed. The switch event proczzsi ng wl Fﬂmmumm lIEIMOW

(1) 'File' button 1201 - As shown in Figure 14A, it 'Fil*e' "buftoh 1201 is
clicked by the genesati bygtemhﬁlmiemﬂpw 1200, a file selection window is

di spl ayed over the wi ndow 1200 on the screen of the display 1002. The file

sel ecti on w ndqg di spl aysnéthd dafRratldtiagrehfdesmacdai@iddll es stored in
the predeterm ned directory (the default §i rectory specified by the initial

file). The ' YN =1 b e ' £ t sh [
ile) ¢ pegﬁgﬂ;xg%g%ﬁtq%%E?muteitfé%r(])‘;qltﬁéi'ﬁg'ﬂlﬂe§ By gf:f ormat shown 1n

Fi gure 13A, an termned n 1s>attac . I'f the user noves

a nouse pointer 12 di.s Ll gpq - ¢l cks the nouse

tool, the rel evant |S?€n%€i§§ %n@%ﬂgcglréégg}j%?rs@g €. lﬂglejl?lfl&%(%el subroutine to

handl e a data f.ilg reprodyction co ngd,event is executed as shown in

Froure 1on 1 ninpErBRngs 4o, b8 ReRATReL byl 8t cotaprEet

59 is prepared for retrjeval .ngng]gt ep SP32, the.,tone generatin system or
1

sound source is setpr@b’ld%teﬁﬂe OFIRALHY gdkeCtivig 10 Q%I%%ﬁicﬂ%%urce

parameter field 1102, and the .
computer to generate a musical tone; and

emulating a tone generating system specific to the
designated model of the electronic musical instrument so that
the computer operates in response to the provided event
information to generate the musical tone as if sounded by the -
emulated model of the electronic musical instrument.
16. The method according to claim 13, further
comprising setting a fixed time slot between an actual timing
of generating each musical tone and an occurrence timing of a
corresponding one of the event information such that the
computer can complete processing of the event information
within the fixed time slot.
17. A computerized music 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 original timbre information

which characterizes a timbre of musical tones generated by a



waveform data field 1103 of the selected performance data file. The setup
process for the sound source is shown in Figure 16B:

Figure 16B, the 'type of sound source' defined in the | .S
registered in a variable TGI. In the following step S (ﬂ[ﬁ r"ﬂi““_the
variable TGI is analyzed, and the target sound source el g

step SP42, variables a, b, and c are detd&bmi ned according to the
identified sound source. The variable a is the nodel nunmber of the sound

source driver, f?eb@d E@n%eﬁ?%%{g@fzu&u{??tHé%@Qle? et ece, and ¢ is

t he nodel nunbe t he I'n step P43 t he sound

source driver @F@Mgﬂg&l{&hgmby the variable a is set up. The sound

source driver Yomthe hard disk 1003 |nto the RAM 1011.
Simlarly in steps E and SI%’45 t he euﬂﬁ soun aou @og‘ and t he
sound source modul & Wé{l@e%‘% PR LGTYET L, ?iﬂar%'éiiﬂ PRI ReSrel y, a
set of software dul e,s are selected from diffe ent |l.ayer f .the software
resource to i ntRQTERMGED I eﬂ‘ﬂl‘(ﬁ@n?dh@l&@n’é} mﬁf'lg’}s Ohv’oﬁi ch emul at es
a sound source §§ a nodel el ectronic nusical, instrunent. In step SP46,

mul ti pl e soundeHegtive buthedbesic tone genepating sydenai 8 o t he sound

source paraneter field
fourth means for providing event information effective to

command generation of musical tones so that the basic tone
generating system operates in 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.

18. A computerized music apparatus according to claim
17, wherein 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 modél electronic musical instrument.

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

20. A method of erhulating a timbre created from a

model electronic musical instrument by means of a computer,



60 1102 of the selected file. The required sound source paraneters are

expanded on the sound source paranmeter field 1110 (See Figure 13B). In

step SP47, waveform data specified by the waveform data field 1103 is
expanded on the waveform data field 1120. After all Ilmﬂﬂﬂﬁmﬂﬁﬂun“la
menti oned above are finished, the proceq re returns ft 'l er
routine (File reproduction routine in thi‘S case). eturnlng back "t o
step SP33 of the Figure 16A subroutine to handle the data file

reproducti on coomptdsm@mhs stepgaofat i on for automatic performance is

carried out. For instance, a predeterm ned portion of the sequence data

1104 is read out ipettdugnep.a basic Byntheeperadisgisygteahdmrthen Fi gures 16A
and 16B, the initially selected set of the default sound source driver,

the default psegfigpgwnd source and the default sound source nodule are
repl aced by the new ones according to the device information of the header

1101 and the wavef ﬁ(‘ﬁtn?b %ﬂaﬂ%ﬁﬁbréqn‘ﬂ?ﬁ natidh avhidH cRAr&teid SPl a
s t he sbun

simlar procedure source setup su routine (Figure 16B

executed. Howeyef; b $FSRusiéhl @nds SUhErR by dpRehlitonrund

generating system of the model electronic musical instrument;

converting the original timbre information into
equivalent timbre information effective in the basic tone
generating system; and

providing event information effective to command
generation of musical tones so that the basic tone generating
system is operated in response to the event information and
according to the equivalent timbre informétion for generating
the musical tones having a timbre as if created by the specific
tone generating system of the model electronic musical

instrument.



source specified by the header 1101 is stored in the variable TGI, while
"default sound source type' is stored in the variable TGI in the
initialization step. (2) "Select Tinbre' button 1202

61 Referring back to Figure 14A, if the "select tinbre' button 1202
Is clicked on the wi ndow 1200 with the nouse, a tinbre selection w ndow
1300 as shown in Figure 14B is displaye@7on the screen of the display

are. provi ded as GEVBYTERZERRMGRTE A ehAH S0 CrabletisER: < oune
source to be enulated ('16' parts are_shown in the Figure). Just after the
tinbre selection w ndow 1@WEATdBipEa§@cETMéAtR51MQ YUhkdESi nbre
selection lists .1302 is displayed. The tinbre selection |ist 1302
enunerates tinbres which can be sel eABSTRALC Eurrently selected tinbre is
A computerized music apparatus utilizes resources

including software modules to ge'nerate desired musical sound.

'In the apparatus, a primary storage is loadable with a set of

software modules which are sclected to perform tasks needed in

generation of the desired musical sound. A central processing

unit accesses the primary storage to exccute the software

modules stored therein to generate the musical sound. A

secondary storage provisionally stores a plurality of software

modules which are designed to perform a variety of tasks. A

loader operates 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 loads the selected software modules into

the primary storage to thereby ensure effective and optimum use

of the resources. Further, the computerized music apparatus is

readily modified to emulate a tone generating system of a model

electronic musical instrument. In the modified apparatus, an

emulator operates based on device information stored in the

storage for emulating a tone generating system of the model

electronic musical instrument so that the emulator operates in

response to event information to generate the musical tone as if

sounded by the model electronic¢ musical instrument. (Figure 2)



di splayed in a reverse pattern. In the exanple shown 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 tinmbre code. If an area showi ng anot her
tinmbre name is clicked with the nouse, the area is‘reversed, and the
portion selected before returns to a | display (this state is called
"tenporal selection'). To change the t| re in a part other than part '1'
a preferred part nunber ('1' to FtrﬁUF{g 1301 is clicked with the
nouse, and another tinbre selecti I~st 2 ot the relevant part appears
in the tone selection wi ndow 1300. If a cancel button 1304 is clicked with
the nouse after the tinbre i's selected tenporally, the tenporal selection
state is all cancel é On the other hand, if

62 'enter' button T 83 is clicked02th the mod§8 the procestddg shown in
Figure 16Cis executtd W th respecJ to each patJ

CPU ROM RAM 1N¥E§tngAcE
111
- ‘ 3 //;
106 108 :
v/ ./ ]
INTERFACE| [INTERFACE] [sEconDarY] [ sounp
' STORAGE SYSTEM
SOUND | [oPERATION \ \
SOURCE | |DEVICE 109 110
[
105 107
FIGURE 2
201
202 I
| KEYBOARD
DRIVER
AUTOMATIC MODULE 205
ACCOMPANIMENT | / 206 - 207
MODULE ]
(ABC) COMMUNICATION SOUND
CHANNEL ASSIGNOR | |SOURCE
SWITCHING MODULE | |DRIVER
TONATIC MODULE MODULE
PERFORMANCE] |
MODULE
(SEQ) INTERFACE| 0,
I MODULE

203



The initial tinbre code tn ("n" is "1 to '16') set to each part 1is
changed to the tenporally selected tinbre code. Further, the sound source
paranmeter field 1110 and the waveformdata field 1120 are updated in
response to the newy selected tinbre code tn in step SP51. After the
process shown above is done, the procgﬂywﬁ%returns to the main | oop, and
the sound data synthesizing is executed™according to the newy sel ected

paranmeters such as sound source 3) Start event process
Upon clicking the nouse on a 'PIE?”QEEESLEQI£OB the w ndow 1200, the
flag RUNis set to "1", and then the procedure returns to the main |oop of
Figure 15A. Thus, in step SP6 of Figure 15A, the procedure branches to
"YES' direction to step SP7. In this step, the current tine is tested as to
whet her it rfeaches the tijring to generate a next event in the sequence data
1104 incl udgd iMAINe perforngo e data. The event stored at the top of the
sequence datja ¥ﬁg¢§5EF%a|mﬁy Iscrimnated as 'YES' at step SP7. In
subsequent dtep : e pvent at the top of the cue is processed. The
event proceses ' mpilor t 0 Step SP3 (the processings on the input M DI

signal). Forj] i A\ f] the top event is note-on, the procedures shown
in Figures 17%%%53%&. arg/e362uted.304 305
MODULE } I
ABC ABC

ABC

MODULE iNGINE gNGINE

30/3 ABC ABC ABC

306 — PATTERN PATTERN PATTERN
DBA DBB DBC
. 1 I
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A B
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63 In step SP9, the timng to generate a next event is acquired according
to the duration data after the top event, and then the procedure returns to
the main | oop. Thereafter, in step SP7 of the main |oop, the current tine
is tested if it reaches the timng set in advance. If the test result

I ndicates ' YES' , the procedure branche53321gtep SP8, and the event
processing relevant to the timng is exécuted. (4)

"Pause' /' Stop' /' Fast-forward' /' Rewi nd" event processes Upon cli cking

" 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 execut and the automatic playing according to the
performance data in the sy Is ceased, and the f or mance accordi ng
only to the external M D =3 is reproduced. If ' t-forward' button
1208 is clicked with the m , the sequence data I s ski pped over at
hi gh speed. Cicking on 'Ré§ d" button 1207 resul t%gn ski ppi ng over the
sequence data 1104 in [eVelrSa LLRCT T ON e eeeeiencmeneeacmmnana e camneancenennne
M o 8 3 rf]
= 515(2|8] |B12|E[T | %8
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C. Effects of the second enbodi nent (1) I'n the second enbodi nent, the
performance data includes not only the sequence data, but al so the header
1101, the sound source paraneters 1102 and the waveformdata field 1103.
Thus, various sound sources operating accordi ng

64 to various nethods can be enul at ed xyygaccuratel y. (2) In the
second enbodi nent above, the 'occurrence”timng of- each event is

regi stered in the sound source rfilﬁgaaat he del ay of the
processing tinme can be averaged or ‘c . © Variations The
second -aspect of the present invention is not limted within the extent of
t he second enbodi nent descri bed above——and.can be nodified as |isted bel ow.
(1) I'n the second enbodi ment, the sdriver, t he pseudo sound
source and the sound source nodul e are gd—1nto the RAM 1011 fromthe
hard di sk 1003 in case that e ber f nce dat a.
However, the frequently used B;r%ém(?%ﬂ\lmﬁt hese twares may be
prel oaded into the RAM 1011 imaadi ng, it is

possi ble to cut the overheadoftthetoadrn rooraniite r ant to the
sof t war es. (2) The al gor m&lﬁw M&ﬁﬁtﬁmﬁr 031 to 1033
may be nodified according to*re=typ pserdo—sound sources 1041 to
1045. For instance, the nunber of the

FIGURE 6

(' MAIN MODULE )
' I
LOADING SOUND SOURCE RESOURCE {— 601

i
LOADING ASSIGNOR RESOURCE |— 602

I .

LOADING OPERATION RESOURCE |— 603
L

LOADING FUNCTIONAL RESOURCES |—— 604
|

LOADING I/F RESOURCE _— 605

. ]
SETTING UP RESOURCE CONNECTION 606
BY REFFERING TO RESOURCE TABLE [

1
INVOKING RESOURCES |— 607
-]
1
WATCHING EVENT —— 608
|
ISSUING CORRESPONDING MESSAGE [——609

1




operators in the FM sound source nodule 1032 is '6' in the second

enbodi nent. The nunber of the operators can be set to '4', if the nunber of
operators for the sound source to be enulated is "4'". Simlarly, if the
sound source to be emul ated 65 by the

PCM sound source nodul e 1031 | acks fil t%r{gg “function, the function may be
erased in the PCM sound source nodul e 3 (3) In the second

enbodi nent, the pseudo sound sou ed in step SP83, and the
data stored in the sound source ri@MBEO al.Zlconverted into the

equi val ent data effective to ¢ urce nodul e. Cenerally,
the converted data is distri Ehg I@NJ ce nodules 1031 to.
1033 belonging the third | ayer t ) sanme format provided

that the nethod of synfhesizing (PCM _EM etc. ) is the sane, even if the

type or product nodel Dpf lectroniclmusical instrunent or sound source
to be RECEIVING MESSAGE ——701
' |
EXECUTING PROCESS 702

CORRESPONDING TO MESSAGE
[
OTHER PROCESSINGS 703
1
SENDING MESSAGE 704
]

FIGURE 8
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enul ated is different. Accordingly, the data to control the sound source

nodul es (called 'basic information' hereunder) is very versatile, and can

be used comonly for a sound source group enploying the same net hod of

synt hesi zi ng sound. Thus, the performance data can be exchanged between

different platforns of the electronic nqﬁngl instrunents by converting the
t

data through 'basic information'. In other words, the inventive
conputerized nusical tope gengjating stem can bggised azoa performance
data converter. An exa S scrib bel owShher e firstg perfa@ymance
information such as tinbfe inf@l mati o} s co?%ertggpinto s?cond
performance information _ELrs t he L m
66 first perfornﬁﬁ3§ i mf orjmati of having fhg fife |fornpt |as épo [
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information' is converted into the second performance information. For
this converting nmethod, the bidirectional converting procedure between the
specific performance data format in the nodel instrument and the 'basic
performance information' is just required. Wth this converting nethod,
the performance data file can be shared Byhgany different platforns of the
el ectroni c nusical instrunents. (47 | i®t he second enbodi nent, the
wavef orm data of nusical tone i Fzyﬁggjﬁe% by;l;ﬂ ng the produced 'basic
information' as it is. However, th | & or on' can be edited
according to the input operation through the input device 1001. Thus, nore
col orful nusical sound can be generated, thereby overcomng the limtation
of the original product nodel of the sound source or the instrunent.

As described in the foregoing, according to the second aspect of the

I nvention, a conputerized nusic apparatus enploys device information to
specify an el ectroni c nusj 2% {1 ] dﬁhéﬁﬁﬁ d so that it is
possi ble to process perffor 'qggﬁﬁkggﬂﬁghﬁg% | ated el ectronic

nusi cal instrument. Further RESOVRGEE: LAARENGN enul at jve tone

CHECKING SEQ MODULE ——— 951

SERECTING HIGHEST
PERFORMANCE AND NEWEST {—— 952
AGE MODULE

SeqFormat<DATA FORMAT OF
INFORMATION USED FOR SEQ |—— 993
MODULE

SeqType<TYPE OF SEQ _—— Ob4
MODULE

REGISTERING SeqType IN | 965
RESOURCE TABLE

LOADING SEQ MODULE INTO | ___ 956

LOADING FORMAT 957
CONVERTING SUBMODULE L
AVAILABLE FOR SeqFormat
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67 generating systemaccording to the device information, it is possible
to reproduce nusical sound having equival ent characteristics to the

enul ated i nstrument. A sound source of the specified el ectronic nusical
instrument is enulated in order to generate a nusical sound signa

waveform so that it 1is possible to prqigﬁﬁ the performance information in
manner identical to the specified el ect c nusical instrunent.
Qperations of a processor controlling the sound source of the specified

el ectronic nusical instrunent are emul ated so that the nusical sound signal
wavef orm corresponding to various processors can be generated. Operations
of control registers storing plural control paraneters of the sound source
of the specified electronic mnmusical instrunent are emul ated so that
processings according to the contents of the control regrsters—can be

commonly used for dlfferEﬁT'E]ectronlc nusi cal instrurengd. The nusi cal
tone generation of the soun qource of any elecﬂﬂbnlc nmusycal Eﬁstrunent
is ermul ated so thattvarijo ound sQurces operat |@g“aecorgng tovgari ous
met hods S — 55 - i EE ;
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can be enul ated very accurately. A single processor selectively enul ates
operations of various sound sources of electronic nusical instrunents so
that it is possible to emul ate many nodel s of el ectronic nusi cal
instruments with an inexpensive arrangenent. Further, according to the
second aspect of the invention, origingl | mbre information is

68 converted into basic tinbre inform YolBfor use in a basic tone
generating system which enul ates the sound source arrangenent of an
original electronic nusical instrunent, so that original tinbre
information created for a particular nodel of instrument can be converted
into a nore versatile format. Optionally, the basic tinbre information is
converted into tinbre informati on of another el ectronic mnusical
instrunment, so that tighre inf |

created for.a_particular _node
I nstrument can be trarlsl atpd w i delfity ¥ n ano] her podel] of I |
i nstrument. A val of| t helasi i nfdrmat} ok*cap be editdqd thyoug
manual operating an S h3 FH m{stvs a unfl can]be generpted,
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WHAT IS CLAIMED IS: 1. A conputerized nusic apparatus utilizing
resources including software nodul es to generate desired nusical sound,
conpri si ng: a primary storage | oadable with a set of software nodul es
whi ch are selected to performtasks needed in generation of the desired
nmusi cal sound, a central processi nlg))u:,'gt for accessing the primary
storage to execute the software nodul e red therei n to generate the

nmusi cal sound; a secondarwas]F)Lquﬁ 5]53 |1y storing a
plurality of software nodul es o eg rforma variety of

t asks; and a | oader operative when the generati on of the nusical sound

isinitiated for selecting an effective and optinum set of software nodul es
by searching the secondary storage according to prescribed criterion, and

for |oading the sel 4 sof t wi1@2vodul es i 1103t he pri maf§04t orage to

thereby ensure effective and optj mum use of tlhe resources. |2
conmput eri zed musi he-pe-u-nLt—he—vntral

processi ng unit [ gﬁl agg SOBRUEE 'W‘AVEF@@W UEMES to
conmuni cate with Fr %@i DATESSage SBﬁPAto Intggratively
execute the set ¢f the sqgftware nodu eslj
TOF EOF
PD1 WAVEFORM DESIGNATION DATA
PD2 LFO CONTROL OD
EFG CONTROL OD
1110 < . AEG CONTROL OD
* TOUCH CONTROL OD
- OTHER OD
PD16
.
WD1
WD2
1120 ﬁ
WDn
L




70 3. A conputerized nusic apparatus according to claim1l1, wherein the
| oader includes sel ecting neans operative according to a physical criterion
for exam ning hardware nodules included in the resources to identify
effective hardware nodul es used in the generation of the nusical sound,
and for selecting effective software nPﬂyh%F corresponding to the
identified effective hardware nodul es. 4. A conputerized nusic
apparatus according to claim1, meﬁmaﬂ oa!esopcl udes sel ecting
means operative according to a per'f iter if the secondary
storage stores two or nore of simlar software nodul es performng
substantially identical tasks but having different degrees of performance

and different ages of creation for selecting optinmumone of the simlar
sof tware nodul es having either of the highest degree of performance and

t he youngest age of creat{qy conput eri zed nusi c appar at us
according to claiml1, wh q der includes selecting neans
operative according to an]i em)]JO Er | DATA 1SE@ONTENTS s¢f t ware
nodul e together with one pr m)rIDz f ag ind ﬁgelmgafIBCURRENCE
TIMING
1130 D3

FIGURE 13D

f
1ch NOTE NUMBER
2 ch | WAVEFORM DESIGNATION DATA
LFO CONTROL D
3 ch FEG CONTROL D
1140 < AEG CONTROL D
. NOTE-ON
. OTHER D
\d WORK AREA
32 ch
.




sof tware subnodule only if the indispensable software subnodule is stored
I n the secondary storage. 6. A conputerized nusic apparatus according
to claim1, wherein the |oader includes selecting neans operative

71 according to a continuity criterion for selecting a software nodul e
which is positioned at an upstream of ﬂ? gor ocess flow relative to anot her
software nodule only if said another software nDduIe Is stored in the
secondary storage. 7. A co ng cf{gglc‘h tus according to claim
1, wherein the | oader includes s ctTng ans operative according to a
conpatibility criterion for selecting a software nodule only if the sanme

I s conpati bl 2@ t1(4294 sof t dules sel ected fromthe secondary
storage. 8. conp erized apparatus utilizing resources including
sof twar e nodul es\to g nerate desfred nusical sound, conpri Sing:

a
primary storage [Esfadalil MUSIOAL [ TRONSS @EIﬂEM@IN@d@mTEMch afle gﬂect ed
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a | oader operative when the generation of the nusical sound is initiated
for selecting an effective.and opti num set of software nodul es by searching
t he secondary storage, and for |oading the selected software nodules into
the primary storage; and a central processing unit for
‘accessing the primary storage to execqu ige sof tware nodul es stored
therein to generate the nusical sound ,d/ that the central processing unit
enabl es the software nodul es tomuﬁa\ﬁ ;[/vg 5%{10'[ her by exchanging a
nmessage so as to integrate the det t ul es altogether. 9.

A conputerized nmusic_apparatus constructed to enulate a tone generating

" system of a nodel EMAINoRQUTINE X instrument, conprising: a storage
for storing device intormagion 1 ndicative of devi ces contained in the node
el ectroni ¢ nusi cal I@FFLNEHEAJHGHJTFK‘553?1”9 perfornmance information
originally prepar et—teo—teeg—tire—mwoetc| el ectronic nusical instrunment; a
processor fpr-retTreving the perfornmance infornmation fromthe storage and
for process|{ng t Lo iformation to produce event

i nf or mati on| whi c tone;gﬂny an
enul at or operati storedjin the storage
for emul atipg the '™ : ' ele:tronlc nmusi cal
instrunment $o that f£he emulN@or opegrates—t+m—response : e—evept
information|to geRPpPate the nusical Wi‘dPR ESISe
(MIDI EVENT PROC SS,
AND OTHER PROCESSES)

[=) ot Bar-foor
I CV

SP4

\

\
<IF SWITCH EVENT\ YES

OCCURS
NO PANEL SWITCH __|— SF°
EVENT PROCESSING
SP6 |
\
< IF RUN=1 )&°
/
V SPT
NO NO / TF TIMING
\ REACHES
TVES
EVENT PROCESSING
FOR REACHED __sP8
TIMING
!
SET UP NEXT |_
TIMING SP9
\
TONE GENERATION P10
PROCESSING —
L
OTHER PROCESSINGS }— SP11




el ectroni c musical instrunent. 10. A conputerized nusi c appar at us
according to claim 73 9, wherein the
enul ator includes a driver software nodule for enulating a driver device
i nvolved in the tone generating system SO that the driver software nodul e
controls the generation of the nusical{g ﬁ A conputerized nusic
apparatus according to claim 9, V\/nerel n the errul ator includes a register
sof tware nodul e for enulating a EPG&JRE\B gﬁ\/ed in the tone
generating systemso that the reglste 0 e nmenorizes control
paranmeters used for control of the generation of the nusical tone. 12.

A conputerized nusic appar at , Wherein the enul ator
i ncl udes a generat or softwarfe Yt m&n‘grﬁgml% gener ator device

invol ved in the tone gener XINITERRIBATHON: hat t he fenerat or software
nodul e creates a waveform of TOMme to De gener at ed.
RECEIVE DATA SP21

WRITE RECEIVED
DATA AND TIMING | gpoo
INFORMATION INTO
INPUT BUFFER

( RETURN )

FIGURE 16A

FILE REPRODUCTION COMMAND\
EVENT PROCESSING

f

 PREPARE FOR RETRIEVAL | sps;
OF SPECIFIED FILE

SETUP SOUND SOURCE |—— SP32

SETUP AUTO PERFORMANCE | —SP33

B0 )




13. A conputerized nusic apparatus according to claim9, wherein the
enmul ator conprises a single conputer for commonly enul ating different tone
generating systens of a plurality of nodel electronic nusical instrunents.
14. A conputerized nusic apparatus according to claim 9, wherein the
enul at or conprises neans operative basqg(ofg the device information for

I ntegrating a set of software nodul es cofreSponding to devices contained in
t he nodel el ectronic nusical insfqn@t%to e

74 generating systemthereof. 18. A-ret of ating an electronic
nmusi cal instrunment by a conputer, conprising the steps of: desi gnati ng
a desired nodel of electronic nusical _instrunents to be enulated by the
conput er; -providi ng eventf ISOUNIMSOURCEESETIE Y command t he conput er
to generate a mnusical tone; ame S-ai-ag—a—t-eregener at i ng system
specific to the designated podel c >l ec Lc_pusical i nstrunment so
tﬁat t he conputer opgrat c9OUNDeSEUIREE JUYRE WRITEN N dn i§p4 mat i on
to generate the nusical BFARER t—=od€abd b node o? t he

te the tone

el ectroni ¢ nusical instrunent.
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16. The net hod according to claim15, further conprising setting a fixed
time slot between an actual timng of generating each nusical tone and an
~occurrence timng of a corresponding one of the event information such that
t he conputer can conplete processing of the event information within the
fixed tine slot. 17. A conput eri zed|guyigc apparatus constructed to

enmul ate a tinbre created by a nodel el ectronic nusical instrunent,

conpri si ng: first neans ch F@[UHEa Qa¥A one generating system
second nmeans for providing original _tinbre information which characterizes

a tinbre of nusical tones generAtNOTE-GN EVENT
75 specific tone generating sSWStPROOESSEN@Godel ¢l ectronic nusical
i nstrument; third neans for ' ovided original tinbre

i nformation into equival ent tinbre infor Tation which is effective in the

basi c tone generating systret an reans—fot ovi di ng event
i nformation effective to qd¥bh W&M

nmusi cal tpnes é?:’é{]at t he
basi ¢ tone generating syst|e Wbpe CITYr esponse to thefeveneldf or mati on
and according to the equi\atrest— TIMBRE CODBEaOFPART ggnerating the
nusi cal tones having a ti riewe=pmejeegr=enr I c tone generating
system of the nodel electronic musical ifpstrunment. ) A conputerized

musi ¢ appar at us accordi ng taa El ﬁé) l%b%w §i means i ncl udes
optional means for reverse nbr e d rmation
Thto B SOUND S0 Tore $P62

DP (a)
( eND )

FIGURE 17B
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different tinbre information which is designed for use in another nodel

el ectronic nusical instrunent different fromthe first-nmenti oned nodel

el ectroni c nusical instrunent. 19. A conputerized nusi c appar at us
according to claim 17, further conprising fifth means manual |y operable to
rewite values of the equivalent tinbr rﬁ)rmatlon to nodify the tinbre
created by the basic tone generating sﬁgfq A nethod of emulating a

tinmb ted f del el t b f
comuter. o om e mael e E G URE 6 T8 e g he steps of

setting up a basic emin the conput er; provi di ng
original tinbre iiff FONE GENERATION aYterizes a tinbre of nusical tones
generated by a spdciFROCES&INGener at i system of the nodel electronic

musi cal instrunent; COI’I‘JEI"[I ng the original tinbre information into
equi val ent tinbre i piq 3 ct in the basic tone generating
system and prou%g N %ﬁu_orspsflectlve to comuand
generation of nusic G hd basi c tone generating systemis

operated in response to the gvent information and according tq the
equi val ent tinbre i nf/JENEW DATANESIi ng the nusical ton&P83ving a

tinbre as if created %Wm@pﬁlq

/ NO CONVERT WRITTEN DATA INTO
SPap SOUND SOURCE MODULE CONTROL
DATA WITH SP(b)

EXECUTE MP(c)-1

SET UP SOUND SOURCE

ACCORDING TO CONVERTED DATA
(NOTE-ON,”OFF, PITCH BEND, EXP,
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|
— SPTB4
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Y
IF TIME REACHES TO __ \ YES SP87
EXECUTE COMPUTATION } /
Y
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tone generating systemof the nodel electronic nusical instrunent.
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