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| NVENTI ON The present invention relates to a programuabl e sound
source having an al gorithm editor, -which can synthesize various tones with
definite steps of data processing, and ich enables free setting Of a
desired tone generation algorithm In the prior art, there is a known
sound source dOMPUTERIZEDSOUNDI SGURCRPRD GRISVIN LRIHt es
certain data processing according to a mcroprogramin order to synthesize
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BACKGROUND OF THE INVENTION

The preseht-invention relates to a programmable sound
source having an algorithm editor, which can synthesize
various tones With definite steps of data processing, and which
enables free setting of a desired tone generation algorithm.

In the prior art, there is a known sound source device in
which a DSP (Digital Signal Processor) executes certain data
processing accordihg to a microprogram in order to
synthesize musical tones. For exarriple, Japanese patent
JP-A-5-173576 discloses a sound source in which a
microprogram corresponding to a selected tone is transferred
to a tone generator circuit comprised of a DSP and RAM.
The tone generator circuit executes the microprogram to

- create a musical sound signal of the selected tone.

In order to modify timbre of the tone in such a sound
source device, a desired tone generation algorithm is selected
from several tone generation algorithms prepared in advance,
and then tone control parameters are modified to create the

desired timbre in the tone generaﬁon. Therefore, if an old
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m croprogram corresponding to a selected tone is transferred to a tone
generator circuit conprised of a DSP and RAM The tone generator circuit
executes the mcroprogramto create a nusical sound signal of the selected
t one. In order to nodify tinbre of the tone in such a sound source
device, a desired tone generation algorithmis selected from several tone
generation algorithns prepared in advance, and then tone control paraneters

are nodified faaﬁsg%g&ﬁ ishh Afsdd @6 4 e %lgarfth%nt&@ﬂn%e’ﬁ!lgé FhiMre
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may have to set up the tone control parameters all over again
from the start. Further in the conventional sound source,
selection of elementary or fundamental functions in the tone
geherating algorithm is carried out by modifying relevant
parameters to disable unnecessary functions. For example, if
a functional noise generator in the tone generation algorithm
is not required, relevant parameters are set to turn off output
of the noise generator to ‘zero’. In this case, the
microprogram corresponding to the noise generation itself is
notlmodiﬁed. Thus, the tone generation algorithm can be
modified virtually or equivalently by changing the
parameters. However, the number of computation steps of
the microprogram is fixed in spite of the change in the tone
generation algorithm. For that reason, even if a complicated
one of the tone genera,tioﬁ algorithm is chahged to a
simplified one, it is impossible to execute other processings by
DSP or to increase the number of tone generation channels
because the total number of the computation steps for the

tone generation is unchanged and therefore the DSP cannot

perform jobs other than the tone generation.
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fromthe start. Further in the conventional sound source, selection of

el ementary or fundanental functions in the tone generating algorithmis
carried out by nodifying rel evant paraneters to di sabl e unnecessary
functions. For exanple, if a functional noise generator in the tone
generation algorithm is not required, r&levant parameters are set to turn

of f output of the noise generator to 'zero'. In this case, the
m croprogram Correﬂf@ﬁ 9 dse 61?1 Q%%eﬂﬁfiﬁ{réﬁtl% id 86! rd\ﬁide“ﬂie modi fi ed.
Thus, the tone generation-algorit m can nodi fied vi or
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source apparatus in which a musical sound .signal is produced

by digital signal processing.

According to the present invention, a sound source
apparatus comprises editor means for editing a specific
algorithm which defines an arithmetic procedure for

- computerized synthesis of a desired musical tone by selecting
or nonselecting each of various elementary functions which
are generally usable for computerized synthesis of any musical
tones, assembler means for assembling a computer program
'corresponding to the edited specific algorithm, memory
means for storing the assembled computer program, and
generator means for executing the arithmetic procedure
according to the stored computer program to thereby
generate the desired musical tone.

In a specific form, the inventive sound source apparatus
comprises display means for displaying a block diagram
containing various functional blocks which represent
corresponding elementary functions selectively usable for
synthesis of a desired musical tone, secondary memory means

provisionally storing a pair of an effective elementary



DSP or to increase the nunber of tone generation channels because the total
nunber of the conputation steps for the tone generation is unchanged and
therefore the DSP cannot performjobs other than the tone generation.
SUMVARY OF. THE | NVENTI ON 3 The
pur pose of the present invention is to f)rovi de the user with freedom of
editing the tone generation algorithmto synthesize various tones with
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ineffectuate the corresponding elementary function, editor
means for graphically treating the displayed block diagram so
that each functional block is selected if the corresponding
elementary function is necessary for the synthesis of the
desired musical tone and is otherwise nonselected if the
corresponding elementary function is unnecessary for the
synthesis of the desired musical tone to thereby edit an
algorithm which defines an arithmetic procedure for the
synthesis of the desired musical tone, assembler means for
retrieving from the secondary memory means an effective
elementary program for each selected functional block so as
to enable the corresponding elementary function and for
retrieving an ineffective elementary program for each
nonselected functional block so as to disable the
corresponding elementary function to thereby assemble the
retrieved ones of the effective and ineffective elementary
programs into a complete program according to the edited
algorithm, primary memory means for storing the complete
program, and generator means connected to the primary

memory means for executing the edited arithmetic procedure



tones, assenbler neans for assenbling a conputer program corresponding to
the edited specific algorithm nenory neans for storing the assenbl ed
conput er program and generator neans for executing the arithnetic _
procedure according to the stored conputer programto thereby generate the
desired nusical tone. In a specific'sform the inventive sound source
appar atus conprises display neans for displaying a block diagram contai ning

aratus com ! . |
unct i ons. ol Gerhaif EaE S ForeE R RREe DI IARaT, BRI B rtte
secondary memphY ARG RHAY IR Y FRkRG My R o Bty P ST

el enentary _

ef fect i ve. ol oREHEDY orpBERd Heofffine iR BioRiEHh doondi ng

tel)ement ary fu@ﬁteif%rﬁmméf%ié%ﬁgr%ﬂr%grgﬁg ive el enentary programis designed

Further, according to the invention, a timbre creating

apparatus assembles microprograms into a complete program
which is loaded into a digital signal processor to operate the
same to generate a musical tone having a desired timbre. The
apparatus comprises display means for displaying a block
diagram containing various functional blocks which represent
corresponding elementary functions selectively usable for
creation of the desired timbre, memory means for storing a
pair of effective and ineffective microprograms for each
functional block such that the effective microprogram is
designed to effectuate the corresponding elementary function
while the ineffective nﬁcroprqgrém is designed to ineffectuate
the corresponding elementary function, editor means for
graphically treating the displayed block diagram so that each
functional block is selected if the corresponding elementary
function contributes to the desired timbre and is otherwise
nonselected if the corresponding elementary function does not
contribute to the desired timbre to thereby edit an algorithm
which defines an arithmetic procedure for the creation of the

desired timbre, and assembler means for retrieving from the



I neffectuate the corresponding elenentary function, editor nmeans for
graphically treating the displayed block diagramso that each functiona
block is selected if the corresponding elenentary function is necessary
for the synthesis of the desired nusical tone and is otherw se nonsel ected
if the corresponding el ementary functiof is unnecessary for the synthesis
of the desired nusical tone to thereby edit an algorithmwhich defines an
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block so as to disable the corresponding elementary function
to thereby assemble the retrieved ones of the. effective and
ineffective microprograms into the complete pr;)gra,m
according to the edited algorithm.

According to the present invention as defined above, if
the user specifies and edits an arithmetic procedure to
generate a desired musical tone, a tone generation program
relevant to the specified arithmetic procedure is assembled
and stored in the primary memory means. The musical tone
is synthesized by executing digital signal processing according
to the tone generation program stored in the primary
memory means. Specifically, an original or common form of
the tone generation algorithm to synthesize a musical tone
can be graphically displayed with representing each
elementary function of the tone generation algorithm as a
corresponding functional block in order to enable the user to
select and nonselect each displayed block. For this
configuration, there are provided an elementary program to
be installed in case that the relevant functional block is

selected and another complementary elementary program to



al'gorithm primary nenory neans for storing the conplete program and
generator neans connected to the primary nenory neans for executing the
edited arithnetic procedure 5
according to the stored conplete programto thereby generate the desired
nmusi cal tone. Preferably, the secondary %ennry means’ conpri ses neans
storing the elenentary programin the formof a m croprogram
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m croprograns Into a conplete program into a digital
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bl ock selected block and the ineffective elementary programs for
each nonselected block are combined altogether, in order to

build up a complete tone generation program.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram of an electronic
musical instrument employing a programmable sound source
apparatus having an algorithm editor according to an

. embodiment of the present invention.
| Figure 2 shows an example of a tone generation
algorithm to be edited by the embodiment.

Figure 3 shows an example of a display screen treated in
a algorithm editing mode.

Figure 4 shows another example of the display screen
treated in the algorithm editing mode.

Figure 5 illustrates a memory map of ROM and RAM
provided in the embodiment.

Figure 6 shows a list of microprogram flags.

Figure 7 shows contents of DSP basic microprograms
stored in the ROM.

Figure 8 shows relationship between performance of

each microprogram and data input/output.



di agram cont ai ni ng various functional blocks which represent corresponding
el ementary functions selectively usable for creation of the desired
tinbre, nenory neans for storing a pair of effective and ineffective

m croprograns for each functional block such that the effective

m croprogramis designed to ef f ect uat e8t he correspondi ng el enentary
function while the ineffective mcroprogramis designed to ineffectuate
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function does nq%‘é cont%ibute to the desired tinbre to thereby edit an
al gori t hm whi € QAL 2 arit hiet i procedure for the creation of the

desired tinbre, anﬁi. assenhl er anshfor fletr.i evi.ng fromthe
igure 10 1s a Howchart showing tinibre setup

procedures in detail.

Figure 11 is a flowchart showing the timbre setup
procedures in detail.

Figure 12 is a flowchart showing the timbre setup
procedures in detail.

Figure 13 is a flowchart showing the timbre setup
procedures in detail.

Figure 14 is a flowchart showing the timbre setup
procedures in detail. |

Figure 15 is a flowchart showing the timbre setup
procedures in detail.

Figure 16 is a flowchart showing the timbre setup
procedures in detail.

Figure 17 is a flowchart showing the timbre setup
procedures in detail.

Figure 18 is a schematic block diagram showing a
second embodiment of the electronic musical instrument

~ according to the invention.
Figure 19 is an illustrative diagram showing appearance

of the second emb_odiment.



6 -menory nmeans an effective mcroprogramfor each selected functional

bl ock so as to enable the corresponding el enentary function and for
retrieving fromthe nenory neans an ineffective m croprogramfor each
nonsel ected functional block so as to disable the corresponding el enentary
function to thereby assenble the retrievked ones of the effective and

i neffective mcroprograns into the conplete programaccording to the edited

algorithm . ACEqedra9q fs bindh63g Tha WER! AN diRGiAEA fA0RKE, 1T the

user specifies and edits an arithimetit procedure’to generaté a desrred

nmusi cal tone, a _tone net-ation programrel evant to the specified
fidcembodiegt.

arithnetic pr&%‘d d and stored in the primary nenory neans.
The nusical tone ig.synthesized by executing digit si gnal processing
according to the t@ﬁ%ﬁﬁ%t@r §ﬁPWﬁ (fd?aéﬁﬁpé?&fg%l mﬁawls g{‘]ﬁt%?y menory
means. Specifically, an original_or. common form of_ the tone generation

al gorithmto synt hEiguees 22a:r22H shew setmmef gngshilesian adpagrhyed with
representing each elementary function of the tone generation algorithmas a
corr espondi ngpiabiaté.onal bl ock in order to enable the user to select and

nonsel ect each di splayed bl ock. For this configuration, there are provided
an el ementary progFigute 23eshoetsad Ifasti examgde tdfathé hratichl pietuiref unct i onal

bl ock is selected and anot her conpl enentary el enentary programto

Figure 24 shows a second example of the patch picture.

Figure 25 is a flowchart showing a main program routine
executed by the second embodiment. |

Figure 26 is a flowchart showing a routine of CPU sound
source process.

Figure 27 is a flowchart showing a routine of patch edit
process.

Figure 28 is a flowchart showing details of the patch edit
process.

Figures 29A and 29B are a time chart showing operation
of the second embodiment.

Figures 30A and 30B are another time chart showing
operation of the second embodiment.

Figure 31 is a schematic block diagram showing a third
embodiment of the electronic musical instrument according to

the invention.

DETAILED DESCRIPTION OF THE INVENTION



7 .be installed in case that the relevant functional block is nonselected.
The effective elenentary prograns for each selected block and the

i neffective elenentary prograns for each nonsel ected bl ock are conbi ned
altogether, in order to build up a cquIete t one generation program

BRI EF DESCRI PTI ON OF THE DRAW NGS igure 1 is a schematic bl ock

di agram of an electronic nusical instrunment enploying a programrabl e sound
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described with reference to Figures. Figure 1 is a schematic
diagram of an electronic musical instrument emplbying a
programmable sound source and a timbre editor according to
the present invention. The electronic musical instrument
comprises a Central Processing Unit (CPU) 101, a Read Only
Memory (ROM) 102, a Random Access Memory (RAM) 103,
a disk drive 104, a playing operator 105, an editing bperator'
106, a display 107, a sound source (tone generator TG) 108
composed of DSP, and a Digital-to-Analog Converter (DAC)
109. Numeral 110 denotes a bus line connecting these units
with each other.

The CPU 101 controls the whole system of the
electronic musical instrument. The ROM 102 stores. control
programs to be executed by the CPU 101, as well as
elementary microprograms to be transferred to the sound
source 108. In the RAM 103, there are allocated various
buffer areas and data areas for timbre parameters. The disk
drive 104 is an external memory device to store various data
including the timbre parameters. The playing operator 105 is
a manipulating device operated by the user such as a,
keyboard. The editing operator 106 is a manipulating device
operated by the user and composed of an alphanumeric

keyboard and a mouse etc. The display 107 is utilized to



Figure 2 shows an exanple of a tone generation algorithmto be edited by

t he enbodi nent . Figure 3 shows an exanple of a display screen treated
in a algorithmediting node. Figure 4 shows anot her exanpl e of the
di splay screen treated in the algorithmediting node. Figure 5
illustrates a nenory map of ROM and RAMl1provi ded in the enbodi nent.

Figure 6 shows a list of m croprogram fl ags. Figure 7 shows contents

of DSP basic braelgﬁepd@;n Qg%r R dakqr egbia’]) e fi¥converts & ggiggfg@%

rel ati onship rmance each m Croprogram an

| nput/out put. produced by the sound source 108 into an analog signal.

The sound source 108 is a programmable tone generator
comprised of DSP. The DSP includes a Processing RAM
(PRORAM) 111, a Microprogram RAM (MPRAM) 112, a
Parameter RAM (PARRAM) 113, and a data processor 114.
The PRORAM 111 is used as arithmetic registers, delay
registers, various tables for waveform data etc. MPRAM 112
stores microprograms as a primary memory of the DSP.
PARRAM 113 stores tone control parameters (hereinafter,
“voice parameters”). The data processor 114 executes
arithmetic operation for the musical sound generation
according to the elementary microprograms stofed in the
MPRAM 112, using the voice parameters stored in the
PARRAM 113. The microprograms stored in the MPRAM
112 define the tone generation algorithm of the sound source
108.

In the instrument shown in Figure 1, the user can set
and edit timbres by means of the operator 106 with
monitoring the display 107. Mofe particularly, the user
selects desired one of the ready-made or preset timbres
reserved in the ROM 102 or the user-made timbres registered
in the RAM 103. The user-made timbres stored in the RAM
103 is loaded from the disk drive 104 in advance. On the



- Figures 9A and 9B are a flowchart showi ng a main routine of sound source

managenent procedures in the enbodi nent. Figure 10 is a flowchart
showi ng tinbre setup procedures in detail. Figure 11 is a flowchart
showi ng the tinbre setup procedures in detail. Figure 12 is a

fl omchart showi ng the tinbre setup prdE%dures in detail. Figure 13 is
a flowhart .showing the tinbre setup procedures in detail. Figure 14
|8 a flowchar i aRouidaldtifg! dBIARiR! dPsdll BF SAIIBRIbIraRIL levant to I OUre
15 is a flowhart shomnng re’ setup procedur I n detal

Figure 16 is ff‘hélt%‘ffehgéﬁefm%nglgtoqﬁHl’n”%f‘re%ﬁtolﬂﬂmg to the selected
timbre is assembled or set up in a V buffer (described later
with reference to Figure 5) in the RAM 103. The assembled
microprogram set is sent to the sound source 108. The sound
source 108 stores the transferred microprogram set in the
MPRAM 112.

After the timbre selection operation above, the user
manipulates the playing operator 105 to perform the
instrument so that the voice parameters corresponding to
performance information such as pitch information and touch
information inputted by a keyboard of the playing operator
105 is transferred to the sound source 108 through the V
buffer in the RAM 103. The sound source 108 stores the
transferred voice parameters in the PARRAM 113, and starts
the data processing of the tone generation. The data
processing is carried out according to the microprogram set
stored in the MPRAM 112, using the parameters stored in
the PARRAM 113. Thus, the selected timbre is generated.

Further, in the inventive instrument of this embodiment, |
it is possible to specify and edit a desired tone generation
algorithm. More particularly, a functional block diagram
graphically representing the tone generation algorithm is

displayed on the display 107, and the user can command by



procedures in detail . Figure 17 is a flowhart showing the tinbre
setup procedures in detail. Figure 18 is a schematic bl ock di agram
showi ng a second enbodi nent of the el ectronic mnusical instrunent according
to-the invention. Figure 19 is an illustrative di agram show ng

appear ance of the second enbodiment. 13 9
Figure 20 is a nenory map of a RAM contained in the second enbodi nent.

Figure 21 showgeafses@rme @d?ing ?ﬁrgi:é'éfoxpi%bﬁcﬁselect arfd HHifelé edeh show

setup of nodul'es on a patch pitc
block in order to set up or edit the desired tone generation

algorithm.

Figure 2 shows an example of a tone generation
algorithm designed for the sound source 108. Figure 2 shows
a most extensive configuration of the algorithm awvailable in
the instrument of the present embodiment. Now the
algorithm will be explained in detail. A wave generator
(WAVE GEN) 201 generates waveform data WAVE OUT.
The waveform data WAVE OUT is filtered by a wave filter
(WAVE-FILTER) 202, and the filtered output WFOUT is fed
to a mixer (IN-MIX) 205. On the other hand, a noise
generator (NOISE GEN) 203 generates noise data NOUT,
and the noise data NOUT is filtered by a noise filter
(NOISE-FILTER) 204, and the filtered output NFOUT is
sent to the mixer (IN-MIX) 205. The mixer 205 mixes the
data WFOUT and NFOUT with each other, and outputs
data IMXOUT. The output data IMXOUT is divided into
two part, which are fed to a distorter 211 and a distorter 221,
respectively. The distorter (DIST1) 211 adds a distortion
effect to the input data IMXOUT, and outputs data
DIST10UT. A high-pass filter (IN-HPF1) 212 processes the
data DIST10UT to suppresses low frequency components
thereof. Output data INHPF1OUT is fed to an adder



Figure 23 shows a first exanple of the patch picture. Figure 24 shows
a second exanple of the patch picture. Figure 25 is a flowchart
showing a main programroutine executed by the second enbodi nent.

Figure 26 is a flowhart showi ng a routine of CPU sound source process.

" Figure 27 is a flowhart showing a routlfe of patch edit. process.

Figure 28 is a flowhart showing details of the patch edit . process.
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an all-pass filter (APF1) 216. The added result is sent to a
low-pass filter (LPF1) 214. The output of the low-pass filter
(LPF1) 214 is fed to a delay (DELAY1) 215 and is delayed by
a predetermined time. The all-pass filter 216 receives the
output DELAY1OUT of the delay 215, and adds thereto a
predetermined phase characteristic. The output of the
all-pass filter 216 is fed back to the adder 213. The output of
the low-pass filter 214 becomes the output data LOOP10UT
of the loop effector (LOOP1). A set of blocks 221 to 226
constitutes another data path, respectively corresponding to
the above blocks 211 to 216, and operates similarly. An
output mixer (OUT-MIX) 231 receives the output
LOOP1OUT of the loop effector (LOOP1) and the output
LOOP20UT of the other loop effector (LOOP2), and mixes
them to create output OMXOUT. An output ﬁlter
(OUT-FILTER) 232 filters the data OMXOUT, and produces
output OFOUT. An effector (EFFECT) 233 adds various
sound effects (reverb, modulation etc.) and produces final
output data OUTPUT.

The described algorithm shown in Figure 2 is the most

extensive configuration of the tone generation algorithm in



10. Details of enbodiments of the present invention will be described
with reference to Figures. Figure 1 is a schematic diagram of an

el ectroni c nusical instrunent enploying a progranmbl e sound source and a
tinbre editor according to the present invention. The el ectronic nusical

I nstrument - conprises a Central Process?ﬁg Unit (CPU 101, a Read Only
Menory (ROVM) 102, a Random Access Menory (RAM 103, a disk drive 104, a
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Converter (DAghe initial algorithm by specifying on/off of each functional

block in the algorithm so as to modify timbre of the musical
sound. The editing operation of the algorithm is explained
hereunder. Figures 3 and 4 shows screen display examples in
the algorithm editing operation. Elementary blocks 301 to
333 in Figures 3 and 4 correspond to the elementary blocks
201 to 233 which represent elementary functions of the
algorithm (least significant two digits of the numeral
correspond each other for the same block). The arrows in
Figures 3 and 4 also correspond to the arrows showing the
data flow in Figure 2. Numerals 345 and 346 do not denote
actual functional blocks relating to the algorithm, but
designate nodes just to illustrate that the outputs of the two
loops LOOP1 and LOOP2 are fed to the output mixer
(OUT-MIX) 331. Numeral 353 denotes a name of the timbre
currently being edited.

In the algorithm editing display shown in Figures 3 and
4, a small rectdngle 351 within the block 301 corresponding
to the wave generator (WAVE GEN) is a check box signifying
on/off status of the block. The on status of each block means
that the block is selected and enabled to actually work in the
tone generation algorithm, while the off status of each block

means that the block is functionally disabled in the tone



109. Nuneral 110 denotes a bus |line connecting these units wth each
ot her. The CPU 101 controls the whole systemof the electronic
musi cal instrument. The ROM 102 stores control prograns to be executed by
the CPU 101, as well as elenentary mcroprograns to be transferred to the
sound source 108. In the RAM 103, therl are allocated various buffer
areas and data areas for tinbre paraneters. The disk drive 104 is an
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a mouse etc. PRcadis Refctdd if the'thbb? Hot 351 is turned white as

shown in Figure 3, or nonselected if the check box 401 (as in

Figure 4) is turned black. Similar check boxes are provided

also for the respective blocks 302, 303, 304, 311, 312, 316,

321, 322, 326, 332 and 333. In Figures 3 and 4, the blocks 305

‘and 331 do not have a check box. These blocks without the

check box are indispensable ones, and cannot be eliminated

from the tone generation.

A block 341 representing the loop effector (LOOP1) and
having a check box 343 is provided to enable concurrent
turning on/off of the blocks 313, 314 and 315 which
constitute the loop éffector LOOPI. If the check box 343 is
marked white, more particularly, if the block 341
corresponding to the loop effector is turned on, the blocks
313, 314 and 315 are all enabled to work in the algorithm.
Similarly, a block 342 representing the loop effector (LOOP2)
and having a check box 344 is provided to enable concurrent
turning on/off of the blocks 323, 324 and 325 composing the
loop effector (LOOP2).

The user can command to selectively turn on/off each
block by means of the editing operator 106 (Figure 1)." Figure

3 shows the most extensive configuration of the tone



di splay various data. The DAC 109 converts a digital signal produced by the
sound source 108 into an anal og signal. : The sound source 108 is a
programuabl e t one generat or conprised of DSP. The DSP includes a Processing
RAM (PRORAM 111, a M croprogram RAM (MPRAM) 112, a Paraneter RAM ( PARRAM
113, and a data processor 114.° The PRORAM 111 is used as arithnetic

regi sters, delay registers, various tables for waveformdata etc. MPRAM 112

ont rol par il d ot afeBHERAwErR 2 She HIBRE are AT B oS,
accor ding to (HS SFERbAe TETHLAGHIONE LrerOed ROPRE-RARAN Bi3hesi ng
he NPRAM 112 98Ke BEOFAHIOBrREGEHETE: oM BiCHobhe oGk HaL 90basddur co. 108.
mmans of the. GidyatLs alub 382 Are turhed on, while the blocks 303, 304, 0
312, 321, 322, 342, 326 and 333 are turned off. To simplify
the explanation, each displayed block may be called also by
the name of the corresponding functional element in the tone
generation algorithm. For example, the functional bloék 301
may be called as a wave generator (WAVE GEN) 301.
Additionally, each displayed block has a display area for
indicating tone control parameters used in the corresponding |
functional element (e.g., numeral 352 in Figufe 3). The value
of the parameters can be modified or updated through the
operation of the editing operator 106 (Figure 1). |
The selected blocks turned on in the tone generation
algorithm shown in Figure 4 operate as described with
reference to Figure 2. In the algorithm shown in Figure 4, the
blocks 303 and 304 are turned off or nonselected, so that the
corresponding noise generator (NOISE GEN) 303 outputs
‘zero’ in place of the noise output NOUT and the noise filter
(NOISE-FILTER) 304 passes the input as it is. This ‘zero’
signal is fed to the mixer (IN-MIX) 305. The high-pass filter
(IN-HPF1) 312 is also turned off so that the output from the
distortion unit (DIST1) 311 passes the high-pass filter |



nmoni toring the display 107. Mre particularly, the user selects desired one
of the ready-nmde or preset tinbres reserved in the ROM 102 or the
user-nade tinbres registered in the RAM 103. The user-nmade tinbres stored
in:the RAM 103 is | oaded fromthe disk drive 104 in advance. On the

12 tinbre selecting operation, a set o¥8m croprograns relevant to the
tone generation algorithmcorresponding to the selected tinbre is assenbl ed

ot Ss” S BEETS P8R80t Bocs 0 08 RS AP 11
105, The soundsqyr e 08810 FEQND AL 3231 LA SIPBRESRRASIhr 1 Pe
the distorter (DIST2) 321 to the loop effector (LOOP2) 342
are turned off so that the input to the distorter (DIST2) 321
passes therethrough as it is, and is sent to the output mixer
(OUT-MIX) 331 via the node 346. The effe;:tor (EFFECT)
333 is also turned off so that it passes therethrough its input
signal distributed by the output filter (OUT-FILTER) 332.

In the instrument of the present embodiment, a
complete set of microprograms is assembled according to the
result of the algorithm edit operation, and the assembled
microprogram set is sent to the sound source 108. Thus, the
number of the computation steps involved in the algorithm is
made small if the edited algorithm is simple, while the
number of the steps becomes great if the edited algorithm is
cofnplicated. The edited algorithm is sent to the sound source
108. The microprogram RAM 112 can accommodate 512
steps of the microprograms, and the number of timbre items
(hereinafter, “voices”) capable of being synthesized
simultaneously is determined depeﬁding upon how many set
of microprograms for the edited algorithm can be stored in
the MPRAM 112. An additional block 354 in Figures 3 and 4
shows how many steps of the inicroprograms is involved in

the current algorithm, and how many voices can be allocated



mani pul ates the playing operator 105 to performthe instrument so that the
voi ce paraneters corresponding to performance information such as pitch

i nformati on and touch information inputted by a keyboard of the playing
operator 105 is transferred to the sound source 108 through the V buffer
in the RAM 103. The sound source 108 stbPes the transferred voice
paraneters in the PARRAM 113, and starts the data processing of the tone

generation. Thed3 th@@%&séih@ﬁlt'a&le%sy 0 GHe ACESY EkDéhdiQel e
m croprogram set stored in the M 11 using the paraneters stored in

E Eg Fﬁ\l?eRﬁl\/: \%éﬁllng &%E{Iﬁlﬁg{lﬁfﬁsﬁgn@ Z‘J‘ig@r{e% gﬁgg:ng)ggs%sl%ﬂndfo tts?%g{n flynand
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displayed on the d5P lrg(\,/oégl?z’e finde the Hefib&Por ct%@?teps df the
microprograms corresponding to the configured algorithm is
128, and 4 sets of microprograms (128 x 4 = 512) can be
stored in the MPRAM 112 (meaning four voices can be
synthesized simultaneously). On the other hand in Figure 4,
the block 354 indicates “PROGRAM STEPS: 96” and
“VOICES: 5”, so that the user can recognize that the number
of the steps of the microprograms corresponding to the
configured algorithm is 96, and 5 sets (for five voices) of
microprograms (96 x 5 = 480 < 512) can be stored in the
MPRAM 112. |

Figure 5 is a memory map of the ROM 102 and the

RAM 103 shown in Figuré 1. Numerals 501 and 502
respectively denote the contents of the ROM 102 and the
RAM 103. The ROM 102 is stored with CPU programs. The
operation of CPU 101 will be described later referring to
Figures 9A to 17. The elementary DSP microprograms
(contents thereof will be described later referring to Figure 7)
are _also stored as well as the preset timbre parameter sets
(VOICE P; to Py,), and other various data. The RAM 103 is
allocated with MP buffer, MP flag buffer, VP buffer,



13. nmeans of the editing operator 106 to sel ect and nonsel ect each block in
order to set up or edit the desired tone generation algorithm Fi gure
2 shows an exanple of a tone generation algorithm designed for the sound
source 108:. Figure 2 shows a nost extensive configuration of the algorithm
available in the instrument of the preé@ht enbodi nent. Now t he al gorithm
wll be explained in detail. A wave generator (WAVE GEN) 201 generates

i ter (wave. PrEYERg bt atieRed tas YOI Mae U 8BTS 2 e
205. ' 203

g(;:anl\l_e?/lai%s ggi gmkgaﬁ&%rmdegﬂ‘zalg§@2d%%?:%ﬁh#ésgﬂ§@lgmby a nﬁi se

fil 3 , [ F j

mixer (1M xPUEES; e Hrg, BRTRscaniL U CRaTeieEe edlon. SAUCRRCE @t h each

ot her; and ou ts.data | MKOUT. The output data IMXOUT is divided into two

part, which arve ko a distorter 211 and a distorter 221, respectively.

The distorter (DI ST1) 211 adds a distortion effect to the input_data
| MKOUT, and out put $heaediting operation of the tone generation algorithm

is conducted after the user designates one of the preset
timbre stored in the ROM 102 or one of the user-made
timbres reserved in the RAM 103 as already explained
referring to Figures 2 to 4. The user designation of the timbre
is actually carried out by selecting one of the preset timbre
parameter sets stored in the ROM 102 (VOICEs P; to Py, in
Figure 5) or one of the user-made timbre parameter sets
stored in the RAM 103 (VOICEs Uj to U, in Figure 5) in
advance. The selected timbre parameter set is copied to the
V buffer in the RAM 103. More specifically, the selected
timbre parameter set includes MP flags which are copied to
the MP flag buffer, and voice parameters which are copied
into the VP buffer. Numeral 503 in Figure 5 denotes the
content of the V buffer provided in the RAM 103. The MP
buffer stores a complete microprogram to be transferred to
the MPRAM 112 of the sound source 108, the MP flag buffer
stores the MP flags (described later referring to Figure 6),
and the VP buffer stores the voice parameters including

parameters such as denoted by numeral 352 in Figure 3 and



DI STIQUT. A high-pass filter (IN-HPFl) 212 processes the data DI STIQUT to
suppresses | ow frequency conponents thereof. Qutput data | NHPF1OUT is fed
to an adder : 14 (ADDl1l) 213 included in a
| oop effector (LOOPl). The adder 213 adds the output data | NHPF1OUT fed
fromthe high-pass filter 212 to output 2data APFLOUT fed back from an
all-pass filter (APFl) 216. The added result is sent to a |owpass filter

(Lol 1 Timhteeted g befeBnassl b e 4 EheRlA trpisihiine oo
210 recel ves i bR BERACHL R 8 el v 215, and adds fhereto 3
Figure 6 shows the list of the MP flags. Each MP flag
corresponds to each functional block relevant to each
functional element of the tone generation algorithm
previously explained referring to Figures 2 to 4. The MP

flags will be described hereunder. The flag value “0” means

“off”, and “1” means “on” hereafter.

(1) WAVE GEN FLG: a flag signifies turning on/off
(enable/disable) of the wave generator (WAVE GEN)
301 in Figure 3.

(2) NOISE GEN FLG: a flag signifies turning on/off
(enable/disable) of the noise generator (NOISE GEN)
303 in Figure 3.

(3) WAVE-FILTER FLG: a flag signifies turning on/off
(enable/disable) of the wave filter (WAVE-FILTER) 302

in Figure 3.

(4) NOISE-FILTER FLG: a flag signifies turning on/off
(enable/disable) of the noise filter (NOISE-FILTER) 304

in Figure 3.

(5) DIST1 FLG: a flag signifies turning on/off
(enable/disable) of the distortion unit (DIST1) 311 in



all-pass filter 216 is fed back to the adder 213. The output of the

| ow- pass filter 214 becones the output data LOOPLOUT of the |oop effector
(LOOP1). A set of blocks 221 to 226 constitutes another data path,
respectively corresponding to the above blocks 211 to 216, and operates
simlarly. An output mixer (OUT-MX) 233 receives the output LOOPLOUT of
the |l oop effector (LOOP1l) and the output LOOP2QUT of the other | oop

ef fect or (LOCPZ),fp%lgﬁr@ig_es themto create output OMXOUT. An output filter
(QUT-FILTER) 232 filters the data OMXQUT, and produces output OFQUT. An
effector (EFFECT) 233 adds various sound effects (reverb, nodul ation etc.)
and produces f{@pl out IN-HRF4d BUGNE. flag signifies ¢esnirigded /ffjori t hm shown
in Figure 2 is the nost extensive configuration of the tone generation

al gorithmin (enable/disable) of the high-pass filter (IN-HPF1) 312 in-
| Figure 3.

(7) LOOP1 FLG: a flag signifies turning on/off
(enable/disable) of the loop effector (LOOP1) 341 in
Figure 3.

(8) APF1 FLG: a flag signifies turning on/off
(enable/disable) of the all-pass filter (APF1) 316 in
Figure 3.

(9) DIST2 FLG: a flag signifies turning on/off
(enable/disable) of the distortion unit (DIST2) 321 in
Figure 3.

(10) IN-HPF2 FLG: a flag signifies turning on/off
(enable/disable) of the high-pass filter (IN-HPF2) 322 in
Figure 3. '

(11) LOOP2 FLG: a flag signifies turning on/off
(enable/disable) of the loop effector (LOOP2) 342 in
Figure 3.

(12) APF2 FLG: a flag signifies turning on/off
(enable/disable) of the all-pass filter (APF2) 326 in
Figure 3.



15. the instrunment of the present enbodi nent. The user can edit the initial
al gorithm by specifying on/off of each functional block in the algorithmso
as to nodify tinbre of the nusical sound. The editing operation of the

al gorithmis explai ned hereunder. Figures 3 and 4 shows screen displ ay
exampl es in the al gorithm editing operat?on. El enentary bl ocks 301 to 333
in Figures 3 and 4 correspond to the elenentary blocks 201 to 233 which

represent ele ary f gngti ey, RIFL@%ﬁ%%?lé,%%gttﬂlgpgztﬁyaﬁhtm

digits of the*nuneral correspond each othe e sane e arrows

o2 e ol {eBhBAESRIE0 R URRE BB TV ILeEde, 30 0

relating to the al ithm ,but designate nodes just to illustrate that the
outputs of the t\/\bﬂﬂg’(ﬁ}g ®0P1 and LOOP2 are fed to the output mixer
(QUT-M X) 331. Nuneral 353 denotes a nane of the tinbre currently being

Sl | rect angt BbhsT o B RS SoBeRc RIS MhipE ST @ e ©
Tne on status of daeable/ERaRiahet e Sleclen PRV ECT) it digwai ca to

actually work in t3he

The preset timbre parameters P; to Py, stored in the
ROM 102, as well as the user-made timbre parameters U; to
U, stored in the RAM 103, are composed of the MP flags and
the voice parameters corresponding to the designated timbre.
Upon the user’s selection of a desired timbre, the MP flags
contained in the relevant timbre parameter set are copied to
the MP flag buffer, and the voice parameters contained in the
same parameter set are copied to the VP buffer. Then, the
complete microprogram to achieve the relevant tone
generation algorithm is assembled in the MP buffer by
selectively combining the elementary or basic microprograms
stored in the ROM 102 with each other according to the MP
flags.

Figure 7 shows the basic DSP microprograms stored in
a secondary memory composed of the ROM 102. Figure 8
shows the relationship between basic functions performed by

the basic microprograms and the resulting data input/output.



tone generation algorithm while the off status of each bl ock neans that
the block is functionally disabled in the tone

16 generation algorithm In other words, the disabled block passes its
i nput data as it is, or outputs 'zero' always. The block is selected if the -
check box 351 is turned white as shown 24 Figure 3, or nonselected if the
check box 401 (as in Figure 4) is turned black. Simlar check boxes are

provi ded al so r ' , : ' 6, 321,
322, 326, 332 1;% %? ﬁ@@&%ﬂg}@g@%ﬁgrg}aﬁ%@%ﬁ %l’%;‘%uﬁ‘gy"é‘r?é%f o not
have a check box. These bl ogks w thout the, ch box_are indispensabl e
ones, and canﬁsre‘@éﬂef? ﬁ&ﬁafwtfl?]&?rf Fﬁﬁém{al}ﬁﬁ Ogg‘ﬁ%*? PREBENEIati b 5ok 341
representing the l.oop effector. (L 1) d. havi.ng a che box 343 is
provided to e SP@%géﬂd%ﬁerVéﬁ’tlS]tYU??%%ﬁ&ﬂ?ﬂdﬁf?%é"% g‘%ﬁﬁ&’%ﬁ? 12 and 315
whi ch constitute_theloog effector L 1. If .the che(i’f bo ﬁ34 is nmarked
white, nore pdrtPmgeeagh blocknis eapakleaf being turne on/é , there

are provided two basic microprograms for each block, one of
which is an effective microprogram used in the selected state
of the block, and the other of which is an ineffective
microprogram used in the noﬁselected_ state of the same
block. The basic microprograms will be described hereunder

referring to Figures 7 and 8.

(1) WAVE GEN: An effective basic microprogram
executing the waveform generation process of the wave
generator (WAVE GEN) 201 in Figure 2. This is
installed in case that the MP flag WAVE GEN FLG is

turned on. This software block or module has no input,

and the output is WAVEOUT.

(2) WAVE GEN OFF: An ineffective basic
microprogram installed in case that the MP flag WAVE
GEN FLG is turned off in place of the effective
microprogram WAVE GEN described above. This
microprogram executes “CLR WAVEOUT” process, that
is clearing the output WAVEOUT to zero (means

generating “zero” output always).



corresponding to the |oop effector is turned on, the blocks 313, 314 and
315 are all enabled to work in the algorithm Simlarly, a block 342
representing the | oop effector (LOOP2) and having a check box 344 is

provi ded to enabl e concurrent turning on/off of the blocks 323, 324 and 325
conposing the | oop effector (LOOP2). 25 The user can comand to

sel ectively turn on/off each block by neans of the editing operator 106

17 “generai i ontl gor i RCIRE ST i boglt iEraBopHnE R Etuting B "t her
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MP flag NOISE GEN FLG is turned on. It has no input,
and the output is NOUT.

(4) NOISE GEN OFF: A basic microprogram installed
in case that the MP flag NOISE GEN FLG is turned off
and used in place of the microprogram NOISE GEN
described above. This executes “CLR NOUT” process,
that is clearing the output NOUT to zero.

(5) WAVE-FILTER: A basic microprogram executing
the filtering process of the wave filter (WAVE-FILTER)
202 in Figure 2. This is installed in case that the MP
flag WAVE-FILTER FLG is turned on. The input is
WAVEQUT, and the output is WFOUT. If the wave
generator provided in the preceding stage is turned off,

“zero” data is input.

(6) WAVE-FILTER OFF: A basic microprogram
installed in case that the MP flag WAVE-FILTER FLG
is turned off and used in place of the microprogram
WAVE-FILTER described above. This executes “MOVE
WOUT WFOUT” process, that is transferring the
content of WOUT to WFOUT (passing the input to the



t he expl anation, each displayed block may be called also by the name of
the correspondi ng functional elenent in the tone generation algorithm For
exanpl e, the functional block 301 may be called as a wave generator (WAVE
GEN) 301. Additionally, each displayed block has a display area for

i ndi cating tone control parameters used?Pn the corresponding functional
element (e.g., nuneral 352 in Figure 3). The value of the paraneters can

be nodified or updﬁhgﬂlﬁ B5q4db).! Mhe dREEADIMN WIf {1 otHet iRgsieper ator 106

(Figure 1). The sel ected bl ocks turned on in the tone generation

al gorithm shown i j Vgﬁg&{' Wi nce to Figure
2. In the al gorit%@%&%éﬁ%%ﬁ?@tﬂ? the E]Iléggkgirgd(;é3t% d 4 are turned
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basic microprogram is installed in case that the
corresponding MP flag is turned on to execute
corresponding functional element of the tone generation
algorithm, while the ineffective basic microprogram is
installed in case that the corresponding MP flag is
turned off to output “zero”, or to pass through its input
to output. It should be noted that some blocks
indispensable for the tone generation algorithm do not
have an ineffective basic or elementary microprogram
since the indispensable blocks are never turned off. For.
example, the mixing block (IN-MIX) 205 shown in
Figure 2 is indispensable so that the correéponding
effective basic microprogram is registered as listed in

Figure 7; however, an ineffective basic microprogram

IN-MIX OFF is not prestored.

The operation in the instrument of the embodiment will
now be described hereunder. Figure 9A is a flowchart
showing the main routine executed by the CPU 101.
Predetermined initialization is carried out in step 901. Then,
various operation events are detected in step 902. Timbre

setup procedure is carried out in step 903. In the timbre



‘zero' in place of the noise output NOUT and the noise filter

(NO SE-FI LTER) 304 passes the input as it is. This 'zero' signal is fed to
the mxer (INNMX) 305. The high-pass filter (INHPF1l) 312 is also turned
of f so that the output fromthe - di stor&i on unit (DI ST1) 311 passes the

hi gh-pass filter 7 18 (IN-HPF1l) 312 as it
I's, and goes into the adder (ADDl) 313 of the | oop effector (LOOPl) 341.

I e b e Lo N

(DIST2) 321  RRFRGSahBetiRe RefiAht?Babic hficr8Pfokfasfird tndtigIQpt PUt m xer
upon detecting the timbre selecting operation event. The
timbre setup procedure will be described later referring to
Figures 10 to 13. In step 904, operating mode administration
is executed. In the operating mode administration, various
mode switching operation is detected, and the operating
mode is switched in response to the mode switchiﬁg input. In
step 905, it is tested whether the current mode is the timbre
edit mode o'r not. In case that the timbre edit mode is set,
the timbre edit processing is carried out in step 906 before
advancing forward to step 907. If the timbre edit mode is not
set, the procedure jumps to step 907. In the timbre edit
processing, operation events to turn on/off the functional
blocks are detected in a displayed é,lgorithm edit screen. MP
flags are set or reset corresponding to the editing operation as
described referring_to Figures 2 to 4. The timbre edit |
processing will be described later in detail referring to-Figures
14 to 17. In step 907, tone generator control procedure is
executed. In the tone generation control procedure, thé
contents of the V buffer such as the voice parameters are
transferred to the sound source 108, and note-on command is
sent to the sound source 108. Miscellaneous processing is

carried out in step 908, and the procedure returns to step 902.



(QUT-M X) 331 via the node 346. The effector (EFFECT) 333 is also turned
off so that it passes therethrough its input signal distributed by the
output filter (QUT-FILTER) 332. In the instrument of the present
enbodi ment, a conplete set of mcropr ans i s assenbl ed according to the
result of the al gorithmedit operation, g%nd the assenbled m croprogram set
Is sent to the sound source 108. Thus, the nunber of the conputation steps

i nvol ved in the al E?gﬁ OOB $TuERAR o5 Withilsf of HReabiriegeabaftdr hm i s sinpl e,
while the nunber o e steps becones great if the edited algorithmis

f
conpl | cat ed.  Ihes AR bEGcEI G lekBthiied 18 epggbhg?fgﬁgeré%% sk@d. The

M cropr ogr am can accomm i Cr oprograns, and
(e pumber o ST Sy kS it RS, 5 APl 2,
' the playing operator 105 to command note-on or not. If an
event commanding note-on is detected, the data resérved in
the V buffer is sent to the sound source 108 in step 912. The
data sent from the V buffer is stored in the parameter RAM
113 of the sound source 108. The complete microprogram has r
already been loaded from the MP buffer of the V buffer to
the MPRAM 112 by the timbre setup procedure (more
exactly, at step 1310 in Figure 13). In step 913, note-on
procedure is carried out to command the sound source 108 to
invoke musical tone synthesizing. Thus, the sound source 108
executes the tone synthesizing procedure according to the
voice parameters stored in the V buffer. If no note-on event is
not detected in step 911, other miscellaneous events are
processed in step 914, and then returning to the main routine.
Figures 10 to 13 show the timbre setup procedure of
“step 903 in detail. In step 1001, it is tested whether the
manual operator 106 is manipulated to designate a timbre or
not. If the timbre selection operation is conducted, the
timbre parameters of the selected timbre X are transferred to
the V buffer. The timbre parameters to be transferred may

be ones that are selected out of the preset timbre parameters



of .m croprograns for the edited algorithmcan be stored in the MPRAM 112.
An additional block 354 in Figures 3 and 4 shows how many steps of the

m croprograns is involved in the current al gorithm and how many voices can
be-al | ocat ed 19 and synthesi zed

si mul taneously. In the nost exten5|ve of? nBX|nun1conf|gurat|on in Figure
3, the block 354 indicates "PROGRAM STEPS: 128" and "VO CES: 4", so that

the user cangtgrodihZehé RONINEOR!IBEShelistRnaentinird %rafﬁ@ﬁé%erograns

corresponding to the configured a gorithmis 128, and 4 Sets of

M croprograns 1281 %n% e RAMCH)3 Yecording to the user operation. After

step 1002, or in case that there is no timbre selecting
operation, the procedure advances forward to step 1003.

In step 1003, it is tested if flag WAVE GEN FLG stored
in the V buffer is “0”. In case that WAVE GEN FLG is “0”,
the routine advances forward to step 1004 so that the basic
microprograms WAVE GEN and WAVE-FILTER are deleted
if they are reserved in the MP buffer. Then, the aubstitutive
basic microprogram WAVE GEN OFF is loaded into the MP
buffer to organize the microprograms in the MP buffer. On
the other hand, if WAVE GEN FLG is not “0”, the basic
microprogram WAVE GEN OFF is cleared in the MP buffer
in step 1005 and the basic microprograms WAVE GEN and
WAVE-FILTER are loaded to organize or arrange the
microprograms in the MP buffer. The microprogram
replacement is effected in the steps 1004 and 1005 only if the
timbre selecting operation is called, or if the relevant MP
flags are switched according to the turning on/off operation
of the corresponding blocks on the algorithm edit display.

In the steps 1006 to 1308, the relevant basic
microprograms are loaded‘into the MP buffer in response to
the on/off state of the respective MP flags. These

microprogram loading procedures are similar to the process in



stored in the MPRAM 112 (neaning four voices can be synthesized

si mul taneously). On the ot her hand in Figure 4, the block 354 indicates
"PROGRAM STEPS: 96" and "VO CES: 5", so that the user can recogni ze that
the nunber of the steps of the mcropro ranms corresponding to the

confi gured algorithmis 96, and 5 sets 3} ‘?or five voices) of mcroprograms

(96 x 5 = 480 < 512) can be stored in the MPRAM 112. Figure 5is a
mermory map of éﬁs@@M s 100, Ldee &9%115, rBfdrr8d ® AndWhHeral s 501
and 502 respefé vely%enote t'he contents of ROM 102 and the RAM 103.

described | at BRPE) BT %éﬁéﬁ?eig‘é%@%"qﬁhﬁéﬁm@ e e

M Croprograndy, s microprogram NOISE GEN OFTF is loaded into the MP
buffer if the flag NOISE GEN FLG is turned off, while
NOISE GEN is loaded if NOISE GEN FLG is turned on. In
steps 1101 to 1103, microprogram WAVE-FILTER OFF is.
loaded into the MP buffer if WAVE-FILTER FLG is turned
off. Otherwise, WAVE-FILTER is loaded if WAVE-FILTER
FLG is turned on. In steps 1104 to 1106, microprogram
NOISE-FILTER OFF is loaded into the MP buffer if
NOISE-FILTER FLG is turned off. Otherwise,
NOISE-FILTER is loaded if NOISE-FILTER FLG is turned
on. |

In step 1107, the basic microprogram IN-MIX required
for the tone generation algorithm is loaded into the MP
buffer, and the MP buffer is organized. In steps 1108 to 1110, |
microprogram DIST1 OFF is loaded into the MP buffer if
DIST1 FLG is turned off, or DIST1 is loaded if DIST1 FLG |
is turned on. In steps 1111 to 1113, microprogx_'a,m IN-HPF1
OFF is loaded into the MP buffer if IN-HPF1 FLG is turned
off, or IN-HPF1 is loaded if IN-HPF1 FLG is turned on.

In steps 1201 to 1205 of Figure 12, basic microprograms
for the loop effector and the all-pass filter included in the
loop are treated. Microprogram LOOP1 OFF is loaded into



(contents thereof will be described later referring to Figure 7) are also
stored as well as the preset tinbre paraneter sets (VOCE P[err] to
Pl[err]), and other various data. The RAM 103 is allocated with MP buffer,
MP-flag buffer, VP buffer, 20
user-nmade tinbre paraneter sets. (VO CE Blerr] to Uerr]), and a storage
area for other various data. The three of the MP buffer, MP flag buffer and

R AR SO RO RN o, BB %
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Plerrlin POyl Budfer FECOPTFIE s on snd' ABFL BLES: oot °
microprograms LOOP1 and APF1 are loaded into the MP
buffer if LOOP1 FLG and APF1 FLG are turned on.
Step 1301 in Figure 13 is similar to the steps 1201 to

1205 in Figure 12. The other loop effector t;OOPZ is handled

or treated in step 1301. In step 1302, the basic microprogram
OUT-MIX indispensable for the tone generation algorithm is
transferred to the MP buffer. In steps 1303 to 1305,
microprogram OUT-FILTER OFF is loaded into the MP
buffer if OUT-FILTER FLG is turned off, or microprogram
OUT-FILTER is loaded if OUT-FILTER FLG is turned on.
In steps 1306 to 1308, microprogram EFFECT OFF is loaded
into the MP buffer if EFFECT FLG is turned off, or
microprogram EFFECT is loaded if EFFECT FLG is turned
on.

In step 1309, the number of the computation steps of
the microprograms loaded in the MP buffer is counted, and
the counted value is set in a variable S and displayed. The
counted value corresponds to “PROGRAM STEPS” indicated
in the block 354 of Figures 3 and 4. Further in step 1310, it is

estimated how many voices are available based on the value



stored in the RAM 103 (VO CEs Uerr] to Uerr] in Figure 5) in advance. The
selected tinbre paraneter set is copied to the V buffer in the RAM 103.
More specifically, the selected tinbre paraneter set includes MP flags
which are copied to the MP flag buffer, and voice paranmeters which are
copied into the VP buffer. Nuneral 503 34 Figure 5 denotes the content of
the V buffer provided in the RAM 103. The MP buffer stores a conplete

the NP f1ag baf toe CARRIEH, S0dPh RBoYGHL of himicBpRBUPIRE RASE 1000 e
) (20, L1, VE1 %1 RS SIER ol AP FARATG el PP 7S T
Lt R SRSk O o SRS RS O
el onent of { hPohEfgant 45 omiTGRIGEEAR AR oMo ddPy TRAIIRHAES or i ng to
Flgures 2 to gﬁn—lrlr;gr '\c/)? the voices is displayed. The display corresponds to

“VOICES” indicated in the block 354 of Figures 3 and 4.

The details of the timbre edit processing executed in

step 906 of Figure 9A will Be described hereunder referring to

Figures 14 to 17. First of all in the timbre editing, edit item

administration is conducted in step 1401. The administration

manages user selection of items to be edited. Upon selecting

an item of the tone generation algorithm edit, the relevant

editing mode is called. In step 1402, it is tested whether the

algorithm editing mode is called or not. If.the algorithm

editing mode is called, the procedure advances forward to

step 1404. Otherwise, if the editing mode is not called, the

routine branches to step 1403 to execute other miscellaneous

processings, and then the procedure returns. The

miscellaneous processings in step 1403 include setup or edit of

parameters of each block shown in Figures 3 and 4, edit of

voice names, load of timbre parameters to V buffer with

timbre selection, save of the timbre parameters on the V

buffer back to the RAM 103 or disk drive 104, and so on.
When the algorithm editing mode is enabled in step 1402, the



flags will be described hereunder. The flag value "0" nmeans "off", and "1"
nmeans "on" hereafter. (1) WAVE GEN FLG a flag signifies turning

on/ of f (enabl e/ di sabl e) of the wave generator (WAVE GEN) 301 in
Figure 3. (2 NO SE GEN FLG aflag signifies turning on/off

(enabl e/ di sabl e) of the noise generator @NOI SE GEN) 303 in Figure 3.
(3) WAVE- FI LTER FLG a flag signifies turning on/off

(enabl e/ di sab Qﬂghwgéﬂ%fﬁihﬂ% gw%f%%ﬁ%l 80 Sz:gen%lglrbef}:ﬁ'c}%ur e 3. (4)

NO SE- FI LTER ifres turni | sabl e) of
he o s 11 ko PR WO T, LIS o Bl ol L, LS
(DIST1) 311 igye algorithm diagram is displayed according to the timbre |
parameters currently loaded in the V buffer, namely
according to the status of the MP flags.

In step 1405 of Figure 14 to step 1709 of Figure 17, it is
tested if there is select or nonselect event for a certain .
algorithm block. Then, the relevant MP flag is turned on or
off. For example, occurrence of nonselect event for the Wave
generator (WAVE GEN) is tested. If there is the nonselect
event, the flag WAVE GEN FLG is turned off and is set to
“0” in step 1406 before returning. In case that there is no
nonselect event for WAVE GEN, select event for WAVE GEN
is tested in step 1407. If there is the select event, WAVE
GEN FLG is turned on to “1” in step 1408 before returning.
The other MP flags are turned on/off by similar procedures
upon detecting relevant select/nonselect events as shown in
Figure 15.

In steps 1601 to 1608 of Figure 16, which are procedures
to handle the loop effector LOOP1, MP flags are set up as
described below. Specifically, the all-pass filter APF1 is
provided in the loop LOOP1. If there is nonselect effent of
the loop effector LOOP1 in step 1601, both of the flags
LOOP1 FLG and APF1 FLG are turned off in step 1062.



22 - Fi gure 3. (6) IN-HPF1 FLG a flag signifies turning on/off

(enabl e/ di sabl e) of the high-pass filter (INHPF1l) 312 in Fi gure 3.
(7) LOOP1 FLG a flag signifies turning on/off (enabl e/ di sabl e)
of -the | oop effector (LOOP1l) 341 in Fi gure 3. (8) APF1 FLG a
flag signifies turni ng on/ of f (endbl e/ di sabl e) of the all-pass filter
(APFl1) 316 in gure 3. (9) DI ST2 FLG a flag signifies turning
on/ of { mﬁb'ﬁ{edb%@l& APE] {elisHisTed hi WelNFLOBBIZL 321 in

disabled. If there is select event of the loop effector LOOP1
in step 1603, both of the flags LOOP1 FLG and APF1 FLG
are turned on in step 1604, so that the block APF1 is enabled
as well if LOOP1 is enabled. Upon detecting select event of
all-pass filter APF1 in step 1605, both of the flags LOOP1
FLG and APF1 FLG are turned on in step 1606, so that the
block LOOP1 is enabled as well if APF1 is enabled. Upon
detecting nonselect event of all-pass filter APF1 in step 1607,
the flag LOOP1 FLG is turned off in step 1608. A routine of
Figure 17 is executed for handling LOOP2 in similar manner
to steps 1601 to 1608 of Figure 16.

As described above, according to the invention, the
display 107 is provided for displaying the block diagram
shown in Figure 3 containing various functional blocks which
repreéent corresponding elementary functions selectively
usable for synthesis of a desired musical tone. The ROM 102
provisionally stores a pair of an effective elementary program
and an ineffective elementary program for each functional
block such that the effective elementary program is designed
to effectuate the corresponding elementary function while the
ineffective elementary program is designed to ineffectuate the
corresponding elementary function. The editing operétor 106

is used for graphically treating the displayed block diagram



Figure 3. (10) IN-HPF2 FLG a flag signifies turning on/off

(enabl e/ di sabl e) of the high-pass filter (INHPF2) 322 in Fi gure 3.
(11) LOOP2 FLG a flag signifies turning on/off (enabl e/ di sabl e)
of -the | oop effector (LOOP2) 342 in 3 Figure 3. (12) APF2 FLG a
flag signifies turning on/off (enagl e/ disable) of the all-pass filter
(APF2) 326-in Fi gure 3. 23

so that each functional block is selected if the corresponding
elementary function is necessary for the synthesis of the
desired musical tone and is otherwise nonselected if the
corresponding elementary function is unnecessary for the
synthesis of the desired musical tone to thereby edit an
algorithm which defines an arithmetic procedure for the
synthesis of the desired musical tone. The CPU 101 operates
as assembler means for retrieving from the ROM 102 an
effective elementary program -for each selected functional
block so as to enable the corresponding elementary function
and for retrieving an ineffective elementary program for each
nonselected functional block so as to disable the
corresponding elementary function to thereby assemble the
retrieved ones of the effective and ineffective elementary
programs into a complete program according to the edited
algorithm. The RAM 103 is provided for storing the complete
program. The sound source 108 is connected to the RAM 103
for executing the edited arithmetic procedure according to
the stored complete program to thereby generate the desired
musical tone.

In the embodiment described above, the user can create
the complete microprogram according to the desired
algorithm. The complete microprogram does not include

unnecessary steps so that the capacity of the microprogram



(13) QUT-FILTER FLG a flag signifies turning on/off

(enabl e/ di sable) of the output filter (QUT-FILTER) 332 in Figure 3.
(14) EFFECT FLG a flag signifies turning on/off (enabl e/ di sabl e)
of -the effector (EFFECT) 333 in Figure 3. The preset tinbre

paranmeters Plerr] to Plerr] stored in the ROM 102, as well as the
user-made tinbre paraneters Uerr] to Uerr] stored in the RAM 103, are

composed of tRANP1hbags DEE cdide atilesdtiefeiontly CIf tlsskompliel o t he

designated ti Upon the user's selection of & desired tinbre, the MP

flags contai mdﬂ({h{t&é\/a&ﬁl §V&@5té %&rﬁ?{lgl negrl : t aglﬁg}%m ed to the M

flag buffer, ol ce pararre ers con nme par aneter set

ar e “copi ed to,bhe; ¥R bYfLer  FSNof LDSps SATPhE! felSERA" QILATY EhAChi eve

t he rel evant

user can allocate many voices, or can execute other
procéssirigs by limited resources. The numbers or types of the
delay loop and any other algorithm blocks are not limited to
those of the embodiment described above. In the embodiment
described above, the maximum or full configuration of the
algorithm is displayed in a block diagram format in order to
enable the user’s block select/nonselect operation. However,
it is possible to configure a user interface wherein the user
can build up a desired tone generation circuit or algorithm by
connecting desired blocks on a.display window. Further, in
the embodiment above, the sound source is comprised of
delay loop type. However, the tone generator of the sound
source can be other types such as FM synthesizer, formant
synthesizer and so on. An envelope generator (EG), or a
modulator (LFO) modules can be included in the functional
elements, even though they. are abbreviated in the
embodiment above. It is possiblé to arrange or adjust the
number of the EG or LFO corresponding to the number of
the steps required to generate tones. In the embodiment
described above, the MP flags are immediately modified upon

the user’s block selection/nonselection. The appropriate basic



generation algorithmis assenbled in the MP buffer by selectively conbining
the elenmentary or basic mcroprograns stored in the ROM 102 with each

ot her according to the MP fl ags. Figure 7 shows the basic DSP

m eroprograns stored in a secondary nmenory conposed of the ROM 102. Figure
8 shows the relationship between basic 3dénctions performed by the basic

“m croprograns and the resulting data input/output.

24 The basic t | | cks relevant to
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t he functiona orithm previously

expl ai ned w tp, l‘—aﬁiﬁﬁg'{lﬁ:fe‘srié.o}ﬁj)@ﬁ{fgf @é%%y\ﬁge%ls&ﬁﬁ%g%ﬁ?lf%}ﬁ%lﬁ k5 capabl e of

bei ng turned on%p . e are prov’i . asi ¢ mcroprograns for each
blrock, ~one of 4 efe S (Hb SILBHINE oF AIPRISSLRMY ki e Aflisg o state

mode. Only required basic microprograms are compiled at

the end of the editing mode. In the algorithm editing, the
user may want to limit the step size of the microprograms at
a certain value in order to allocate required number of voices.
Considering this needs, it is possible to provide a maximum
step size limit, in order to make warning if the user selects
some blocks which make the step size over the limit, or in
order to inhibit selection of such a block. The DSP employed
in the present invention can be replaced not only with
processors specialized for certain signal processing, but also
with any other processors such as generic microprocessors.
Next, a second embodiment of the present invention is
described in conjunction with Figures 18-30B. In the
previous embodiment, the block diagram is displayed as a
framework ﬁo present thé general algorithm of the tone
generation in the full extent. Then, the block diagram .is
graphically treated to select or nonselect each of the
functional blocks contained in the block diagram. In this
second embodiment, the framework itself is formed by
graphic editing to provide various types of the basic block

diagrams. Namely, desired functional blocks are preselected



of .the block, and the other of which is an ineffective m croprogramused in
the nonsel ected state of the sane bl ock. The basic m croprograns wll be
descri bed hereunder referring to Figures 7 and 8. (1) VWAVE GEN. An
effective basic mcroprogram execut i ng the wavef orm generation process
of the wave generator (WAVE GEN) 20381 n Fi gure 2. This is install ed
I n case that the I\/P flag WAVE GEN FLG i s turned on. This software bl ock

or _nmodul e hasfigni HRtHrts list G0 YakivthiOlRHbnt & ﬁ@eﬂ')ns 18dble fWAVE GEN

OFF: An |neffect|ve basi c mcroprogramln talled in case that the MP

flag WAVE | e
m cr opr ogr am \*%E &%%Izesléérﬂi ed ’P%%l\}élﬂh‘%kﬁ%e?éc%acﬁ@%éﬁgp%%elgggﬁt es "CLR
VWAVEQUT" pr 0Cess t hat

generating " z81%" cog&e&&?daqq,\g%%L St 19 d ety %u%&%ﬁt Q14568 ( means

among the preselected functional blocks to thereby construct
one type of the block diagram.

Figure 18 shows an overall system configuration of the
second embodiment of the inventive electronic musical
instrument. This instrument contains CPU 1801, ROM 1802,
RAM 1803, display 1804, DAC 1805, DMAC 1806, manual
input tool 1807 such as mouse tool, typing keyboard 1808,
first digital signal processor (DSP1) 1809, second digital
signal processor (DSP2) 1810, first hardware device (HARD1)
1811, second hardware device (HARD2) 1812, waveform
memory 1813, interface 1814, foot controller 1815, keyboard
1816 and bus line 1817. |

Figure 19 shows an appearance of the electronic musical
instrument. In this figure, a display 1902 corresponds to the
display 1804 of Figure 18. In similar manner, a mouse tool
1904 corresponds to the manual input tool 1807, a keyboard
1903 corresponds to the typing keyboard 1808, a keyboard
1905 corresponds to the keyboard 1816, and a foot controller
1906 corresponds to the foot controller 1815. The remaining
parts shown in Figure 18 are contained within a main console

1901 shown in Figure 19.



(3) NO SE GEN: A basic m croprogram executing the noi se generation
process of the noise generator (NO SE GEN) 203 in Figure 2. This is
installed in case that the MP flag NO SE GEN FLG is turned on. It has no
i nput , and the output is NOUT. (4) NO SE GEN OFF: A basic

m croprogram installed in case that 8Re MP flag NO SE GEN FLG i s turned
of f and used in place of the m croprogram NO SE GEN descri bed above.

Thi s executes "CLFRlélféfEi%ng@ﬁo F%ﬁﬁf@%i, ghel «ar bHCPIR 18P ROWUT to

zero. (5)° VWAVE- FI LTER™ A basi c Cropr ogram executi ng the filtering

Patalled in Sou2 FAM, FROR AN ipIAL S04 SPresPOndt LS the sl 8E1 . o

' ' t t . . ner at or

or bvi ded i n Yﬁ!@%&i‘?ﬂl@ %@Sfé 192, tlﬁ%%aﬁﬁ_dﬂﬁéﬁﬂ%sgﬂ?@q fhut.
V2 11 ag wave. BT ERertEtcembodielh SRy f Y Rigues, T 1S péferdy He "™ e

m croprogram VAVE- FI.LTER descri bed ove. This executes "MOWE WOUT
VECUT" pr oces8ameMAFEOR, sk GecBFoWR e i aeﬁtféifii\ﬁ%gt to WFOUT

assing the input to the
(passing corqtroller 1815 and keyboard 1816 corresponds to the playing

operator 105 of Figure 1 to perform the same function. The
set of manual input tool 1807 and typing keyboard 1808
corresponds to the setting operator 106 of Figure 1 to
perform the same function. In this second embodiment, the
manual input tool 1807 is composed of the mouse tool which
can be operated by clicking, dragging and so on. The clicking
is such that a mouse cursor or pointer is pointed to a target
character or figure displayed on a screen and then a mouse
button is depressed and released. The dragging is such that
the mouse cursor is pointed to a target character or figure,
then the mouse button is depressed while moving the mouse
tool, and thereafter the mouse button is released. The
manual input tool 1807 may be composed of other pointing
tools than the mouse tool.

The first embodiment shown in Figure 1 utilizes a single
of the DSP 108 as the sound source, whereas the second
embodiment utilizes a pair of DSPs 1809 and 1810 as the
sound sources. Each of the DSPs 1809 and 1810 is equivalent



26 - output as it is). The description of the other basic

m croprograns i s abbreviated here, since they are illustrated in
Figures 7 and 8. For sumary, the effective basic m croprogramis
installed in case that the corresponding MP flag is turned on to
execut e correspondi ng functi onal el €%ent of the tone generation
algorithm while the ineffective basic mcroprogramis | nstal | ed i n
case that theg 6 U eEfSPdIGBJOIYFFif is ) 1Sand céﬂ éBfJorh u@ "zero®, or
to pass through its input out put. 1t s u be n that sone

bl ocks [ ng{&mnaal%grérgf”%t il tR‘rAqugeél é‘téi" R%M tgﬁtcﬁ Q, hot have

an i neffective~basic Or M croprogram since e i ndi spensabl e
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however Veaﬁaf%viwr <e§é 088G R 8£3§§F§%v3?or'n'1§§l%%é%¢ﬁeaéﬁhgi’ B estored.

The operation | de o the frequency modulstion (FM) mode. In the
waveform memory readout mode, the wave data may be
stored in the ROM 1802 or RAM 1803. Further, these DSPs
1809 and 1810 can perform various processings of musical
tone signals such as filtering process, loop process of delay
and filter, effect imparting process and mixing process.

The hardware devices 1811 and 1892 are installed in the

system to perform various processings related to the synthesis
of the musical tone. The hardware device 1811 works as a
FM sound source, while the ofher hardware device 1812
works as a sound source of the waveform memory readout
type. The waveform memory 1813 stores the wave data for
use in the hardware device 1812. Further, the CPU 1801 of
the electronic musical instrument can function as a sound
source of the waveform memory readout type such that the
wave data stored in the ROM 1802 is read out by the CPU
1801 to generate a musical tone. Moreover, the CPU 1801
performs digital filtering process and envelope imparting
process of the generated musical tone.

As described above, the musical tone generation can be



now be described hereunder. Figure 9A is a flowhart showi ng the main
routine executed by the CPU 101. Predetermned initialization is carried
out in step 901. Then, various operation events are detected in step 902.
Ti mbre setup procedure is carried out in step 903. I'n the tinbre

27 setup procedure, specified tinbre pddaneters are copied to V buffer
and the relevant basic mcroprograns are installed upon detecting the

tinbre sel ect chgri@ACaL 197 et mARe of CFUCLS0} UArsl BEBUIs0ol || be

described later referrin Figures 10 to I'n step oper ati ng node

0
mode s tchi ngesRRtapt i To10, et AR M REC ST RERAAL (U hea

'n response t%a&ﬁ%va”l%dﬁe%%é i%iﬂg Tﬂ@gé 'unli%s utilize a buffer area of the

RAM 1803 to treat data of intermediate and final musical

tone signals. The buffer area will be described later in detail
with reference to Figure 20. The DAC 1805 converts the
digital musical tone signal produced by the various methods
into an analog signal, which is fed to an output sound system
(not shown in the figure). The DAC 1805 may be composed
of LSI called CODEC. The DMAC 1806 is a controller to
control data transfer between the memories including ROM
1802 and RAM 1803 connected to the bus line 1817, and the
various units other than the memories. Particularly, the
DMAC 1806 responds directly to a request from DSPs 1809
and 1810, hardware devices 1811 and 1812 and DAC 1805 so
as to transfer specified data to specified address without
control by the CPU 1801. |

In this embodiment, each of the CPU 1801, DSPs 1809
and 1810, and hardware devices 1811 and 1812 operates to
generate the musical tone signal. Actually, each unit
s_ynthesizes'a final musical tone by combining altogether
several elementary functions associated to the tone synthesis.
These elementary functions are realized by operating CPU
1801,1DSPS 1809 and 1810, or hardware devices 1811 and



step 905, it is tested whether the current node is the tinbre edit node or
not. In case that the tinbre edit node is set, the tinbre edit processing
is carried out in step 906 before advancing forward to step 907. If the
timbre edit node is not set, the procedure junps to step 907. In the
timbre edit processing, operation everf% to turn on/off the functional

bl ocks are detected in a displayed algorithmedit screen. MP flags are set

or Teset cor r e8pangicidifig i sGHividred A akidifectfic SRBAEMEdIET erring to

Figures 2 to 4. The edit processing w esctibed later in

detal || ST el M pagatbiELgUIeSet U 16 dhecifl BLORIANE ah8lSafRRkBOt, contro

procedure is Ny t one genérat ron°contro ure,” the
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M scel | aneous pr scessing, s car l of Qipim 552PIR: AR 4% Raghecr @
and hardware devices 1811 and 1812. Various kinds of the
software modules are pr_epa.red in the ROM 1802. Typical
software modules (1)—(15) are listed hereunder. In the
present embodiment of the electronic musical instrument, the
user can select or nonselect each of the elementary functions
involved in the tone synthesis in manner similar to the first
embodiment. An effective software modﬁle is called “ON
module” which is loaded when a corresponding elementary
function is selected. An ineffective software module is called
“OFF module” which is loaded when a corresponding
elementary function is nonselected. Namely, a pair of ON

module and OFF module are prepared for each elementary

function.

(1)  CPU 1801 may use a software module to realize an
elementary function defined to carry out generation of a
musical tone signal in the waveform readout method.
The software includes CPU WM TG ON module which
is used when the elementary function is selected, and
CPU WM TG OFF module vs}hich is used when the
elementary function is nonselected. The CPU WM TG



28 . Figure 9B illustrates details of the tone generator control
procedure executed in step 907 of Figure 9A. In step 911, it is tested
whet her there is any event in the operation of the playing operator 105 to
command note-on or not. If an event comrmandi ng note-on is detected, the
data reserved in the V buffer is sent 48 the sound source 108 in step 912.
The data sent fromthe V buffer is stored in the paranmeter RAM 113 of the

sound source 108. o) et e.m QO e ded from
The WP but fer of (T8 BRI pob oAl S thRACH UL 30
procedure (mre  xagtly, (L 2L eRdiond By Y adilorsh lth B 13, note-on
readout method. The CPU WM TG OFF module is a
program loaded to always output null data.

(2 The CPU 1801 may use a software module to
realize an elementary function defined to carry out
digital filtering process of the musical tone signal. The
software includes CPU DF ON module which is used
when the elementary function is selected, and CPU DF
OFF module which is used when the elementary function
is nonselected. The CPU DF ON module is a program
loaded into the CPU 1801 to perform the digital filtering
process. The CPU DF OFF module is a program loaded

to pass input data as it is to output the same.

(3) CPU 1801 may use a software module to realize an
elementary function defined to carry out amplitude
control of the musical tone signal to impart thereto a
desired envelope. The software includes CPU AMPL ON
module which is used when the elementary function is
selected, and CPU AMPL OFF module which is used
when the elementary function is nonselected. The CPU
AMPL ON module is a program loaded into the CPU

1801 to perform the amplitude control of the musical



praocedure is carried out to command the sound source 108 to invoke nusical
tone synthesi zing. Thus, the sound source 108 executes the tone

synt hesi zi ng procedure according to the voice paraneters stored in the V
buffer. If no note-on event is not detifted in step 911, other

m scel | aneous events are processed in ep 914, and then returning to the
mai n routine. Flgures 10 to 13 show the tinbre setup procedure of

step 903 in detai fonpiigheD T CPY AMIE!OFIMALIRIC 8% prpya oper at or

106 is manipul ate S|gnateat| re or not. If the ti ection

operation is condg&é@% tbhﬁa,sé SIJEE{IE AAELENS 1 ohP ufedlf‘ecégﬂl%' mbre X are

transferred to re pararreters o bé transterred may
be ones that are selected out of the preset tinbre paraneters

(4) DSP 1809 may use a software module to realize an
elementary function defined to carry out generé,tion of a
musical tone signal by the waveform memory readout
method. The software includes DSP1 WM TG ON

" module which is used when the elementary function is
selected, and DSP1 WM TG OFF module which is used
when the elementary function is nonselected. The DSP1
WM TG ON module is a program loaded into the DSP |
1809 to generate the musical tone signal by the waveform

" memory readout method. The DSP1 WM TG OFF

module is a program loaded to always output null data.

(5) DSP 1809 may use a software module to realize an
elementary function defined to carry out digital filtering
process of the musical tone signal. The software includes
DSP1 DF ON module which is used when the
elementary function is selected, and DSP1 DF OFF
module which is used when the elementary function is
nonselected. The DSP1 DF ON module is a
microprogram loaded into the DSP 1809 to perform the
digital filtering process of the musical tone signal. The
DSP1 DF OFF module is a microprogram loaded to pass



29 . stored in the ROM 102, or the user-made tinbre paranmeters stored in
the RAM 103 according to the user operation. After step 1002, or in case
that there is no tinbre selecting operation, the procedure advances
forward to step 1003. In step 1003, it is tested if flag WAVE GEN FLG
stored in the V buffer is "0". In case?Phat WAVE GEN FLG i s "0", the
routine advances forward to step 1004 so that the basic m croprograns WAVE
GEN and WAVE-FI LT re eq :Jf .t r ed in the MP buffer.
Then, the aubstit E{P@é d%ﬁél%% ﬂfilgré)oprogﬁgif)éﬁﬁ mél%%‘ OFF is loaded into the
MP buffer to organize the mcroprograns in the MP buffer. On the other

hand, if VWAVE @GN FLG 55P0i 808 mal"§s®2556ftware module to realize an

elementary function defined to carry out amplitude
control of the musical tone signal to impart thereto an
envelope. The software includes DSP1 AMPL ON
module which is used when the elementary function is
selected, and DSP1 AMPL OFF module which is used
when the elementary function is nonselected. The DSP1
AMPL ON module is a microprogram loaded into the
DSP 1809 to perform the amplitude control of the
musical tone signal. The DSP1 AMPL OFF module is a
microprogram loaded to pass input data as it is to

output the same.

(7) DSP 1809 may use a software module to realize an
elementary function defined to carry out loop process of
delaying and filtering of the musical tone signal to
impart thereto a desired effect. The software includes
DSP1 D&F LOOP ON module which is used when the
elementary function is selectéd, and DSP1 D&F LOOP
OFF module which is used when the elementary function
is nonselected. The DSP1 D&F LOOP ON module is a
microprogram loaded into the DSP 1809 to perform the

loop process of delaying and filtering of the musical tone



m croprogram WAVE GEN OFF is cleared in the MP buffer in step 1005 and the
basi ¢ m croprograns WAVE GEN and WAVE-FILTER are | oaded to organi ze or
arrange the mcroprogranms in the MP buffer. The m croprogram replacenent
is-effected in the steps 1004 and 1005 only if the tinbre selecting
operation is called, or if the relevant4@pP flags are swtched according to
the turning on/off operation of the correspondi ng bl ocks on the algorithm

edi t display. signlal. Mee PSP BLRF LOOPD FIenbelud¥ 3§ta basi c

m croprograns are Foaded into the MP buffer in response to the on/off

state of the I eSDAEIYS A dhAadel'e5 HAlHANOUAL 493TigggPr ocedures are

simlar to the proces .
output the same.

(8) DSP 1809 may use a software module to realize an
elementary function defined to carry out reverberation
creating process. The software includes DSP1 REVERB
ON module which is used when the elementary function |
is selected, and DSP1 REVERB OFF module which is
used when the elementary function is nonselected. The
DSP1 REVERB ON module is a microprogram loaded
into the DSP 1809 to create a reverberation effect in thé
generated musical sounds. The DSP1 REVERB OFF
module is a microprogram loaded to pass input data as it

is to output the same.

(9) DSP 1809 may use a software module to realize an
elementary function defined to carry out chorus effect
creation process. The software includes DSP1 CHORUS
ON module which is used when the elementary function
is selected, and DSP1 CHORUS OFF module which is
used when the elementary function is nonselected. The
DSP1 CHORUS ON module is a microprogram loaded
into the DSP 1809 to apply a chorus effect to the

- generated musical sounds. The DSP1 CHORUS OFF



steps 1003 to 1005, except that the flags referred to and the nanes of

m croprograns are different. In steps 1006 to 1008, basic m croprogram
NO SE GEN OFF is |l oaded into the MP buffer if the flag NOSE GEN FLG i s
turned off, while NO SE GENis |oaded if NOSE GEN FLG is turned on. In
steps 1101 to 1103, nicroprogram WAVE-#ETER OFF is |oaded into the MP
buffer if WAVE-FILTER FLG is turned off. CI herwi se, WAVE-FILTER i s | oaded

i f WAVE- FI LTER Fhés m
NOl SE- FI LTER OFF 15 %%%Hdﬁﬁ?{ﬂtmfdg\%& Pt |F6%JS§%‘H-1FE( %]IE%B'F%%EEI
turned off. O herW| gI}FI LTER is |l oaded if NO SE-FILTER FLG is
turned on. sqlétﬁ)litl e-basic mcroprogram I NM X required

u..:
)

(10) DSP 1809 may use a. software module to realize an
elementary function defined to carry out phase shift
effect creating process. The software includes DSP1
PHASE SHIFTER ON module which is used when the
elementary function is selected, and DSP1 PHASE
SHIFTER OFF module which is used when the
elementary function is nonselected. The DSP1 PHASE
SHIFTER ON module is a microprogram loaded into the
DSP1 to create a desired phase shift effect. The DSP1
PHASE SHIFTER OFF module is a microprogram

loaded to pass .input data as it is to output the same.

(11) DSP 1809 may use a software module to realize an
elementary function defined to carry out mixing process

of the generated musical sounds. The software includes

DSP1 MIXERi ON module which is used when the
elementary function is selected, and DSP1 MIXERi OFF
module which is used when the elementary function is
nonselected. The DSP1 MIXERi ON module is a
microprogram loaded into the DSP 1809 to perform the

mixing process of input signals at a specified ratio

according to specified parameters. The DSP1 MIXERIi



for- the tone generation algorithmis |oaded into the MP buffer, and the M
buffer is organized. In steps 1108 to 1110, mcroprogramD ST1 OFF is

| oaded into the MP buffer if DIST1 FLGis turned off, or DI ST1 is | oaded
if DIST1 FLG is turned on. In steps 1111 to 1113, m croprogram | N- HPF1

OFF is loaded into the MP buffer if INHPFL FLGis turned off, or I N HPF1
Is loaded if INHPF1 FLG is turned on. In steps 1201 to 1205 of

Figure 12, basic f.or o} | spass

filter included i gjltﬁﬁgﬁi(?%{égé%r% I?‘E%%(ﬂgrgg %Il crqé%'ra%gr g%%%mg ?’12 | oaded

into . . . 31..the uf f | f 1 RLG is

turned of f. or ni of 6’;3?61&8&5{‘13‘15 with eact othel S t3 output thedrized
results. The DSP 1809 can provide n number of mixers

corresponding to DSP1 MIXERI (i = 1 — n) modules.

(12) DSP 1809 may use a software module to realize an
elementary function defined to carry out tone generating
process of the FM mode. The software includes DSP1
FM ON module which is used when the elementary
function is selected, and DSP1 FM OFF module which is
used when the elementary function is nonselected. The
DSP1 FM ON module is a microprogram loaded into the
DSP 1809 to perform the tone generating process of the
FM mode. The DSP1 FM OFF module is a

microprogram loaded to always output null data.

(13) DSP 1810 may use similar software modules as
those listed in (4)—(12) used in DSP 1809. Namely, in
(4)—(12), “DSP1” is changed to “DSP2”, and “DSP
1809” is changed to “DSP 1810” to describe the software
modules used in DSP 1810.

(14) Hardware device 1811 may use a software module
to realize an elementary function defined to provide
pa,ra,metefs. The software includes HARD1 ON module

which is used when the elementary function is selected,



LOOPLl is |loaded if LOOP1 FLGis turned on. Further, mcroprograns LOOP1 and
APFl1 OFF are loaded into the WM buffer if LOOP1 FLGis on and APF1 FLG i s
of f, or mcroprograns LOOP1 and APF1 are |oaded into the MP buffer if LOOP1
FLG and APFl1 FLG are turned on. Step 1301 in Figure 13 is simlar to
the steps 1201 to 1205 in Figure 12. Thé&%ther |oop effector LOOP2 is

handl ed or treated in step 1301. In step 1302, the basic m croprogram

QUT- M X i ndi spensaiid HARDIeOPRengsigleawliehakoesdd hihes thieansferred to
the MP buffer. In steps 1303 to 1305, m croprogram OUT-FILTER OFF is | oaded

CUT-FI LTER i 5.1 oadil Ao R Eriol dp aforastiebted’ TheHATDALONTE™ o 1308
furned off - or i Ehaavbgis st EREamett eioaled thbdtitnle R e rq”on.

[ oade i n the NP Sees 1T b A Re e BoRgiRe 0 af DA PO okOHR

R ot ™ e WhekeBing broceeny Thes BARGY BRERBSMRAE TEI0. T e
estimated how nmany voi ces are avail abl e based qgn the val ue

parameter set loaded to control the hardware device

1811 to always output null data.

(15) Hardware device 1812 may use a software module
to realize an elementary function defined to provide a
parameter set. The software includes HARD2 ON
module which is used v_vhen the elementary function is
selected, and HARD2 OFF module which is used when
the elementary function is nonselected. The HARD2 ON
module is a parameter set loaded into the hardware
device 1812 When.the same performs musical tone
generating process by the waveform memory readout
method. The HARD2 OFF module is a parameter set
loaded to control the hardware device 1812 to always

output null data.

The software modules listed in (1)—(3) are loaded into a
work area of the RAM 1803, and are executed by the CPU
1801. On the other hand, the software modules listed in
(4)—(12) are loaded into a microprogram RAM of the DSP



32 . of the variable S and the capacity of the m croprogram RAM 112 in the
sound source 108. The m croprograns prepared for the estinmated nunber of
the voices are transferred fromthe MP buffer to the m croprogram RAM 112.
The al | ocat ed nunber of the voices is displayed. The display corresponds to
"VO CES" indicated in the block 354 of Fgures 3 and 4. The details of
the tinbre edit processing executed in step 906 of- Figure 9A wll be

descri bed her ggpgery a ehe 4o i1 ByotieDIP 18087 Thurfoabhral | In the

tinmbre editing, e emadm ni's lon 1s conducted 1 n step 1401. The
an i tem or 1 nSOHRRGIREE bn T s et L EED 4 ButtFaPLbaf, BRM G rode 19
Callod or notof PReISTIEHN PR SeriFreRtrady tBetBSR AR TR Th codur ¢
cal lod, the revtmgeDmmiHEsLFed Har 14108 Fanstaece o the hardvaEEancous
st ep 1403 dnviaedéBtd; apbish mibperateshraroraing 6o Gu hrmhgeRrahonn n
Figures 3 and 4, edit of voice nanes, |oad of tinbre parameters to V buffer
Wi th parameter set. The software module listed in (15) is

transferred to the hardware device 1812, which is operated

according to the transferred pa,ré,meter set.

Figure 20 shows a memory map of the RAM 1803 of

Figure 18. The RAM 1803 is provided with a work area 2001

used by the CPU 1801, output buffers 2002 denoted by

“OUTPUT BUFFERS” and other buffer areas 2003. As

shown in the right side of Figure 20, the output buffers 2002

are provided with areas for registering computation results

obtained by operating the respective software modules in the

CPU 1801, DSPs 1809 and 1810, and hardware devices 1811

and 1812. Each software module retrieves data provided by

other software modules from these output buffer areas to

perform its own process. When the processors and devices

including the DSPs 1809 and 1810 and the hardware devices

1811 and 1812 other than the CPU 1801 access these output

buffer areas, these processors and devices issue a request to

the DMAC 1806 so that the data transfer is conducted by

direct memory access (DMA) between the processors and



ti mbre sel ection, save of the tinbre paraneters on the V buffer back to the
RAM 103 or di sk dr|ve 104, and so on. Wen the algorithmediting node is
enabl ed in step 1402, the 33 algorithm
edi'ting wi ndow is dlsplayed on the screen of the display 107 in step 1404.
The on/off status of each bl ock of the5élgor|thn1d|agran1|s di spl ayed
according to the tinbre paraneters currently loaded in the V buffer,

nATel Y 000" Beitckd e 1R It Br LA OB theryisel Bt ERAL0S Of
nonsel ect event, {9t 3,651 81l LUATE AL BRI B tht REPTS RN VP 1120

is turned on

Hereafter, detailed description will be given below for each

area of the output buffer 2002.

(1) CPU WM TG is an output buffer area used to register
~ outputs from either of CPU WM TG ON module and
CPU WM TG OFF module.

(2) CPU DF is an output buffer area used to register
outputs from either of CPU DF ON module and CPU
- DF OFF module.

(3) CPU AMPL is an output buffer area used to
register outputs from either of CPU AMPL ON module
and CPU AMPL OFF module.

(4) DSP1 WM TG is an output buffer area used to
| register outputs from either-of DSP1 WM TG ON
module and DSP1 WM TG OFF module.

(5) DSP1 DF is an output buffer area used to register
outputs from either of DSP1 DF ON module and DSP1
DF OFF module.

(6) DSP1 AMPL is an output buffer area used to
register outputs from either of DSP1 AMPL ON module
and DSP1 AMPL OFF module.



of f.. For exanpl e, occurrence of nonselect event for the wave generator
(WAVE GEN) is tested. If there is the nonselect event, the flag WAVE GEN
FLG is turned off and is set to "0" in step 1406 before returning. In case
that there is no nonselect event for WAVE GEN, select event for WAVE CGEN
Is tested in step 1407. If there is thedel ect event, WAVE GEN FLG is
turned on to "1" in step 1408 before returning. The other MP flags are

t d / of f iml '
urned on/ o Si M | BISPL EATEO OPPRNaAch GEH DML HRES used

sel ect/ nonsel ect’ events as own in n steps 168% to 1608

i ags are sei up Seeryeser T Epm, TUlECr AR, DREHOPLIN YL
APFL TS provi ded  84tie LOP&FF e LBEE OFFisahist event o

(8) DSP1 REVERB is an output buffer area used to
register outputs from either of DSP1 REVERB ON
module and DSP1 REVERB OFF module.

(9) DSP1 CHORUS is an output buffer area allocated
to register outputs from either of DSP1 CHORUS ON
module and DSP1 CHORUS OFF module.

(10) DSP1 PHASE SHIFTER is an output buffer area
allocated to register outputs from either of DSP1
PHASE SHIFTER ON module and DSP1 PHASE
SHIFTER OFF module. |

(11) DSP1 MIXERI (i =1 — n) is an output buffer area
assigned to register outputs from either of DSP1
MIXERi ON module and DSP1 MIXERi OFF module.
The mixer is prepared in n number of mixer units. The
mixing result of each mixer unit is registered in the

corresponding output buffer area.

(12) DSP1 FM is an output buffer area provided to
register outputs from either of DSP1 FM ON module
and DSP1 FM OFF module.



the | oop effector LOOP1 in step 1601, both of the flags
FLG are turned off in step 1062.

LOOP1 FLG and APF1
34

Thus, the .block APFl is disabled as well if LOOPl is disabled. If there is
sel-ect event of the |oop effector LOOP1_ _in step 1603, both of the flags
LOOP1 FLG and APF1 FLG are turned on iﬁ3step 1604, so that the bl ock APF1
Is enabled as well if LOOPl is enabled. Upon detecting select event of

FLG bre turncidh i n sPP2EUSP RGT Rt feh DRF: FOABT om0 2 el

' APFL T's enabl eq;, 400 reas which are similar to those listed in (4)-(12)

and which are allocated to various software modules

associated to the second DSP 1810.

(14) HARDI is an output buffer area used to register

outputs from the hardware device 1811 which is operated

based on either of HARD1 ON module and HARD1

OFF module.

(15) HARD?2 is an output buffer used to register outputs

from the hardware device 1812 which is operated

a;ccording to either of HARD2 ON module and HARD2

OFF module.

(16) HARD3 - HARDm are output buffer areas

provided to reserve outputs from other hardware devices.

However, the present electronic musical instrument

employs only the hardware devices 1811 and 1812 so that
the HARD3 — HARDm are not used in this embodiment_.

Next, description is given for editing procedure of the

algorithm for the musical tone generation in the present

electronic musical instrument. In this embodiment, the user

operates the manual input tool 1807 and the typing keyboard

1808 while monitoring the display 1804 to edit the musical



detecting nonsel ect event of all-pass filter APFl in step 1607, the flag
LOOP1 FLG is turned off in step 1608. A routine of Figure 17 is executed
for handling LOOP2 in simlar nmanner to steps 1601 to 1608 of Figure 16.
As -descri bed above, according to the invention, the display 107 is

provi ded for displaying the block diagrafn shown in Figure 3 containing
various functional blocks which represent correspondi ng el enentary

functions selg6hé ﬁﬁﬂxhegﬁqﬁg?@@gitﬁﬂt "%t Enel of tHeUdiethdptoeatiurene. The

ROM 102 provisio y stor alr of an effective elementary program

and an ine”efst%iggcﬁtﬁﬁeﬂéxaéﬁﬁb%ﬂ@@r am for each functional block such that
the effective eleéneéntary programi1 s designed to effectuate the

correspondi ng el enentary function while the ineffective elenentary program

's designed to(ll)nef Fecpyat seystt%?n of the computerized musical instrument

is booted to exhibit a module picture on the display
1804. The module picture shows various functional
blocks as parts corresponding to various elementary
functions usable in synthesis of the musical sounds. Each
functional block represents a software module which is
installed to realize the corresponding elementary
function. Therefore, the functional block contained in

the module picture is called “module” hereinafter.

(2) The user preselects various modules frdm parts
contained in the module picture so that the preselected
modules are used to form a framework for the editing of
the tone generating algorithm. This preselection is
conducted by clicking operation of the mouse tool on the

desired modules contained in the module picture.

(3) The system then switches the display 1804 from the
module picture to a patch picture, which contains the
preselected modules likewise a patchwork. The patch
picture is used to graphically edit the specific tone
generation algorithm, and represents a functional

diagram corresponding to those shown in Figures 3 and 4



cortrespondi ng el enentary function. The editing operator 106 is used for
graphically treating the displayed bl ock di agram

35 so that each functional block is selected if the correspondi ng

el ementary function is necessary for thg-synthesis of the desired nusical
tone and is otherwi se nonselected if thé™ corresponding el enentary function
I s unnecessary for the synthesis of the desired nusical tone to thereby

~edit an al gorit hmgfhjlrhfidef englsodim@mitt hmeti c procedure for the synthesis
of the desired nusical tone. The CPU 101 operates as assenbler nmeans for

retrieving fromthe ROM 102 an effective elenmentary programfor each
sel ected funct{#pal  The user graphically treats the patch picture to
“ conduct settings of the respective modules, and further
to connect the respective modules to each other to define
input/ oﬁtput relations of the respective modules,

thereby completing a desired functional block as the

framework for the algorithm editing.

(5) Then, the functional block is graphically treated to
select or nonselect each module or functional block
involved in the block diagram to thereby edit the specific
algorithm of the tone generation in manner similar to the

first emquiment.

Hereinafter, detailed description is given for the editing
work in conjunction with the drawings in -Which Figure 21
shows an eiample of the module picture, Figures 22A—-22H
show setting 6peration of modules, and Figures 23 and 24
show different examples of the patch picture. Referring first
to Figure 21, reference 2100 denotes a window of the module
picture presented on the display 1804. This window 2100
contains various items of the modules denoted by reference
.numeréls 2101-2111. The mouse cursor or pointer is pointed
to desired one of the modules 2101—2111, and then the mouse

button is clicked so that the desired module is preselected. |



bl ock so as to enable t-he corresponding elenentary function and for
retrieving an ineffective elenentary programfor each nonsel ected
functional block so as to disable the corresponding elenmentary function to
t hereby assenble the retrieved ones of the effective and ineffective

el ementary prograns into a conplete pr%@ran1according to the edited
algorithm The RAM 103 is provided for storing the conplete program The

i thrsti ¢ prshch, 7 GRARGH ISTAREL "bdRl: ReaPee Bl LTI, e o7 oby

above.  the usBioRafs wildDe 2IO0EE Fignze 21 M s RAd Bl GEE RS (e

Staps so ¢ hat PRHEL ISHETS  GTepRaleH Croprag ARy 1804, THE ude unnecessary
preselected module is patched in the displayed patch picture.
The module preselection is conducted one by one to collect
various elementary functions usable for the generation or
synthesis of the musical tone. Figures 23 and 24 show
examples of the patch picture in which several ones of the
preselected modules are already patlched and are
interconnected with each other. However, the initial patch
picture has only a blank space together with information
including a name of the patch picture and menu items.

Referring back to Figure 21, each module is indicated by

a rectangle block which contains a check box and a name of
the module at an upper left portion of the block. The check
box is utilized to designate whether the corresponding
elementary function should be selected or nonselected. For
example, a rectangular block of the module 2101, which is
installed. to generate musical tone waveforms by the waveform
memory readout mode, contains a check box 2131 and the
name “WAVE MEMORY TG” (denoted by reference numeral
2132) at the upper left portion. In similar manner, the
remaining modules 2102-2110 have a check box and a name

at a left upper portion of the rectangular block. However, the



36 - RAM 112 in DSP can be utilized efficiently. If the conplete

m croprogramis created according to a rather sinple algorithm the nunber
of steps can be decreased so that the wuser can allocate many voices, or
can execute other processings by limted resources. The nunbers or types of
the delay |oop and any other al gorithmnbBl ocks are not limted to those of
t he enbodi nent descri bed above. In the enbodi nrent described above, the

(e T oW oY hoguphtie et pnn gl vt o
enefatlon” Moupuenie o ARROSYLE AR HRMAHL e B, e
connecting degf&tal 128 sitthal. “hEBIEHr! BSOUL ftdule' 4111 does

not have a check box to specify on/off state of the QUT

module, because the OUT module must be selected in any

cases.

Generally, each module has a label “SETTINGS” at a
lower left portion of the rectangular block and another label
“PARAMETERS?” at the right side of the label
“SETTINGS”. For example, the WAVE MEMORY TG
module 2101 has the label “SETTINGS” denoted by
reference 2136 at the lower left portion and the label
“PARAMETERS” denoted by reference 2137 at the right side
of the label “SETTINGS”. After each module is patched into
the patch picture, the label “SETTINGS” is clicked by the
mouse tool so as to commence various settings of the module.
Further, the label. “PARAMETERS?” is clicked by the mouse
tool to ébmmence setting of various parameters related to the
module.

" Figure 22A shows an initial display state of the WAVE
MEMORY TG module 2101. Figure 22B shows a work
display state of the same WAVE MEMORY TG module 2101
after the label “SETTINGS” 2136 thereof is clicked by the

mouse tool. This display state contains a menu 2210 related



t he enbodi nent above, the sound source is conprised of delay |oop type.
However, the tone generator of the sound source can be other types such as
FM synt hesi zer, formant synthesizer and so on. An envel ope generator (EG,
or -a nodul ator (LFO nodul es can be included in the functional elenents,
even though they are abbreviated in the®nbodi ment above. It is possible to
arrange or adjust the nunber of the EG or LFO corresponding to the nunber

of the steps ¢gand sotiiRgg IR erd@aRS 2100, TReaeed 2810 Mereri bed above,

the MP flags are 1 medi ately nodified upon the user's bl ock

s cctLon) nonsshgid e EpARP AR RS PRGCESSOR” 2211 o licked .,
However, the gys ef&tcgnppoce%%f "o YRalize the elementary function

of the module. Another item “SAMPLING FREQ” 2212 is

clicked to set a sampling frequency of waveform data.

When the item “PROCESSOR?” 2211 is clicked by the
mouse tool within the menu 2210, the display presents one of
processor select menus 2220 and 2230 shown in Figures 22C
and 22D. The processbr select menu is provided to select a
processor used to realize the elementary function of the
module. The processor select menu 2220 of Figure 22C lists
items “CPU” denoted by 2222, “DSP1” denoted by 2223, and
“DSP2” denoted by 2224 together with check boxes. One of
the check boxes of “CPU” 2222, “DSP1” 2223 and “DSP2”
2224 is selected by the clicking of the mouse tool so that the
elementary function of the module is realized by the selected
one of the CPU 1801, DSP 1809 and DSP 1810.

In the processor select menu 2220 of Figure' 22C, an
item “HARD LSI” is marked by a cross because the system is
not installed with any hardware device to realize the
elementary function of the module. On the other hand, in
case that the system. is installed with such a hardware device,
the other processor select menu 2230 is presented as shown in

Figure 22D which includes an item “HARD LSI” denoted by



operate in the maxi mumor full algorithmduring the editing node. Only
required basic mcroprograns are conpiled at the end of the editing node.
In the algorithmediting, the wuser may want to I'imt the step size of the
m croprograns at a certain value in order to allocate required nunber of
voi ces. Considering this needs, it is p®8sible to provide a maxi num step
size limt, in order to make warning if the user selects sone blocks which

make the step 2QBQet%@trhérhﬁnth £} t:he@k bk fof deledtohNiTf khis shlekther of

such a bl ock. The DSP enployed in the present invention can be replaced

not only wthjs EE}%R@&SBQ%M%H)&& 16811 the MBI ArS deRAte RS QeRstend: b‘liéxt

also with any other proctessors such as’ generic m Croprocessors.

s Seoerd STt A thORIBE By BB Fpe FRPEE, Sorl o
di splayed as awayE MEMORY TG” module 2101 has the elementary
function to generate a musical tone signal by the waveform
memory readout method. As described béfore, this
elementary function can be realized by means of one of the
CPU 1801, DSP 1809, DSP 1810 and hardware device 1812 in
this embodiment. Thus, the processor select menu 2230 is
presented as shown in Figure 22D in conjunction with the
module 2101.

By such a manner, the processor select menu is
presented for each module to enable the user to select a
desired processor capable of realizing the corresponding
elementary function. In the processor select menus 2220 and
2230 shown in Figures 22C and 22D, reference numerals 2221
and 2231 denote a close box, which is clicked to close the
processor select menu 2220 or 2230 after the desired processor
is specified by the user. It should be noted in this second
embodiment that an item accompanied by a box marked
black is selected and an item accompanied by a box marked
white is nonselected. This marking notation is opposite to
the first embodiment. Any notation may be adopted to

definitely discriminate between the select/nonselect states.



framework to present the general algorithmof the tone generation in the
full extent. Then, the block diagramis graphically treated to sel ect or
nonsel ect each.of the functional blocks contained in the block diagram In
thi's second enbodi nent, the framework itself is forned by graphic editing
to provide various types of the basic b8®ck diagrams. Nanely, desired
functional blocks are presel ected 38

froma parts |ist Pioyps iZQ@shbWBE‘ﬂtﬁbkan@l@Eé]]ﬂ@gl stetel 6f the WKVIDne

generation. Then, thé preselected functional bl oCks are connected to each

other to defimgm uf@%&&ﬁ?etymna%hgbgggé Bl YRet | onal

I 0
bl ocks to theréby construct one pe ot I agram Figure 18

shove, 0 21" UbeEABEMEBINBES A0a7's AP BRI 128 150,

ROM 1802, RAMalla%O%Vhi%ilsg(l)r?e/ahll%Oé ’pa,[r)é%né e%SSet%gC ene dBROES by
reference numeral 2240. This menu contains a close box 2241
which is clicked to close the menu. Thé parameter setting
menu 2240 lists various parameter values denoted by 2243
associated to the operation of the module 2101. The user sets
or alters each parameter value by means of the mouse tool
and the typing keyboard 1808. Reference numeral 2242
denotes a number and name of a parameter group, which is
an entity of the various parameter values involved in the
parameter setting menu 2240. The parameter group can be
selected to totally change the varibus parameter values
associated to the module. As shown in Figure 22A, the
module 2101 has the number and name of the parameter
group “001 PIANO1” (denoted by reference 2134) underlined
at a middle portion of the rectangular block. This indicates
that the module 2101 is currently set with the'para,meter
group specified by “001 PIANO1”. The number and name
denoted by 2134 may be clicked by the mouée tool so that a
list of preset parameter groups is displayed as shown in
Figure 22F and as denoted by reference numefal 2450. The

user may select a desired parameter group from the list 2450



I nput tool 1807 such as nouse tool, typing keyboard 1808, first digital
signal processor (DSP1l) 1809, second digital signal processor (DSP2) 1810,
first hardware device (HARD1) 1811, second hardware device (HARD2) 1812,
wavef orm nmenory 1813, interface 1814, foot controller 1815, keyboard 1816
and bus |ine 1817. Fi gure 19 shows®&n appearance of the el ectronic
musi cal instrunment. In this figure, a display 1902 corresponds to the

di spl ay 1804 gf ﬁﬁﬂ#’tﬁellﬁaribﬁssﬂ)ﬁéﬁ%t@%@ﬁes Bf EHeS SeleRfbd B0 F areesponds

to the manual input tool 1807, "a keyboard 1903 corresponds to tlie typing

Coybosr € 1000t P RBOEATER peagaRgs o1 e keyooard 1010, e o o

parts shown I Fi 0,18 ¥t S8 YT S o P Up E BB Syl SO 1

Flowre 18, the scl. of, CPU19Gh ROV 1902, BAY 1803, b pplray 4207
'22G, one parameter group “008 FM-BRASS1” is selected and
set as denoted by reference 2261. In Figure 22H, another |
parameter group “058 FM-SYNTH1” is set in the same
module as denoted by reference 2262. In the FM tone
generator module, a desired parameter group is selected to
specify a desired arrangement of operators (OP) which
correspond to a desired timbre. The selected a,rrangément is
diagrammatically presented within the rectangular block of
the module 2109 as shown in Figures 22G and 22H.

Referring back to Figure 21, generally, the labels

“SETTINGS” and “PARAMETERS” are attached to each of
the modules. Exceptionally, the “FOOT CONTROLLER”
module 2110 lacks the label “PARAMETERS?” since the
module 2110 does not have any parameters to be set. Further,
the “MIXER” module 2108 and the “OUT” module 2111 lack
both of “SETTINGS” and “PARAMETERS?” since these
modules do not have processors and parameters to select and
set. Moreover, the “AMPLITUDE CONTROLLER” module
2103 has a modified label “EG PARAMETERS?” since

parameters are set for an internal envelope generator within



the CPU 101, ROM 102, RAM 103 and display 107 contained in the first
enbodi nent shown in Figure 1 to performthe sane function. The group of
the interface 1814, foot controller 1815 and keyboard 1816 corresponds to
the playing operator 105 of Figure 1 to performthe sanme function. The
set of manual input tool 1807 and typid@zkeyboard 1808 corresponds to the
setting operator 106 of Figure 1 to performthe sanme function. In this

second enbodi ggatmodifle ZEOBIaAS Heséribed ab80é, tEeanimiradantl hlimdouse
tool which® can be operated by clicking, dragglng and so on. The cllcklng

5 such that f esEardifiifbr Qi findetliPRA"t G nHicatd FOUnrrehgracter or

figure display a screen~and~"t hen a nouse utton I s depressed“and

rel eased. Thef;gl;e%gg&][hgag{??rgﬁﬂgp grBRb id Bhie TREENEHIZPDIOEKO A MBI tO 2

target charac
respective modules in which a set of parameters can be

selected as an entity. As described in conjunction with Figure
22F, a desired item of the parameter groups is clicked for the
select and set. However, such an indication of the parameter
group lacks from the blocks of the FOOT CONTROLLER
module 2110, MIXER module 2108 and OUT module 2111
since these modules do not have any parameters to be set.

Bach module has small rectangular symbols to indicate
input and output terminals. For example, the module 2101
has an output terminal 2135 for outputting the generated
musical tone signal. The module 2102 has a pair of input
terminal 2151 and output terminal 2152. An input terminal
may not be provided in some module which has no function
to receive and process the musical tone signal. The mixer
module 2108 has a multiple of input terminals and a pair of
output tei‘minals, which are accompanied by weight values in
the range of 0099 with an underline. The weight value of
each terminal may be changed or rewritten by the user on the
patch picture.

In the module window 2100 of Figure 21, reference

- numeral 2121 indicates the name of the displayed module



then the nouse button is depressed while noving the nouse tool, and
thereafter the nouse button is released. The nmanual input tool 1807 may be
conposed of other pointing tools than the nouse tool. The first
enbodi nent shown in Figure 1 utilizes a single of the DSP 108 as the sound
source, whereas the second enbodinent &3 |izes a pair of DSPs 1809 and
1810 as the sound sources. Each of the DSPs 1809 and 1810 is equival ent

a L 2 greagsgx%fﬁa@; THO #h8icet AN af08 18 ICIRIR RTRAIPE! BE: ofAMridus
module pictures. The user can select a desired module
picture from the list. By such an operation, the user picks up
desired ones of modules contained in the selected module
picture. Reference numeral 2123 denotes a mode button
which is clicked to switch from the editing mode to a normal
play mode. Reference numeral 2122 denotes a command
button which is clicked to switch from the module picture to
the patch picture without selection of any module.

Next, operation on the patch picture will be described
with reference to Figures 23 and 24. In the patch picture
shown in Figure 23, reference numeral 2300 denotes a window
in which the patch picture is displayed. The initial window
2300 of the patch picture has a blank space since no module
is patched yet and indicates only the name of the patch
picture (denoted by 2301), a mode button (denoted by 2302)
used to return to the normal play mode, and a button
(denoted by 2303) used to return to the module picture.

As described in conjunction with Figures 21-22H,
desired ones of the modules are preselected from the module
pictures. The preselected modules are patched into the patch
-picture as shown in Figure 23. As described in conjunction
with Figures 22A-22H, selection of the.processor and setting

of the parameters may be conducted for each of the



conput ati on processor. Each of the DSPs 1809 and 1810 can work as a sound
source of the waveform nenory readout node or the frequency nodul ation
(FM node. In the waveform nenory readout node, the wave data may be
stored in the ROM 1802 or RAM 1803. Furé? t hese DSPs 1809 and 1810 can
perform various processings of nusical one signals such as filtering
process, |l oop process of delay and filter, effect inparting process and

i xing pr Ocesg)reselecte({%d&ﬁﬂéﬁva%ﬁhér cehe kﬁbﬂu&é@ at89aterconnsditad ed in

the systemtoO performvarious processings related to the synthesis of the

musical tone. (She iplNRE ISyt tRE TApIY kdWufpufMepriipd]oeritae while

t he ot her hardware device s a so ource of e waveform

menory readout.. L ¥D&ye TG NAKET I oot A v SiIOiE rhphikgiyg data for

carried out such that the mouse tool is dragged from an input

terminal of one module to an output terminal of another
module. The pair of the input and output terminals are
marked black. Further, in manner similar to the first
embodiment, a check box placed at an upper left portion of
the rectangular block of each module is selectively clicked to
determine selection or nonselection of the corresponding
elementary function of each module. By such a manner, the
specific .tone generation algorithm is edited on the patch
picture to define the arithmetic procedure of the tone
generation. The produced algorithm is reserved as “patch
data” in the RAM 1803 which is backed up by a battery so
that the reserved patch data is never erased. The reserved
patch data is retrieved from the RAM 1803 by calling the
name of the corresponding patch picture as denoted by
reference numeral 2301 in Figure 23. The patch data includes
identification of the preselected modules used for the tone
generation, settings of these modules such as “SETTINGS”,
“PARAMETERS” and the name of the parameter group,
interconnection among the respective modules, and the on/off

status (select/nonselect status) of the respective modules.



use- in the hardware device 1812. Further, the CPU 1801 of the electronic
nusi cal instrument can function as a sound source of the waveform menory
readout type such that the wave data stored in the ROM 1802 is read out by
the CPU 1801 to generate a nusical tone. Mreover, the CPU 1801 perforns
digital filtering process and envel ope PAparting process of the generated
nmusi cal tone. As descri bed above, the nu3|cal tone generation can be

41 carried out byWB%eof'thHl%i %9038@% BdDéﬁt 808 tégcond DSP

1810, first hardware device second vvare device 1812. These
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detail specified by the patch data are loaded into adequate ones of
the RAM 1803, the microprogram memories of the DSPs
1809 and 1810, and the hardware devices 1811 and 1812. The
musical tone is generated according to the loaded software
modules. Hereinbelow, description is given for éorrespondence
between each module shown in Figure 21 and each software
module loaded as described above. The corresponding
software module is one of “ON module” and “OFF module”
which are selected according ﬁo the on/off status of each

module as indicated by the check box placed at the upper left

portion of the rectangular block of each module.

(1) WAVE MEMORY TG module 2101 corresponds to
one of CPU WM TG ON module and CPU WM OFF
module when the CPU is specified as the processor for
realizing the elementary function of the module, or
corresponds to one of DSP1 WM TG ON module and
DSP1 WM TG OFF module when the DSP1 is specified
as the processor for realizing the elementé,ry function of
the module, or corresponds to one of DSP2 WM TG ON
module and DSP2 WM TG OFF module when the DSP2
is speciﬁed as the processor for realizing the elementary

function of the module, or corresponds to one of HARD2



with reference to Figure 20. The DAC 1805 converts the digital nusical tone
signal produced by the various nethods into an anal og signal, which is fed
to an out put sound system (not shown in the figure). The DAC 1805 nay be
conposed of LSI called CODEC. The DMAC 1806 is a controller to control data
transfer between the nenories includirqu«Jw 1802 and RAM 1803 connected to
the bus line 1817, and the various units other than the nmenories.

Particul arly, theGNAadddk S8EPHNIRIIE QT Ynbdule veliegthd EDARISPS 1809
and 1810, hardware devices 1811 and 1812 and DAC 1805 so as to transfer

specified data to erd &4 d ' (t)]@é% r - U 1801.

In this enbodi nen ﬁe%c#ggq%ﬁeégﬁe&%l, 8@?@%8%31%1('%&}1@]1%3 and har dware
devi ces 1811 and t nmusi cal tone signal.

Actual 'y, each un%f%ﬁ%ﬁ@&ggg&glgﬁﬁgﬁ%n&é@e'tone by conbi ni ng

al t oget her several elenmentary functions associated to the tone synthesis.
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42 of CPU DF ON module and CPU DF OFF module when
CPU is specified as the processor for realizing the
elerhentary function of the module, or corresponds to one |
of DSP1 DF ON module and DSP1 DF OFF module
when DSP1 is specified as the processof for realizing the
elementary function of the module, or corresponds to one
of DSP2 DF ON module and DSP2 DF OFF module

when DSP2 is specified as the processor for realizing the

elementary function of the module.

(3)  AMPLITUDE CONTROLLER module 2103
corresponds to one of CPU AMPL ON module and CPU
AMPL OFF module when CPU is specified as the
processor for realizing the elementary function of the
module, or corresponds to 6ne of DSP1 AMPL ON |
module and DSP1 AMPL OFF module when DSP1 is
specified as the processor for realizing the elementary
function of the module, or corresponds to one of DSP2
AMPL ON module and DSP2 AMPL OFF module when

DSP2 is specified as the processor for realizing the



1812 according to softwares such as specific prograns and paraneters. A
set of the specific prograns and paraneters is called "software nodul e"
which is loaded to realize a specific elenentary function in the CPU 1801
DSPs 1809 and 1810, and hardware devices 1811 and 1812. Various ki nds of
the software nodul es are prepared in thé7ROM 1802. Typical software
nodul es (1)-(15) are |listed hereunder. In the present enbodi nent of the

el ectroni ¢ nusi Calelleﬁ?éﬁﬁéﬁﬁ/nfl]médg&n b'fsﬁhecrﬁ'&(ﬁﬂls.ec" or npnsel' ect ea_ch_ of
the elenmentary functions 1nvolved in the tone synthesis in manner simlar
to the first enbodinent. An effective software nodule is called "ON

modul e" whi ch Kg%l oadePICAYaLs FITEBERIIODP! groliiker 2104unction is

sel ected. An i fective software nodule is called "OFF nodule" which is

parr of 'ON modul CORe CPRdse PER S DOEL DR, LD OR O By ™ °
' and DSP1 D&F LOOP OFF module when DSP1 is

specified as the processor for realizing the elementary

function of the module, or corresponds to one of DSP2

D&F LOOP ON module and DSP2 D&F LOOP OFF

module when DSP2 is specified as the processor for

realizing the elementary function of the module.

(5) REVERB module 2105 corresponds to one of DSP1
REVERB ON module and DSP1 REVERB OFF module
when DSP1 is specified as the processor for realizing the
elementary function of the module, or corresponds to one
of DSP2 REVERB ON module and DSP2 REVERB
OFF module when DSP2 is specified as the proceésor for

realizing the elementary function of the module.

(6) CHORUS module 2106 corresponds to one of DSP1
CHORUS ON module and DSP1 CHORUS OFF module
when DSP1 is specified as the processor for realizing the
elementary function of the module, or corresponds to one
of DSP2 CHORUS ON module and DSP2 CHORUS
OFF module when DSP2 is specified as the processor for

realizing the elementary function of the module.



function. (1) CPU 1801 may use a software nodule to realize an

el ementary function defined to carry out generation of a nmusi cal tone
signal in the waveformreadout nethod. The software includes CPU WM TG
ON nodul e whi ch i s used when the el ntary function is selected, and
CPU WM TG OFF nodul e which is used when 1he el ementary function is
nonsel ected. The CPU WM TG 43 ON

module is a prg@r am | opged SPISHIPTERUNSGh1d 2107 e6inespboaddito s cal
tone by the waveform nenory readout nethod. The CPU TG OFF nodul e is

a  program | oadg)q ]f)SP"‘i YA SR SHIFPER ©Nmodéle andMSPRYU 1801 may
use a software nodule to
PHASE SHIFTER OFF module when DSP1 is specified
as the processor for realizing the elementary function of
the module, or corresponds to one of DSP2 PHASE
SHIFTER ON module and DSP2 PHASE SHIFTER
OFF module when DSP2 is specified as the processor for

realizing the elementary function of the module.

(8) MIXER module 2108 has an elementary function
(mixing function) which is realized by either of DSPs
1809 and 1810. The system may adequately specify one
of the DSPs 1809 and 1810. Therefore, when DSP 1809
is specified, one of DSP1 MIXERi ON module (i =1 —n)
and DSP1 MIXERi OFF module corresponds to the
MIXER module 2108. When DSP 1810 is specified, one
of DSP2 MIXERi ON module and DSP2 MIXERi OFF
module corresponds to the MIXER module 2108. An n
number of the mixer units can be provided by one DSP.
Therefore, the MIXER module 2108 may be patched into
the patch picture up to the n number of the mixer units
for one DSP. These mixer units are labeled i = 1,2,---in

the order of the patching.

(9) FM TONE GENERATOR module 2109



realize an elenentary function defined to carry out digital filtering

process of the nusical tone signal. The software i ncludes CPU DF ON
nodul e which is used when the elenentary function is selected, and CPU
DF - OFF nodul e which is used when the el enentary function S

nonsel ected. The CPU DF ON nodule is a program | oaded into the CPU 1801

to performthe digital filtering proteéss. The CPU DF OFF nodule is a
program | oaded éo‘fr?ﬁgndg&'ét oﬁét&f E‘SP}_FM t@hpkﬁﬁiihlé '&%cfﬁ'.‘?Pl (3)

CPU 1801 may use a SsoO re nodule to realize an el ementary function

defined to carry qefg @PF gﬂgﬁulq W&fmg%%“[ﬁ &Qee}ﬁé&% {1ppe signal to

i npart thereto a dest red envel ope: re includes” CPU AMPL ON
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nonsel ected. The CPU AMPL ON nodul.e is a prpogr I ed.into _the CPU
1801 to perform t FBOSWIE] PHAOTESHROBAS O PRE ohLISaP FRION Mo duls

e and DSP2 FM OFF module when DSP2 is specified as
the processor for realizing the elementary function of the
module, or corresponds to one of HARD1 ON module
and HARD1 OFF module when HARD LSI is specified
as the processor for realizing the elementary function of

the module.

(10) FOOT CONTROLLER module 2110 does not have
a corresponding software module. Another module
connected to this module 2110 takes output values from

the foot controller 1815.

(11) OUT modulé 2111 does not have a corresponding
software module. When the DAC 1805 takes the final
musical tone signal and feeds the same to the acoustic
sound system including a loudspeaker, the DAC 1805
actually takes the data outputted from a module
connected to this OUT module 2111.

As described above, the software modules specified by
the patch data are loaded into the system. In manner similar

to the first embodiment, the nonselected module is realized



tone signal. The CPU AMPL OFF nodule is a program | oaded to pass i nput

data as it is to output the sane. (4) DSP 1809 nay use a software
nodul e to realize an el enentary function defined to carry out
generation of a nmusi cal tone signal t he wavef orm nenory readout

met hod. The software includes DSP1 WM TG ON nodul e which is used when
the el enmentary function is sel ected, and DSP1 WM TG OFF nodul e which is

used  when tlek (OB FoftWwaRE bheduls lmﬂﬁgl &Geddice@naubsPdr of WM TG ON
nodul e is a program | oaded into the DSP 809 to generate the nusical

tone signal b 0 t a9, TG OFF
nodule is a p)réggriﬁ%wﬁtgg egmtpoS g?way gudtsg ﬁﬁlﬂl?]}dat a. oir?cg))ﬁﬁ%l SP 1809 may

use o 3o et Gy Bhephos B o i TGRS HEBIAENGIRL 1o i
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computation steps.

Next, detailed description is given for operation of the
second embodiment of the electronic musical instrument in
conjunction with Figures 25-28. Figure 25 is a flowchart
showing a main program executed by the CPU 1801. First,
initialization of various parts is carried out in step 2501.
Particularly, sequence flags SEQFLG1 and SEQFLG2 are
initialized to “0”. These flags are used to control procedures
of the patch edit process. Next, any operation event is
detected in step 2502. Then, a perfofmance event is
processed in step 2503. The operation event .detecting process
of step 2502 is undertaken to detect an operation event issued
by means of the mouse tool or the typing keyboard 1808. The
performance event process of step 2503 is undertaken to
detect a performance event inputted by the user through the
keyboard 1816 and the foot controller 1815. The performance
event may be provided in the form of MIDI input. Then, a
command is issued to generate a musical tone in responée to
the detected performance event.

Next, mode management process is carried out in step



el ementary function is selected, and DSP1 DF OFF nmodul e which is used

- when the elenentary function is nonsel ected. The DSP1 DF ON nodule is a
m croprogram | oaded into the DSP 1809 to performthe digital filtering
process of the nusical tone signal. The;y DSP1 DF OFF nodule is a

m croprogram | oaded to pass 45 I nput
data as it is to output the sane. (6) DSP 1809 nay use a software
nmodul e to reaPbdd. dbhis eldatreniamusicat instrudakntdias theanoymalitplagpl i t ude
control of the nusical tone signal to inpart thereto an envel ope. The

sof twar e i ncl wilede BaPWMAMRLtHNmMusieall tba ek génératederh whepohbe tel enent ary
function is sel ected, and DSP1 AMPL OFF nodul e which is used when t he

et ) RS et p SigiSRrnd M eniisodoin
of the which the patch data is produced by graphically treating the
module picture and the patch picture. This mode
management step 2504 manages switching of these two
modes.

Next, check is made in step 2505 as to whether the
patch edit mode is currently selected. If YES, the patch edit
process is executed in step 2507 as will be described in detail
later with reference to Figure 27. If NO, patch select process
is undertaken in step 2506 such that desired patch data is
selected by specifying the name of the patch picture. In this
patch select process, the software modules corresponding to
the modules specified in the selected patch data are
adequately loaded into the RAM 1803, the microprogram
RAMs of the DSPs 1809 and 1810, and the hardware devices
1811 and 1812. |

Next, check is made in step 2508 as to if the sound
source operation by the CPU 1801 is selected. Namely, this

~check is made to detect whether the currently selected patch
data specifies any module which performs the sound source
process by the CPU. If YES, the sound source process by the
CPU 1801 is effected in step 2509 as will be described later in



nmusi cal tone signal. The DSP1 AMPL OFF nodule is a m cropr ogram | oaded

to pass input data as it is to out put the sane. (7) DSP 1809 nay use
a software nodule to realize an el enentary function defined to carry out
| oop process of del ayi ng and fil teri?? of the mnusical tone signal to

i mpart thereto a desired effect. The sof tware incl udes DSP1 D&F LOOP ON

nodul e which is used when the el ementary function is sel ected, and DSPl

D&F LOOP Odle t Bildwh £h Weferenice tts@iguﬁerzﬁ.hlaf N@eheafoutfinecuiraps s
nonsel ected. The DSP1 D& LOOP ON nodule is a m croprogram | oaded into

the DSP 1809 &g Renf 25T Where JtheP PFR%sEs %e%ﬁ%fﬂ%ke&ﬂd filtering of

t he nusi cal tone signal. The DSP1
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Figure 26 is a flowchart showing the detail of the CPU
sound source process or CPU tone generation process
executed in step 2509 of Figure 25. In the CPU sound source
process, first check is made in step 2601 as to if “WM TG
CPU?” process is selected. This process is selected in case that
the currently set patch data specifies the WAVE MEMORY
TG module 2101 and the CPU is designated as the processor
to realize the module 2101. If this check result is YES, one of
the CPU WM TG ON module and the CPU WM TG OFF
module is loaded in the RAM 1803 according to the on/off
status of the module 2101. Thus, the loaded ON or OFF
software module is executed in step 2602 to effect the WM
TG process such that the musical tone is generated by
reading out the waveform data from the waveform memory.
Next, check is made in step 2603 as to if “DF CPU”
process is selected. This process is selected in case that the
current pitch data specifies the DIGITAL FILTER module
2102 and the CPU is designated as the processor for realizing
the module 2102. If the check result is YES, the CPU DF ON
module or the CPU DF OFF module is loaded in the RAM
1803 according to the on/off status of the module 2102. Thus,



(8)- DSP 1809 may use a software nodule to realize an el enentary

function defined to carry out reverberation creating process. The
sof tware includes DSP1 REVERB ON nmodul e which is used when the
el enentary function Is selected, and DSP1 REVERB OFF nodul e which is
used when the elenentary function is nohksel ected. The DSP1 REVERB ON
nodul e is a m croprogram | oaded into the DSP 1809 to create a ’
rever ber at i ontgEfeadednONeor OF Bessttaiond meoshlel iss@tinds. i1 beePIBDIREVERB

- OFF nodul e is a mcroprogram | oaded to pass input data as it is to
output the Sags carkd)out tHEFDISQRoEBYs tedikieal Ailniqtelcesso realize an
el emrentary. function’defined to carry out chorus effec creation process.
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process is selected. This process is selected in case that the
current patch data specifies the use of the AMPLITUDE
CONTROLLER module 2103 and the CPU is designated as
the processor for realizing the module 2103. If the check
result is YES, the CPU AMPL ON module or the CPU
AMPL OFF module is loaded in the RAM 1803 according to
the on/off status of the module 2103. Thus, the loaded ON or
OFF software module is driven to carry out the AMPL
process or amplitude control process.

Figure 27 is a flowchart showing the detail of the patch
edit process executed in step 2507 of Figure 25. In this patch
edit process, first check is made in step 2701 as to if the
sequence flag SEQFLGI is set to “0”. This flag is set to “0”
under the normal play mode, and is otherwise set to “1”
under the patch edit mode. If the sequence flag remains in
“0” at step 2701, this means the fact that this patch edit
process is just called after the normal play mode is switched
to the patch edit mode. Thus, in step 2702, the patch picture
corresponding to the currently selected patch data is
displa,yéd in the patch window. Then, the flag SEQFLGI is
set to “1” in step 2703. Thereafter, the routine returns.



used when the elenentary function is nonsel ected. The DSP1 CHORUS ON

nodul e is a m croprogram | oaded into the DSP 1809 to apply a chorus
effect to the gener at ed nusi cal sounds. The DSP1 CHORUS COFF

a7 - nodul e is a mcroprogram | oaded to pass input data as it is to
out put the same. (10) DSP 1809 nay 74se a software nodule to realize an
el ementary function defined to carry out phase shift effect creating
process. The sof t vifrehd Btép @79 10RRlicates tRabFheSHagTER(@NII@duisenghi ch i s
used when the el ementary function is sel ected, and DSP1 PHASE

set in “0”, next check is made in step 2704 as to if the
sequence flag SEQFLG?2 is set in “0”. This flag is set to “1”
when the module picture is displayed, and is otherwise set to
“0” when the patch picture is displayed. If the flag SEQFLG2
is set in “0”, the patch picture is currently displayed. Thus,
subsequent check is made in étep 2705 as to if a switch event
is inputted by clicking the item 2303 shown in Figure 23 to
switch from the patch picture to the module picture. If YES,
the module picture is displayed in step 2706. Further, the flag
SEQFLG?2 is set to “1” in step 2707. Thereafter, the routine
returns. If the check result of step 2705 is NO, patch detail
editing process is undertaken in step 2708 for effecting
various editing operations on the patch picture. Thereafter,
the routine returns.

If the check result of the step 2704 indicates that the
flag SEQFLG?2 is not set in “0”, the module picture is
currently displayed. Thus, check is made in step 2709 as to if
a preselect event is issued for any module on the module
picture. If the module preselect event is issued, the display is
switched to the patch picture corresponding to the currently
selected patch data in step 2710. Further, the preselected
module is patched or pasted into the displayed patch picture.
Then, the flag SEQFLG?2 is reset to “0”. Thereafter, the



SHI FTER OFF nodul e which is used when the el ementary function is

nonsel ected. The DSP1 PHASE SHI FTER ON nodule is a m croprogram | oaded
into the DSP1 to create a desired phase shift effect. The DSP1

PHASE SHI FTER OFF nodul e is a m croprogram | oaded to pass input data
as it is to output the sane. (11) 1809 may use a software nodule to
realize an el ementary function defined to carry out m xi ng process

of the generatgdtpsiéRriiounds. The software includes DSP1 M XER ON
nodul e which I's used when the el ementary function is selected, and DSPl
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clicking the item 2122 shown in Figure 21 to command .
change from the module picture to the patch picture. If YES,
the patch picture corresponding ﬁo the currently selected
patch data is displayed in step 2713. Then, the flag
SEQFLG?2 is reset to “0” in step 2714. Thereafter, the
routine returns. If the switch event is not issued in step 2712,
module picture change process is undertaken in step 2715.
Thereafter, the routine returns. In the module picture change
process, a module name denoted by reference 2121 of Figure
21 is clicked on the current module picture so that the list of
the various module pictures or frames is called. Then, the
user selects a desired module picture from the list. If no click
is made on the name button 2121 shbwn in Figure 21, the
routine simply passes the step 2715 of the module picture
change process. |

Figure 28 is a flowchart showing the patch detail editing
process executed in the step 2708 of Figure 27. In the pa,tch
detail editing process, setting process of each module is
carried out in step. 2801 on the patch picture. This setting
process includes setting of the on/off status of each module,

for example, by turning on or off the check box 2131 shown in



48 - OFF nodule is a mcroprogram | oaded to sinply mx all of i nput
signals with each other and to output the m xed results. The DSP 1809
can provide n nunber of m xers corresponding to DSP1 MXER (i =1 -
n) ‘nodul es. (12) DSP 1809 may use a software nodule to realize an

el ementary function defined to carry ouf®tone generating process of
the FM node. The software includes DSP1 FM ON nodul e which is used

s the, o ey 24, Jughscag f sheophanctos £, it Efmple 2 0 )

ON modul e i s by chaARIRE HE hoRsber aMidP nlliBe of the parameter group as
denoted by reference numeral 2134 shown in Figure 22A,
processor settings associated to the item “SETTINGS” as
exemplified by reference numeral 2210 of Figure 22B in
conjunction with Figures 22C and 22D, and parameter
settings associated to the item “PARAMETERS” exemplified
by reference numeral 2240 of Figure 22E.
| Next, step 2802 is undertaken such that required DSP
microprograms and CPU tone generation programs are
loaded according to the patch data, and required parameters
are transferred to the hardware devices. In manner similar to
the loading process of the DSP microprograms in the first
embodiment, the software modules specified by the patch
data are loaded into the RAM 1803, microprogram RAMs of
DSPs 1809 and 1810, and hardware devices 1811 and 1812.
The thus loaded CPU tone generation programs are executed
in the steps 2602, 2604 and 2606 shown in Figure 26. Then,
other related processes are executed in step 2803. Thereafter,
the routine returns. These related processes include moving
and deleting of modules on the patch picture, editing of
connections among modules, changing of the patch data and
saving of the patch data. The patch data may be changed by
clicking the patch name denoted by reference 2301 of Figure



DSP- 1809 to performthe tone generating process of the FM node. The
DSP1 FM OFF nodule is a m croprogram | oaded to-al ways output nul |

data. (13) DSP 1810 nay use similar software nodul es as t hose
listed in (4) (12) used in DSP 1809. Nanely, in (4)-(12), "DSP1" is
changed to "DSP2", and "DSP 1809" 1% changed to "DSP 1810" to describe
the software m)dul es used in DSP 1810. (14) Har dwar e devi ce 1811
may use a sof PBats cabidallest of va&ibﬂsepbml@ piet ot eseTlay visbrivehl selegdef i ned to
provide . paraneters. The software incl'udes HARDL ON nodul e whi ch

I's used when LHhgegreAsHE Ol tHEEEtEY PatchepREu®Es, and the selected
patch picture is displayed in place of the current patch
picture.

Figure 29A is a time chart showing the musical tone
generating process based on the patch data represented by
the patch picture of Figure 23. Specifically in Figure 29A,
according to the patch data of Figure 23, the CPU 1801 is
used to perform the waveform memory tone generating
proﬁess (denoted by WAVE MEMORY TG in Figure 23), the
digital filtering process (DIGITAL FILTER), and the
amplitude control process (AMPLITUDE CONTROLLER).
The DSP 1809 is utilized to perform the delay and filter loop
process (DELAY & FILTER LOOP), the preceding mixing
process (MIXER) and the reverberation creating process
(REVERB) after the preceding mixing process. The DSP
1810 is used to perform the FM tone generating process (FM
TONE GENERATOR) and the succeeding mixing process
(MIXER) after the reverberation creating process
(REVERB). In the time chart of Figure 29A, S1, S2, S3 and
S4 denote one DAC cycle, respectively. The musical tone
signal is outputted according to the following process flow.
The musical tone signal is transferred among the various

modules interconnected as shown in Figure 23 thfough the



49 - and HARD1 OFF nodul e which is used when the el enentary
function is nonsel ected. The HARD1 ON nodul e is a paraneter set | oaded
into the hardware devi ce 1811 when the sane perforns the FM node tone
generating process. The HARDL OFF nodule is a paraneter set |oaded to
control the hardware device - 1811 t®Bal ways output null data. (15)

Har dwar e devi ce 1812 nay use a software nodul e to realize an elenentary

function defi ge Rt puférd¢ CUTPUPBURFBRSYlas dbscribbtviay e i ncl udes
HARD2 ON nodul e which'is used when the el enentary function is

o ot and HOSERCETR SOl gl ) A4S S8 Leyle SIBEIOROL Y

into the hardyah3 carries out the waveform memory tone generating
process as diagrammatically illustrated by a hatching section
2901. The output thereof is subjected to the digital filtering
process as depicted by a hatching section 2902. The output
therefrom is subjected to the amplitude control process
depicted by a hatching section 2903 in response to the
operation of the foot controller. In parallel to the waveform
memory tone generating process, the DSP 1810 carries out
the FM tone generating process as depicted by a hatching
section 2904. At the second cycle S2, the DSP 1809 applies
the delay and filter loop process as depicted. by a hatching
section 2905 to the output of the waveform memory tone
generating process. Further, the DSP 1809 carries out the
preceding mixing process of the outputs from the envelopé
control process, the delay and filter loop process and the FM
tone generating process, as depicted by a hatching section
2906. Further, the output thereof is subjected to the
reverberation creating process as depicted by a hatching
section 2907. At the third cycle S3, as depicted by a hatching
section 2908, the DSP 1810 carries out the succeeding mixing
process of the outputs from the amplitude control process,

the delay and filter loop process, the FM tone generating



devi ce 1812 when the sane perforns nusical tone generating process by

t he wavef orm nenory readout nmet hod. The HARD2 OFF nodule is a
par anmet er set | oaded to control the hardware device 1812 to al ways
output null data. The software m)d% es listed in (1)-(3) are | oaded

into a work area of the RAM 1803, and are executed by the CPU 1801. On the
ot her hand, the software nodules listed in (4)-(12) are loaded into a

2o oxectted Bt e DR 1300 e Ba e g Pee T ated n (18 are
| oaded into argiehoR' R 8 RRAMDAC 1805 at the fourth cycle S4 as

depicted by a hatching section 2909. In detail, the DAC 1805
requests the DMAC 1806 at a predetermined period to access
an address of the RAM 1803 where the mixed result is stored.
Thus, the DAC 1805 receives the final musical tone signal,
which is fed to a sound system (not shown in the drawings).

Figure 29B shows a variation of the process flow shown |
in the Figure 29A. In this variation, according to the patch
data illustrated in Figure 23, the hardware device 1812
executes the waveform memory tone generating process
(denoted by WAVE MEMORY TG in Figure 23), the
amplitude control process (AMPLITUDE CONTROLLER)
and the reverberation creating process (REVERB). The DSP
1809 executes the delay and filter loop process (DELAY &
FILTER LOOP), the preceding mixing process (MIXER)
before the re\}erb_eration creating process, and the succeeding
mixing process (MIXER) after the reverberation creating
process. The DSP 1810 executes the FM tone generating
process (FM TONE GENERATOR).

At the first cycle S1, the hardware device 1812 executes
the waveform memory tone generating process, the digital
filtering process, and the amplitude control process as

denoted by a hatching period 2911. In parallel manner, the



of the DSP 1810 and are executed by the DSP 1810. The software nodul e
listed in (14) is transferred to the hardware device 1811, which is
operated according to the transferred paraneter set. The software nodul e
listed in (15) is transferred to the hardware device 1812, which is
operated according to the transferred %%rarreter set . Fi gure 20 shows
a nenory map of the RAM 1803 of Figure 18. The RAM 1803 is provided with a

work area 200DHGSPseg]QVcdrrfesBidt tBRIFMUianE genktating?pedceanpi od by
"QUTPUT BUFFERS" and ot her buffer areas 2003." As shown in the right side

of Floure 20, HLeLMY Mri8d 3912 A30ehe %gegiyaag&@l%dsw tReaDST 11809

regi stering conpu resu tal ne ratiny the respective

sof tware modul.g .0 {0e tth&Jelﬁgioz}nd[ﬁ%%r 11888 ﬁpgcésfglf)or e &ﬁrpqi’@r e devices

1811

from the waveform memory tone generating process in a
hatching period 2913. Further, the DSP 1809 carries out the
preceding mixing process of the outputs from the delay and
filter loop process and the FM tone generating process in a
hatching period 2914. The hardware device 1812 carries out
the reverberation creating process for the output from the
preceding mixing process in a hatching period 2915. At the
third cycle S3, as denoted by a hatching period 2916, the
DSP 1809 carries out the succeeding mixing process of the
outputs from the amplitude control process, the delay and
filter loop process, the FM tone generating process, and the
reverberation creating process. The mixed result is fed to the
DAC 1805 in a period 2917 at the fourth cycle S4.

Figure 30A is a time chart showing a sequence of the
musical tone generation according to the patch data
diagrammatically indicated in Figure 24. In this sequerice,
the CPU 1801 executes the waveform memory tone
generating process (schematically illustrated as WAVE
MEMORY TG in Figﬁre 24). The DSP 1809 executes the
delay and filter loop process (DELAY & FILTER LOOP), the

chorus process (CHORUS) and the reverberation creating



and- 1812. Each software nodule retrieves data provided by other software
nodul es fromthese output buffer areas to performits own process. Wen

t he processors and devices including the DSPs 1809 and 1810 and the
hardwar e devices 1811 and 1812 other than the CPU 1801 access these out put
buffer areas, these processors and devitles issue a request to the DVAC
1806 so that the data transfer is conducted by direct nenory access (DWA)

bet ween the p devi ces,
Pﬁ?gg?s%ogREVER & The DSP 1810 executes the FM ¥dne

and the outpu ar eas herwi se, the data transfer may be managed

Gi ven bel ow 1 BroEiHBE PR (FAEEONE GRRTRITROI ddiben w11 be

mixing process (MIXER). At the first cycle S1, the CPU 1801
carries out the waveform memory tone generating process in
a period 3001. In parallel manner, the DSP 1810 carries out
the FM tone generating process in a period 3002. At the
second cycle S2, the DSP 1809 carries out the delay and filter
loop process of the output from the waveform memory tone
generating process in a period 3003. Further, the DSP 1809
carries out the chorus process of the output from the delay
and filter loop process in a period 3004. Moreover, the DSP
1809 carries out the reverberation creatinglprocess of the
output from the chorus process in a period 3005. At the third
cycle S3, the DSP 1810 carries out the mixing process in a
period 3006 for the outputs from the chorus process, the
reverberation creating process and the FM tone generating
process. rI“he mixed result is fed to the DAC 1805 in a period
3007 at the fourth cycle S4. |
Figure 30B shows a variation of the sequence shown in
Figure 30A. In this variation, the DSP 1809 handles the
waveform memory tone generating process (the corresponding
module or block is denoted by WAVE MEMORY TG in
Figure 24), the reverberation creating process (REVERB)
and the mixing process (MIXER). The DSP 1810 handles the



(1)-CPU W TG is an output 'buffer area used to register out puts from
ei ther  of CPU WM TG ON nodul e and CPU WM TG OFF nodule. (2) CPU DF
is an output buffer area used to register outputs fromeither of CPU DF
ON modul e and CPU DF OFF nodul e. (3‘)2 CPU AMPL is an output buffer
area used to regi ster outputs from&2ther of CPU AVPL ON nodul e and
CPU AMPL OFF nodule. (4) DSP1 WM TG is an output buffer area used to

regi ster out pdiepy raéiﬁl glidelo ﬁ?@@bsyb\yﬂm & PIDAWR, QI0PSPEn\M TG OFF

nodul e. (5) I S an ‘out put ffer area used to register

%g}:;lauxp[r |O;n an g&{ H{ E?‘?%e rea use§§ Tite lﬂ%rgélg}’%ﬁeer%gg{&?gqﬁrsgm el( ﬂ]er
of DPL AVPL (T e Fl\/f"egngsgphé%%nﬁ'io%gé«”(FM TONE
GENERATOR). At the first cycle S1, the DSP 1809 carries
out the waveform memory tone generating process in a period
3011. The DSP 1810 carries out the delay and filter loop
process of the output from the memory tone generating
process in a period 3013, and further carries out the chorus
process of the output from the delay and filter loop process in
a period 3014. In parallel manner, the hardware device 1811
carries out the FM tone generating process in a period 3012.
At the second cycle S2, the DSP 1809 carries out the
reverberation creating process in a period 3015, and further
carries out the mixing process in a period 3016. The mixed
result is fed to the DAC 1805 in a period 3017 at the third
cycle S3.
As described above, the second embodiment can achieve

* the same effect as that of the first embodiment. Further, the
second embodiment can edit a framework of the functional
‘block diagram which is fixed in the first embodiment, thereby
improving freedom of editing the tone generation algorithm.

Figure 31 shows a third embodiment of the inventive

musical sound apparatus contained in the electronic musical

instrument. This embodiment has basically the same



52 - (7) DSP1 D&F LOOP is an output buffer area used to regi ster
outputs fromeither of DSP1 D&F LOOP ON nodul e and DSP1 D& LOOP OFF
nodul e. (8) DSP1 REVERB is an output buffer area used to regi ster
outputs fromeither of DSP1 REVERB ON nodul e and DSP1 REVERB OFF
nmodule.  (9) DSP1 CHORUS is an outp®® buffer area allocated to
regi ster outputs fromeither of DSP1 CHORUS ON nodul e and DSP1 CHORUS

T o aiiruclamial S0 S s, s 38t o
same components are denoted by the same references as those
of the first embodiment to facilitate bette_r understanding of
the third embodiment. A storage unit such as a hard disc
drive (HDD) 156 can store various data such as control
parameters, and various programs including the system
control program or main program, the elementary
microprograms and application programs. Normally, the
ROM 102 provisionally stores these data and programs.
However, if not, any program may be loaded into a hard disc
or else in the storage unit. The loaded program is transferred
to the RAM 103 to enable the CPU 101 to operate the
inventive system of the musical sound apparatus. By such a
manner, new or version-up programs can be readily installed
in the system. For this purpose, a machine-readable media
such as a CD-ROM (Compa,cﬁ Disc Read Only Memory) 151
is utilized to install the program. The CD-ROM 151 is set
into a CD-ROM drive 152 to read out and download the
program from the CD-ROM 151 into the storage unit through
the bus 110. The machine-readable media may be composed
of a magnetic disc or an optical disc other than the CD-ROM
151.

A communication interface 153 is connected to an

external server computer 154 through a communication



PHASE SHI FTER ON nodul e and DSP1 PHASE SH FTER OFF nodul e. (11)

DSP1 MXERi (i =1 - n) is an output buffer area assigned to register
outputs fromeither of DSP1 M XERi ON nodul e and DSP1 M XER OFF
nodul e. The m xer is prepared in n nunber of m xer units. The

m xi ng result of each mxer unit is reg84étered in the correspondi ng
out put buffer area. (12) DSP1 FMis an output buffer area provided to

regi ster out Py g5 tdih 95 TORRE (EN PG NetworldaBERL M OFF

telephone network and INTERNET. If the storage unit such
as the HDD 156 does not reserve needed data or program, the
communication interface 153 is activated toi receive the data
or program from the server computer 154. The CPU 101
transmits a request to the server computer 154 through the
interface 153 and the network 155. In.response to the request,
the server computer 154 transmits the requested data or
program to the apparatus. The transmitted data or program
is stored in the hard disc of the storage unit to thereby
complete the dowhloading. |

The inventive musical sound apparatus can be
implemented by means of a personal computer which is
installed with the needed data and programs. In such a case,
the data and the programs are provided to the user by means
of the machine-readable media such as the CD-ROM 151 or a
floppy disc. The machine-readable media contains
instructions for causing the personal computer to perform the
inventive musical sound generating method as described in
conjunction with the previous embodiments. Otherwise, the
personal computer may receive the data and programs
through the communication network 155.

As described in the foregoing, according to the present

invention, it is possible to provide a programmable sound



(13) DSP2 WM TG t hr ough DSP2 FM ar e out put buffer areas which are
simlar to those listed in (4)-(12) and which are allocated to various
sof t war e nodul es associated to the second DSP 1810. (14) HARDL i s
an ‘out put buffer area used to register outputs fromthe hardware device
1811 which is operated based on either of HARDL ON nodul e and HARDL
OFF nodule. (15) HARD2 is an output buffer used to register outputs

from the har dwﬁfcéiﬁw%%J&%ia%attdxsbypwneémsers cagcenjbydrdetldint her of
HARD2 ON nodul e and HAR OFF nodul®e. (16) HARD3 - "HARDm ar e out put

puffer areas of scltifif 8fkdifed (o8R0 Colbiidtion élﬁ@ﬂt%ﬁ%ﬁpﬁﬂ%be devi ces.

However, the presen ectronic nusrc Instru oys only the

har dwar e devi ces, ;181 . t it he - t used
inthis enbod?%%ﬁ&?méeqgﬂ%éﬁ%%oﬁggapﬁ%}%%%ﬂ%g'Eg@gﬁ%Fgﬁwggﬁgkﬁg%%ﬂgcedure
of the algoriﬁhnafar t he ngsical tone generation in the present electronic
musi cal i nst r e $HeDSHPS TUAIBRT R8RS he user operates the manual i nput
tool 1807 and the typing keyboard 1808 while nonitoring the display 1804 to
edit the nusical



54 - tone synthesizing algorithm Qutline of the edrting—procedure is
descri bed hereinbel ow. (1) The system of the comt erized nusical”

i nst runent is booted to exhibit a nodule pictu ﬂmu"ﬂlm”lm

1804. The nodul e picture shows various functional
corresponding to various elenentary 86 f uncti ons usab e tn Sy rit heS| s of
t he nmusi cal sounds. Each functional block represents a software m)dul e

which is VV;&%F adl ¢alize the corresponding el ementary
function. Therefore, élrcﬁltﬁﬁeunctlonal bl ock contained in - the nodul e
picture is cahkled ' %déglﬁnd %8‘[1%8aaﬁﬁz[ratu(széompr-[gi?lglfser presel ects various

modul es from parts
editor means for editing a specific algorithm which

defines an arithmetic procedure for computerized synthesis of
a desired musical tone by selecting or nonselecting each of
various elementary functions which are genefally usable for
computerized synthesis of any musical tones such that the
defined arithmetic procedure is composed of the selected ones
of the various elementary functions;

asserrllbler means for assembling a computer program
corresponding to the edited specific algorithrﬁ;

memory means for storing the assembled computer
program; and

generator means for executing the arithmetic procedure
according to the stored computer program to thereby
generate the desired musical tone.
2. A sound source apparatus according to claim 1,
further comprising display means for displaying a .functiona.l
diagram which visually represents the various elementary
functions so that the editor means is manually operated to
treat the displayed functional diagram to thereby graphically
edit the specific algorithm by selecting or nonselecting each.
elementary function.

3. A sound source apparatus according to claim 1,

This Sheet Has Been Rep
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contained in the nodule picture so that the preselected nodul es are
used to forma framework for the editing of the“lﬂlﬁ H”muum
algorithm This preselection is conducted by cl of the

nouse tool on the desi red nodul es cgﬂtalned in the noddl e "pi dtute. (3)
The system then switches the display 18 fromthe nodul e picture to a
patch picture, which contains the presel ected nodul es |i kew se a

pat chwork. TheyRatéifi the editér Wi€ahs 1ﬂéRﬂiéson%aﬁlf§”'f@@?&és@l@btlﬂgﬁﬁnﬂpecl fic

t one generation al gorlthm and represents a functional di agram

ggr res I00ng|:c ntg ﬁ;ﬁ)f‘h%;&?g é??bo Yt r%%sfél@iﬁ&fba}yaﬂﬂl&mns to create a generic

algorithm which is then edited to the specific algorithm by

selecting or nonselecting each elementary function.

4. A sound source apparatus according to claim 1,
wherein the assembler means comprises means for collecting
an effective elementary program which effectuates each
selected elementary function and for collecting an ineffective
elementary program which ineffectuates each nonselected
elementary function so as to assemble the collected ones of
the effective and ineffective elementary programs into a
complete form of the computer program.

5. A sound source apparatus according to claim 4,
further including secondary memory means provisionally
storing a pair of the effective elementary program and the
ineffective eleinentary program in the form of a microprogram
for each elementary function.
6. A sound source apparatus comprising:

display means for displaying a block diagram containing
various functional blocks which represent corresponding
elementary functions selectively usable for synthesis of a
desired musical tone;

secondary memory means provisionally storing a pair of

an effective elementary program and an ineffective elementary

This Sheet Has Been Rep
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(4)- The user graphically treats the patch p|cturf/%g,/////cﬁﬁﬁagfz’
settings of the respective nodules, and further 0 conne

respective nodules to each other to define [ nput m

t he respective nodul es, t hereby conpleting a deS| monal 'bl ock
as the framework for the algorlthggfdltlng (5) = c‘I'hen t he
functional block is graphically treate sel ect or nonsel ect each

modul e or fungirbghgain fbp@ach fundtivnbl otk suvh thatkthdi effectiveo t her eby
edit the speC|f|c - al gorithm of the tone generation in manner simlar

to the f b[&heﬁ%ﬁWram is des‘igﬁédrlﬁ‘f bffect@igfeathed description is

glveﬂfor the editing rk=I-n conjunction with the drawings in which Figure
21 2

operat i on of - coRdl elEE ) T o e ol o5 of the
W ndow of {he® !é%ﬁ?l&%?ﬁﬁ?ﬂéﬁmg {%siéﬁm%ﬂ%?%%ﬁ%&% 3. Thi's w ndow
2100 contai ns vari ous .terrttcs31 of t ng&ulgls denoted by reference nunerals

2101-2111. ThECRHRRO Iren i nted to desired one of the

nodul es 2101-2111, and then th rmus tut on is.cli cilkeg ci at f ? desired
nodul e i s presel ece@or means for grap 1ca treating the displayed block

diagram so that each functional block is selected if the
corresponding elementary function is necessary for the |
synthesis of the desired musical tone and is otherwise
nonselected if the corresponding elementafy function is
unnecessary for the synthesis of the desired musical tone to
thereby edit an algorithm which defines an arithmetic
procedure for the synthesis of the desired musical tone;

assembler means for retrieving from the secondary
memory means an effective elementary program for each
selected functional block so as to enable the corresponding
elementary function and for retrieving an ineffective
elementary program for each nonselected functional block so
as to disable the corresponding elementary function to
thereby assemble the retrieved ones of the effective and
ineffective elementary programs into a complete program
according to the edited algorithm:;

primary memory means for storing the complete

program; and
[ —
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56 - Such an operation is called "nodul e presel ect iren"-—Them;,tThe nodul e

w ndow 2100 of Figure 21 is erased, and in turn the | '
presented on the display 1804. The presel ected m)dul‘Eﬁlg !@!ﬂ“gﬁf“ﬂ“{ he
di spl ayed patch picture. The nodul e presel ection is mnONe By one to

coll ect various elenentary functions u |l e for the generation or

synthesis of the nusical tone. Figures 23 and 24 show exanpl es of the patch
pi cture in which BltoPNeeads é&@n@étﬁﬂetsmmﬁom@\kysmmwyr eady

pat ched and are interconnected with each other. wever, the initial patch

pi cture has oplan:as ARk eSRey (ABAIREA"AiLATUIRE Proc@lurecl udi ng a narre

of the patch picture an erring back to Figure 21, each

nodul e is indj c lse | [ and a
name of ¢ he nBaCrEing i thECHRIRE eolAEHS e ART R, lertt EEARERE UL
utilized to desigpate et her ;t,he correspondi ng el enentary function should
be sel ected ofﬁﬁgﬂﬁﬂﬁ%dﬁhﬂﬁﬂqgéﬁcgfhnple, a rectangul ar bl ock of the nodul e

2101, which is installed t enerate nusical tong waveforns by the waveform
menory readou?- nmode; mnéfﬁgua%ma M523 ECOT, Bgt%cﬁ%lﬁ@ é)aV\AVE VEMORY

TG' (denoted b)ilreterence nuneral 2132) at the upper left portion. In
simlar manneWhenesn the secondary memory means comprises means

storing the elementary program in the form of a
microprogram.
8. A sound source apparatus according to claim 6,
further comprising support means for preselecting the
elementary functions and arranging the preselected
elementary functions to form the block diégram as a
framework treated by the editor means.
9. A timbre creating apparatus for assembling
microprograms into a complete program which is loaded into
a digital signal processor to operate the same to generate a
musical tone having a desired timbre, the apparatus
comprising:

display means for displaying a block diagram containing
various functiona,i blocks which represent corresponding
elementary functions selectively usable for creation of the
desired timbre;

memory means for storing a pair of effective and

ineffective microprograms for each functional block such that
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remai ni ng nodul es 2102-2110 have a check box and a naﬂ‘aﬂ“eﬁ-w

portion of the rectangul ar bl ock. However, the '
57 last "QUT" nodule 2111 is an exceptional type that ’rmmumuwﬂyeﬂllmad
to designate an end termnal for outputting the nmnusical*taeness S

Therefore, the OUT nodul e 2111 does not%have a check box to specify on/off

state of the OQUT nodule, because the QUT nodul e must be selected in any

cases. Cheesffédtive eaidroprdgranhas desighed toSeitdttiEe thea | over left
portion of the rectangul ar bl ock "and anot her | abel "PARAMETERS' at the

right side of chpRedrAliRling SETALNESY FRACHRAWhITe tHRSNANELMRVORY TG

microprogram is designed to ineffectuate the corfesponding
elementary function; _

editor. means for graphically ti'eating the displayed block
diagram so that each functional block is selected if the
corresponding elementary function contributes to the desired
timbre and is otherwise nonselected if the corresponding
elementary function does not contribute to the desired timbre
to thereby edit an algorithm which defines an arithmetic
procedure for the creation of the desired timbre; and

assembler means for retrieving from the memory means
an effective microprogram for each selected functional block
so as to enable the corresponding elementary function and for
retrieving from the memory means an ineffective
microprogram for each nonselected functiona,l.block so as to
disable the corresponding elementary function to thereby
assemble the retrieved ones of the effective and ineffective
microprograms into the complete program according to the
edited algorithm.
10. A timbre creating apparatus according to claim 9,
further comprising support mea,ﬁs for preselecting the
elementary functions and arranging the preselected

elementary functions to form the block diagram as a

This Sheet Has Been Replaced




nodul e 2101 has the | abel "SETTINGS' denoted by ref er ence 2136—at—the

| oner | eft portion and the | abel "PARAMETERS" denote ce 2137 at

the right side of the label "SETTINGS'. After each mmﬂﬂﬁ@’tw into
s *

the patch picture, the | abel "SETTI NGS" '#s clicked by*the SO as

to commence various settings of the modite. Further, the | abel
"PARAMETERS" is clicked by the nouse tool to comence setting of various

parameters relfaie@verlé beedfedlby- the editdr geenL2A shows an initial display
state of the WAVE MEMORY TG nodul e 2101. Figure 22B shows a work display

S o L0 VAV MG OF ek il Vo ot
menu 2210 rel %il%dsteps of:
editing a specific algorithm which defines an arithmetic
procedure for computerized synthesis of a desired musical
tone by selecting or nonselecting each of various elementary
functions which are generally usable for computerized
synthesis of any musical tones;

assembling a computer program corresponding to the
edited specific algorithm;

storing the assembled computer program; and

executing the arithmetic procedure according to the
stored computer program to ﬁhereby generate the desired
musical tone. |
12. A method according to claim 11, further comprising
displaying a functional diagram which visually represents the
various elementary functions so that the displayed functional
diagra,m'is treated to graphically edit the specific algorithm
by selecting or nonselecting each elementary function.
13. A method according to claim 11, wherein the editing
step includes preselecting and arranging the various
elementary functions to create a generic algorithm which is

then edited to the specific algorithm by selecting or

nonselecting each elementary function.
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58 -to the settings of the nodule 2101. The nenu 22106,9‘@8%\/6‘“ ous sel ect

itens. An item "PROCESSOR' 2211 is clicked to select slw“uiﬁﬁﬂ to
' I
cETH 'y

realize the elenentary function of the nodule. Anoth
FREQ' 2212 is clicked to set a sanpli frequency of waveform data.

When the item "PROCESSOR' 2211 is clicked by the nouse tool within the
menu 2210, "the di splay presents one of processor select nenus 2220 and
2230 shown i n1@i gur esA 2D€theddacdizdifiget @robaimnsbl, wherein theu i s provi ded
to select a processor used to realize the elenmentary function of the

oo, Iy Sapsestlingel e comppi g igas st bhoasy U
program which effectuates each selected elementary function
and for collecting an ineffective elementary program which
ineffectuates each nonselected elementary function so as to
assemble the collected ones of the effective and ineffective
elementary programs into a complete form. of the computer
program. |
15. A method according to claim 14, further including
provisionally storing a pair of the effective elementary
program and the ineffective elementary program in the form
of a microprogram for each elementary function.

16. A method of generating a musical tone comprising
the steps of:

displaying a block diagram containing various functional
blocks which represent' corresponding elementary functions
selectively usable for synthesis of a desired musical tone;

provisionally storing a pair of an effective elementary
program and an ineffective elementary program for each
functional block in a secondary memory such that the
effective elementary program is designed to effectuate the
corresponding elementary functibn while the ineffective
elementary program is designed to ineffectuate the

- corresponding elementary function;
- T
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"DSP2" denoted by 2224 together with check boxes. One of t he ctheck—boxes
of "CPU' 2222, "DSPl1" 2223 and "DSP2" 2224 is sel e | cki ng of
t he mouse tool so that the elenentary function of g’i{fﬂﬁ i zed
by the sel ected one of the CPU 1801, DSP 1809 and DSP 181 n t he
processor select nmenu 2220 of Figure 22 an item"HARD LSI" is mar ked by
a cross because the systemis not installed wth any hardware device to

realize the el enegfaeﬁmaawuﬁmﬁg tihe digstalyed Blodlhdiggtem barthati n  case

that the systemis installéd with Such a hardware device, the other

roceseor !B RATIA g ek AR K iy 20
elementary function is necessary for the synthesis of the
desired musical tone and is otherwise nonselected if the
corresponding elementary function is unnecessary for the
synthesis of the desired musical tone to thereby edit an
algorithm which defines an arithmetic procedure for the
synthesis of the desired musical tone;

retrieving from the secondary memory an effective
elementary program for each selected functional block so as to
enable the corresponding elementary function and retrieving
an ineffective elementary program for each nonselected
functional block so as to disable the corresponding
elementary function to thereby assemble the retrieved ones of
the effective and ineffective elementary programs into a
cbmplete program according to the edited algorithm;

loading the complete program in a primary memory; and

executing the edited a,rithmetié procedure according to
the complete program loaded in the primary memory to
thereby generate the desired musical tone.
17. A method according to claim 16, wherein the storing
step comprises storing the elementary program in the form of
a microprogram.

18. A method according to claim 16, further comprising
-
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59 2232 together with a check box for sél ection. Tt this check box Ts

clicked by the nouse tool, the hardware device is se ke the
el ementary function of the nodule. The "WAVE NENmelmlﬂﬂﬂwﬂHWHmms
the elenentary function to generate a nusical tone s#gna nt Ne ef orm
mermory readout method. As described bef¥te, this elementary function can

be realized by means of one of the CPU 1801, DSP 1809, DSP 1810 and
hardwar e devi eé&%@tiﬂ%}th@'—eﬂeﬁi@iﬁ@r&‘efﬁncﬂbﬂ§ arderpanghss shesel ect menu
S

2230 is presented as own in Figuré 22D in conjunction wth the nodule
2101. By reb@icte M1BAIent bl RIRAESHES toSRIrAS tHEBLodIE diagram

as a framework prepared for the editing of the algorithm.
19. A method of assembling microprograms into a
complete program which is loaded into a digital signal
processor to operate the same to generate a musical tone
having a desired timbre, the method comprising: -

displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable for creation of the desired timbre;

storing a pair of effective and ineffective microprograms
for each functional block in a memory such that the effective
microprogram is designed to effectuate the corresponding
elerhentary function while the ineffective microprogram is
designed to ineffectuate the corresponding elementary
function;

graphically treating the displayed block diagram so that
each functional block is selected if the corresponding
elementary function contributes to the desired timbre and is
otherwise nonselected if the corresponding elementary
function does not contribute to the desired timbre to thereby
edit an algorithm which defines an arithmetic procedure for
the creation of the desired timbre; and

retrieving from the memory an effective microprogram
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presented for each nodul e to enable the user to select a desired processor
capabl e of realizing the correspondi.ng elenentary function. In the
processor select menus 2220 and 2230 shown in Fig

reference nunerals 2221 and 2231 denotge_a cl ose bo ﬂmﬁmﬂﬂm ed to
cl ose the processor select nmenu 2220 o§ 52230 after thet désifed® pr bcessor
is specified by the user. It should be noted in this second embodi nment

that an item f&f%ﬁ]@ﬁ%cﬂéc’é@d ¥uﬁ@tﬁdmklﬁld)ckbé@@s ts eselldettd and an item

acconpani ed by a box marked white is nonselected. This marking notation is

opposite to LBErdddHdf{PQMMRAarMUNRAGH bR FBbiEFIAL SRS RAthe

definitely discrinrna tween t ect/ nonsel ect sta
memory an ineffective microprogram for each nonselectecl

functional block so as to disable the corresponding
elementary function to thereby assemble the retrieved ones of
the effective and ineffective microprograms into the complete
program according to the edited algorithm. |
20. A method according to claim 19, further comprising
preselecting the elementary functions and arranging the
preselected elementary functions to form the block diagram
as a framework prepared for the editing of the algorithm.
21. A machine readable media containing instructions for
causing said machine to perform a method of generating a
musical tone, the method comprising the steps of:

editing a specific algorithm Whiéh defines an arithmetic
prbcedure for computerized synthesis of a desired musical
tone by selecting or nonselecting each of various elementary
functions which are generally usable for computerized
synthesis of any musical tones;

assembling a computer program corresponding to the
edited specific algorithm; |

storing the assembled computer program; and

executing the arithmetic procedure according to the

stored computer program to thereby generate the desired
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60 Figure 22E shows a working display state of The—WAVE _ MEMORY TG
nodul e 2101, which is presented when the | abel RS" 2137 is—
clicked by the nmouse tool, and which contains a parm u
derioted by reference nurreral 2240. Thi ., Menu cont ai i 41
which is clicked to close the nenu. The pararreter setting rre'hu s22 lists
vari ous paraneter val ues denoted by 2243 associated to the operation of

t he nodul e 219dyusithetoper sets or alters each paraneter val ue by neans of
t he nouse tool and the typing keyboard 1808. Reference nuneral 2242

denotes a number and Napg Rind rRaHaNEE thedi®Wecording tbsclainenlity of the

various paraneter values involved in the paraneter Setting nmenu 2240. The

52{ Sggt er or oy &3 e ARG EtulthdREBIAYrise8 MeSpIalAnY a4 fAUTLRALATEL er
diagram which visually represents the various elementary
functions so that the displayed functional diagram is treated
to graphically edit the specific algorithm by selecting or
nonselecting each elementary function.

23. A machine readable media according to claim 21,
wherein the editing step includes preselecting and arranging
the various elementary functions to create a generic algorithm
which is then edited to the specific algorithm by selecting or
nonselecting each elementary function.

24. A machine readable media according to claim 21,
wherein the assembling step comprises collecting an effective
elementary program which effectuates each selected
elementary function and for collecting an ineffective
elementary program which ineffectuates each nonselected
elementary function so as to assemble the collected ones of
the effective and ineffective elementary programs into a
complete form of the computer program.

25. A machine readable madia according to claim 24,
wherein the method further includes provisionally storing a
pair of the effective elementary program and the ineffective

elementary program in the form of a microprogram for each
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associated to the nodul é. As shown in Fi gure 22A, the nodul e 2101 has the

nunber and nane of the parameter group "001 PIAl ference
2134) underlined at a mddle portion of the rect lelmﬂﬂwnm:ﬂ“”mg
i ndi cates that the nodule 2101 is curre7ntly set wi*t h¢t he paranet*er group

specified by "001 PIANCL". The nunber and name denot ed by 2134 may be
clicked by the nouse tooI so that a list of preset paraneter groups is

di spl ayed as éIHﬁ‘Y@nté!r Fraetme2F and as denoted by reference nuneral 2450.
The user may sel ect a deS| red paranmeter group fromthe |ist 2450

61 'so that thg vari %%n&%h?ﬂ@trgadmél%ggeia 'chntaplien! AistgheridAl foset to

t he nodul e as“ohe ent I gur es G and w anot her type of

parameter grodp,sfls id MRabMIORE HEABEA & II{EH]ILHC? of Yeherhlirfg Qur e

musical tone, the method comprising the steps of:

displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable for synthesis of a desired musical tone;

provisionally storing a pair of an effective elementary
program and an ineffective elementary program for each
functional block in a secondary memory such that the
effective elementary program is designed to effectuate the
corresponding elementary function while the ineffective
elementary program is designed to ineffectuate the
corresponding elementary function;

graphically treating the displayed block diagram so that
each functional block is selected if the corresponding
elementary function is necessary for the synthesis of the
desired musical tone and is otherwise nonselected if the
corresponding elementary function is unnecessary for the
synthesis of the desired musical tone to thereby edit an
algorithm which defines an arithmetic procedure for the
synthesis of the desired musical tone;

retrieving from the secondary memory an effective

elementary program for each selected functional block so as to
T :

I e

\\I



22G one paraneter group "008 FM BRASS1" is sel e ”M denot ed by
reference 2261. In Figure 22H, another paranete WQ Yl\ﬂ'Hl S
set in the sane nodul e as denoted by reference 2262.° 1t

gerierator nodul e, a desired paraneter group is selected to speC|fy a
desired arrangenent of operators (OP) wht ch correspond to a desired tinbre.
The sel ected arrangenent is diagrammatically presented within the

rectangul ar bl 18t hieh8ormedplon BALS 1@§n§ﬂ%r f@n&lﬁw 88 d22&raeveina2 H.
Referring bacl?ﬂ'?%) gl gjltue?eoﬂ tbgenergl?y, t he [abel s " SETTI NGS" and%

SB’GTRQ%EEE? PR Qe R AT R ARETALY, T e 5110
oes not haveca
and the * CT* LU STPoEs % Fﬁ%&b&ﬁ?&’&&%ﬁm AVETERS st nce

t hese nDduIes o no have processof,s and para 0 ,select and set.
Mbr eover , thee q‘ ﬁJE{:fk'l ugﬁ Be%%‘((?(ﬁ{é)(ﬁlqsa "EG
PARAMETERS' since parameters . are set far an |nternal envel gpe generator

within the effective and ineffective elementary programs into a
complete program according to the edited algorithm;
loading the complete program in a primary memory; and
executing the edited arithmetic procedure according to
the complete program loaded in the primary memory to
thereby generate the desired musical tone.
27. A machine readable media according to claim 26,
wherein the storing step comprises storing the elementary
program in the form of a microprogram.
28. A machine readable media according to claim 26,
wherein the method further comprises preselecting the
elementary functions and arranging the preselected
elementary functions to form the block diagram as a
framework prepared for the editing of the algorithm.
29. A machine readable media containing instructions for
causing said machine to perform a method of assembling
microprograms into a complete program which is loaded into
a digital signal processor to operate the same to generate a
musical tone having a desired timbre, the method comprising:

displaying a block diagram containing various functional
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62 - the nodul e 2103. As descri bed above, the nunbér and nane of the

parameter group is underlined to indicate the curr ramet er
group in the rectangul ar .bl ocks of the respective MH nﬁmﬁmﬁmﬁ set of
paraneters can be selected as an entityy As described 9n'cof ufictTon with
Figure 22F, a desired itemof the paraneter groups is clicked for the

sel ect and set. However, such an indication of the paraneter group |acks

fromthe bl ocksg,dis mﬁcﬁ%sfpx‘é@léﬂfi@dﬂ?& poRdine ekdrh@ntM¥HRousthne 2108 and

OQUT nodul e 2111 si nce these nodul es do not have any paraneters to be set.

Each nodul e hgaeiﬂﬁ}e{l% "EHBRYG A SYOICT {1t dRdired fimbpeut and out put

term nal s. exanp has an out put ter'mi nal 2135 for

outputting the gengl rc%néj %ﬂ %?leffe%'%?vesh%@ineﬁ@@m%%ﬁ@ro%ﬁ%rﬁﬁ%sa pair

of 1 nput

for each functional block in a memory such that the effective
microprogram is designed to effectuate the cbrresponding
elementary function while the ineffective microprogram is
designed to ineifectuate the corresponding elementary
function;

graphically treating the displayed block diagram so that
each functional block is selected if the corresponding
elementary function contributes to the desired timbre and is
otherwise nonselected if the corresponding elementary
function does not contribufe to the desired timbre to thereby
edit an algorithm which defines an arithmetic procedure for
the creation of the desired timbre; and

retrieving from the memory an effective microprogram
for each selected functional block so as to enable the
corresponding elementary function and retrieving from the
memory an ineffective microprogram for each nonselected
functional block so as to disable the corresponding
elementary function to thereby assemble the retrieved ones of
the effective and ineffective microprograms into the complete
program according to the edited algorithm. |

30. A machine readable media according to claim 29,
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term nal 2151 and output termnal 2152. An input -term-hal—ray—net—be
provided in sonme nodule which has no function to recelve and rocess
musi cal tone signal. The mixer nodule 2108 has a nt"u! uILe
termnals and a pair of output term nal whi ch ar i ght
values in the range of 00-99 with an UHH%rllne The melg t value of each
termnal may be changed or rewitten by the user on the patch picture.

I'n the modul e Wh gm%i;}agklgﬁﬁ%h%%cdrﬁb%fs"e@ﬁ?r&é@@étﬁhgzt% i ndi cat es

t he nane of the sp aye 63

pioture. The Tdhialied AFiqS bk SYEAfghak e bielelgliypr i ous modul e

pi ctures. The User can esire d ure’fromthe list. By
such an operation, the user .pick desjire es;-0f modul es contained in
The sel ect ad Aty fiftetiods dochs RSB cE contai a1

framework prepared for the editing of the algorithm.
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whieh is clicked to switch fromthe editing node to a normal play node.
Ref erence nuneral 2122 denotes a conmand button which is clicked to swtch
fromthe nodul e picture to the patch picture without selection of any
nodul e. Next, operation on the patch picture will be described with
reference to Figures 23 and 24. In theléétch pi cture shown in Figure 23,
ref erence nuneral, 2300 deno | i | t c L ct | S

di spl ayed. The i GOMEPUN ,vﬁwﬁ%£m|%éﬂﬁﬁéﬁﬁé Space
since no nodul e is patched yet and indicates only the nane of the patch
pi cture (denoted by ZBCYL)USﬁRr’r&iEIBDHNG QEn (H%EﬁYMHES:ISd to return
to the normal play node, and a button (denoted by 2303) used to return to
the modul e picture. °  As descri b&ALGORITHMti on with Figures 21-22H,
desired ones of the nodules are preselected fromthe nodule pictures. The
presel ected nodul es are patched into the patch picture as shown in Figure
23. As described in conjunction with Figures 22A-22H, selection of the

processor and setting of the paranet ABSTRAIEETconducted for each of the
64

In a sound source apparatus, a display unit displays a block
diagram containing various functional blocks which represent
corresponding elementary functions selectively usable for
synthesis of a desire musical tone. A secondary memory
provisionally stores a pair of an effective elementary program
and an ineffective elementary program for each functional block
such that the effective elementary program is designed to
effectuate the corresponding elementary function while the
ineffective elementary program is designed to ineffectuate the
corresponding elementary function. An editor unit graphically
treats the displayed block diagram so that each functional block is
selected if the corresponding elementary function is necessary for
the synthesis of the desired musical tone and is otherwise
nonselected if the corresponding elementary function is
unnecessary for the synthesis of the desired musical tone to
thereby edit an algorithm which defines an arithmetic procedure
for the synthesis of the desired musical tone. An assembler unit
retrieves from the secondary memory an effective elementary

program for each selected functional block so as to enable the



presel ected nodul es. Further, the nodul es are interconnected to each other
through the input and output termnals of the respective nodules. The
connecting work is graphically carried out such that the nouse tool is
dragged froman input termnal of one nodule to an output term nal of
another nodule. The pair of the input ¥#d output terninals are marked

bl ack. Further, in manner simlar to the first enbodinent, a check box

pl aced at an wmeespohtlimgrelenemntary tfaactiont, sagd iretribves larineffettivedul e i s
selectively clicked to eterm ne sel ection or nonsel ection of the

correspondi ng elehfdmtary progiachifor edcleaonsehstted. fulbictiomdl blookseras t he

specific tone generatidn algorithmis edited on the patch picture to define
e e SRRt ppbAng MEAIGHARY TSR @9 ety o7 {1
S0 that the resehyble f touIdYéd 'ohddSf thE'eFtsctivd And ARdr¥Elve

elementary programs into a complete program according to the

edited algorithm. A primary memory stores the complete

program. A generator unit is connected to the primary memory

for executing the edited arithmetic procedure according to the

stored complete program to thereby generate the desired musical

tone.



patch data is retrieved fromthe RAM 1803 by calling the name of the
correspondi ng patch picture as denoted by reference nuneral 2301 in Figure
23. The patch data includes identification of the presel ected nodul es used
for the tone generation, settings of tp9§ nodul es such as " SETTI NGS",
"PARAMETERS" and the nane of the paranet’er group, interconnection anong the

respective nodul es, and the on/off status (select/nonselect status) of the
respective modul es. 65 When t he

desired patch data is read out fromthe menory, the software nodul es

corresponding to the nodul es specif{hed by the patch data are | oaded into
adequate ones of the RAM 1803, the groprogram menori es of the DSPs
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1809 and 1810, and the hardware devices 1811 and 1812. The nusical tone is
generated according to the | oaded software nodul es. Herei nbel ow,
description is given for correspondence between each nodul e shown in Figure

21 ‘and each software nodul e | oaded as | bed above. The correspondi ng
software nodul e is one of "ON nodul e" &mrMd™OFF nodul e which are selected
according to the oghg at Us—o . pdH-e—as—i-ndi t he check
box placed at the pc = afa pck of each
nodule. (1) WAME | ME ‘ C one qf CPU
WM TG ON nodul e angg CPU F i s spgcifieddas the
processor for cysliziﬁalt modul e, éb
corresponds to one~d{ DSP1 WM T TG OFF rodul e
when the DSP1 is spP&tTT]ed ihgjthe ©O
el enentary fungtiop ef a
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t he-nodul e, or corresponds to one of DSP2 WM TG ON nodul e and DSP2 WM
TG OFF nodul e when t he DSP2 Is specified as the processor for
realizing the elenmentary function of the nodule, or corresponds to one

of 'HARD2 3 6 ON nodul e and HARD2 OFF
nodul e when t he HARD LSl is specifiéd as the processor for realizing
t he el ementary function of the nodule. (2) DI d TAL FILTER nodul e
2102 corresponds to one of CPU DF ON nodul e and CPU DF OFF nodul e when
CPU is specified as the processor for realizing the el erent ary functi on
of the nodule, or corresggn e 0 ~ e
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of DSP1 DF ON nodul e and DSP1 DF OFF nodul e when DSPl is specified as

the processor for realizing the el enentary function of the nodule, or
corresponds to one of DSP2 DF ON nodul e and DSP2 DF OFF nodul e when
DSP2 is specified as the processor for i zi ng the el enentary
function of the nodule. (3) AVPLI TU ROLLER nodul e 2103
corresponds to one of CPU AMPL ON nodul e and CPU AMPL OFF nodul e when
CPU is specified as the processor for realizing the elenentary function
of the nodul e, or corfresponds to one of DSP1 AMPL ON nodul e.gnd
DSP1 AMPL OFF nodul e whe vQSPl S apeci fd
realizing the elenentary flundti pn th EEdU|%q or| cay
of DSP2 S 1 _‘/ﬂ; B | s
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AMPL ON nodul e and DSP2 AMPL OFF nodul e when DSP2 is specified as the

processor for realizing the _ 67
el enentary function of the nodule. (4) DELAY & FILTER LOOP nodul e 2104
corresponds to one of DSPl D&F LOOP CNﬁgp |l e and DSP1 D&F LOOP OFF
nodul e when DSP1 is specified as t ocessor for realizing the
el enentary function of the nodule, or corresponds to one of DSP2 D&F
LOOP ON nodul e and DSP2 D&F LOOP COFF modul e when DSP2 is specified as
t he processor for realizing the elenentary function of the nodul e.
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CHORUS ON
or
OFF

REVERB ON nodul e

when DSPl is specified as the processor for
or corresponds to one

OFF nodul e when DSP2 is
g the elenmentary function of the

%

CHORUS nodul e 2106 corresponds to one of DSP1
when DSPl1 is specified as the

el ementary function of the nodul e,

of DSP2 CHORUS ON npdul e and DSP2 CHORUS

nodul e when DSP2 is specified as the processor for
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speci fied

t he nmodul e,
DSP2 PHASE SHI FTER
real i zing the el enentar
nodul e 2108 has an el enentary f
reali zed by either of DSPs
specify one

PHASE SHI FTER nodul e 2107 corresponds to one
SH FTER ON nodul e and DSP1

nctron

i t hg nodul e.

(8)

WAVE GEN WAVE GEN OPERATION
WAVE GEN OFF " CLR WAVEOUT" =CLEAR WAVEOUT
NOISE GEN NOISE GEN OPERATION
NOISE GEN OFF ” CLR NOUT” =CLEAR NOUT
WAVE-FILTER WAVE-FILTER OPERATION
WAVE-FILTER OFF " MOVE WOUT WROUT' =TRANSFER WOUT TO WROUT
NOISE-FILTER NOISE-FILTER OPERATION

| NOISE-FILTER OFF

" MOVE NOUT NFOUT"=TRANSFER NOUT TO NFOUT -

IN-MIX

IN-MIX OPERATION

DIST1 DIST1 OPERATION

DIST1 OFF " MOVE IMXOUT DIST10UT”
IN-HPF1 IN-HPF1 OPERATION

IN-HPF1 OFF "MOVE DIST10UT INHPF10UT”
LOOP1(ADDI+LPF1+DELAY1)| ADD1,LPF1,DELAY1 OPERATIONS
LOOP1 OFF ”MOVE INHPF10UT LPF10UT”
APF1 APFI OPERATION

APF1 OFF "MOVE DELAY10OUT APF10UT”
DIST2 DIST2 OPERATION

DIST2 OFF ” MOVE IMXOUT DIST20UT”
IN-HPE?2 IN-HPF2 OPERATION

IN-HPF2 OFF " MOVE DIST20UT INHPF20UT”
LOOP2(ADD2+LPF2+DELAY2) | ADD2,LPF2DELAY2 OPERATIONS
LOOP2 OFF ” MOVE INHPF20UT LPF20UT”
APF2 APF2 OPERATION

APF2 OFF ” MOVE DELAY20UT APF20UT”
OUT-MIX OUT-MIX OPERATION
OUT-FILTER OUT-FILTER OPERATION

OUT-FILTER OFF

” MOVE OMXOUT OFOUT”

EFFECT

EFFECT OPERATION

EFFECT OFF

”MOVE OFOUT OUT”

of DSP1 PHASE
_ PHASE SHI FTER OFF nodul e when DSP1 is

as the processor for realizing the elenmentary function of
or corresponds to one of DEPZBIFHASE
OFF nodul e when DSP2 is specified as the processor

SH FTER ON nodul e and .

m xi ng function) which is
1809 and 1810. The system may adequately
of the DSPs 1809 and 1810. Therefore, when DSP 1809
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69 - corresponds to one of DSP1 FM ON nodul e and DSP1 FM OFF nodul e

when DSP1l is specified as the processor for realizing the elenentary
function of the nodul e, or corresponds to one of DSP2 FM ON nodul e
and DSP2 FM OFF nodul e when DSP2 is specigged as t he processor for
realizing the elementary function of th nodul e, or corresponds to one
of HARDL ON nodul e and HARD1 OFF nodul e when HARD LSI is specified
as the processor for realizing the elenmentary function of t he nodul e.
(10) ~FOOT CONTROLLER nodule=—24368y does not have a correspondi ng '
sof tware nodul e. Anot heggnodyl e 83 connected to this nodule 2110 takes
out put val ues from he-floovwepptrol l er 1815. (11) OUT nodul e 2111
does not have a correspondi ng 88
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sof tware nodul e. When the DAC 1805 takes .the final nmusi cal tone signal

and feeds the sane to the acoustic sound system i ncluding a

| oudspeaker, the DAC 1805 actually takes the data outputted froma
modul e connected to this OQUT rmdutpe/éﬁll As descri bed above, the
sof tware nodul es specified by the patc a are |oaded into the system In

manner simlar to the first enbodi nent, the nonsel ected nodule is realized
70 by the OFF software nodul e having a reduced nunber of conputation steps

to sinply output null data or to sinply f{g8rougf data as it is.
Thus, the nusical tone generation is eff% ed havi ng no

a
redundant conputation steps. 35%’@%{04
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Next, detailed description is given for operation of the second enbodi nent
of the electronic nusical instrunent in conjunction with Figures 25-28.
Figure 25 is a flowhart showing a main program executed by the CPU 1801
First, initialization of various parqq/y carried out in step 2501.
Particul arly, sequence flags SEQFLGL and QFL&2 are initialized to "0".
These flags are used to control procedures of the patch edit process.
Next, any operation event is detected in step 2502. Then, a perfornance
event is processed in step 2503. The operation event detecting process of

step 2502 is undertagen to pETERL oap operatio | squed by neans of
the nouse tool or thETyping—kegpoafd 18080 The nce event process
of step 2503 is undertaken Ege=deteft a pa sonmafely t inputted by the
user through the keyboard ﬁggﬁ ndj t he fdot cjon T4 J1815. The
per f or mance event may %izgld" h fhe fornmy t. Then, a
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command is issued to generate a nusical tone in response to the detected
performance event. Next, nbde managenent process is carried out in
step 71 2504. This electronic mnusical
instrument has the normal play node i n{ayr3sh the nusical tone is generated
In response to the user's performance operation, and the patch edit node
in which the patch data is produced by graphically treating the nodule
pi cture and the patch picture. This nbde nanagenent step 2504 nanages

swi tching of these two nodes. Next, check is made in step 2505 as to
whet her the patch edit node is currently selected. If YES, the patch edit
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process is executed in step 2507 as will be described in detail later with
reference to Figure 27. If NO patch select process is undertaken in step
2506 such that desired patch data is selected by specifying the nane of
the patch picture. In this patch-sel eqgpgggcess, the software nodul es
corresponding to the nodules specified in the selected patch data are
adequately | oaded into the RAM 1803, the m croprogram RAMs of the DSPs
1809 and 1810, and the hardware devices 1811 and 1812. Next, check is
made in step 2508 as to if th n source operation by the CPU 1801 is

sel ected. Nanely, this check is de fo detect whether the currently
sel ected patch data spec |es a%% ul e which perforns the sound source
process by the CPU. |f 0 source process by the CPU 1801 is
effected in step 2509;as II i bed later in
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72 -detail with reference to Figure 26. If NO the routine junps to step
2510 where other processes are undertaken. Thereafter, the routine returns
to step 2502. Figure 26 is a flowhart showi ng the detail of the CPU
sound source process or CPU tone generﬁ/gg process executed in step 2509
of Figure 25. In the CPU sound source process, first check is nade in step
2601 as to if "WM TG CPU" process is selected. This process is selected in
case that the currently set patch data specifies the WAVE MEMORY TG

nodul e 2101 and the CPU is designated as the processor eal ize the
nmodul e 2101. If this check resy ' =——pne of the CK ' Téc\l nmodul e
and the CPU WM TG OFF nodul e i|s | oaded ki)t he RAM 1803 agcorditAg to the
on/of f status of the nof8il e 2101. Thus,(_ﬁg e | oaded ON g CFF sc‘ftvvare
nodul e is executed in st¥™2604 to effecm he VWM -
hane) L |
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TG process such that the nmusical tone is generated by reading out the
waveform data fromthe wavef orm nenory. Next, check is nade in step
2603 as to if "DF CPU' process is selected. This process is selected in
case that the current pitch data speqgf¥88 the DIG TAL FILTER nodule 2102
and the CPU is designated as the processor for realizing the nodule 2102.

| f the check result is YES, th U DF ON nodul e or the CPU DF OFF nodul e
is loaded in the RAM 1803 accor g to the on/off status of the nodul e

2102. Thus, o 73 the | gaded ON or OFF
software nodule is driven in stZp 2604 to carry out th process or
digital filtering process. : Xt f=mfeclooi s made in s 2605 as to if
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process is selected. This process is selected in case that the current
patch data specifies the use of the AVMPLI TUDE CONTROLLER nodul e 2103 and
the CPU is designated as the processor for realizing the nodule 2103. If
the check result is YES, the CPU AVPL $$%4§?U|e or the CPU AMPL OFF nodul e
is |loaded in the RAM 1803 according to n/ of f status of the nodule
2103. Thus, the | oaded ON or OFF software nod
the AMPL process or anplitude control proces
fl omchart showing the detail of the patch g process executed in step
2507 of Figure 25. In this patch edit procegd first check is made in step
2701 as to if the sequence flag SEQFLGL is s&l\to "0". This flag is set to
"0" under the normal play node, and is ot herwse sgt—to—f1" u%%ﬁr t he
patch edit node. If the sequence flag renai i e ., this

le is driven to carry out
Figure 27 is a

S
|1 §d aft’er the
hug, in step 2702,
ed|patch data is

means the fact that this patch edit g;oces- S | &

normal play node is swwtched to the -c%ﬁ de

the patch picture corresponding to tHE currgnti yjae eég
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di spl ayed in the patch window. Then, the flag SEQFLGL is set to "1" in
step 2703. Thereafter, the routine returns.

74 If the step 2701 indicates that the flag SEQFLGL is not set in
"0", next check is nade in step 2704 aﬁ)/g;;if t he sequence flag SEQFL&X i s
set in "0". This flag is set to "1" en the nodul e picture is displayed,
and is otherwise set to "0" when the patch picture is |disKlayed. |If the
flag SEQFL& is set in "0", the patch picture is_currle di spl ayed.
Thus, subsequent check is made in step 2705 as_tjo if |a ftch event 1is

i nputted by clicking the item 2303 shown in Fi gg 23 switch fromthe
patch picture to the nodule picture. If YES,
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the nodule picture is displayed in step 2706. Further, the flag SEQFL&X is
set to "1" in step 2707. Thereafter, the routine returns.- If the check

result of step 2705 is NO, patch detail editing process is undertaken in
step 2708 for effecting various editiqg gaerations on the patch picture.
Thereafter, the routine returns. If the check result of the step

2704 indicates that the flag SEQFL& is not set in "0", the nodul e picture
is currently displayed. Thus, check is made in step 2709 as to if a

presel ect event is issued for any nodule on the nodul e__pigture. If the
nodul e presel ect event is issued, the display is swijci®d o the patch
pi cture corresponding to the currently selected patch|{daga jn step 2710.
Further, the preselected nodule is patqud or pasted|igbo Jhe d=spl ayed
patch picture. Then, the flag $EQ:L(A;2 isb-oreset to "0O" Eer'aaft@ t he
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75 -routine returns. I f the nodul e preselect event is not issued in
step 2709, check is made in step 2712 as to if a swtch event is issued by
clicking the item 2122 shown in Figure 21 to conmand change fromthe
modul e picture to the patch picture. g 4%, the patch picture
corresponding to the currently selecte patch data is displayed in step
2713. Then, the flag SEQFL& is reset to "0" in step 2714. Thereafter, the
routine returns. If the switch event is not issued in step 2712, nodule

pi cture change process is undertaken in step 2715. Thereafter, the routine
returns. In the nodul e picture change

g

1905
1906

FIGURE 19
1904

1902

1903

190




process, a nodul e nane denoted by reference 2121 of Figure 21 is clicked
on the current nodule picture so that the list of the various nodul e
pictures or franmes is called. Then, the user selects a desired nodul e
picture fromthe list. If no click i%g g on the nanme button 2121 shown
in Figure 21, the routine S|npg% passes stgg 2715 of the nodul e

t
picture change process. G%}E{SE hart show ng the patch
inTh 27

detail editing process execute of Figure 27. In the
patch detail edltlng process, setting process of each nodule is carried

out in step 2fao §4 i g@tgﬁo cture. This SEttCﬁ?TPEﬂ?qgﬁgTHQQS“des

setting of the_on/ each nodule, _for exanp urni ng on or

of f the check box 2131 shown in 2001 .~ CPU WM TG
P
CPU WORKING AREA / . CPU DF

(SEQFLGI ------ e.t.c)
CPU AMPL

DSP1 WM TG

OUTPUT BUFFERS | - 2002 DSP1 DF
| DSP1 AMPL
OTHER BUFFER DSP1 D&F LOOP
AREAS INCLUDING |} DSP1 REVERB
PATCH EDIT BUFFER | } DSPL CHORUS
, i DSPL PHASE SHIFTER
2003 - DSP1 MIXER1
- DSP1 MIXER2
|
DSP1 MIXERn
DSP1 FM
DSP2 WM TG
DSP2 DF
DSP2 AMPL
DSP2 D&F LOOP
DSP2 REVERB
DSP2 CHORUS
DSP2 PHASE SHIFTER
DSP2 MIXER]
DSP2 MIXER2
|
DSP2 MIXERn
DSP2 FM
HARDI
HARD2

|
HARDm
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are'transferred to the hardware devices. In manner simlar to the |oading
process of the DSP microprograns in the first enbodinent, the software
nodul es specified by the patch data are |oaded into the RAM 1803,

m croprogram RAMs of DSPs 1809 and 1890« 3gnd hardware devices 1811 and
1812. The thus | oaded CPU tone eneratlon rograns are executed in the
steps 2602, 2604 and 2606 shovmeIG E @2 ot her related
processes are executed in step Z803. e routine returns.
These rel ated processes include noving and del eti ng of nodul es on the
patch picture, editing of connection;% ng nodul es, changi ng of the patch
data and saving of the patch data. T fggtch data may be changed by
clicking the patch nane denoted by refe ence 2301 of Figure

2131 —O WAVE MEMORY TG | 2134
]

001 PIANO 1 [

2136——]—SETTINGS PARAMETERS -} 2137

FIGURE 22B
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77 23 to cal

desired one of the listed patch pictures,

a list of various patch pictures.
and the selected patch picture

The user

is displayed in place of the current patch picture.

time chart show ng the nusica
data represented by the patch picture of Fi
according to the patch da

29A,

tone

RER 2

can select a

Figure 29A is a

a8ne3nti ng process based on the patch
ure 23. Specifically in Figure
U 1801 is

used to

performthe waveform nmenory tone generating process (denoted by WAVE

MEMORY TG in Figure 23),
and the anplitude control

the digital
process (AMPLI TU

filterin

ROLLER) .
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The DSP 1809 is utilized to performthe delay and filter |oop process
(DELAY & FILTER LOOP), the preceding m xing process (MXER) and the
reverberation creating process (REVERB) after the preceding m xing
process. The DSP 1810 is used to perigrgghe FM tone generating process
(FM TONE GENERATOR) and the succeedi ng mX| ng process (M XER) after the
reverberation creating process EFF@FEJ Reﬁ 2%6 chart of Figure 29A,
S1, S2, S3 and $S4 denote one DAC T rely. The nusical tone
signal is outputted according to the follow ng process flow. The nusi cal
tone signal is transferred anong the various nodul es interconnected as
shown in Figure 23 through the 78

O FM TONE GENERATOR

OP [—={OP [—| OP
2261 — 008 FM-BRASS 1 :l—[

opP OP— OP

_— 2109

SETTINGS PARAMETERS

FIGURE 22H

OFM TONE GENERATOR

OP || OP — 2109
2262 — L8 FMSYNTH 1 [P |--] 0P
OP |-~{ OP

SETTINGS PARAMETERS




out put buffers (OUTPUT BUFFERS) as described in conjunction with Figure 20.
At the first cycle S1, the CPU 1801 carries out the waveform nenory tone
generating process as diagrammatically illustrated by a hatching section
2901. The output thereof is subjected25/88e digital filtering process as
depicted by a hatching section 2902. The output therefromis subjected to

the anplitude geft+et—ptrocess—depteted—by—a—thatechtrg—Sseetor—2903—-h
response to thgq operation of the foot controller. In parallel to the
wavef orm menory tone generatifig bss, the DSP 1810 carries out the FM
tone generating process as degg¥tefl py a hatching section 2904. At the
second cycle S3, the DSP 1809appljes the del ay—ane~filter | oop process|as
depicted by a Hatching section 290b to the outjpgt—af \{ he wavef orm nenory
tone generating proge he DSP_1809| ¢arrides\out the precedi nj
m xi ng process |of tphe outputs fgpom|the envel ope| qo . DTBEESS, ege ay
and filter |ood profess and the! FM tone generflt i g pr bssE| as de ched by
a hatchi ng sect}i on P906. Furtheg, 3he out put fherleof | Ject ed ha
reverberation dreat|ng process s &epicted by| [a|Hat chidlg s ¢tion 2 At
the third cyclg S3, gs o@|eg;|cgp®bg|q:|hg|cg| ngl seqti op4908-(the DpP J. D
carries out thd sucf mux%]g I %B)s Jof he &t p@&ls f&%mthe g ude
control procesy, th d@ aE aﬂd et l@og prljc bdE ¢ {one geg ng
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79 "~ process, and the reverberation creating process. The mxed result is
fed to the DAC 1805 at the fourth cycle S4 as depicted by a hatching
section 2909. In detail, the DAC 1805 requests the DVAC 1806 at a
predeterm ned period to access an addpgsg3f the RAM 1803 where the m xed
result is stored. Thus, the DAC 1805 receives the final nusical tone

signal, which is fed to a sound system (not shown in the draw ngs).
Figure 29B shows a vfrTatTol ' ' 1 29A.
In this variation, ag¢cording to the p da ' T 23,
t he hardware device" : ) dt i ng
process (denoted by g
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anplitude control process (AVPLI TUDE CONTROLLER) and the reverberation
creating process (REVERB). The DSP 1809 executes the delay and filter |oop
process (DELAY & FILTER LOOP), the preceding mxing process (M XER) before
the reverberation creating process, appA38 succeeding m xing process

(M XER) after the reverberation creatin process The DSP 1810 executes
the FM tone generating processfg (@\ﬁ At the first
cycle S1, the hardware device 1 execu the Wavef or m nmenory tone
generating process, the digital filteri ng pr ocess, and the anplitude

control process as dfﬁﬂlﬁyfﬁmg peri od 2911 In parallel manner,

t he

INITIAL SETTING | 2501
(SEQFLGL2 --0)

OPERATION EVENT | 2502
DETECTING PROCESS

PERFORMANCE EVENT | _
PROCESS 2503

\

- MODE MANAGEMENT }— 2504

2505 \

IF PATCH EDIT \_ NO

MODE )y 2506
2507 YES /

\ PATCH EDIT PROCESS PATCH SELECT PROCESS
|

2508 ,
IF CPU SOUND
SOURCE OPERATION
IS SELECTED
2600 YES
\ CPU SOUND SOURCE
PROCESS

Y
OTHER PROCESSES |— 2510




DSP 1810 carries out the FMtone generating process in a hatching period
2912. At the second cycle S2, the DSP 1809 carries out the delay and filter
| oop process for the output fromthe waveform nenory tone generating
process in a hatching period 2913. Furagheg3 the DSP 1809 carries out the
precedi ng m xi ng process of the outputs fromthe delay and filter | oop
process and the FMtone generatiFthOUROE a216chi ng period 2914. The
har dwar e device 1812 carries out the reverberation creating process for the
output fromthe preceding mxing process in a hatching period 2915. At the
third cycle S3, as denoted by a hatching period 2916, the DSP 1809 carries
out the succeeding m xing process of the outputs fromthe anplitude control
process, the delay and filter |oop process, the FMtone generating process,
and the reverberation creating process. The mxed result is fed to the DAC
1805 in a period 2917 at the folT V. " e 30Ais atine
chart show ng a sequence of tgnﬁg&i:b%\m §%§E on)according to the
patch data diagrammatically i md_c B iqure 24. 1 hi s sequence, the
CPU 1801 executes the waveform nmenory tone|generating process
(schematically illustrated as WAVE MEMORY §G in Figure 24). 2504 DSP 1809

executes the delay and fil t6r I elzé (OELAY & LOOP), the
chorus process (CHORUS) r%/g{r@gr i bEYreatin
PROCESS IS SELECTEISJ

YES

[

WM TG PROCESS 2602

. Y 2603
NO /IF DF CPU PROCESS
“\US SELECTED

YES

\

DF PROCESS _— 2604

- 2605
NO IF AMPL CPU
PROCESS IS SELECTED

AMPL PROCESS | — 2606

RET



81 "process (REVERB). The DSP 1810 executes the FMtone generating process
(FM TONE GENERATOR) and the mxing process (MXER). At the first cycle S1,
the CPU 1801 «carries out the waveform nenory tone generating process in a
period 3001. In parallel manner, the 28273810 carries out the FMtone

generating process in a period 3002. At the second cycle S2, the DSP 1809

carries out the delay and filter |oop prec€s f the output_from &he
wavef orm nenory tone generating prQcess i ngR pgri og=888g. Husthery” the DSP
1809 carries out the chorus procesg of theSgut put ffom {he szl y oand
filter | oop process in a period 3008 “Voreofer, e| ISP |18Q09Ycjrries out
the reverberation creating process of theﬂg > | & S B~
8. SB[ E[TE
%%E 58 <}
=] == A o
B
2Al \2
(2]
m -
o 58| N
pd |2 &
=3 £
22|l o
o OE \;
ol = =O N
pd N\ =
Q (Z2fa o B ° |
N~ N Ree (S8
E}O W a8 o =
N sl Eall =2 A
84 = _2’&5 wl nals
122| |sE582] |& |
LL S 6]
EEQRO m
oc EE =oHog]| |©
~_ T B ol > A
D \1—-
= ~
O P < N
L N Poa
Lo = 2%
olR @ A
Z| N 2 =58
<
= /ﬁ\ =
N Nakal2eEl B ¥
w =S5 (S
N NEEANEE SB
Bl [FES] B2 &
Lr..§8 ©no M
s o B 7= EBE @
N 2 Y NS N8 \
= P~
o i N (=
(2 N il B e ' ~
Yo ™~ 1) (= =G
A S E 2.5 |8
& - 25y an) |
> e} ZEE5 fy
O o] RO @]
= 2l EE382El 13
< o %%%%E M [
&y =) (< S
N ~



output fromthe chorus process in a period 3005. At the third cycle S3,
the DSP 1810 carries out the m xing process in a period 3006 for the
outputs fromthe chorus process, the reverberation creating process and
the FMtone generating process. The gpyeg3result is fed to the DAC 1805 in
a period 3007 at the fourth cycle $4. Fi gure 30B shows a variation of
t he sequence shown in Figure 3F| GUR Eari 8)n, t he DSP 1809 handl es
the waveform nmenory tone generating processS (the corresponding nodule or
bl ock is denoted by WAVE MEMORY TG in Figure 24), the reverberation
creating process (REVERB) and the m xing process (M XER). The DSP 1810
handl es t he

PATCH DETAIL EDITING
PROCESS

SETTING PROCESS OF 2801
MODULES IN PATCH —

[

LOAD DSP MICROPROGRAM
AND CPU SOUND SOURCE | ___ 2802
PROGRAM

1

OTHER RELATED
PROCESSES 2803
INCLUDING SAVE OF — T
PATCH DATA

RET



82 "delay and filter |oop process (DELAY & FILTER LOOP) and the chorus
process (CHORUS). The hardware device 1811 is used for the FMtone
generating process (FM TONE GENERATOR). At the first cycle S1, the DSP 1809
carries out the waveform nenory tone g@nergti ng process in a period 3011.
The DSP 1810 carries out the delay and filter |oop process of the output
fromthe nenory tone generating process in-a period 3013, and further
carries out the chorus process of the output fromthe delay and filter
process in a period 3014. In parallel manner, the hardware device g§11
carries out the FMtone generating process in a period 3012. At the-second
cycle S2, the DSP 1809 carries out the reverberation creating proc@}s I n
period 3015, and further carries out fhg m xing process in a period\3

| oop

a

The mixed result is fed to LD 1£§§ in a period 3017 at
cycle S3. As descri bed a§§ e _qrh§§econd enbodi nent can
sanme effect as that of the fi (m\\~. . Further, the sg
can edit a franework of the ungi onal I8:k di agram whi ch i
first enbodi ment, thereby ingropBng |f RFdPM of editing the t
al gorithm Fi gur 1 shiquwsizt i RNEnbodi ment ofe_ I
sound appar atus cont aijed t hgs¢l e Jni ¢ nusical i r U
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83 "construction as the first enbodi ment shown in Figure 1. The sane
conponents are denoted by the sane references as those of the first

enbodi ment to facilitate better understanding of the third enbodinment. A
storage unit such as a hard disc drivgzysﬂgj) 156 can store various data
such as control paraneters, and variousS prograns including the system
control programor nmain program the elenentary mi croprograns.and
application prograns. Nornmally, the ROM 102 provisionally stores these

~ data and prograns. However, if not, any program nmay be | oaded into a hard
disc or else in the storage unit. Ble | oaded programis transf&_‘rred to the
RAM 103 to enable the CPU 101 to o%rate the inventive systemg t he

nmusi cal sound apparatus. By such a \ N
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manner, new or version-up prograns can be readily installed in the system
For this purpose, a machi ne-readable nedia such as a CD-ROM (Conpact Di sc
Read Only Menory) 151 is utilized to install the program The CD- ROM 151
is set into a CO-ROMdrive 152 to rea I)‘lr%aand downl oad the programfrom
the CD-ROM 151 into the storage unit through the bus 110. The

machi ne-readabl e nedi a may be conposed of a magnetic disc or an optical

di sc other than the CDRGMJ 01, A communi cation interface 153 is
connected to_an exfef ngiZ sqry@dr conputer 154 through a conmunication ,
84 network [155 pugh asQ_AI(;é‘;I:okal Area Network), public tel ephone network
and | NTERNET. p£]the|stiota unft such
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~ [ — 96094 ¥ R-6
as the HDD 156 does not.reserve needed data or program the co ni cation
interface 153 mnmmmm&ﬂ“&lwecel ve the data or programfromthe server
conmput er 154, A mts a request to the server conputer 154
thraough the interfack 153 "and ttie network 155. In response to the request,
the server conputer 154 transnits the ggquested data or programto the
apparatus. The transmtted data or program is stored in the hard disc of
the storage unit to thereby, conplete the downl oadi ng. The inventive
nmusi cal sounW&@éa&S& 1I$e inplenmented by neans of a personal conputer
which is installed with the needed data and prograns. In such a case, the
data and t helprogr discaned poarcdeppardts aeprphgingsans of the

machi ne-readabl e nmedi a such as the CD-ROM 151 or a floppy disc. The

machi ne-readabl e e@didor meandi for editingc spesifionlgarishny wheclper sonal

conputer to performthe

defines an arithmetic procedure for computerized synthesis of
a desired musical tone by selecting or nonselecting each of
various elementary functions which are generally usable for
computerized synthesis of any musical tones such that the
defined arithmetic procedure is composed of the selected ones
of the various elementary functions;

assembler means for assembling a computer program
corresponding to the edited specific algorithm;

memory means for storing the assembled computer
program; and

generator means for executing the arithmetic procedure
according to the stored computer program to thereby
generate the desired musical tone.
2. A sound source apparatus according to claim 1,
further comprising display means for displaying a functional
diagram which visually represents the various elementary
functions so that the editor means is manually operated to
treat the displayed functional diagram to thereby graphically
edit the specific algorithm by selecting or nonselecting each.
elementary function.

3. A sound source apparatus according to claim 1,

REPLACEMENT SHEET




I nventive nusical sound generating nethod as described in conjunction with

dara and or SONHAMHMHINARE commni cac i on netaork 155 ™ A 1

described in the fdérefoi fg,*according to the present invention, it is

possi ble to provide a programuabl e sougd

85 source having a voice editor by which users can enjoy freedom of
setting a desiyred tone generation algofithmin order to ynt hesi ze vari ous
tones with |ivherginhbheegitor saoansdnc PReaRedos pueselect Mg gt ogr ans.

arranging the various elementary functions to create a generic
algorithm which is then edited to the specific algorithm by
selecting or nonselecting each elementary function.
4. A sound source apparatus according to claim 1,
wherein the assembler means comprises means for collecting
an effective elementary program which effectuates each
selected elementary function and for collecting an ineffective
elementary program which ineffectuates each nonselected
elementary function so as to assemble the collected ones of
the effective and ineffective elementary programs into a
complete form of the computer program.
S. A sound source apparatus according to claim 4,
further including secondary memory means provisionally
storing a pair of the effective elementary program and the
ineffective elementary program in the form of a microprogram
for each elementary function.
6. A sound source apparatus comprising:

display means for displaying a block diagram containing
various functional blocks which represent corresponding
elementary functions selectively usable for synthesis of a
desired musical tone;

secondary memory means provisionally storing a pair of

an effective elementary program and an ineffective elementary

REPLACEMENT SHEET




86 What is clainmed is: 1. A sound source appar atus—eonprising:

editor neans for editing a specific algorithmwhich defi

' tic
procedure for conputerized synthesis of a desired ws\m“ﬁm “M\‘!A cting
e :

or nonsel ecting each of various elementary functions

ngemeral ly

usabl e for conmputerized synthesis of any nusical tones such that the
defined arithnetic procedure is conposgg of the selected ones of the
various elenmentary functions; . a nbl er ans faqr assenbling a
conputer pr ogmgr@@arfgfmﬁril ﬁgnﬁ:‘@lomis@&ct%au b ddiatt e $1em

menory means for storing the assenbl ed conputer program and

gener at or nealenfentasyeprogramt isedesigniedeto effectvadartheccording to the

stored conmputer programto thereby generate the desired

musi cal tone. 2.

A sound sour arapppontisg alenratitagyt tmmitaom whileuthééneffeofiviesi ng di spl ay
means for displaying a functional diagramwhich visually represents the

various el engflefiehtary program is designed to ineffectuate the

corresponding elementary function;

editor means for graphically treating the displayed block

diagram so that each functional block is selected

if the

corresponding elementary function is necessary for the

synthesis of the desired musical tone and is otherwise

nonselected if the corresponding elementary function is

unnecessary for the synthesis of the desired musical tone to

thereby edit an algorithm which defines an arithmetic

procedure for the synthesis of the desired musical tone;

assembler means for retrieving from the secondary

memory means an effective elementary program for each

selected functional block so as to enable the corresponding

elementary function and for retrieving an ineffective

elementary program for each nonselected functional block so

as to disable the corresponding elementary function to

thereby assemble the retrieved ones of the effective and

ineffective elementary programs into a complete program

according to the edited algorithm;

primary memory means for storing the complete

program; and

REPLACEMENT SHEET




functions so that the editor nmeans is manual |y operated-to-treat . the.
di spl ayed functional diagramto thereby graphically edit the SfieCi fic

al gorithm by sel ecting or nonsel ecting each el ement ammmmmllﬁ II IHIII A
sound source apparatus according to claim1,

87 wherein the editor nmeans includes ggans for pres%l ect iLng"ancsj af rangi ng
the various elenentary functions to create a generic algorithmwhich is
then edited to the specific algorithmby selecting or nonsel ecting each

el ementary functi genesator neans conseeted fépbhﬁa?mmfﬂdémm}‘t o claiml,
wherein the assenbl er neans conprises neans for collecting an effective

el enent ary prngsas fobi eteaitingt il editat hritdimetedproeedurary function and
for collecting an ineffective elenmentary program which ineffectuates each

nonsel ect ed glcRRALAE X theistored Torapleteapsegiim thieheobbpotateraites of the
effective.and ineffective elenmentary prograns into a conplete formof the

conputer progl esired SSeANgogeur ce apparatus according to claim4,
further including secondary nenory neans provisionally

7. A sound source apparatus according to claim 6,
wherein the secondary membry means Comprises means
storing the elementary program in the form of a
microprogram.
8. A sound source apparatus according to claim 6,
further comprising supﬁort means for preselecting the
elementary functions and arranging the preselected
elementary functions to form the block diagram as a
framework treated by the editor means.
9. A timbre creating apparatus for assembling
microprograms into a complete program which is loaded into
a digital signal processor to operate the same to generate a

musical tone having a desired timbre, the apparatus
comprising:

display means for displaying a block diagram containing
various functional blocks which represent corresponding
elementary functions selectively usable for creation of the
desired timbre;

memory means for storing a pair of effective and

ineffective microprograms for each functional block such that

-
Lne
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storing a pair of the effective elenmentary program

el ementary programin the formaof a m croprogram fgmﬁﬂ
function. 6. A sound source apparatus conprising.
di spl ayi ng a bl ock di agram cont ai ni ng various functiona
represent corresponding el ementary funggions sel ectivel

——

the i neffective

L

| bl dcks Wkl ch
y usable for

synthesis of a desired nusical tone; secondary nenory neans

provisionally_ storing a pair of an effective el enentary
i neffective dheneffeatiiye microprogram is (ies1gnea to e?{t

each functional block such that the effective el enmentar
desi gned to efireesponding elemendapyitinggieh snhileatlye in

i neffective elenentary programis designed to ineffectu

ectiate t

r'o?ram and an
€8 program for
programis
ectavewhi l e t he
ate the

cor r espondi ngnrpridthyn fisrddsigned to inefedtuateetine coorespanpding! | y

treating the displayed bl ock diagram so that each funct

ional block is

selected If (emeitargSRAKLISA; €l enentary function is necessary for the

editor means for graphically treating the displayed block

diagram so that each functional block is selected if the

corresponding elementary function contributes to the desired

timbre and is otherwise nonselected if the corresponding

elementary function does not contribute to the desired timbre

to thereby edit an algorithm which defines an ar

procedure for the creation of the desired timbre;

ithmetic

and

assembler means for retrieving from the memory means

an effective microprogram for each selected functional block

so as to enable the corresponding elementary function and for

retrieving from the memory means an ineffective

microprogram for each nonselected functional block so as to

disable the corresponding elementary function to thereby

assemble the retrieved ones of the effective and ineffective

microprograms into the complete program according to the

edited algorithm.

10. A timbre creating apparatus according to claim 9,

further comprising support means for preselecting the

elementary functions and arranging the preselected

elementary functions to form the block diagram

as a
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synthesis of the desired nusical tone and is otherw se nonselected if the
correspondi ng lon is unnecessary for the synthesis of the
desi red nusi cu“lmmmm" lmmny edit an al gorithm which defines an
arithnetic procetlure ffor sthe synthesis of the desired nmysteat—tone;

assenbl er neans for retrieving fromthegsecondary menory ﬁ§“§ﬁTélfAfs
el ementary program for each sel ected functional block so OR%%aEEB th

corresponding elenmentary function and for retrieving an ineffective
el ementary program for each nonsel ected functional block so as to dlsable

t he correspondi fignsdwosot@ared byahelitor fleaneby assenble the retrieved
ones of the effective and ineffective elenentary prograns into a conplete

program accor di hj. t oAt firethod lof gerlegating Anusical toné TONYpHEiNg thengaps f or
storing the conplete program and 89

generator neansofeonnected to the primary nenory

editing a specific algorithm which defines an arithmetic
procedure for computerized synthesis of a desired musical tone by
selecting or nonselecting each of various elementary functions
which are generally usable for computerized synthesis of any
musical tones such that the defined arithmetic procedure is
composed of the selected ones of the various elementary functions;

assembling a computer program corresponding to the edited
specific algorithm;

storing the assembled computer program; and

execﬁting the arithmetic procedure according to the stored
computer program to thereby generate the desired musical tone.
12. A method according to claim 11, further comprising
displaying a functional diagram which visually represents the
various elementary functions so that the displayed functional
diagram is manually treated by the step of editing to graphically
edit the specific algorithm by selecting or nonselecting each
elementary function.
13. A method according to claim 11, wherein the editing step
includes preselecting and arranging the various elementary
functions to create a generic algorithm which is then edited to the
specific algorithm by selecting or nonselecting each elementary

function.
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means for executing the edi\l\sgwithmtic procedure according to the

stored conpl ete uﬁmu y generate the desired nusical tone. 7.
A sound source z;m I hg to claim®6, wherein thg,gecn

menory means conpri ses means storing the elementary programig
a mcroprogram 8. A sound sourceoagpparatus accordi
further conprising support neans for preselecting the elenentary functions
and arrangi ng f he presel ecte el enentary functions to formthe bl ock

di agr am as ag14+-r amav\gr mcttﬁwf@&f:@ygf% teacleam ddarehergn the o i nbre
creating apparatus for assenbling mcroprograns into a conplete program
whi ch is | cadmseimbling step comprises collecting an effective elementary

dar y--

program which effectuates each selected elementary function
and for collecting an ineffective elementary program which
ineffectuates each nonselected elementary function so as to
assemble the collected ones of the effective and ineffective
elementary programs into a complete form of the computer
program. |
15. A method according to claim 14, further including
provisionally storing a pair of the effective elementary
program and the ineffective elementary program in the form
of a microprogram for each elementary function.
16. A method of generating a musical tone comprising
the steps of:
displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
"""" selectively usable for synthesis of a desired musical tone;
provisionally storing a pair of an effective elementary
program and an ineffective elementary program for each
functional block in a secondary memory such that the
effective elementary program is designed to effectuate the
corresponding elementary function while the ineffective
elementary program is designed to ineffectuate the

corresponding elementary function;
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a digital si | _processor to operate the same to generate a nusical tone
haV| ng a des??ﬁfl\nﬁ\*ﬂﬂre—a-ppar atus conpri sing: di spl ay nmeans for
di splaying a b mﬂ E containing various functional blocks wh

repr esent corr tary functions sel ecti GIASOBEEN
creation of the desi nory nmeans fdr stoggﬂgxc&:qoalr Qf
effective and |neffect|ve mcroprograms for each funciefrar—btOCK such
t hat 90 the effective mcroprogramis
designed to effectuate the corresponding el ementary function while the

ineffective graphically treating the displayed block diagram so that each

functional block is selected if the corresponding elementary
function is necessary for the synthesis of the desired musical tone
and is otherwise nonselected if the corresponding elementary
function is unnecessary for the synthesis of the desired musical
tone to thereby edit an algorithm which defines an arithmetic
procedure for the synthesis of the desired musical tone;

retrieving from the secondary memory an effective
elementary program for each selected functional block so as to
enable the corresponding elementary function and retrieving an
ineffective elementary program for each nonselected functional
block so as to disable the corresponding elementary function to
thereby assemble the retrieved ones of the effective and ineffective
elementary programs into a complete program according to the
edited algorithm;

storing. the complete program in a primary memory; and
executing the edited arithmetic procedure according to the complete
program stored in the primary memory to thereby generate the
desired musical tone.
17. A method according to claim 16, wherein the step of
provisionally storing comprises storing the elementary program in
the form of a microprogram.

18. A method according to claim 16, further comprising

s
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m croprogr ' ' d to ineffectuate the correspondi ng el enentary
“function; a”umH ﬂn for graphically treating 18/stRERYRE RHEDC
diagramso t c M nal block is selected if tihe cogpgmsyoendi ng

el ementary function contributes to the desired tinbre and~TS"0OTher W Se
nonsel ected if the corresponding el enmertgary function does not contribute to
the desired tinbre to thereby edit an al gorithmwhich defines an
arithnmetic procedyre.for the creation of the desired tinbre; and

assenbl er nedMeselacting the, elamentary fanebians andaasrangiag thei ve

m croprogram for each selected functional block so as te_enable the

cor r espondi npxsselantedr ¢lementaryn fandtions teformythg ook disgraemory neans
an ineffective mcroprogramfor each nonsel ected functional block so as to
di sabl e the c¥ acrpmnewogkeprsrntedt forf thetédiving of idrechlp@dslenbl e the
retrieved ones of the effective and ineffective mcroprograns into the
conpl ete progrgim accar didthdd dfiussedhbEd gahieropFsprakis into/ ti nbre
creating apparatus according to claim9, “further conprising support means

for presel eCtédiﬁp‘l@t‘.’e ?ESWE%EFCH%ICL&' ANt S ag@itag s’iéﬁ’apr esel ect ed

el ementary functrons | agram as
processor to operate the same to generate a musical tone

having a desired timbre, the method comprising:

displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable for creation of the desired timbre;

storing a pair of effective and ineffective microprograms
for each functional block in a memory such that the effective
microprogram is designed to effectuate the corresponding
elementary function while the ineffective microprogram is
designed to ineffectuate the corresponding elementary
function;

graphically treating the displayed block diagram so that
each functional block is selected if the corresponding
elementary function contributes to the desired timbre and is
otherwise nonselected if the corrésponding elementary
function does not contribute to the desired timbre to thereby
edit an algorithm which defines an arithmetic procedure for
the creation of the desired timbre; and

retrieving from the memory an effective microprogram
I

This Sheet Has Been Replaced REPLADEMENT SHEET

L T

[T ——




91 framework—t+eated-by the editor nmeans. 11. A nethod of generating a
frusi cal to rising the steps of: editing a specific algorithm
whi ch defiEﬂﬂmm Hwﬂu, procedure for conputerized synthesis of _a
desired nu i A ecting or nonsel ecting each of var Tl

el ementary functions which are general lgg, usabl e for -.u

of any nusical tones such that the defi'ned arithnetil} prod@&gire

of the selected ones of the various elenentary funct Fors; assenbl i ng

a conputer program corresponding to the edited specific algorithm _
storing the assfordah ssleseticfunetionahblockiso as to ermbde tié coridzpoadingmet i c

procedure according to the stored conputer programto thereby generate the

desired nusi calelenfentad?furetion and repdevigignfyrotro tlid meméty ahtineffective
conprising displaying a functional diagramwhich visually represents the

various el ementmigroprogtamrforeachhesnselected fahesiodal block smak tdi agram i s
manual |y treated by the step of editing to graphically edit the specific
al gorithm by sealieablentheocorrespandingielgmentiryefimutivmty tHerebyiassemble A
met hod according to claim1ll, wherein the editing step includes

presel ecting artieaetdeved orekofitheieftecteveandtineffective microprograms

into the complete program according to the edited algorithm.
20. A method according to claim 19, further comprising
preselecting the elementary functions and arranging the preselected
elementary functions to form the block diagram as a framework
prepared for the editing of the algorithm.
21. A machine readable media containing instructions for
causing a sound source apparatus to perform a method of
generating a musical tone, the method comprising the steps of:
editing a specific algorithm which defines an arithmetic
procedure for computerized synthesis of a desired musical tone by
selecting or nonselecting each of various elementary functions
which are generally usable for computerized synthesis of any
musical tones such that the defined arithmetic procedure is
composed of the selected ones of the various elementary functions;
assembling a computer program corresponding to the edited
specific algorithm;
storing the assembled computer program; and
executing the arithmetic procedure according to the stored

computer program to thereby generate the desired
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functions To treate—a-generic algorithmwhich is then edited to the

specific al ' by sel ecting or nonsel ecting each elenentary function.
92 14. E@ mz HRLHJ" g to claim11l, wherein the assenbling step
conprises ¢ ! ctive el ementary program whi

S
selected el enentary func

CIHIS 'SHRE j h

ti 6n and for coggecting an inefiectivgpgi‘i%ﬂ M
program whi ch i neffectuates each nonsel ected el enentary 1 Q)
assenbl e the collected ones of the effective and ineffective elenentary
prograns into a conplete formof the conmputer program 15, A met hod
according to cl musiddl tonert her including provisionally storing a pair of
the effective elenentary programand the ineffective elenentary programin
the formof a nR2r opAogiavhihe resdatleanedinacoording ¢ ictaim 24, wherdifet hod of
generating a nusical tone conprising the steps of: di spl ayi ng a bl ock
di agr am cont ai niegmethod farthescionepeikes displaying a functional diagram

which visually represents the various elementary functions so that
the displayed functional diagram is manually treated by the step of
editing to graphically edit the specific algorithm by selecting or
nonselecting each elementary function.

23. A machine readable media according to claim 21, wherein
the editing step includes preselecting and arranging the various
elementary functions to create a generic algorithm which is then
edited to the specific algorithm by selecting or nonselecting each
elementary function.

24. A machine readable media according to claim 21, wherein
the assembling step comprises collecting an effective elementary
program which effectuates each selected elementary function and
for collecting an ineffective elementary program which
ineffectuates each nonselected elementary function so as to
assemble the collected ones of the effective and ineffective
elementary programs into a complete form of the computer
program.

25. A machine readable madia according to claim 24, wherein
the method further includes provisionally storing a pair of the
effective elementary program and the ineffective elementary

program in the form of a microprogram for each
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bl ocks mhLED/LgpLeseﬂr’ESFFg;pond|ng el enentary functions selectlvely
usable fo syntheS|s I red nusi cal tone; pro

a pair of a tary program and an ineffecfi .
M 1 tﬂmAé

pr ogram for orsal *bl ock in a secondary nenory &4 _
effective el er'renfary programis designeg;to effectuate the corresSpond
el ementary function while the ineffective elenentary programis designed to
i neffectuate the corresponding el enmentary function;
93 graphically treating the displayed block diagramso that each
functional bl ocklémentargduadtion. t he corresponding el ementary function is
necessary for the synthesis of the desired nusical tone and is otherw se
nonsel ected if 26e cdk maghindiregdablermedia gontaimingoimstructionsdessary for the
synthesis of the desired nusical tone to thereby edit an al gorithm which
defines an arit ﬁa’ésllng Ppsound source apparatyy to pesfornvfa misthatbefr ed nusi cal
t one; retrieving fromthe secondary nenory an_ effective

generating a musical tone, the method comprising the steps of:

displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable for synthesis of a desired musical tone;

provisionally storing a pair of an effective elementary
program and an ineffective elementary program for each functional
block in a secondary memory such that the effective elementary
program is designed to effectuate the corresponding elementary
function while the ineffective elementary program is designed to
ineffectuate the corresponding elementary function;

graphically treating the displayed block diagram so that each
functional block is selected if the corresponding elementary
function is necessary for the synthesis of the desired musical tone
and is otherwise nonselected if the corresponding elementary
function is unnecessary for the synthesis of the desired musical
tone to thereby edit an algorithm which defines an arithmetic
procedure for the synthesis of the desired musical tone;

retrieving from the secondary memory an effective

elementary program for each selected functional block so as to

DO ASTaR <
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el ementary programfor each selected functional block so as to enable the
corresponding el enentary function and retrieving an ineffective el enentary
program f d functional block so as to disable the
corres‘pon [“mmmm ﬂmﬁmﬁnction to thereby assenble the retrieved ones of
he effecti*vecand imeffective el enentarygprograns into su‘ ogram
accordl ng to the edited al gorithm storing the corﬁ e Eﬂ‘rWaemnr a

primary nmenory; and executing the edited arithmetic preﬂmﬁ%@tho
the conplete programstored in the primary nenory to thereby generate e
desired nusi cal ehabie.tht corfespundidg atemedtary fumction and Petridvdhgish t he step

of provisionally storing conprises storing the elementary programin the

formof a m crojmeffgative éRmentary podgream dodieaghtiomsebécted Funétiohiker
conpri sing 94 preselecting the

el ementary funcblovkss@as tardisatgethe idotresponeing ebemeheirynfumclionuect i ons to

formthe block diagram as a franework prepared for the editing of the
al gorithm thereby assemble the retrieved ones of the effective and ineffective

elementary programs into a complete program according to the
edited algorithm,;

storing the complete program in a primary memory; and

executing the edited arithmetic procedure according to the
complete program stored in the primary memory to thereby
generate the desired musical tone.
27. A machine readable media according to claim 26, wherein
the step of provisionally storing comprises storing the elementary
program in the form of a microprogram.
28. A machine readable media according to claim 26, wherein
the method further comprises preselecting the elementary functions
and arranging the preselected elementary functions to form the
block diagram as a framework prepared for the editing of the
algorithm.
29. A machine readable media containing instructions for
causing a timbre creating apparatus to perform a method of
assembling microprograms into a complete program which is
loaded into a digital signal processor to operate the same to
generate a musical tone having a desired timbre, the method
comprising:

displaying a block’diagram containing various functional
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19. A et hod of ' m croprograns into a conpl ete program which
I's | oaded inH ‘ﬂ ﬂ]il umal' processor to operate the sane to generate a
nmusi cal tone W timbre, the method conpri si Agy _

di spl aying a bl ock di agram contai ni ng various functional
represent correspondi ng el enentary fungbi ons selectively y
creation of the desired tinbre; storing a pair of effective~dne
i neffective m croprograns for each functional block in a nmenory suc
the ef f ecti vlocksowhach aepiresents coreespondinigeelamentate functimasondi ng
el ementary function while the ineffective mcroprogramis designed to
i nef f ect uat e sehectivelyespabie figr ereatioraof thendesioed timbregr aphical |y

treating the displayed bl ock diagram so that each functional block is

selected if the cgtéHaROADAN @If@ﬁ’@ﬂti%Yaﬁdri&#éfﬁ%tﬁ@&ﬁic%b@égi@n@e

desired tinbre and is otherw se nonselected if the corresponding el enmentary

funct i on_ doegoRala O LA IdcRein S hidiflot I tRat NEILBREGBEVe o1

al gorithm whic nes an arithmetic proce or the cCreation of the

desired ti nbrrﬁ'icf?)rfﬂogram ri?c[és‘?éh@& {d Qfctgal® @B@yc&f}egf)gﬁ?itililée

m croprogram

elementary function while the ineffective microprogram is
designed to ineffectuate the corresponding elementary
function;

graphically treating the displayed block diagram so that
each functional block is selected if the corresponding
elementary function contributes to the desired timbre and is
otherwise nonselected if the corresponding elementary
function does not contribute to the desired timbre to thereby
edit an algorithm which defines an arithmetic procedure for
the creation of the desired timbre; and |

retrieving from the memory an effective microprogram
for each selected functional block so as to enable the
corresponding elementary function and retrieving from the
memory an ineffective microprogram for each nonselected
functional block so as to disable the corresponding
elementary function to thereby assemble the retrieved ones of
the effective and ineffective microprograms into the complete
program according to the edited algorithm.

30. A machine readable media according to claim 29,

—
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_ for ea ional block so as to enable the correspondi ng
eI enent ary mmm Em M E'II eving fromthe nmenory an i neffective
m croprogra ected functional block so as tg.d
correspondi ng el ementary function to thereby assenbl e the
the effective and ineffective mcropragrgans into the conpl &
according to the edited algorithm 20. A nethod accordlng to cIa|n119
further conpr|3|ng presele tin e elenmentary funcfions and arrangi ng the
presel ected &7IeeRel é %Slrﬁ ef somprsesIpEselictinghbes a framework
prepared for the edltln of the algorithm 21. A machine readable nedia
containing i @bam@@ttaoyi uhetions sine asrangmy $harpresebpztedt us to perform a
met hod of generating a nusical tone, the method conprising the steps of:
editing a spebérhentatydunictionditoHoded ithesbhcladiagrein aspr ocedure for
conput eri zed synthesis of a desired nusical tone by selecting or
nonsel ect | ngfmlévﬂfrk/p&'epuﬁe&|f©FEHHeaé&hﬁiﬂ§Céf @Hé‘ aflfﬁbﬁmﬁhe general |y
usabl e for conputerized synthesis of any nusical es such that the
defined arithnetic procedure is conposed of the selected ones of the

various elenentary functions; - assenbling a conputer program
corresponding to the edited specific algorithm storing the assenbl ed
conput er program and executing the arithnmetic procedure according to

t he stored

\
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computer programto thereby generate the desiré&tf

96 musi cal ton : “mmlmlueadabl e nedia according to claim 21,

wherein the mnet hj“‘ 4“ e‘ Mtes displaying a functional diagram which

visual |y represents tcelvafiofis el enentary functions so that the displayed

functional diagramis manually treat edgliy the step of editing to

graphically edit the specific algorithmby selecting or nonsel ecting each

el enentary function. 23. A nmachi ne readabl e nmedia according to claim 21,
wherein the editing step includes preselecting and arranging the various

el enentary fungqiiRHdrk ¥esRUDY e BAitof rAEAY.| thm which is then edited to
the specific algorithm by selecting or nonsel ecting each el enentary

function. 24. Allr.racwiﬁeﬂﬁﬁi@pgeneﬁiirﬁg aafigsiehD forieOcOMPrising thulkesy n the

assenbling step conprises collécting an effective el enentary program which
ef fectuates eagyf :sel ected el enentary function and for collecting an
I neffective el enentary program which :

editing a specific algorithm which defines an arithmetic
prdcedure for computerized synthesis of a desired musical tone by
selecting or nonselecting each of various elementary functions
which are generally usable for computerized synthesis of any
musical tones such that the defined arithmetic procedure is
composed of the selected ones of the various elementary functions;

assembling a computer program corresponding to the edited
specific algorithm;

sioring the assembled computer program; and

executing the arithmetic procedure according to the stored
computer program to thereby generate the desired musical tone.
12. A method according to claim 11, further comprising
displaying a functional diagram which visually represents the
various elementary functions so that the displayed functional
diagram is manually treated by the step of editing to graphically
edit the specific algorithm by selecting or nonselecting each
elementary function.
13. A method according to claim 11, wherein the editing step
includes preselecting and arranging the various elementary
functions to create a generic algorithm which is then edited to the
specific algorithm by selecting or nonselecting each elementary

function.
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5. ¥,
i nef fectuat es each nonsel ected el enentary function so as to assenble the
coll ected ones of the effective and ineffective e into a
conplete formof the computer program 25. A mach ﬂmmmﬁﬂﬁmmﬁ
according to claim 24, wherein the method further k udes pravi st onal ly
storing a pair of the effective elenenwa@y programand the ineffective
el ementary programin the formof a m croprogramfor each _
el enentary f tion. ,26. A machi ne . teadabl g.nedi.a contai ni i nstructions
for causing gln‘gound éom%fél‘ﬁmdsng OpSfQFHFﬂﬂla ‘Fﬁgﬁﬁ%@ Bﬁ generating a
nmusi cal tone, the method conprising the steps of: . displaying a bl ock
di agr am cont @ssengplingisiep comprisesiicoblesting ami effectiyecelemenrtaniespondi ng
el ementary functions selectively usable for synthesis of a desired nusical
t one; programnmehich sffectngtes maich séleatedfdlemtentary! owotiany program
and an ineffective elenentary program for each functi onal

and for collecting an ineffective elementary program which

ineffectuates each nonselected elementary function so as to
assemble the collected ones of the effective and ineffective
elementary programs into a complete form of the computer
program. |
15. A method according to claim 14, further including
provisionally storing a pair of the effective elementary
program and the ineffective elementary program in the form
of a microprogram for each elementary function.
16. A method of generating a musical tone comprising
the steps of:

displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable fof synthesis of a desired musical tone;

provisionally storing a pair of an effective elementary
program and an ineffective elementary program for each
functional block in a secondary memory such that the
effective elementary program is designed to effectuate the
corresponding elementary function while the ineffective

elementary program is designed to ineffectuate the

corresponding elementary function; REPLACEMENT SHEET
| 2 0 FER 2002




bl ock in a secmmt the effective elenentary programis
designed to effect ondi ng el enentary functi

i neffective ele uiﬁ“\ “Bm ﬁj‘“mrdem gned to ineffectuat
correspondi ng eI _ Yo W oV> ;
bl ock di agram so that each functional kjpck is selected i thgg }:g %@2
correspondi ng el ementary function is necessary for the syjthe o]
desired nusical tone and is otherw se nonselected if the ¢orksees :
el ementary function is unnecessary for the synthesis of tlhe deS| red ITUSI cal {

tone to therebygephicaly dteating the displdyedebiovksdiagram $dv dedt-echr-ocedtre—for—

the synthesis of the desired nusical tone; retrieving fromthe
secondary nenorfuncticsfal dlock és sé¢leciod ﬁfrmemdmesporichng ademesedsct ed
functional block so as to 98 enabl e

t he correspondi fupcticanismecessamynfor the esisrofethendesired naisiealt tore

el ementary program for each nonsel ected functional block so as to disable

the correspondiangd s etherwdsy nomselected ifotheheorrbspasdiagtdlenidigaryet ri eved
ones of the ef ffeuciltcltl\é); 1asn1fm|1er::%fs;aercyt tl'o\;'ethe synthesis of the desired musical
tone to thereby edit an algorithm which defines an arithmetic
procedure for the synthesis of the desired musical tone;
retrieving from the secondary memory an effective
elementary program for each selected functional block so as to
enable the corresponding elementary function and retrieving an
ineffective elementary program for each nonselected functional
block so as to disable the corresponding elementary function to
thereby assemble the retrieved ones of the effective and i_neffective
elementary programs into a complete program according to the
edited algorithm;
storing the complete program in a primary memory; and
executing the edited arithmetic procedure according to the complete
program stored in the primary memory to thereby generate the
desired musical tone. )
17. A method according to claim 16, wherein the step of
provisionally storing comprises storing the elementary program in
the form of a microprogram.

18. A method according to claim 16, further comprising



. i z' . . - .
el ementary progranms into a conplete program according to the edited———

al gorithm- storing the conplete programin a pri X
executing the edited arithnmetic procedure according tomallmmuﬂa Bﬁram
stored in the primary nmenory to thereby generate the desire e.
27. A machi ne readabl e nedi a accordi ngogo cl ai m 26, wherein the step of

provisionally storing conprises storing the elenentary programin the form
of a mcropraogra 8. machi ne readahl e medi a_accordi ng to, cl ai m 26,
wherein the r&%gkq%mgﬁé’re 8&%@9@%@' HBRSEonS ?‘Pra @F@%&&eﬁ}ﬂﬁry functi ons
and arrangi ngche rgael cted el egentary functions ﬁﬂfoimthe bl ock

t
di agram as a %<8 entary fpnehensdta fomothefdogkgdiagiam 29. A
machi ne readabl e media containing instructions for causing a tinbre

creating app@sasusameworkprapaned ferithe edising of thenalgamthorans into a
conplete programwhich is loaded into a digital signal processor to operate
the same to déher at eAanmeidiodhloftassentlolinggmicrigstogarhiinte, at he met hod
conpri si ng: di spl aying a bl ock diagram contal ni ng various functional
complete program which is loaded into a digital signal
processor to operate the same to generate a musical tone
having a desired timbre, the method comprising:
displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable for creation of the desired timbre;
storing a pair of effective and ineffective microprograms
for each functional block in a memory such that the effective
microprogram is designed to effectuate the corresponding
elementary function while the ineffective microprogram is
designed to ineffectuate the corresponding elementary
function;
graphically treating the displayed block diagram so that
each functional block is selected if the corresponding
elementary function contributes to the desired timbre and is
otherwise nonselected if the corresponding elementary
function does not contribute to the desired timbre to thereby
edit an algorithm which defines an arithmetic procedure for

the creation of the desired timbre; and

retrieving from the memory an effective microprogram
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99 bl ocks which represent correspondi ng el enentary functions _
sel ectively usa f the desired tinbre; storing a
pair of effecti amu'ﬂm,lmﬂ“ﬁwg M croprograns for each functional
bl ock in a menory sdchtt htt ¢ he ef fective m croprogramis designed to
effectuate the correspondi ng el ementggy function while the ineffective
m croprogramis designed to ineffectuate the corresponding el ementary
function; graphically treating the displayed bl ock diagram so that
each functional block is selected if the corresponding el enentary

function contrifortesch selebedifimotishal ibloele sarud foSenabletthe 'ctirsss gﬁtigﬁﬁ%eﬁ ed

i f the corresponding el enentary function does not contri but

desired tinbre ¢lemémaspfunctiordind mwirievingy fidymthé Ixﬁbmdﬁy ditfneffective hneti c
procedure for the creation of the desired tinbre; and

retrieving fronmitwopregeam for &dhenonse&le@nedrﬁmmmhblock ferasqach sel ected
functional block so as to enable the correspondi ng el enentary function

and retrieving disable the corresponding elementary function to thereby assemble

the retrieved ones of the effective and ineffective microprograms
into the complete program according to the edited algorithm.
20. A method according to claim 19, further comprising
preselecting the elementary functions and arranging the preselected
elementary functions to form the block diagram as a framework
prepared for the editing of the algorithm.
21. A machine readable media containing instructions for
causing a sound source apparatus to perform a method of
generating a musical tone, the method comprising the steps of:
editing a specific algorithm which defines an arithmetic
procedure for computerized synthesis of a desired musical tone by
s.electin'g or nonselecting each of various elementary functions
which are generally usable for computerized synthesis of any
musical tones such that the defined arithmetic procedure is
composed of the selected ones of the various elementary functions;
assembling a computer program corresponding to the edited
specific algorithm;
storing the assembled computer program; and
executing the arithmetic procedure according to the stored

computer program to thereby generate the desired
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rrermryi an ineffective mcroprogramfor each nonsel ect ed functi onal bl ock
so as to disable the correspondi ng el ement ar y—funetionm to t her eby

assenbl e the retrieved ones of the effective and_j '
m croprograns into the conplete pr ogram accord”&‘i \fﬂ“@“\m
al gorithm 30. A machi ne readabl e megli a accor di 'vn 29, *

100 wherein the method further conprises preselecting the elenentary
functions and arranging the preselected elenentary functions to formthe

bl ock diagramas a framework prepared for the editing of the algorithm
musical tone. '

22. A machine readable media according to claim 21, wherein
the method further comprises displaying a functional diagram
which visually represents the various elementary functions so that
the displayed functional diagram is manually treated by the step of
editing to graphically edit the specific algorithm by selecting or

~ nonselecting each elementary function.
23. A machine readable media according to claim 21, wherein
the editing step includes preselecting and arranging the various
elementary functions to create a generic aigorithm which is then
edited to the specific algorithm by selecting or nonselecting each
elementary function.
24. A machine readable media according to claim 21, wherein
the assembling step comprises collecting an effective elementary
program which effectuates each selected elementary function and
for collecting an ineffective elementary program which
ineffectuates each nonselected elementary function so as to
assemble the collected ones of the effective and ineffective
elementary programs into a complete form of the computer
program.
25. A machine readable madia according to claim 24, wherein
the method further includes provisionally storing a pair of the
effective elementary program and the ineffective elementary

program in the form of a microprogram for each
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elementary function.
26. A machine readable media containing instructions for
causing a sound source apparatus to perform a method of
generating a musical tone, the method comprising the steps of:
displaying a block diagram containing various functional
blocks which represent corresponding elementary functions
selectively usable for synthesis of a desired musical tone;
provisionally storing a pair of an effective elementary
program and an ineffective elementary program for each functional
block in a secondary memory such that the effective elementary
program is designed to effectuate the corresponding elementary
function while the ineffective elementary program is designed to
ineffectuate the corresponding elementary function;
graphically treating the displayed block diagram so that each
functional block is selected if the corresponding elementary
function is necessary for the synthesis of the desired musical tone
and is otherwise nonselected if the corresponding elementary
function is unnecessary for the synthesis of the desired musical
tone to thereby edit an algorithm which defines an arithmetic
procedure for the synthesis of the desired musical tone;
retrieving from the secondary memory an effective

elementary program for each selected functional block so as to
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enable the corresponding elementary function and retrieving an
ineffective elementary program for each nonselected functional
block so as to disable the corresponding elementary function to
thereby assemble the retrieved ones of the effective and ineffective
elementary programs into a complete program according to the
edited algorithm,;

storing the complete program in a primary memory; and

executing the edited arithmetic procedure according to the
complete program stored in the primary memory to thereby
generate the desired musical tone.
27. A machine readable media according to claim 26, wherein
the step of provisionally storing comprises storing the elementary
program in the form of a microprogram.
28. A machine readable media according to claim 26, wherein
the method further comprises preselecting the elementary functions
and arranging the preselected elementary functions to form the
block diagram as a framework prepared for the editing of the
algorithm.
29. A machine readable media containing instructions for
causing a timbre creating apparatus to perform a method of
assembling microprograms into a complete program which is
loaded into a digital signal processor to operate the same to
generate a musical tone having a desired timbre, the method

comprising:

displaying a block diagram containing various fungtional
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blocks which represent corresponding elementary functions.
selectively usable for creation of the desired timbre;

storing a pair of effective and ineffective microprograrhs
for each functional block in a memory such that the effective
microprogram is designed to effectuate the corresponding
elementary function while the ineffective microprogram is
designed to ineffectuate the corresponding elementary
function;

| graphically treating the displayed block diagram so that

each functional block is selected if the corresponding |
elementary function contributes to the desired timbre and is
otherwise nonselected if the corresponding elementary
function does not contribute to the desired timbre to thereby
edit an algorithm which defines an arithmetic procedure for
the creation of the desired timbre; and

retrieving from the memory an effective microprogram
for each selected functional block so as to enable the
corresponding elementary function and rétrieving from the
memory an ineffective microprogram for each nonselected
functional block so as to disable the corresponding
elementary function to thereby assemble the retrieved ones of
the effective and ineffective microprograms into the complete
program according to the edited algorithm.

30. A machine readable media according to claim 29,
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wherein the method further comprises preselecting the
elementary functions and arranging the preselected
elementary functions to form the block diagram as a

framework prepared for the editing of the algorithm.
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