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TITLE OF THE INVENTION 

MUSIC SYSTEM AND 

ELECTRONIC MUSICAL INSTRUMENT 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This· invention relates to a music system and an 

electronic musical instrument which reproduce automatic 

performance data such as MIDI (Musical Instrument 

Digital Interface) data. 

10 Prior Art 

Conventionally, a computer music system, which 

is sometimes generically called an electronic musical . 
instrum~nt, is.known, which reads out automatic 

performance data such as MIDI data stored in a floppy 

15 disk or a hard·dis~, and synthesizes musical tones 

according to the automatic performance data, by the use 

of an FM (frequency modulation) tone generator or a WT 

(wave table) tone generator, to thereby produce musical 
sounds. 

20 Fig. 1 shows the arrangement of an example of 

the conventional computer music system. In the figure, 
the computer music system is comprised of an ordinary 

host computer 1 as a main system, and a sound board 10 

as a subsystem connected to the main system via a 

25 predetermined interface. The host computer 1 has a 
construction similar to that of an ordinary personal 
computer, i.e. it is comprised of a CPU 2, a program 
memory 3, a ROM and a RAM 4, a keyboard and a mouse 5, 
a CRT 6, a hard disk 7, a floppy disk 8, and an MIDI 

30 interface 9. 
The CPU 2 reads out performance data such as 
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MIDI data from the hard disk 7 or the floppy disk 8, 
which are provided as external memory devices, and 
transmits the performance data to the sound board 10 
according to a program (program for automatic 
performance processing)~ stored in the program memory 3. 

The ROM and RAM 4 store a program for starting the host 
computer 1, and various kinds of data used and/or 
obtained during execution of programs by the CPU 2. 
Further, the host computer 1 can carry out preparat·ion 

10 and edition of performance data by using the keyboard 
and mouse 5 and the CRT 6. Besides, the MIDI interface 
9 takes in MIDI data from an external device, and sends 
out MIDI data to an external device. 

On the other hand, the sound board 10 is 
15 comprised of a CPU 11, a program memory 12, a 

communication interface 13, a tone generator LSI 14, 
and a D/A converter 15. The CPU 11 receives MIDI data 
from the host computer 1 via the communication 
interface 13, generates musical tone data, based on the 

20 MIDI data by the use of the tone generator LSI 14, and 
converts the musical tone data .to analog signals, to 
thereby generate musical tones by a loudspeaker, not 
shown, according to a program {program for automatic 
performance processing) stored in the program memory 

25 12. 
Fig. 2 shows the arrangement of another example 

of the conventional computer music system. In the 
figure, component parts corresponding to those in Fig. 
1 are designated by identical numerals, and description 

30 thereof is omitted. The·· computer music system of Fig. 
2 is comprised of an ordinary personal computer 20, and 
distinguished from the example of Fig. 1 in that the 
personal computer 20 includes a wave table 21 which· 
stores waveform data indicative of waveforms of musical 

35 tones, and a D/A converter 15. The system of Fig. ~ ·\· 
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synthesizes and generates musical tones by itself. The 

CPU 2 reads out performance data such as MIDI data from 

a hard disk 7 or a floppy disk 8, as external memory 

devices, then reads out waveform data from the wave 
table 21, based on the performance data, and converts 

the waveform data to analog signals, to thereby 

generate musical tones by a loudspeaker, not shown, 

according to a musical tone-synthesizing program stored 

in the program memory 3. In this example, the CPU 2 is 

10 capable of carrying out parallel processing, i.e. it. 

can carry out other processings as well as synthesizing 

and generating musical tones. 

Fig. 3 shows a program for synthesizing musical 

tones, which is.executed by the above described 

15 computer music system of Fig. 2. At a step Sl, 

performance data such as MIDI data are read out from 

the hard disk 7 or the floppy disk 8 and interpreted by 

the CPU 2. Then, at a step S2, it is determined 

whether or not the MIDI data indicates an ON-state or 

20 an OFF-state of any of keys on the keyboard. If the 

MIDI data does not indicate an ON-state or an OFF-state 

of a key, the answer is negative (NO), and then the 

program proceeds to a step, not shown, for executing 

processing corresponding to the data, description of 

25 which is omitted, since the processing is not related 

to the present invention. 

On the other hand, if the MIDI data is key-ON 

data or key-OFF data, the answer to the question of the 

step S2 is affirmative (YES), and then the program 

30 . proceeds to a step S3. At the step SJ, a key code of 

the MIDI data is assigned to a tone-generatin~ channel 

for generating a musical tone. In a computer music 

system of this kind, generally, a plurality of channels 

are provided, and therefore a plurality of musical 

35 tones can be simultaneously generated. Following the 
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assignment of the channel, the program proceeds to a 

step S4, wherein an envelope of the musical tone is 
formed based on velocity data (velocity of key 

depression or key release) of ·the MIDI data. Then, at 

a step S5, an address in the wave table 21 is 

determined, which determines which waveform data should 

be read out, based on the key code of the MIDI data. 
Then, at a step S6, the wave table 21 is 

accessed based on the above determined address, to read 

out corresponding waveform data. At a step S7, the 

waveform data is multiplied by the envelope formed ·at 

the step S4 to prepare final waveform data (musical 

tone data), which in turn is delivered to the D/A 

converter 15. The final waveform data is then 

converted to an analog signal by the DIA converter 15, 

followed by generating a musical tone by the 

loudspeaker. Then, the program proceeds to a step S8, 

wherein it is determined whether or not the automatic 

performance is to be terminated. If it is not to be 

terminated, the answer is negative (NO), and then the 

program returns to the step Sl. On the other hand, if 

the automatic performance is to be terminated, the 

answer to the question of the step SB is affir~tive 
(YES), and then the automatic performance processing is 

terminated. In Fig. 3, the process of synthesizing a 

musical tone is expresse? in a simplified (schematic) 

manner. However, the .procedure from the· step S4 to the 

step S7 for determining an instantaneous value of a 

musical tone waveform is .repeatedly executed every 

predetermined sampling period until sounding of the 

musical tone is completed. 

In the conventional computer music system of 

Fig. 1, ·which is comprised of the host computer 1 and 

the sound board 10, all the functions r~lating to 

synthesization of musical tones are performed by the 
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sound board 10~ Therefore, the capacity of 

synthesizing musical tones, such as the number of tone­
generating channels, is determined by the capacity of 

the sound board 10. For example, if performance data 
stored in the hard disk 7 or the floppy disk 8 or 

performance data such as MIDI data supplied from an 

external device, etc. are designed for use by a tone 

generator with a larger capacity than the capacity of 

the sound.board 10, the sound board 10 cannot fully 

10 process the performance data. Further, although in 
recent days a CPU which has an improved processing 

capacity (processing speed) has been used, the CPU is 

used only for controlling channels and preparing and 

editing performance data, resulting in insufficient 

15 utilization of the improved processing capacity. 

Further, in the conventional computer music 

system of Fig. 2, which is comprised of the ordinary 

personal computer 20 having the wave table 21, the 

synthesization of musical tones is entirely carried out 

20 by the use of software. Therefore, if, for example, 

the number of tone-generating channels is increased, an 

increased burden is imposed on the program, which 

adversely affects execution of the other processings 

which are executed in para1lel with the synthesization 

2~ by the CPU 2. Further, to avoid this inconvenience, 
merely a simple musical tone-synthesizing algorithm can 

be employed, resulting in degraded quality of sounds 

generated, compared with the quality of sounds 

generated by a system employing an exclusive sound 

30 board. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide a 
computer music system and _an electronic musical 
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instrument which afford easily improving the capacity 
of process·ing musical tones, such as increasing the 

number of tone-generating channels. 

To attain the object, the present invention 
provides a music system comprising a subsystem 

including a first musical tone-synthesizing device that 

synthesizes musical tones, based on performance data 

externally supplied thereto, and a mixing device that 

mixes together the musical tones synthesized by the 

10 first musical tone-synthesizing device and external 

musical tones externally generated and supplied 

thereto, and a main system including performance data­

processing device that controls performance data 

indicative of musical tones to be performed and 

15 transmits the performance data to the subsystem at 
predetermined timing, and a second·· musical tone­

synthesizing device that synthesizes musical tones, 

based on the performance data, when the first musical 

tone-synthesizing device is in a predetermined sta~e, 

20 wherein the main system transmits the musical tones 

synthesized by the second musical tone-synthesizing 

device to the s~bsystem, as the external musicai tones. 

Preferably, the second musical tone-synthesizing 

device synthesizes musical tones, based on the 

25 performance data, when the first musical ~one­

synthesizing device reaches a limit of processing 

capacity thereof. 

~o 

35 

Advantageously, the first musical tone­

synthesizing device synthesizes musical tones by 
hardware. 

Also advantageously, the first musical tone­

synthesizing device and the second musical tone­

synthesizing device operate in parallel to synthesize 

musical tones, based on the performance data. 
Preferably, the first musical tone-synthesizing 
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device and the second musical tone-synthesizing device 

synthesize musical tones having respective different 

characteristics. 

To attain .the same object, the present invention 

also provides an electronic music instrument comprising 

a p~rformance data-processing device that controls 

performance data indicative of musical tones to be 

performed and transmits the performance data at 

predetermined timing, a first musical tone-synthesizing 

10 device that synthesizes musical tones, based on the 

performance data, a second musical tone-synthesizing 

device that synthesizes musical tones, based on the 

performance data, when the first musical tone­

synthesizing device is in a predetermined state, a 

15 mixing device that mixes together the musical tones 
synthesized by the first musical tone-synthesizing 

device and the musical tones synthesized by the second 

musical tone-synthesizing device, and a sounding device 

that generates the musical tones mixed together by the 

20 mixing device. 

Preferably, the first musical tone-synthesizing 

device synthesizes musical tones by hardware, and the 

second musical tone-synthesizing.device synthesizes 

musical tones by software. 

25 The above and other o~jects, features, and 

30 

advantages of the invention will be more apparent from 

the following detailed description taken in conjunction 

with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram schematically showing 

the arrangement of a conventional computer music 

system;. 
Fig. 2 is a block diagram schematically showing 
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the arrangement of another conventional computer music 

system; 

Fig. 3 is a flowchart showing a program for 

synthesizing musical tones by the conventional computer 

music system in Fig. 2 ;' 

Fig. 4 is a bloc~ diagram schematically showing 

the·arrangement of a computer music system according to 

a first embodiment of the present invention; 

Fig. 5 is a view useful in explaining a manner 

10 of synthesizing musical tones according to the first 

embodiment; 

Fig. 6 is a flowchart showing a main routine for 

synthesizing musical tones, according to the first 

embodiment; 

1S Fig. 7 is a flowchart showing a subroutine for 

assigning key codes to tone-generating channels; 

Fig. 8 is a block diagram schematically showing 

the arrangement of a computer music system according to 

a second embodiment of the present invention; 

20 Fig. 9 is a view useful in explaining a manner 

of synthesizing musical tones according to the second 

embodiment; 

Fig~ 10 is a block diagram schematically showing 

the arrangement of an electronic musical instrument 

25 according to a third embodiment of the invention; 

Fig. 11 is a flowchart showing a main routine 

for synthesizing musical tones, according to the third 

embodiment; and 

Fig. 12 is a flowchart showing a subroutine for 

30 carrying out key-event processing. 

DETAILED DESCRIPTION 

The invention will now be described in detail 

with n~ ference to the drawings showing embodiments 
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thereof. 

Referring first to Fig. 4, there is 
schematically illustrated the whole arrangement of a 
computer music system according to a first embodiment 
of the invention. In Fig. 4, component parts 
corresponding to those in Figs. 1 and 2 are designated 
by identical numerals, and description thereof is 
omitted. The computer music system according to the 
first embodiment is comprised of a host computer 30, 

10 and a sound board 10 externally connected thereto. As 
shown in the figure, the host computer 30 is comprised 
of a wave table 21 which stores waveform data 
indicative of waveforms of musical tones, and a program 
memory 22 which stores programs including a musical 

15 tone-synthesizing program for synthesizing musical tone 
data by reading out waveform data from the wave· table 
21, based on automatic performance data such as MIDI 
data. A CPU 2 operates on the musical tone-

. synthesizing program stored in the program memory 22 to 
20 read out automatic performance data such as MIDI data 

from a hard disk 7 or a floppy disk 8, which are 
provided as external memory devices, and transmit the 
read-out automatic performance data (MIDI data) to the 
sound board 10 when an empty channel is present on the 

25 sound board 10 side. On the other hand, when no empty 
channel is present on the sound board 10 side, the CPU 

2 reads out waveform data from the wave table 21 
provided in the host computer 30, and transmits the 
read-out waveform data to the sound board 10. 

30 On the other hand, the sound board 10, which has 
a similar construction to that of the sound board of 

.the conventional computer music system in Fig. 1, 
receives the MIDI data from the host computer 30 via a 
communication interface 13 and synthesizes musical tone 

35 data by means·of a tone generator LSI 14, according to 
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a program stored in a ROM and RAM 12. Then, musical 

tone data synthesized by the host computer 30 and 
musical tone data synthesized by the sound board 10 are 

mixed together, and the mixed musical tone data is 
converted to an analog'signal by means of a D/A 

converter 15, whereby sound of a musical tone based on 

the mixed musical tone data is generated from a 

loudspeaker, not shown. In the sound board 10, most of 

processings with large burden are executed by the tone 

10 g~nerator LSI 14, and therefore the CPU ·11, the.ROM and 

RAM 12, and the communication I/F 13 may be omitted 

from the construction of the sound board 10, if 

required. 

Fig. 5 conceptually represents a manner of 

15 synthesizing musical tone data by means of software, 

which is employed by the computer music system 
according.to the first embodiment. As shown in the 

figure, in the host computer 30, MIDI data read from 

the hard disk 7 or the floppy d~~k 8 is interpreted by 

20 a performance data-processing section 40, and 

transmitted to the tone generator LSI 14 of the sound 

board 10. On this occasion, if required, at a WT tone 

generator section 41 of the host computer 30, waveform 

data is. read out from the wµve table 21 by software, 

25 based on the MIDI data·, to synthesize musical tone data 

from the waveform data. On the other hand, in the 

sound board 10, musical tone data is synthesized by the 

tone generator LSI (hardware) 14, based on MIDI data 

from the host computer 30, and musical tone data 

30 synthesized by the host computer 10 and musical tone 

data synthesized by the sound board 10 are mixed 

together by a mixer 43 of the sound board 10, to 

thereby generate sound of the mixed musical tone. 
Normally, synthesization of musical tones is carried 

35 out by the so.und board 10. However, when no empty 
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channel is present in the sound board 10, the 

synthesizatio~ is carried out by the host computer 30. 

As a result, an improvement in the capacity, such as an 
increase in the number of channels, can be easily 

attained. As shown in Fig. 5, according to the first 

embodiment, the host computer 30 has three channels to 

which musical tone data can be assigned, while the 

sound board 10 has seven channels to which musical tone 

data can be assigned. 

10 Next, the operation of the computer music system 

15 

according to the first embodiment will be described 
with reference to Figs. 6 and 7 showing flowcharts of 

routines for synthesizing musical tones according to 

the first embodiment. 

First, at a step SlO in Fig. 6, in the host 

computer 30, performance data such as MIDI data stored 

in the.hard disk 7 or the floppy disk 8 is read out and 

interpreted. Then, at a step Sll, it is determined 

whether or not the MIDI data is key-ON data or key-OFF 

20 data. If the MIDI data is neither key-ON data nor key­

OFF data, the answer is negative (NO), and then the 

25 

program proceeds to a step, not shown, for executing a 

processing corresponding to the MIDI data, description 

of which is omitted. 

On the other hand, if the MIDI data is key-ON 

data or key-OFF data, the answer to the question of the 

step Sll is affirmative (YES), and then the program 

proceeds to a step Sl2, wherein a key code of the MIDI 

data is assigned to a tone-generating channel for 

30 generating a musical tone. In this channel assignment 

processing, if there is an empty channel in the sound 

board 10, the key code is assigned to the empty channel 

in the sound board 10. On the other hand, if there is 

no empty channel in the sound board 10, the key code is 

35 assigned to an empty channel in the host computer ~HJ. 
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Details of the channel assignment processing will be 

described hereinafter. 

Then, at a step Sl3, it is determined whether or 

not assignment of the key data to a channel in the host 

computer 30 has been ma'de. If assignment of the key 

data to a channel in the host computer 30 has not been 

made, i.e. if assignment of the key data to a channel 

in the sound board 10 has been made, the answer i.s 

negative (NO) , and then the program proceeds to a step 

10 814. At the step 814, the MIDI data is transmitted via 

the communication interface 13 to the sound board 10. 

Then, it is determined at a step S16 whether or not the 

automatic. performance is to be terminated. If it is 

not to be terminated, the answer is negative (NO), and 

15 then the program returns to the step SlO. Thus, the 

steps SlO to S16 are repeatedly executed. In this 

manner, normally MIDI data are sequentially transmitted 

to the sound board 10. 

On the other hand, in the sound board 10, it is 

20 determined at a step 820 whether or not MIDI data has 

been received from the host computer 30. If MIDI data 

has been received from the host computer 30, the answer 

is affirmative (YES), and then the program proceeds to 

a step S21. At the step S21, musical tone data is 

25 synthesized based on the MIDI data by the tone 

generator LSI 14. Then, at a step S22, if musical tone 

data synthesized by the host computer 30 has been 

transmitted to the sound board 10, the transmitted 

musical tone data and the musical tone data synthesized 

30 by the tone generator LSI 14 are mixed together. At a 

step 823, the mixed musical tone data is transmitted to 

the D/A converter 15, wherein the mixed musical tone 

data is converted to an analog signal, whereby musical 

sound is generated from the loudspeaker. 

35 On the other hand, if.there is no empty channel 

lif 1i1ru1m1nr 
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in the sound board 10, the key data is assigned to a 
channel in the host computer 30. In this case, the 

answer to the question of the step S13 is affirmative. 

(YES), and then the program proceeds to a step S15. At 

the step Sl5, waveform tlata is synthesized based on the 

MIDI data according to the musical tone-synthesizing 

program stored in the program memory 22, and the 

synthesized waveform data is transmitted to the sound 

board 10. More specifically, an envelope of the 

10 musical tone is formed based on velocity data (velocity 

of key dep~ession or key release) of the MIDI data, and 

then an address of the wave table 21 is determined for 

determining which waveform data should be read out, 

based on the key code of the MIDI data. Then, the wave 

15 table 21 is accessed based on the above determined 

address, to read out corresponding waveform data. 

Further, the read-out waveform data is multiplied by 

the envelope to thereby synthesize final waveform data 

(musical tone data), followed by transmitting the final 

20 waveform data to the sound board 10. Therefore, in 

this case, the musical tone data (waveform data) 

transmitted by the host computer 30_ at t:he step 822 and 

the musical tone data (waveform data) synthesized by 

the sound board 10 are mixed together, whereby a 

25 musical tone based on the mixed musical tone data is 

generated. 

Next, description will be made of the channel 

assignment processing with reference to a subroutine 

shown·in Fig. 7. 

30 At a step S30 in Fig. 7, it is determined by the 

host computer 30 whether or not the read-out MIDI data 

indicates a key-ON event. If it indicates a key-ON 
event, the answer is affirmative (YES), and then the 

program proceeds to a step S31. At the step S31, it is 

35. determined whether or not an empty channel is present 
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in the sound board 10 which is a subsystem of the 

computer music system. If the sound board 10 has an 

empty channel, the answer is affirmative (YES), and 

then the program proceeds to a step S32. At the step 

S32, the key code (KC) nf the MIDI data is assigned to 

the empty channel in the sound board 10, and the 

assigned channel (ch) and the key code (KC) of the MIDI 

data are stored in the RAM 4 in the host computer 30. 

Then, the program returns to the main routine of Fig. 

10 6, followed by executing the step S13. 

· On the other hand, if no empty channel is 

present in the sound board 10, the answer to the 

question of the step S31 is negative (NO), and then the 

program proceeds to a step S33. At the step S33, it is 

15 determined whether or not the host computer 30 has an 

empty channel. If the host computer 30 has no empty 

channel, i.e. if all the channels in the sound board 10 

and the host computer 30 are occupied, the answer is 

negative (NO) . Then, the program proceeds to a step, 

20 not shown, wherein sounding of the musical tone is 

inhibited, or alternatively a musical tone which is 

just decaying is stopped from being generated,. to 

secure an empty channel to which the key code data is 

to be assigned. 

25 On the other hand, if t_he host computer 30 has 

an empty channel, the answer to the question of the 

step S33 is affirmative (YES), and then the program 
proceeds to a step 834. At the step 834, the key code 

is assigned to the empty channel in the host computer 

30 30 as the tone-generating channel, and the assigned 

channei (ch) and the key .code (KC) of the MIDI data are 

stored in the RAM 4 in the hos~ computer 30. Then, the 

program returns to·the main routine, followed by 

executing the step 813. 

35 If the MIDI data does not indicate a.key-ON 



5 

15 

event, i.e. if the MIDI data indicates a key-OFF event, 
the answer to the question of the step S30 is negative 

(NO), and then the program proceeds to a step S35. At 

the step S35, the assignment of the key code to the 

tone-generating channer is canceled based on the key 

code {KC) and the channel (ch) stored in the RAM 4, to 
release the channel from the assignment. Then, the 

program returns to the main routine, followed by 

executing the step S13. 

10 As described above, according to the first 

embodiment, the host ·computer 30 does not only have a 

function of controlling empty channels but also a 

function of synthesizing musical tones by software. 

Thus, when the sound board 10 has no empty channel, the 

15 host computer 30 can synthesize musical tones. As a 
result, the processing capacity of the entire computer 

music system is improved, which makes it possible to 

efficiently synthesize musical tones, and also to 

increase the number of tone~generating channels and 

20 hence increase the number of musical tones which can be 

simultaneously generated. Besides, the CPU 2 in the 

host computer 30 can be used for other processing 

(parallel proces~ing} . 
Next, a second embodiment of the invention will 

25 be described with reference to Figs. 8 and 9. 

30 

35 

Fig. 8 shows the arrangement of a computer music 

sys~em according to the second embodiment. In the 

figure, component parts corresponding to those in Fig. 

4 are designated by identical numerals, and description 

thereof is omitted. The computer music system 
according t9 the second embodiment is comprised of a 
host computer 30, and a sound board SO.externally 
connected thereto, similarly to the first embodiment, 
and distingu.ished from the first embodiment in that the 

sound board 50 also has a wave table 51 which stores 
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waveform data indicative of waveforms of musical tones, 
and a program memory 52 which stores a musical tone­

synthesizing program for synthesizing musical tone 

data, based on MIDI data etc., by reading out waveform 

data from the wave tabl~ 51, similarly to the host 

computer 30. That is, the sound board 50 also 

synthesizes musical tones by software, similarly to the 

host computer 30. 

Fig. 9 conceptually represents a manner of 

10 synthesizing musical tone data by means of software, 

which is employed by the computer music system 

according to the second embodiment. In the host 

computer 30, MIDI data read from the hard disk 7 or the 

floppy disk 8 is interpreted by a performance data-

15 processing section 60, and then transmitted to the 

sound board 50. On this occasion, if required, at a WT 

tone generator section 61 of the host computer 30, 

waveform data is read out from the wave table 21 by 

software, based on the MIDI data, to synthesize musi~al 

20 tone data from the waveform data. On the other hand, 

at a WT tone generator section 62 of the sound board 

50, waveform data is read out from a waveform table 51 

by software, based on the MIDI data supplied from the 

host computer 30, and the musical tone data synthesized 

25 by the host computer 30 and the musical tone data 
synthesized by the sound board 50 are mixed together by 

a mixer 63 of the sound board 50, to thereby generate 

sound of the mixed musical tone. Normally, 

synthesization of musical tones is carried out by the 

30 sound board 50. However, when no empty channel is 

present in the sound board 50, the synthesization is 

carried out by the host computer 30. As a result, an 
improvement in the capacity,. such as an increase in the 

number of channels, can be easily attained. The number 

35 of channels employed in the second embodiment is 
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identical with that of the first embodiment. 

The operation of the computer music system 
according to the second embodiment is similar to the 

first embodiment, except in that synthesization of 
musical tone data in th€ sound board 10, which is 

executed at the step S21 in Fig. 6, is carried out 
according to the musical tone-synthesizing program 

stored in the program memory 52. More specificatly, an 

envelope of the musical tone is formed based on 

10 velocity data {velocity of key depression or key 

release) of the MIDI ·data, and an address of the wave 

table 51 is determined for determining which waveform 

data should be read out, based on a key code of the 
MIDI data. Then, the wave table 51 is accessed based 

15 · on the above determined address, to read out 
corresponding waveform data. Then, the read-out 

waveform data is multiplied by the envelope, to thereby 

synthesize final waveform data (musical tone data}. 

As described above, according to the second 

20 embodiment, the host C?mputer 30 does no~ only have a 
function of controlling empty channels but also a 

function of synthesizing musical tones by software. 

Further, the sound board 50 has a function of 

synthesizing musical tones by software, in place of the 

25 tone generator LSI {hardware) employed in the first 
embodiment. Therefore, when the s·ound board 50 has no 

empty channel, the host computer 50 can synthesize 
musical tones. As a result, the whole processing 

capacity of the computer music system is improved, 

30 which makes it pqssible to efficiently synthesize 

musical tones, and also to increase the number of tone­

generating channels and hence increase the number of 

musical tones which can be simultaneously generated. 

Next, a third embodiment of the invention will 
35 be described"with reference to Figs. 10 to. 12. 
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Fig. 10 shows. the arrangement of an electronic 

musical instrument according to the third embodiment. 

The electronic musical instrument is comprised of a 

keyboard 70, a touch detector 71, a panel 

switch/display se~tion 92, a program ROM 73, 'a waveform 

ROM 74, a CPU 75, a sequential RAM 77, a tone generator 

LSI 78, an adder 79, a D/A converter 80, and a sound 
system 81. 

The keyboard 70 has a plurality of black keys 

10 and a plurality of white keys, to which.the touch 

detector 71 is connected. The touch detector 71 

detects the key-ON/OFF states and velocity of 

depression or release of each key, and supplies signals 

indicative of the sensed values to the cpu·75. The 

15 panel switch/display section 72 is comprised of panel 

switches for selecting performance-operating modes and 

tone colors of performance, and a display for 

displaying various kinds of information. 

The program ROM 73 stores programs, such as a 

20· musical tone-synthesizing program,_ according to which 

various component parts are controlled. The waveform 

ROM 74 stores waveform data, which are read out under 

control by th~ CPU 75 to synthesize musical tone data. 

The CPU 75 transmits performance data (MIDI data), 

25 which are to be synthesized for generation of musical 

tones, to the tone generator LSI 78, according to 

various kinds of information (key code, key-ON/OFF 

states, and velocity) from the touch detector 71 and 

.information on settings by the panel switcher 72. 

30 Further, the CPU 75 reads out waveform data from the 

waveform ROM 74 by using the sequential RAM 77 and 

supplies the read-out waveform data to the adder 79, 

according to the musical tone-synthesizing program 

stored in the program ROM 73. In the figure, a 

35 function of synthesizing musical tones according to the 
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above-mentioned musical tone-synthesizing program is 

represented by a WT (wave table) tone generator 76. 

The tone generator LSI 78 generates waveform 

data, based on the MIDI data supplied from the CPU 75, 

which is supplied to th~ adder 79. Whether waveform 

data indicative of a waveform of a musical tone is to 

be synthesized by the WT torte generator 76 or by the 

tone generator LSI 78 depends on the presence/absence 

of an empty channel in the tone generator LSI 78. That 

10 is, if the tone generator LSI 78 has no empty channel, 

waveform data is gene·rated by the WT generator 

(software) 76. The adder 79 adds (mixes) together 

waveform data from the tone generator LSI 78 and 

waveform data from the WT tone generator 76 an~ 

15 supplies the mixed waveform data to the D/A converter 

80. The D/A converter 80 converts the mixed waveform 

data to an analog signal and supplies the same to the 

sound system 81. The sbund system 81 is comprised of 

an amplifier and a speaker, neither of which is shown, 

20 and converts the analog signal to a musical tone to 

generate musical sound. 

Figs. 11 and 12 show programs for synthesizing 

musical tones according to the third embodiment. 

First, at a step S40 in Fig. 11, initialization, 

25 such as clearing of various registers used for giving 

performance, is executed. Then, at a step S41, key­

event processing is executed. In the key-event 

processing, when a key is depressed, assignment of a 

corresponding key code to a channel is carried out to 

30 determine whether a musical tone corresponding to the 

key is to be generated by th~ tone generator LSI 78 or 

by the WT tone generator 76, or when a key is released, 

generation of a corresponding musical tone is stopped 

to release the channel to which the musical tone is 

35 assigned. Details of the key-event processing will be 
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described hereinafter. If assignment of a 

corresponding key code to a tone-generating channel has 

been made when a key is depressed, the program proceeds 

to a step S42, wherein inputting of information on 

settings by the panel switches 72, delivery of data to 

the display section 72, etc. are carried out. Then, at 

a step S43, musical tone data is synthesized by the WT 

tone generator 76 by the use of the waveform ROM 74, 

according to the musical tone-synthesizing program 

10 stored in the program ROM 73. If the key code is not 

assigned to a channel on the WT tone generator 76 side 

at the step S41, musical tone data is not synthesized 
by the WT tone generator 76. Then, the program returns 

to the step S41, and the steps S41 to S43 are 

15 repeatedly executed, to thereby synthesize musical tone 

data and carry out automatic performance, based on the 

synthesized musical tone data. 

Then, the key-event processing outlined above 

will be described with reference to a subroutine shown 

20 in Fig. 12. First, at a step sso, it is determined 

whether or not a key has been depres~ed, i.e. a key-on 

event has occurred. If a key-on event has occurred, 

the answer is affirmative (YES), ·and then the program 

proceeds to a step S51. At the step S51, it is 

25 determined whether or not the tone generator r,sr 78 has 

an empty channel. If the tone generator LSI 78 has an 

empty channel, the answer is affirmative (YES), and 

then the program proceeds to a step S52. At the step 

852, a key code (KC) of the depressed key is assigned 

30 to the empty channel in the tone generator LSI 78, and 

then at a step S53, the assigned channel (ch) and the 

key code (KC) are stored, and then the program returns 

to the main routine of Fig. 11, followed by executing 

the step S42. 

35 On the other hand, if the tone generator LSI has 

• 
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no empty channel. the answer to the question of the 

step S51 is negative (NO) , and then the program 

proceeds to a step S54; wherein it is determined 

whether or not the WT tone generator 76 has an empty 

channel. If the WT tone generator 76 has an empty 

channel, the answer to the question of the step S54 is 

affirmative (YES), and then the program proceeds to a 

step S55, wherein the key code. (KC) of the depressed 

key is assigned to the empty channel in the WT tone 

10 generator 76. Then, at the step S53, the assigned 

channel (ch) and the key code (KC) are stored, and then 

the program returns to the main routine of Fig. 11, 

followed by executing the step 842. 

As described above, according to the key 

15 processing of the present embodiment, if the tone 

generator LSI 78 has an empty channel, a key code of a 

depressed key is assigned to the empty channel in the 

tone generator LSI 78, whereas if the tone generator 

LSI 78 has no empty channel, the key code is assigned 

20 

25 

to an empty channel in·the WT tone generator 76. In 

other words, priority is given to the tone generator 

LSI 78 which synthesizes musical tones by hardware, and 

when all the channels in the tone generator LSI 78 are 

occupied, musical tones are synthesized by software on 

the WT tone generator side. 

On the other hand, if the WT tone generator 76 

has no empty channel, either, i.e. if the channels of 

the tone generator LSI 78 and the WT tone generator 76 

ar~ all occupied, the answer to the question of the 

30 step S54 is negative (NO), and then the program 

proceeds to a step, not: shown, where.in sounding of the 

musical t0n8 is inhihit~d. or alternat.iv8ly ~ musi~al 

35 

t:r,nr-: VJh i.ch i8 just. d~:':aying. is stoppi:::d frr,m t,r~inq 

'J';f)f;(;Jl.';'J, l_r, :..;r.~r:1ir r: ;Jn (::mr,t:y r;annr-;J t_r, wh j r;h .is 1 .• h<-;n 

;s;-;:.; j 'jfJ':'J I.hr: ~';'/ ,_.,,.,Jr: •,f I.hr: f,r r-;:.,;r:nl. J y rJr:fd ':;.;;.;r~rj Y.•:"/. 
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If the perf~rmance data does not indicate· a key­

on·event, i.e. it indicates a key-off event, the answer 

to the question of the step 550 is negative (NO) , and 

then the program proceeds to a step S56. At the step 

S56, the assignment of ·the key code t.o the tone­

generating channel is canceled based on the key code 

(KC) and the channel {ch) stored in the RAM 4, to 

release the channel from the assignment. Then, 'the 

program returns to the main routine, followed by 

executing the step S42. 

As described above, the electronic musical 

instrument according to. the third embodiment has both 

the function of synthesizing musical tones by hardware 

(tone generator LSI 78) and the function of 

synthesizing musical tones by software {WT tone 

generator 76}, and is constructed such that musical 

tones are preferentially synthesized by the tone 

generator LSI 78, while only when the tone generator 

r~sI 7 8 has no empty channel, musical tones are 

synthesiz'ed by the WT tone generator 76 using software. 

As a result, the whole processing capacity of the 

electronic musical instrument is improved, which makes 

it possible to efficiently synthesize musical tones, 

and also to increase the number of tone-generating 

channels and hence increase the number of musical 
sounds which cah be simultaneously generated. 

In the above described first to third 

embodiments, when musical tone-synthesizing means which 

is given priority in synthesizing musical tones, e.g. a 

sound board, has no empty channel, other musical tone­

synthesizing means, e.g. a host computer, synthesizes 

musical t:r>m;:s. Howr~v(-:r, this is nr>l J.imitativr~. 

A.lt:er.nat.ivrdy "il tr,;q1::thr-.:r with thr~ ab(.>V'::: arranqemr-.:nl;, 

i '" may t,r.: i'Jrr<Jnqr"!rj sw:h that th8 twr, rnu::-;i.r;<d VJnr-:­

:-:·1r1t;h"::-; i z i ll<J flll:;Jn:-: '1f1':(;Jtr-~ j n fJi'Jr;J I J '~ J :-;r, 1.h;JI. I.ht: t,r,t.h 
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means always synthesize musical tones. Further 

alternatively, it may be arranged such that the two 

means synthesize musical tones having respective 

different characteristics, such as tone colors. 

The use of parallel processing as mentioned 

above provides an advantage such as increased 

applicability of the control by the electronic musical 

instrument. On the other hand, if the two means 

synthesize musical tones having respective different 

characteristics, musical tones can be generated in 

different manners suitable for respective different 

characteristic thereof. 

Especially, if the two means, e.g. a sound board 

and a host computer, synthesize musical tones having 

different characteristics, a function of synthesizing 

simple musical tones such as rhythm sounds etc. may be 

allotted to a WT tone generator which synthesizes 

musical tones by software. This is because a WT tone 

generator in general is suited for generating musical 

tones having such tone colors as can be generated 

simply by reading out PCM waveforms. On the other 

hand, musical tones (tone colors) requiring a 

complicated musical tone-synthesizing algorithm may be 

synthesized by the tone generator LSI. Thus, mus_ical 

tones can be synthesized by means which are selected 

depending on characteristics of musical tones to be 

generated to thereby enable fully exhibiting these 

characteristics. Therefore, only when the sound board 

is in a predetermined state, e.g. when no empty channel 

is present or when special mus\cal tonr~s a.r i:.: to be 

generated, the other musical tone-synthesizinq m8ans, 

r::.q. a hr;sl: r;rAO[JIJf:.(~r, is (;[.>(::J'."at~::d tr, synthr~:-;izr, rnus·ir;.;d 

As rJr:sr:r i br-;d ;Jt,r,vr-: in rJr-;t;J i I, ;,r;r_:r,yrj i fl'j ,_,, I.hr: 

i fl"./':fll~ i r,r1, ;J :-;JJL::::y:-;l.':ffl •,f thr: 1;r,m{11Jl.':r rr;1;:-; i •: :-:·;:-:1.r:rn 
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normally synthesizes mu~ical tones. however, if first 

musical tone-synthe~izing means of the subsystem is in 

a predetermined state, second musical tone-synthesizing 

means of a main system of the computer music system 

synthesizes musical tones. As a result, the number of 

musical tones which can be sim~ltaneously generated can 

be increased, to thereby enable easily improving the 

processing capacity of the system. 
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What is claimed is: 

1. A music system comprising: 

a subsystem including a first musical tone­
synthesizing qevice that synthesizes musical tones, 

based on performance data externally supplied thereto, 

and a mixing device that mixes together said musical. 

tones synthesized by said first musical tone­

synthesizing device and external musical tones 

externally generated and supplied thereto; and 

a main system including performance data­

processing device that controls performance data 

indicative of musical tones to be performed and 

transmits said performance data to said subsystem at 

predetermined timing, and a second musical tone­

synthesizing device that synthesizes musical tones, 

based on ·said performance data, when said first musical 

tone-synthesizing device is in a predetermined state; 

wherein said main system transmits said musical 

tones synthesized by said second musical tone­

synthesizing device to said subsystem, as said external 

musical tones. 

2. A music system as claimed in claim 1, 

wherein said second musical tone-synthesizing device 

synthesizes musical tones, based on said performa~ce 
data, when said first musical tone-synthesizing device 

reaches a limit of processing capacity thereof. 
') 
.J. A music system as claimed in claim 1 or 2, 

wherein said first musical tone-synthesizing device 

synth(~S i zes musical tones by hardware. 

4. A mus ii:; system as cl·aimed in claim l c,r 2, 
. . 

whr=:rr::i.n said first rnusica.l U.Jnr::-synthesizing <levier:: an"rl 

:.;.:J i.rJ :;;r;cGW] rnusiC<J I tonr.: ·synthc:siz.inq dr-.:vir.:r:: or,r:.:r.r.tt.:.e _in 
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5. A music system as claimed in claim 4, 

wherein said first musical tone-synthesizing device and 

said second musical tone-synthesizing device synthesize 

musical tones having respective different • 

characteristics. 

6. An electronic music instrument comprising: 
a performance data-processing device that 

controls performance data indicative of musical tones 

to be performed and transmits said performance data at 

predetermined timing; 

a first musical tone--synthesizing device that 

synthesizes musical tones, based on said performance 
data; 

a second musical tone-synthesizing device that 

synthesizes musical tones, based on said performance 

data, when said first musical tone-synthesizing device 

is in a predetermined state; 

a mixing device that mixes together said musical 

tones synthesized by said first musical tone­

synthesizing device and said musical tones synthesized 

by said second musical tone-synthesizing device; and 

a sounding device that generates said musical 

tones mixed together by said mixing device. 

7. An electronic music instrument as claimed in 

claim 6, wherein said second musical tone-synthesizing 

device synthesizes musical tones, based on said 

performance data, when said first musical tone­

synthesizing device reaches a limit of processing 

capacity thereof~ 
8 .. ·An electronic music instrument as cJ.aimed i~ 

in claim 6 or 7, wherein said first musical tan~­

synf.t.r~~·:i.zinq d'~Vi';F; synthf'~sizr::s rnusi.r;aJ trJnr.;~; by 

h;1rrj·,r1;1r':, ;1n'J ;-;;J jrJ sr~r;r,nrJ rnu:-;i r:a. I r·:r1nf.~·-synr:t1r::-;izi nq 

1) 1:'/ j '."': :-:·;nf.h1::-; l z1::-; rflJJ~; j r;;1 J l_r,nr~:-; t,y ~;r,f t:W!J(';. 

'J. /:r1 r:)
0

r: 1 :1.r•,11i 1 : mu:-:i 1 : ir1:-;1_r•Jtfl':r11. ;,;.; •:J;1irr. 1 :
1 J ir1 
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claim 6 or 7, wherein said first musical tone­

synthesizing device and said second musical tone­

synthesizing device operate in parallel to synthesize 

musical tones, based on said perforrnan~e data. 

10. An electrortic music instrument as claimed 

in claim 9, wherein said first musical tone­

synthesi.zing device and said second musical tone­

synthesizing device synthesize musical tones having 

respective different characteristics. 


