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ELECTRONIC MUSICAL INSTRUMENT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 
07/351,314?1ed May I], 1989, now abandoned. which is 
a continuation of Ser. No. 06/884, 764, ?led Jul. 1], 1986, 
now abandoned, which is a reissue of Ser. No. 06/448,367 
?led Dec. 9, 1982, US. Pat. No. 4,461,199. which is a 
continuation of Ser. No. 06/ 180,032, ?led Aug. 21, 1980, 
now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an electronic musical instru 
ment, and more particularly an electronic musical in 
strument in which musical tone signals stored in a musi 
cal tone data memory device and relating to a musical 
tone are read out according to the depression of a key of 
the keyboard of the musical instrument so as to produce 
a musical tone having the tone pitch corresponding to 
the depressed key. 
An electronic musical instrument has been proposed 

as disclosed in German Pat. No. 2,715,510, for example, 
in which a musical tone signal having a plurality of 
periods from the start to the end of a musical tone ap 
plied from outside is sampled with a predetermined 
sampling period by a sampling signal, the amplitudes of 
the musical tone signal at respective sampling points are 
stored in respective storage positions of a musical tone 
data memory device and thereafter the stored musical 
tone signals are sequentially read out as a key is de 
pressed, thereby forming a musical tone having a tone 
pitch corresponding to the depressed key. 

This prior art electronic musical instruments, how 
ever, is constructed such that each of the amplitudes of 
the musical tone signal stored in the musical tone data ' 
memory device are accessed in a predetermined order 
to read out and reproduce the stored musical signals 
with high ?delities so that the tone color of the pro 
duced musical tone is not different from the tone color 
of the musical tone applied from outside. 

Furthermore, with this prior art electronic musical 
instrument, when the musical tone signal stored in the 
musical tone data memory device are read out in re 
sponse to a key depression, the musical tone signal is 
read out by an address signal progressing at a speed in 
proportion to the tone pitch of the depressed key, so 
that although it is possible to produce a musical tone 
having the pitch corresponding to the depressed key, 
there exists a disadvantage in that the interval of the 
musical tone generation from an attack to the termina 
tion of a decay varies depending upon the variation in 
the tone pitch of the depressed key. In other words, 
when the tone pitch of the depressed key is increased by 
one octave, the musical tone data memory device 
would be accessed by an address signal progressing at 
twice speed so that the musical tone producing interval 
from the attack to the end of the decay would be de 
creased to one half. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principle object of this invention 
to provide an improved electronic musical instrument 
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capable of producing a musical tone having a tone color 
desired by a performer. 
Another object of this invention is to provide an 

improved electronic musical instrument capable of pro 
ducing a musical tone having a length desired by a 
performer. 

Still another object of this invention is to provide an 
electronic musical instrument in which the tone produc 
ing interval from the start of an attack to the end of a 
decay is made constant irrespective of a variation in the 
tone pitch of a depressed key. 
To accomplish these objects, according to this inven 

tion, musical tone signals for responsive perios are de 
tected from musical tone signals over a plurality of 
periods stored in a musical tone data memory device. 
The sequence that musical tone signals of desired peri 
ods are read out is designated by a performer and then 
the musical tone signals are read out one after another in 
the designated sequence. 
According to a preferred embodiment of this inven 

tion, there is provided an electronic musical instrument 
comprising keyboard means having a plurality of keys; 
phase angle information generating means for generat 
ing a phase angle information corresponding to a de 
pressed one of the keys; selection information setting 
means for establishing a selection signal designating a 
waveform to be generated as well as a order of genera 
tion of the waveform; waveform memory means for 
storing a plurality of the waveforms in the form of a 
plurality of sample values; means for generating from 
the waveform memory device a waveform designated 
by the selection information established by the selection 
information setting means at an order designated by the 
selection signal by reading out the sample values by the 
phase angle information; and musical tone generating 
means for generating a musical tone based on a plurality 
of the generated waveforms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a block diagram showing one embodiment 

of the electronic musical instrument according to this 
invention; 
FIG. 2 shows a waveform useful to explain the mean 

ing of the musical tone signals for different periods 
utilized in this invention; 
FIG. 3 is a flow chart useful to explain the entire 

operation of the electronic musical instrument shown in 
FIG. 1; 
FIGS 4 through 11 show waveforms and ?ow charts 

useful to explain a method of detecting musical tone 
signals for different periods; 
FIG. 12 is a block diagram showing one example of a 

read address information generator; 
FIGS. 13 and 14 show waveforms useful to explain 

why harmonic wave component phases should be 
aligned; 
FIG. 15 is a block diagram showing a modi?ed read 

address information generator; 
FIG. 16 is a detailed block diagram showing a selec 

tion information setting device and another modi?ca 
tion of the read address information generator; and 
FIG. 17 is a detailed block diagram showing modi?ed 

musical tone signal detector for different periods, selec 
tion information setting device and modified read ad 
dress information generator. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the speci?cation, the term “musical signal” is used 
to generally designate an electrical signal obtained by 
converting any musical tone of a waveform as shown in 
FIG. 2. The term “period” is used to mean one of a 
plurality of intervals in each of which substantially the 
same waveform is repeated as shown in FIG. 2. Ac 
cordingly, in the following description, the term “a 
period musical tone signal” designates a musical tone 
signal and an interval shown by “T” in FIG. 2. When a 
musical tone signal is sampled at a predetermined sam 
pling period and when the amplitude values of the musi 
cal tone signal at respective sampling points are stored 
in a musical tone memory device, a plurality of period 
musical tone signals would be stored in the memory 
device. 
The principal elements of the electronic musical in 

strument shown in FIG. 1 comprise a musical tone data 
memory device 1, a memory input device 2, a musical 
tone period detector 3, a period address memory device 
4, a key switch circuit 5, a phase angle information 
generator 6, an element selection setting device 7, a read 
address information generator 8, a memory control 
device 9 and a tone producing device 10. These ele 
ments will be described in the following. 

Musical Tone Data Memory Device 1 

Referring now to FIG. 1, the musical tone data mem 
ory device 1 is constructed such that it assumes a write 
mode when a mode control signal MDl, applied to its 
read/ write control terminal R/W is “I”; that it stores in 
the storage positions designated by its respecive ad 
dresses the sampling point amplitude values of an input 
musical tone supplied from the memory input device 2 
through the memory control device 9 to be described 
later as a musical tone signal; that it assumes a read 
mode when the mode control signal MDl is “0038 ; 
and that the musical tone signal which has been stored 
in the storage position corresponding to an address 
designated by an address information Alma/supplied to 
an address signal input terminal ADR through the 
memory control device 9 is read out. For the sake of 
convenience in the following description a musical tone 
signal now to be written into the musical tone data 
memory device 1 is designated by a symbol “GD W", 
while both a musical tone signal already stored and a 
read out musical tone signal are designated by a symbol 
“GD”, and a period musical tone signal is designated by 
a symbol “GDl”. 

Memory Input Device 2 

Although the internal construction of the memory 
input device 2 is not shown, it comprises an address 
information generator which generates an address infor 
mation whose value sequentially varies in response to a 
sampling clock signal of a predetermined period, and an 
analog to digital converter which converts an input 
musical tone signal into a digital musical tone signal. 
When the operation mode of the electronic musical 
instrument is set to a write mode to write an input musi 
cal tone supplied from outside in the memory input by 
the operation of a mode switch OP.SW, the memory 
input device 2 is enabled by a write mode signal 0P1 
supplied by the mode switch OP.SW so as to sequen 
tially sample a musical tone supplied to a microphone M 
to produce a digital musical tone signal GDW corre 
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4 
sponding to the amplitude value of the input musical 
tone. The memory input device 2 produces a write 
address information AOwin synchronism with the mu 
sical tone signal GD Wand a mode control signal MDO 
of “1” for changing the musical tone data memory de 
vice 1 to a write mode when a write switch W.SW is 
closed. 

Musical Tone Period Detector 3 

The musical tone period detector 3 is constructed to 
sequentially read the musical tone signal GD which has 
been stored in the musical tone data memory device 1 to 
detect all period musical tone signal that constitute the 
entire interval of the musical tone signal GD thereby 
producing a period address information ZXA represent 
ing an address of the musical tone data memory device 
1 in which the detected period musical tone signal GDI 
has been stored. 
The above described processing in the musical tone 

period detector 3 is executed only when operating 
mode of the electronic musical instrument is set to a 
period musical tone signal detection mode by a mode 
switch OP.SW and a period detection mode signal OP; 
is “1”. In other words, when a period detection mode 
signal OP; is “l”, the musical tone period detector 3 
firstly produces a mode control signal MD3 of “0” for 
the purpose of changing the musical tone data memory 
device 1 to a read mode and then produces an address 
information ASRW necessary for sequentially reading 
out the musical tone signal GD which has been stored in 
the musical tone data memory device 1. Then each of 
the period musical tone signals GDI is detected out of 
the musical tone signals GD read out from the musical 
tone data memory device 1 and these detected period 
musical tone signals GDl are supplied to the period 
address memory device 4 together with an address 
information A2 R Wfor writing the period address infor 
mations ZXA representing respective addresses of the 
musical tone data memory device 1 in which the period 
musical tone signals GDl have been stored. In this 
manner, the period address information ZXA is stored 
in a storage position corresponding to an address of the 
period address information memory device 4 designated 
by a write address information A2RW. 

Period Address Memory Device 4 

When the operation mode of the electronic musical 
instrument is set to a period musical tone signal detec 
tion mode, the period address memory device 4 sequen 
tially stores the period address information ZXA sent 
from the musical tone period detector 3 in a storage 
position corresponding to its addresses designated by an 
address information AZRW. At the time of writing the 
period address information ZXA, a mode control signal 
MD2 of “I” is applied to a read/write control terminal 
R/W of the memory device 4 from the musical tone 
period detector 3 to switch the memory device to the 
write mode. At this time, the period address information 
ZXA is stored according to an order of storing the 
period musical tone signals GDl corresponding to the 
period address information ZXA in the musical tone 
data memory device 1. In other words, a period address 
information ZXA corresponding to the period musical 
tone signal GDl of the first period at the build-up por 
tion of a musical tone signal applied from outside is 
stored in a storage position designated by the least sig 
ni?cant address of the period address memory device 4, 
whereas a period address information ZXA correspond 
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ing to the last period musical tone signal GDl at the end 
portion of the externally supplied musical tone is stored 
in a storage position designated by the most signi?cant 
address. 
The period address memory device 4 is also accessed 

by the read address information generator 8. More par 
ticularly, when a mode control signal MD4 of “0” is 
supplied from the read address information generator 8 
while the electronic musical instrument is being set to a 
performance mode, the operation mode is switched to a 
read mode to read out the period address information 
ZXA that has been stored in a storage position corre 
sponding to an address designated by a read address 
information A4);. The musical tone period detector 3 
and the read address information generator 8 access the 
period address memory device 4 in respective modes 
designated by the mode switch OP SW so that the ad 
dress information A2 Rwand A41; for the period address 
memory device 4 and the mode control signals MDZ 
and MD4 do not interfere with each other. 

Key Switch Circuit 4 

The key switch circuit 5 includes a plurality of key 
switches corresponding to respective keys of the key 
board and is constructed in such manner that when a 
key is depressed a corresponding key switch is operated 
to produce a key code KC consisting of a note code NC 
corresponding to the tone pitch of the depressed key 
and a octave code BC, and a key-on signal KON repre 
senting that one of the keys has been depressed. The key 
switch circuit contains a monotone priority circuit so 
that when two or more keys are depressed at the same 
time, only a key code corresponding to a key switch 
having the highest priority is produced. 

Phase Angle Information Generator 6 

The phase angle information generator 6 comprises a 
frequency number memory device 60 that stores fre 
quency numbers F corresponding to the tone pitches of 
respective keys and an accumulator 61 which sequen 
tially accumulates at a predetermined period, the fre 
quency number F read out from the frequency number 
memory device 60. When a key code KC correspond 
ing to the tone pitch of the depressed key from the key 
switch circuit 5 is supplied to the frequency number 
memory device 60, a frequency number F correspond 
ing to this key code KC is read out from the frequency 
number memory device 60. As above described, the 
accumulator 61 sequentially accumulates, at a predeter 
mined period, the frequency numbers F read out from 
the frequency number memory device 60 to form an 
accumulated value qF (q= 1,2,3 . . . ). When the accu 
mulated value qF reaches a predetermined value, a 
carry output signal NqF is produced having a period 
corresponding to the tone pitch of the depressed key. 

Element Selection Setting Device 7 

The element selection setting device 7 is provided 
with such data setting keyboard as a ten key or the like 
for manually setting a selection information SD for 
reading out a desired period musical tone signal GDl 
from the musical tone memory device 1. In this embodi 
ment, according to a format shown in the following 
Table 1, serial numbers Mn and repeating read number 
information R,, which comprise the ?rst selection infor 
mation SD, and a pair of sustain serial number informa 
tions CN,., and an end information 13,, which constitute 
the second selection information SD are set. 
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6 
TABLE 1 

first selection second selection 
information SD information SD 

read out order Mn Rn CN, Eu 

1 l 2 20 S0 
2 3 2 
3 5 3 

7 5 
20 2 

50 3 

In Table l, the term “Mn” (serial number) informa 
tion represents a serial or order number (first to Nth) 
according to which desired period musical tone signals 
GDl are stored in the musical tone data memory device 
1, while the term “Rn” (repeating read number informa 
tion) represents the number of times of repeatedly read 
ing out a period musical tone signal GDl designated by 
the serial number information Mn. First to Nth terms Rn 
are provided in correspondence with ?rst to Nth terms Mn, 
ie., the Kth repetition number corresponds to the Kth 
waveform where 1 éKéN. Further, the term “CN,” 
(sustain serial number information) means an informa 
tion representing the order of the numbers according to 
which a period musical tone signal GDl forming a 
sustained portion of a musical tone to be presently 
formed is stored in the musical tone data memory de 
vice 1, whereas the term “E,," (end number informa 
tion) means an information representing an order num 
ber according to which a period musical tone signal 
GDI forming the end portion of a musical tone pres 
ently to be formed is stored in the musical tone data 
memory device 1, one end number information E, and 
one sustain serial number information CNn being set for 
one musical tone produced. 
Where these four types of informations are as shown 

in Table 1, period musical tone signals GDl ?rstly des 
ignated by M,,=l are repeatedly read out by the num 
ber of times designated by R,,=2, and the period musi 
cal tone signals GDl secondly designated by M,,=3 are 
repeatedly read out by the number of times designated 
by R,,32 2. In the same manner, thereafter, the period 
musical tone signals GDl designated by the serial num 
ber information M" are repeatedly read out by the num 
ber designated by the repeating read number informa 
tion Rn. Thereafter, when read out of a period musical 
tone signal information GDl represented by CN,,= 20 is 
designated, the period musical tone signal GDl repre 
sented by CN,,=20 would be repeatedly read out until 
a depressed key is released, thus producing a musical 
tone corresponding to the sustain portion. Thereafter, 
when the key is released, a period musical tone signal 
GBl designated by the next read order information Mn 
is repeatedly read out by a number of times designated 
by the repeating read number information R,,. Thereaf 
ter when read out of a period musical tone signal GDl 
shown by En=5O is designated, the period musical tone 
signal GDI represented by En=50 would be repeatedly 
read out until a new key is depressed. The selection 
information SD set in the element selection setting de 
vice 7 is transferred to and stored in a memory device in 
the read address information generator 8 to be de 
scribed hereunder. 
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Read Across Information Generator 8 

The addresses in the musical tone data memory 1 
corresponding to the period musical tone signal GDl 
designated by the respective selection informations SD 
for respective read orders set by the element selection 
setting device 7 are detected according to the period 
address information ZXA stored in the period address 
memory device 4 to produce a read address information 
RA which sequentially varies at a period of a period 
signal NqF produced by the phase angle information 
generator 6 based on the respective period address in 
formations ZXA corresponding to respective selection 
information SD. Such processing is executed when the 
operation mode of the electronic musical instrument is 
set by the mode switch OP.SW to the performance 
mode in which a performance signal OP; is “1”. 
More particularly, when the performance mode sig 

nal 0P3 given is “l”, the read address generator 8 firstly 
produces the mode control signal MD4 of “0” for the 
purposes of rendering the period memory device 4 and 
the musical tone data memory device 1 to become the 
read mode. Then, address informations A4); corre 
sponding to respective informations Mn, CN, and E, are 
sequentially supplied to the period address memory 
device 4 for the purpose of detecting the addresses of 
the musical tone data memory device 1 in which the 
period musical tone signal GD] corresponding to the 
serial number information M", the sustain serial number 
information CN,, and the end number information En 
among selection signals SD set by the element selection 
setting device 7. The period address information ZXA 
corresponding to respective information Mn, CN,, and 
En are sequentially read out from the period address 
memory device 4 and then stored in the memory device 
in the read address information generator 8. When the 
key switch 5 generates a key-on signal as a result of 
depression of a key of the keyboard, a read address 
information is formed which sequentially varies at a 
period of the period signal NqF in accordance with the 
period address information ZXA, and the address infor 
mation RA is supplied to the musical tone data memory 
device 1 through the memory control device 9. The 
read address information RA as described before de 
pends upon the repeating read number information R”, 
the sustain serial number information CN,, and the end 
number information E". 

The Memory Control Device 9 

The memory control device 9 selectively controls the 
access to the musical tone data memory device 1 from 
the memory input device 2, the musical tone period 
detector 3, and the read access information generator 8 
in accordance with the operation modes (write mode, 
period musical tone signal detection mode, and perfor 
mance mode of the electronic musical instrument to 
supply to the musical tone data memory device 1 an 
address information A1 my, a mode control signal MDl, 
and a write data Dlw. In other words, the memory 
control device 9 selects the input signals according to 
the following Table 2 and applied the selected input 
signals to the musical tone data memory device 1. 

TABLE 2 
Output 

Operation mode Algw MDl Dlw 

Write mode AOW MDO GD W 
COP1 = "l" 

20 

25 

35 

45 

50 

65 

TABLE 2-continued 
Output 

Operation mode A 13 W MDl D1 w 

Period musical tone A3RW MD3 — 
signal detection mode 
COP2 = “in 
Operation mode RA MD4 — 

0P3 = “r, 

Tone Producing Device 10 

The tone producing device 10 comprises a digital to 
analog converter 100, an envelope control circuit 101 
and a loudspeaker 102. When desired period musical 
signals GDl are successively read out from the musical 
tone data memory device 1 and supplied to the tone 
producing device 10 as a continuous musical tone signal 
GD, this digital signal GD is converted into a corre 
sponding analog musical tone signal GA whose ampli 
tude is set by an envelope signal EV produced in syn 
chronism with the build-up of the key-on signal in the 
envelope control circuit 101. Thereafter the musical 
tone signal with controlled amplitude envelope is sup 
plied to the loudspeaker 102 so as to produce a musical 
tone corresponding to the period musical tone signals 
GDl sequentially read out from the musical tone data 
memory device 1. 
The operation of the electronic musical instrument 

will now be described with reference to the flow chart 
shown in FIG. 3. 
As shown in step 2001 in FIG. 3, for the purpose of 

writing a musical tone signal GDW corresponding to a 
musical tone supplied from outside into the musical tone 
data memory device 1 the operation mode of the elec 
tronic musical instrument is set to a write mode by using 
the mode switch OP-SW. Then at step 2002 the write 
switch W-SW is closed. In this state, when a musical 
tone is applied to the microphone M from outside, this 
musical tone is sampled at a predetermined period in the 
memory input device 2 to be converted into a corre 
sponding digital musical tone signal which is supplied to 
a memory control device 9 and then supplied therefrom 
to the musical tone memory device 1 as a write data 
Dlw. At this time, the memory input device 2 supplies 
to the memory control device 9 the musical tone signal 
GDwtogether with a write address information AOW 
that designates the write address of the musical tone 
signal GD Wand a mode control signal MDO for chang 
ing the musical tone data memory device 1 to the write 
mode and the memory control device 9 supplies an 
address information Alw and a mode control signal 
MD] to the musical tone data memory device 1. As a 
consequences at step 2003, musical tone signals GDW 
corresponding to respective sampling point amplitude 
values obtained by sampling the musical tone signal ‘ 
coming from outside at a predetermined period are 
sequentially stored in the addresses of the musical tone 
data device 1. At this time, the musical tone signals 
GDWare sequentially stored from the least signi?cant 
address toward the most signi?cant address of the mem 
ory device 1. 
Upon completion of the writing of the musical tone 

signal GD Wthe operation mode of the electronic musi 
cal instrument is changed to the period musical tone 
detection mode by operating the mode switch 0P SW. 
Then at step 2004, the period musical tone signals GDl 
of respective periods are detected from the musical tone 
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signals GD which have been continuously stored in the 
musical tone data memory device 1. Then at step 2005, 
reference point informations representing the addresses 
of the musical tone data memory device 1 storing the 
reference portions of respective period musical tone 
signals detected as above described are stored in respec 
tive storage positions corresponding to addresses of the 
period address memory device 4 as the period address 
informations. At this time, in the least signi?cant ad 
dress of the period address memory device 4 is stored a 
period address information ZXA corresponding to the 
?rst period musical tone signal GD1 at the building up 
portion of the external musical tone signal, whereas in 
the most signi?cant address is stored a period informa 
tion ZXA corresponding to the last period musical tone 
signal GD1 at the end portion of the external musical 
tone. 
Upon completion of the detection of the period musi 

cal tone signals, the mode switch OP SW is operated to 
set the operation mode of the electronic musical instru 
ment to the performance mode. 
At the performance mode, at steps 2006 through V 

2010, various selection informations SD are set for se 
lectively reading out the desired period musical tone 
signals GD1. More particularly, at step 2006 a sustain 
serial number information CNn is set and at the next step 
2007, the end number information Mn is set. At the next 
step 2009 the repeating read number information R,, is 
set. In this case the serial number information Mn and 
the repeating read number information Rn are set as a 
pair for each order of reading. Then the program is 
advanced to step 2010 to judge whether the data setting 
has been completed or not. When the result of judge 
ment is NO, the program is returned to step 2008 to set 
an information at the next read out order. Thereafter, 
the steps 2008 and 2009 are repeatedly executed for 
each order of reading out. Informations CNn, E", M” 
and Rn sequentially set as above described are sequen 
tially stored in the memory device in the read address 
information generator 8 according to the format shown 
in Table 1. 
When the completion of the setting of all section 

signals SD (CNm E”, M,, and R,,) is con?rmed at step 
2010, the program is advanced to step 2011 where the 
period address information ZXA (Mn) corresponding to 
the serial number information M", the period address 
information ZXA (CN,,) corresponding to the sustain 
serial number information CN,, and the period address 
information ZXA (En) corresponding to the end num 
ber information E,, are detected based on the memory 
content of the period address memory device 4, and the 
length of the memory address of the musical tone data 
memory device 1 of the period musical tone signal GD1 
corresponding to the serial number information Mn is 
detected according to the content of the period address 
memory device 4. Thus, at step 2011, informations Mn, 
CN,, and E, are converted into corresponding period 
address informations ZXA (Mn), ZXA (CN,,) and ZXA 
(En) while at the same time the memory address length 
of the period music tone signal GD1 is calculated. 
These period address informations ZXA (Mn), ZXA 
(CNn), ZXA (E,,) and the memory address length infor 
mation AL representing the memory address length are 
stored in a memory device installed in the read address 
information generator 8. In this regard, the period ad 
dress information ZXA (Mn) represents an address of 
the musical tone data memory device 1 storing the start 
ing point of the period musical tone signal GD1 corre 

25 

35 

45 

50 

60 

65 

10 
sponding to a serial number information Mm whereas 
the period address informations ZXA (CN,,) and ZXA 
(15,) represent an address of the musical tone data mem 
ory device 1 which stores end portion of the period 
musical tone signal GD1 corresponding to a sustain 
serial number information CN, and an end number in 
formation E,,. 

Consequently, where the period address informations 
ZXA stored in the addresses of the period address mem 
ory device 4 are shown in the following Table 3 and 
where the serial number information M“, the sustain 
serial number information CN, and the end number 
information E,I which are set as a selection information 
SD is shown in the Table 1 described above, period 
address informations ZXA (Mn), ZXA (CMn), ZXA 
(Xn), an address length information AL as a repeating 
read number information Rn would be set as shown in 
the following Table 4 where processings of setting in 
formations regarding the all read out orders have been 
completed. 

TABLE 3 
Period address information 

Address ZXA 

0 256 
l 509 
2 759 
3 1019 
4 1275 
5 1527 
6 1777 
7 2035 
8 2285 

20 5035 
21 5288 

5(') 122.85 
51 12539 

TABLE 4 

Selection information SD 
Read out order ZXA (M,,) AL R,, 

l 509 250 2 
2 I019 256 2 
3 1527 250 3 

2035 250 5 
5035 253 2 

122'ss 254 5 
Selection information SD 

ZXA (CN,,) ZXA (15”) 

5288 .12539 

After completing the setting and the processing of all 
informations, at step 2012 the performer depresses keys 
to produce a musical tone signal based on various infor 
mations ZXA (Mn), AL, Rn, ZXA (CN,,) and ZXA (E,,) 
which have been set at various steps 2006 through 2011. 
More particularly, as a key of the keyboard is depressed 
the key switch circuit 5 produces a key-on signal KON 
and a key code KC corresponding to the depressed key. 
The key code KC is applied to the period phase angle 






























