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D~l'ta Generation Device for an Electronic Musical 

• . .. 
I.nstrument 

This invention relates to a data generation device 

an electronic musical instrument and. more 

5 particulary, to a data generation device which can be 

used for generating. for example, waveform datat 

envelope data, tone color parameter data and other 

various parameter data and in which the manner of 

storing and reading out data is improved and an 

10 efficient utilization of a data memory is thereby 

realized. 

The prior art concept for realizing an efficient 

utilization of a data memory was to adopt a compressed 

data representation system instead of a normal PCM 

15 system as a representation form of data stored in the 

data memory. U.S. Patent No. 4,916,996, for 

example. discloses storage of tone waveform data which 

is~ compressed by employment of the linear prediction 

coding system <LPC>. U.S. Patent No. 4,809.577 also 
> 

20 . discloS~\~~aveform data compression technique. 

·In the prior art data storage device employing data ............. - . - -
~· 

compression as well as the conventional data storage 

device for the PCM system data. data is stored at each 
·I' 

memory address at one to one relation and data ~e-ngth 
. . 

1iiHTd 
. . ' . 

§'· 
~ . 



-2-

<data size, i.e., the bit number constituting single 

data> of data stored therein is fixed to a certain 

number. For example, it is normal for single data 

having data length of 16 bits to be stored in an address 

5 of 16 bits. As a special usage of a memory, an address 

of 16 bits is divided, for example, into two sections 

each having 8 bits and different 8-bit data are stored 

respectively in these memory sections. Even in this 

case, however, each data to be stored has fixed data 

10 length of 8 bits •. 

In the prior art devices in which data 1$ stored 

with fixed data length, storage cells of a memory are 

wasted when used for data whose effective bit number is 

smaller than the fixed data length. In a case where, 

15 for example, tone waveform data is stored so that its 

maximum amplitude value may be covered with fixed data 

length of 16 bits, there occurs a case where the number 

of effective bits is only 2 bits or 3 bits at a sample 

point at which the amplitude value is relatively small. 

-20 In such a case, storage cells of 13 bits or 14 bits for 

25 

one address are undesirably wasted. The.,. storage eel ls 

thus wa•~ed reaches an unignorable amount when viewing 

. the e,nJJ re memory. 

prevents efficient 

therefore, prevents 

design and reduction 

iiii1if 

This constitutes- a f ac.tor 
;I!'!. 
·r 

utilization of a memory 

realization of a compact 

Of manufacturing cost. 

wh i..ch 

and, 

c!._~.¢ui t 
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It is, therefore, an object of the invention to 

provide a data generation device for an electronic 

musical instrument capable of reducing the number of 

wasted storage cells and thereby realizing efficient 

s utilization of a memory. 

10 

15 

20 

The data generation device for an electronic 

musical instrument, for achieving the above described 

object of the invention comprises a memory circuit for 

storing plural data having a desired variable data 

length, a data length designation circuit for 

designating data length of data to be read from the 

memory circuit, and a takeout circuit for selectively 

taking out necessary data from the memory circuit in 

accordance with the designated data length. 

Data length of data stored in the memory circuit is 

not fixed but is made variable as desired. The data 

length of data to be taken out of the memory circuit is 

designated by the data length designation circuit. The 

takeout circuit selectively takes out necessary data 

from the memory circuit in accordalfce with the 
• it,.i.. 

designated data length. 

STti"ce data -length- o{ data to-he~tored fn a memo·ry 

is not fixed but made variable as desired, storage cells .. 
_.; 

of the number necessary for effective bits of thy.aata 
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only are occupied and unnecessary storage cells are not 

occupied. In other words, empty storage cells can be 

utilized for storing other data without being occupied. 

Accordingly, effi~ient use of a memory can be realized. 

s Further, since data length of data to be taken out of a 

memory is designated, necessary data can be selectively 

taken out of the memory means in accordance with the 

designated data length, so that a problem in data 

takeout arising from adopting variable data length is 

10 solved and necessary data only can be taken out without 

any problem. 

According to another aspect of the invention, a 

data generation device comprises a memory cilrcuit 

storing single data of a desired bit number over plural 

15 addresses with a desired bit position in one address 

being used as a head position, a reading circuit for 

reading out data of all bits over the plural addresses 

from the memory circuit for taking out the single data, 

a point out circuit for pointing out the position of MSB 

20 or_LSB of the data to be taken out of the data over the 

plural addresses which has been read by the reading 

circuit. and a takeout circuit for 
:>' 

taking out t in 

res~onse to the position which has been pointed out by 

the ~~o&tnt out circuit and the bi_t_ nfmber of-the data, 

25 the single data of the desired bit number from the data 
..1 

over the plural addresses which has been read ~- the 
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reading circuit. 

In this case. single data of a desired bit number 

is stored over plural addresses with a desired bit 

position being used as the head position. Plural data 

5 each having a desired bit·number can therefore be stored 

efficiently as closely as possible without being 

restricted by the address unit. An efficient uilization 

of the memory can thereby realized. 

According to still another aspect of the invention, 

10 a data generation device comprises a memory circuit for 

storing first data and second data mixedly. the second 

data consisting of plural bits and being divided into 

plural sections, each of the sections being stored 

separately in said first ~ata, a reading circuit for 

15 reading out the data stored in the memory circuit 

address by address. a data separation circuit for 

separating the section of the first data and the section 

of the second data from the data which has been read out 

by the reading circuit, and a reproduction circuit for 

20 re,producing completed second data by assembling 

respective sections of the second data which has been 

separated by the data separation circuit. .. 
·-~""'. 

The· second data is separated into plural sections 
-
the 

25 second data is in a hidden state in the first data. 
_j 

This manner of storing the second data enabl~· the 

iliii1nr 
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second data to be packed efficiently in a suitable empty 

position of the first data, in compliance with various 

conveniences such as the bit number of the first data 

and the bit number of the address and therefore is 

5 advantageous for realizing an efficient utilization of 

the memory. 

Preferred embodiments of the invention will be 

described hereinbelow with reference to the accompanying 

drawings. 

10 In the accompanying drawings, 

Fig. 1 is a block diagram showing the entire 

construction of an electronic musical instrument 

incorporating an embodiment of the invention; 

Fig. 2 is a diagram showing an example of data 

15 format of data stored in a waveform memory in Fig. l; 

20 

25 

Fig. 3 is a diagram showing an example of memory 

format used when data having variable data length of the 

format shown in Fig. 2 is stored in the waveform memory 

in ... Fig. 1; 

Fig. 4 is a block diagram showing an example of 
:> 

interna!4~onstruction of a data takeout and·reproduction 

section in Fig. 1; 
.... -:4 ... "' 

. Fig. 6 is a block diagram 
~­

showing a 

example of a sample counter and a hidden bit 

signal generation circuit in Fig. 4; 

specific 

conJro 1 
j./. 
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Fig. 6 is a block diagram showing a specific 

example of a data length counter and an address counter 

in Fig. 4; 

Fig. 7 is a block diagram showing a specific 

s example of a data position reproduction circuit in Fig. 

4; 

Fig. 8 is a block diagram showing a specific 

example of a hidden bit sepration circuit and a data 

adjustment circuit in Fig. 4; 

10 Fig. 9 is a block diagram showing a specific 

example of a hidden bit reproduction circuit and a data 

length register in Fig. 4; 

Figs. lOa and !Ob are diagrams for explaining 

an example of operation of a shifter in Fig. 7; and 

15 Figs. 11 and 12 are block diagrams showing an 

example of a compressed data demodulation circuit in 

Fig. 1. 

· .. Iii-~. 
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Jn the electronic musical instrument shown in Fig. 

1, the data generation device according to the invention 

is employed as a tone waveform generation device. More 

specifically, data is stored in a waveform memory 10 

s constructed of a ROM in a format according to an 

embodiment of the invention and data is read from this 

waveform memory 10 for reproduction of a tone by a 

method according to the embodiment. 

Description of variable data and hidden bit 

10 An example of a data format of data to be stored in 

the waveform memory 10 will be described first with 

reference to Fig. 2. 

Fig. 2 shows a data format of tone waveform data 

corresponding to a single tone color. The data format 

15 is divided into frames each of which consists of a data 

group for 16 sample points. The data length of these 

data is not constant but can be any length. In this 

embodiment, however, the data for 16 sample points in 

th~ same frame have the same data length. In Fig, 2, 

20 the size, i.e., data length, of waveform data belonging 

25 

to the frame O is 11 bits, that "' of waveform ·data .. -,~. 
belqnging to the frame 1 is 10 bits and that of waveform 

data b~~i~nging to the frame 2 is 12- btf\s. 

In this embodiment, each of data for the first to 

fourth sample points <sample points O to 3) 

.. .;; 

hasjA'xtra 
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one bit of tthidden bit•• CHBO to HB3> for "hidden 

information" in addition to the above described waveform 

data. The data having the hidden bits HBO to HB3 for 

these sample points have a data length which is one bit 

S larger than data for other sample points in the same 

10 

15 

20 

frame. Without these hidden bits HBO to HB3, i.e., as 

far as the size of substantial waveform data is 

concerned, all data in the same frame have the same 

size. 

Each of the hidden bits HBO to HB3 does not have 

apparent significance when it is kept in a separated 

state and contents of information are hidden. When 

these hidden bits HBO to HB3 are aggregated together to 

form 4-bit information, the contents of the "hidden 

informationtt are exposed. In this embodiment, 

information designating data length is assigned as the 

"hidden information°. More specifically, as tthidden 

information" in a certain frame, information designating 

data length of waveform data in the next frame is 

assigned . Weights of binary c~de of these hidden bits 
... 

are in the order of HB3 CMSB>, HB2, HBl and HBO <LSB). 

In the. example of Fig. 2, the colftents of the 
'~"-

hidden ·bi'ts HB3 to HBO in the frame O are "1010" and 

· designi\e data length-= io bi ts in tKe next ·frame ·1. 

25 The contents of the hidden bits HB3 to HBO in the frame 

1 are ••1100" and designate data length = 12 bi ts"' the 
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next frame 2. Since there is no preceding frame to the 

first frame O, a suitable method may be employed for 

providing information for designating data length of the 

first frame such,_ for example, as storing information 

5 designating the data length of the first frame in a 

separate memory such as a tone color data memory. 

Description of data storing format 

Fig. 3 shows an example of a memory format used in 

a case where data of variable data length composed of 

10 .the format of Fig. 2 is actually stored in the waveform 
; 

memory 10. 
' \I 

In the example of Fig. 3, the size, i . e. , data 

length, of the memoty address of the memory 10 is fixed 

at 16 bits per one address and each address is accessed 

15 by an address signal. Data for one sample point is not 

stored in one address, but plural data of variable data 

length are stored together as closely as possible in one 

address. For example, hidden bit HBO accompanying the 

waveform data for the sample point 0 is stored at the 

20 LSB <least significant bit) of address AO, the waveform 

data for the sample point O is stored at 11 bits of 

higher or upper orders, hidden, bit HBl aJ:Companying the 

wavefor'"""· data for the sample point 1 is stored at a btt 
.. . .• 

which~.& one bit higher, and 3 lower :order bits of .the 
~ 

25 waveform data for the sample point 1 are stored at 3 

bits of·higher orders .. of the address AO. 

l8iiilnr .· 

·. 
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8 higher order bi ts of the wavefo.rm data for the sample 

point 1 are stored at 8 lower order bits of the address 

Al. In a similar manner, as shown in Fig. 3, waveform 

data and hidden bits for the respective sample points 

5 are stored closely togehter in the respective addresses. 

In Fig. 3, numerals in the address areas represent 

sample point numbers of the waveform data and shaded 

portions represent areas where the hidden bits are 

stored. 

10 For storing data as closely as possible in the 

memory in an efficient manner, one data is suitably 

divided into plural portions and stored over plural 

addresses. 

Any coding system may be employed for waveform data 

15 to be stored in the waveform memory 10. In the 

embodimemnt of Fig. 1, waveform data compressed by the 

linear prediction coding system CLPC) is stored in the 

waveform memory 10. 

Waveform data to be stored in the waveform memory 

20 10 may be data for waveform of one period or data for 

waveform of plural periods. As is well known, in a 

case where data for waveform of one per(od is stored, 
·-~"". 

ton~ waveform data of plrual periods can be obtained by 
... ~..... ... 

repeatedly reading out the waveform tftlta of one period. 

· 25 In a case where data of waveform of plural periods is .. 
to be stored, data of ful 1 waveform from the st,,J of 

iiii1ilri 
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sounding of a tone to the end thereof may be stored or. 

alternatively, data of a full waveform of an attack 

portion and data of waveform of plural periods of a 

sustain portion may be stored. When the data of full 

5 waveform from the start of sounding of a tone to the end 

thereof is stored, waveforms of respective sample points 

may be read out once sequentially from the start 

address. When the data of full waveform of the attack 

portion and the data of waveform of plural periods of 

10 the sustain portion are stored, the data of the full 

waveform of the attack portion may be read out once 

sequentially from the start address and thereafter the 

data of waveform of plural periods of the sustain 

portion may be repeatedly read out. Since the above 

15 described reading control SY$tem is well known. detailed 

description thereof will be omitted herein. For 

convenience of explanation, it is assumed that in the 

embodiment of Fig. 1, a read address control circuit for 

the former reading control system is illustrated. 

20 Description of the entire construction 

Referring to Fig. 1, .a keyboard 11 has a plurality 

of keys for designating tone .pitches of" tones to be 

genera tf!.a:· A tone color selection operator 12 has a 

·pl uraIT\y of operators tor des i gha t;i?ig tone -colors ~of 

25 tones to be generated. A microcomputer 13 detects 

depression and release of keys and a tone~/.1or 
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selection state by scanning the keyboard 11 and the tone 

color selection operator 12 and performs an operation 

for assigning key depression information to any of a 

plurality (8 in this embodiment> of tone generation 

5 channels. The microcomputer 13 produces, for each 

channel. a key code KC representing a key which has been 

assigned to one of the tone generation channels and a 

key-on signal KON representing whether the assigned key 

is still being depressed or has been released. The 

10 microcomputer 13 produces also tone color number data TN 

representing a selected tone color and touch data TD 

representing key touch. The outputs of the 

microcomputer 13 are supplied to a tone source circuit 

through an interface 14. The interface 14 provides the 

15 key codes KC and the key-on signals KON of keys which 

have been assigned to the respective channels at a 

predetermined channel time divisional timing and also 

provides the tone color number data TN of the selected 

data and the touch data TD. In the figure, in the tone 

20 source circuit shown on the right side of the interface 

25 

14, various processing is performed for 8 channels on a 

time shared basis in response to data prd'Vided from the 

interfaa~· 14 and tone waveform signals for 8 channels 

are prlitt'°uced on a ti me sh a-red basis·. h. ,. 

An F number generation circuit 15 generates, in 
<-

response to the key code Kc supplied from the in~face 

/iii Ur 
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14, an F number FN which is a constant corresponding to 

a tone pitch frequency of a tone to be generated. The F 

number generation circuit 15 is constructed, for 

example, of a ROM or a table. This F number is 

5 accumulated repeatedly by an accumulator 16 and a carry 

10 

signal from a suitably determined digit is provided as a 

note clock pulse NCL. This note clock pulse NCL 

corresponds to the tone pitch frequency of the tone to 

be generated and designates increment of the sample 

point at each pulse. This note clock pulse NCL, i.e., 

the sample point increment, constitutes a command given 

to the waveform memory 10 for reading out data of one 

sample point per one ·shot of pulse. 

A clock and timing signal generation circuit 17 

15 generates system clock pulses <I> 1 and <I> 2 and various 

20 

other timing signals TMS and supplies these signals to 

the respective circuits and, in response to the. key-on 

signal KON supplied from the interface 14, also 

forms and outputs key-on pulses KONPl and KONP2 and a 

key-off pulse KOFP. The system clock pulses <I> 1 and<!> 2 

are two-phase clocks and one period thereof corresponds 
.. 

to a time slot width of one channel. The key-on pul~e 
. ~,._ -.. 

KON~l is a pulse which rises to "1" only once at a time 

slot ~£·~certain chann~l ~hen the-kef!'.on signal KON has 

25 risen from "O" to "1", i.e., at the start of depression 
ii 

of the key. The key-on pulse KONP2 is a pulse:,i-'hich 

This Sheet Has Be€n Replaced 

IMll\HI 
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rises to "1" only once at the time slot of the channel 

in next time division channel cycle after the key-on 

pulse KONPl has risen to "1"~ The key-off pulse KOFP is 

a pulse which, when the key-on signal KON has fallen 

s from 0 1n to "On, i.e., upon release of the key, rises to 

"l" only once at the time slot of the particular 

channel. These pulses are supplied to the respective 

circuits for controlling processing which are 

synchronized with the key-on and key-off. 

10 A parameter data generation circuit 18 generates, 

in response to the tone color number data TN, touch data 

TD and the key code KC supplied from the interface 14, 

various parameter data for determining the tone color of 

the tone to be generated, performing a touch control and 

15 key scaling. Examples of parameter data generated in 

consideration of the selected tone color, key touch and 

key scaling are envelope setting data EVD for setting 

envelope, start address data SA for designating waveform 

reading start adderss, initial data length data ILENG 

20 fo! designating the data length of the first frame and 

LPC coefficient data LPCP for demodulating waveform data 

which has been compressed by the linlar prediction 
·.~~. 

cod~ng system to PCM code data. 

A~&"envelope generator 19 forms. a.rd outputs, 
~ 

based 

25 on the key-on pulses KONPl and KONP2, key-off pulse KOFP 

and the envelope setting data EVD, envelope sha~ata 

lii1ITifr 
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ED for the respective channels on a time shared basis. 

A data takeout and reproduction section 20 

performs, in response to the note clock pulse NCL 

supplied from the accumulator 16, the sample point 

s increment for identifying the sample point number of 

data to be read from the waveform memory 10 and 

identifies the address at which the data to be read out 

is stored on the basis of the sample point number and 

the data length of the data to be read out and thereby 

10 generates an address signal CA. This address signal CA 

is a.relative address in a storage are~ storing wavef~rm 

data corresponding to one tone color. An address signal 

CA which is generated by adding the start address data 

SA which is an absolute address to this relative address 

15 signal CA by an adder 21 is converted to an absolute 

a4dress signal AD and this address signal AD is applied 

to the address input of the waveform memory 10. 

A read address control circuit 22 receives the 

start address data SA generated by the parameter data 

20 ge~eration circuit 18 and supplies this start address 

data SA to the adder 21. In a case where data of a full 

waveform from the start of sounding of a ft>ne to the end 
. ~ ..... 

thereof· ·i·s stored in the waveform memory 10 and is read 

out o"'i°i'Iy once, the read address c8'ltrol circuit ·22 

25 simply functions to supply the start address data SA to 
•· 

the adder 21. In a case where data of a full w~1orm 

, '·. 
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of an attack portion and data of waveform of plural 

periods of a sustain portion are stored in the waveform 

memory 10 and the data of the waveform of the attack 

portion is read out once sequentially from the start of 

5 sounding of the tone to the end thereof and thereafter 

the data of the waveform of plural periods of the 

sustain portion is repeatedly read out, the read address 

control circuit 22 performs a more complicated address 

control. This address control however is well known. so 

10 that further description thereof will be omitted. 

The waveform memory 10 provides, in response to 

the app 1 i ed address signal AD, data of 16 bits from one 

memory address. 

The data takeout and reproduction section 20 

15 receives data RD of 16 bits which has been read from the 

waveform memory 10 and provides necessary data for one 

sample point of variable data length. In a case where 

necessary data for one sample point is stored over 

plural addresses, the data takeout and reproduction 

·20 se~tion 20 connects necessary data among read out data 

and provides the connected data. 

The data takeout and reproducti~n section 20 
... ,.,.~ .. 

further takes out data of "hidden bit" from among the . 
"' ... ~......... . - - ... .. . 
data of 16 bits which has been read~rom the waveform 

25 memory 10 and provides a set of data HBO to HB3 of 4 
~· 

bits by connecting these data of hidden bits and ~eby 

~ ·. 

i1iili1l1i Hr 
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exposes the data length designation data LENG which has 

been stored as "hidden information" in the waveform 

memory 10. By utilizing this data length designation 

data LENG, data for one sample point of variable data 

5 length is taken out of the data of 16 bits which has 

been read from the waveform memory 10. In the first 

frame, data of variable data length for one sample point 

is taken out by utilizing the initial data length data 

I LENG supplied from the parameter data generation 

10 circuit 18. 

The waveform data for one sample point which has 

been taken out in the above described manner is 

data compressed according to the LPC coding system. 

Therefore, the LPC coded waveform data which has been 

15 taken out of the data takeout and reproduction section 

20 is applied to a compressed data demodulation circuit 

23 and demodulated thereby to normal PCM coded waveform 

data WD. This waveform data WD is multiplied by 

envelope shape data ED from the envelope generator 19, 

20 so~ that its tone volume amplitude level is controlled in 

accordance with the envelope shape. 

The reproduction and control of thl waveform data 
·~~"'". 

to the multiplier 24 is performed for the respective 

• ..o:;: ... "' 
channels on a time shared basis. !ftie output of the 

25 multiplier 24 is accumulated by an accumulator 25 
~ 

.,;; 

for the respective channels during one channeY'time 
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division cycle whereby tone waveform data for all 

channels is obtained. The output of the accumulator 25 

is converted to an analog signal by a digital-to-analog 

converter 26 and sounded acoustically through a sound 

5 system 27. 

Description of the data takeout and reproduction section 

20 in detail 

Fig. 4 is a block diagram showing an example of the 

internal construction of the data takeout and 

10 reproduction section 20. The note clock pulse NCL which 

commands reading of data for each sample· point is 

applied to a sample counter 30, a data length counter 

32, an address counter 33, a data position reproduction 

circuit 34, a hidden bit reproduction circuit 37 and a 

15 data length register 38. 

20 

The sample counter 30 counts the note clock pulse 

NCL and produces a sample number SN which designates the 

number of a sample point to be reproduced by a relative 

number within one frame. A specific example of the 

sample counter 30 is shown in Fig. 5. The sample -
counter 30 comprises an adder 40, an 8-stage 4-bit shift 

register 41 and a gate 42 which gates the~output of the 

·-~""-. 
shift register 41. The output of the gate 42 is 

·provid~i~ as the sample number SN. 
~ 

P.f'hi s 4-bi t samp I e 

25 number SN identifies a relative sample number o - 15 
<· 

within one frame. The gate 42 is closed by the ~ond 

-----------

1111mr 
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key-on pulse KONP2 and otherwise is in an open state. 

The reference characters "SD" in the block of the shift 

register 41 denotes that the shift register 41 has 8 

stages. The shift register 42 is shift-controlled by 

s the two phase system clock pulses cl> 1 and cl> 2 in 

synchronism with the channel time division timing. The 

other shift registers designated by the reference 

characters SD have also 8 stages and are shift-

controlled in the same manner. 

10 According to this construction, the sample counter 

30 is cleared once at the inital stage of key depression 

by the second key-on pulse KONP2 and thereafter counts 

the note clock pulse NCL and thereby generates the 

sample number SN designating the number of the sample 

15 point to be reproduced by the relative number O - 15 

within one frame. 

The generated sample number SN is applied to a 

hidden bit control signal generation circuit 31. This 

circuit 31 recognizes the initial four sample points in 

20 one frame to which the hidden bits HBO to HB3 are ... 
assigned and also recognizes the last sample point in 

the frame • A specific example of thfs hidden bit 
. ~~ 

control~stgnal generation circuit 31 is shown in Fig. 5. 

The c1·rcuit 31 comprises -a NOR ga-te «! to which MSB 83 

25 and the second highest order bit 52 of the 4-bit sample ,.. 

number SN are applied and an AND gate 44 to wbiftl-
41

al1 
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bits 53, 52, Sl and SO of the sample number SN are 

applied. At the initial four sample points in one 

frame, the MSB. 53 and second highest order bit 52 of the 

sample number SN are all "O" so that the output of the 

s NOR gate 43 is "1" but otherwise the output of the NOR 

gate 43 is "O". The output of this NOR gate 43 is 

supplied to the other circuits as a hidden bit control 

signal HCl. When this signal HCL is "1". it represents 

a sample point to which the one of the hidden bits HBO 

10 to HB3 is assigned. At the sample point in the frame, 

all bits of the sample number SN are 11 1" so that the 

output of the AND gate 44 is turned to "1" and this 

signal is supplied to the other circuits as a frame 

change signal HC2. 

15 The data length counter 32 is a counter of modulo 

16 which receives the data length designation data LENG 

provided by a data length register 38 and accumulates 

this data at each timing of the note clock pulse NCL. 

This modulo number 16 corresponds to the bit number 16 

20 of one address in the memory 10. Accordingly, the count 

25 

... 
value of the data length counter 32 designates a border 

of the data of variable data length tn the memory 
. ~:... 

address: ·• 

""):•"specific example of the data~·ength co-unter ·32 

is shown in Fig. 6. The data length counter 32 
.) 

comprises an adder 45, a selector 46 which r~1ves 
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result of addition by the adder 45 at "1" input. an 8-

stage 4-bit shift register 47 which receives the output 

of the selector 46 and stores it dynamically for each 

channel in synchro~ism with the time division timing and 

s a gate 48 which gates the output of the shift register 

47. The output of the gate 48 ls applied to a "O" input 

of the selector 46. The gate 48 is closed by the second 

key-on pulse KONP2 but otherwise is in an open state. 

The selector 46 selects and holds result of addition of 

10 the adder 45 applied to the "1" input when the note 

clock pulse NCL has been generated C = "1"> and selects 

and holds a count applied to its "O" input when the note 

clock pulse NCL has not been produced < = "0">. 

According to this construction. the data length 

15 counter 32 is cleared once at the initial stage of key 

depression by the second key-on pulse KONP2 and 

thereafter accumulates the data length designation data 

LENG each time the note clock pulse NCL has been 

produced. The data length designation data LENG 

20 designates net data length of the waveform data portion 

and does not designate data length including the hidden 
~ 

bits HBO to HB3. For enabling actual data length to be 

add~d at the sample points including the hidden bits HBO 

to HBa~""" the hidden bit. co~trol sig~a~·HCl ts appl led to 

25 a carry-in input Cin of the adder 45 so that 1 addition .. 
.;I 

is added for a hidden bit. The count output of t~data 

·--·-· --------
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length counter 32 is provided from the gate 48 and this 

is supplied to other circuits as a pull out pointer 

<takeout pointer) POP. This pull out pointer POP 

designates a bit position in the memory address at which 

5 LSB of the data for one sample point to be taken out is 

stored. 

In the case of Fig. 3, for example, the pull out 

pointer POP of the first sample point O designates "0", 

i.e., LSB O in the memory address, by clearing by the 

10 key-on pulse KONP2. Upon arrival of a timing of the 

next note clock pulse NCL, addition of 1 is made in the 

adder 45 due to 11 of the data length data LENG and 1 of 

the hidden bit control signal HCl, so that the pull out 

pointer POP becomes 12 a~d designates bit 12 in the 

15 memory address. Upon arrival of a timing of the next 

note clock pulse NCL, 11 1 .. is produced at a carry output 

Cout of the adder 45 since 12 + 12 = 24 and result of 

addition becomes 8. Bit 8 of the memory address 

therefore is designated. In this manner, the pull out 

20 pojnter POP designates a bit position in the memory 

25 

address at which LSB of the data for one sample point is 

stared_. 

~ The signal of the carry output Cout of the adder 45 
..... ..:;;:"'•"' 

is provided from the data length :f'ounter 32 as an 

address increment pulse ADINC. 

The address counter 33 performs address 

~­_.; 

c.Jlihting 

11iiif 
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for accessing the waveform memory 10 in response to the 

address increment pulse ADINC and the note clock pulse 

NCL and produces the address signal CA which is a 

relative value of the read address. The address is 

5 counted up by 1 by using the address increment pulse 

ADINC produced at the timing of the note clock pulse NCL 

as an effective address increment pulse. 

A specific example of the address counter 33 is 

shown in Fig. 6. The address counter 33 compr i se·s an 8-

10 stage 1-bit shift register 49 which delays the note 

clock pulse NCL, an AND gate 50 which receives the 

output of this shift register 49 and the address 

increment pulse ADINC, an adder 51 which receives the 

output of the AND gate 50 at one input thereof, a gate 

15 52 which gates a result of addition of the adder 51 and 

an 8-stage 22-bit shift register 53 Which receives the 

output of the gate 52 and and stores it dynamically for 

each channel in synchronism with the time division 

timing. The output of the shift register 53 is applied 

20 to the adder 51 and added to the ouptut of the AND gate 

50. The key-on pulses KONPl and KONP2 are applied to 

the NOR gate 54 and the gate 52 is cont:et>lled by the 
' ._:,... 

output of.the gate 54. 

rfi~~ timing at which a carry outplff is produced from 

25 the adder 45 in the data length counter 32 is delayed by .. 
8 system clocks from the timing of the note cloc~lse 

111mmnr 
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NCL due to the delay in the shift register 47. For 

synchronizing with this timing, the note clock pulse NCL 

is delayed by 8 system clocks by the shift register 49. 

Accordingly, when the address increment pulse ADINC has 

5 been produced as a result of addition of the data length 

designation data LENG at a timing of the note clock 

pulse NCL, the ouptut of the AND gate 50 is turned to 

"1" and the address counter 33 counts up one address. 

In the address counter 33, the output of the gate 52 is 

10 provided as the address signal CA. 

In the case of Fig. 3, for example, the address 

signal CA initially designates "O", i.e., memory address 

AO by clearing by the key-on pulses KONPl and KONP2 and 

the data of 16 bits stored at this address AO is read 

15 out. Upon arrival of the next timing of the note clock 

pulse NCL, the addition ouptut of the adder 45 of the 

data length counter 32 becomes 12 · as was described 

before and this addition output is selected by the 

selector 46 and applied to the shift register 47 and, 8 

20 .system clocks thereafter, POP = 12 is provided. At this 

time, 12 is further added in the adder 45 and the carry 

output Cou t there£ ore becomes "1 It. ~ The address 

incremefi\"""· pulse ADINC which is "ltt and the note clock 

-
. pulse~~Ct which has been delayed by 8~ystem clocks are 

25 applied to the AND gate 50 thereby causing the address .. 
~ 

counter 33 to count up. The address signal CA th~.Jffore 
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designates "1", i.e., the memory address Al and the data 

of 16 bits stored at this address is read out. On the 

other hand, the output of the adder 45 is not selected 

by the selector 46, so that the output POP of the data 

5 length counter 32 maintains 12. 

As will be readily understood, as regards the data 

of the sample number 1 stored over the two addresses AO 

and Al, the pull out pointer POP designates the bit 12 

at the address AO at which the LSB of the data ·is 

10 stored and the address signal CA which is the output of 

the address counter 33 designates the next address Al. 

In other words, the address signal CA precedes the pull 

out pointer POP by 1 address. This is because, as will 

be described later, the data position reproduction 

15 circuit 34 temporarily holds data of the preceding 

address which has been read from the waveform memory 10 

in order to reproduce data for one sample point .stored 

over two addresses and the pull out pointer POP 

designates LSB of the data to be· taken out to the 

20 tewporarilY held data read from the preceding address. 

The data position reproduction circuit 34 receives 

"' data RD of 16 bi ts read which has been read from th.e 
·.Jti.~. 

wav~form memory 10 and performs Ca> a function of 

reprod~~ing data for one sample p~iiff stored over two 

25 addresses after assembling it to a set of data and Cb> a 
~· 

function of executing a pretreatment for taki~ out 

----------- ------
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a necessary portion only of the data for one sample 

point of variable data length from among data of 16 bits 

by executing a processing for aligning the bit position 

of the data to LSB of the data of variable data length. 

5 A specific example of the data position 

r-eproduction circuit 34, as shown in Fig. 7, comprises a 

shifter 55 of 32-bit parallel input and 16-bit parallel 

output type. To upper 16 bit inputs of the shifter 55 

are directly applied the data RD of 16 bits which has 

10 been read from the waveform memory 10. This read out 

data RD is applied to a "O" input of a selector 56. The 

output of the selector 66 is applied to an 8-stage 16-

bit shift register 67 and the output of the shift 

register 57 is applied to a "l" input of the selector 56 

15 and also to lower 16 bit inputs of the shifter 55. The 

note clock pulse NCL and the key-on pulse KONPl are 

applied to a NOR gate 58 and, when the output signal of 

the NOR gate 58 ls "0", the "0" input of the selector 56 

ls selected and, when the output signal of the NOR gate 

20 58 is "1", the "1" input is selected. 

1i11f1Ur 



-28-

To a control input of the shifter 55 is applied the 

pull out pointer POP from the data length counter of 

Fig. 6. This pull out pointer POP designates a bit 

which corresponds to the LSB of the data to be taken out 

5 as 16 bit parallel output data from 32 bit parallel 

input data in the shifter 55. When, for example, POP is 

o. the LSB of the 32 bit parallel input data is 

determined as the LSB of the 16 bit parallel output data 

and 16 bit data including this bit and higher bits is 

10 taken out. When POP is 1, the next. bit to the LSB of 

the 32 bit parallel input data is determined as the LSB 

of the 16 bit parallel output data and 16 bit including 

this bit and higher bits is taken out. When POP is 12, 

the thirteenth bit from the LSB of the 32 parallel input 

15 data is determined as the LSB of the 16 bit parallel 

output data and 16 bit data including this bit and 

higher bits is taken out. 

In the 32 bit parallel input of the shifter 55, 16 

high order bits are the data RD which is currently read 

20 ou! and 16 low order bits which are supplied from the 

shift register 57 are data which have been read from the 
~ 

immediately preceding address. Data which have been 
·-JI,.~. 

rea~ from the two addresses are loaded side by side in 

the shi~f'"ter 55 and, i~· a case whe~~ tfita for -on~ samp~le 

25 point is stored in two addresses, necessary data for one 
.J 

sample point can be taken out of 32 bit parallel ;Jl~ of 
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the two addresses stored in the shifter 55. 

Since the pull out pointer POP designates LSB of 

data of variable data length, a processing for aligning 

the bit position of data to the LSB of the data of 

s variable data length can be performed by designating, by 

the pull out pointer POP, the input bit position of data 

to be taken out as LSB of 16 bit parallel output data. 

By this method, a pretreatment for taking out a 

necessary portion only of data of variable data length 

10 for one sample point from 16 bit data can be realized. 

Referring to Fig. 3, for example, the address 

signal CA becomes "0" by clearing the address counter 33 

of Fig. 6 when the first key-on pulse KONPl has been 

produced and data is ther~by read from the address AO. 

15 The selector 56 selects data RD read from the address AO 

in response to the output ••ott of the NOR gate 58 and the 

selected data RD is loaded in the shift register 57. In 

the next cycle, the selector 56 selects ·the output of 

the shift register 57 in response to the output "1" of 

20 th~ NOR gate 58 and storage of the read out data RD from 

the address AO is held. The pull out pointer POP at 

this time 
~ 

is "0" so that 16 low order bits of the input 
·~fti:--. 

dat~ in the shifter 55, i.e., the read out data from the 

addre;~ ... " AO held in the shift regi~te~-57, is directly 

25 selected and taken out. This data includes the data for 
.J 

the sample point 0 in its 12 low order bits. In~.;/ther 
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words, the data for the sample point O to be taken out 

first is taken out in its entirety with its LSB being 

aligned with the LSB of the 16 bit output. This 

arrangement is schematically illustrated in Fig. IOa. 

5 Then, upon generation of the note clock pulse NCL, 

the pull out pointer POP becomes "12" upon lapse of 8 

system clocks thereafter as described above and the 

address signal CA chang·es to address Al Csee Fig. 6). 

Sincet however, the note clcok pulse NCL applied to the 

10 NOR gate 58 has not been delayed, the address signal CA 

has not changed when the output of the NOR gate 58 turns 

to "0 .. by this note clock pulse NCL and t therefore. the 

read out data RD from the address AO is selected by the 

selector 56 and stored in the shift register 57. 

15 Accordingly, when the read address of the waveform 

20 

25 

memory 10 has changed to Al 8 system clocks thereafter 

and the read out data RD from the address Al is applied 

to 16 high order bits of the shifter 55, preceding read 

out data from the address AO is supplied from the shift 

register 57 to 16 low order bits. In this manner, read ... 
out data from two consecutive addresses are arranged in 

parallel in the input of the shifter 55. a At this time, 
. .;,._ 

the pu"ii" out pointer POP is .. 12" designating the LSB 

posi ff<tn of the data for the samp1~·point 1 at the 

preceding address AO. Therefore, data of 16 bits with 
~-

its LSB corresponding to the LSB of the data f~ the· 
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sample point 1 is taken out of the shifter 55. This 

data includes the data for the sample point 1 in its 

ent\rety in 12 low bits. In this manner, the data for 

the sample point 1 stored ·separately at two addresses 

s are provided as a set of data with its LSb being aligned 

with the LSB of the 16 bit out~ut. This arrangement is 

schematically shown in Fig. lOb. 

Thus, 16-bit data Dl in which the object data to be 

taken out and having variable data length is arranged in 

10 the order of its bit positions sequentially from LSB is 

provided by the shifter 55. Since this 16-bit data Dl 

may contain unnecessary data on its higher bit side, the 

object data for one sample point of variable data length 

only has not been taken out yet. For taking out this 

15 data only, further processing is required. 

Reverting to Fig. 4, the data Dl produced from the 

shifter 55 of the data position reproduction circuit 34 

is applied to a data adjustment circuit 36 through a 

hidden bit separation circuit 35. The hidden bit 

20 separation circuit 35 separates the hidden bits HBO to 

HB3 when the data Dl contains them and takes out net 

waveform data only and supplies this net~aveform data 
. ~~ 

as data·n2 to the data adjustment circuit 36. The data 

·adjus~~t circuit 35· is- providea·f~ taking out fhe 

25 object data for one sample point having variable data 
~-

length only from the data D2. A I-bit potential~den 

1iiiif 
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bit signal HB Cthis is a signal which has possibility of 

being one of the hidden bits HBO to HBl> which has been 

separated by the hidden bit separation circuit 35 is 

applied to a hidden bit reprodu~tion circuit 37. Ths 

5 hidden bit reproduction circuit 37 reproduces, in 

response to the potential hidden bit signal HB supplied 

from the hidden bit separation circuit 37, a set of 4-

bit hidden bits HBO to HB3 and thereby exposes the 4-bit 

hidden information HD which has been stored separately 

10 in the form of the hidden bits HBO to HB3. As described 

above, in this embodiment, data length designation 

information for the next frame is stored as the hidden 

information HD. The reproduced hidden information HD, 

i.e., data length designation information for the next 

15 frame, is supplied to a data length register 38. 

A specific example each of the hidden bit 

separation circuit 35 and the data adjustment circuit 36 

is shown in Fig. 9. 

In this embodiment, data length, i.e., size, of net 

20 wayeform data is variable data length in the range of 2 

bits to 15 bits. Accordingly, maximum data length of 
.,, 

effective data is 16 bits when it includes a hidden bit 
~ ... ""' "" .. 

and .. 15 bi ts when i t does not include a hidden bit. 
.... ~ ....... 

of'e.lhe Therefore, the maximum data length effective data 

25 of the data Dl which may include a hidden bit is 16 bits 
~-..,; 

and, for this reason, this data Dl is taken out.jiA' 16 

-------------
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bit data. The maximum data length of the effective data 

of the data D2 after separation of the hidden bit is 15 

bits. 

In Fig. s. the hidden bit separation circuit 35 is 

5 made of a selector 59 to which lower 15 bits of the data 

Dl are applied to its uo" input and upper 15 bits are 

applied to its "1" input. The selector 59 receives the 

above described hidden bit control signal HCl <see Fig. 

5) at its selection control input and selects 0 1t1 input 

10 when HCl is .. 1" and selects "On input when HCl is "0". 

When, therefore, data for the first four sample points 

in the frame including the hidden bits HBl to HB3 is to 

be taken out, the upper 15 bits of the data Dl are 

selected by "1" of HCl and one of the hidden bits HBO to 

15 HB3 located at the least significant one bit is 

excluded. The 15-bit data is sufficient for securing 

effective bits of the above described net waveform data. 

When, on the other hand, data for a sample point which 

does not include the hidden bits HBO to HB3 is to be 

20 taken out, lower 15 bits of the data Dl are selected by -
ttQtt of HCl. This 15-bit data also is sufficient for 

securing effective data of the above ~described net 
. ~""" 

waveform ·ciata. 

11l.e"' 15-bit net waveform dataD2~hich h~s excluded 

25 the hidden bit is applied to the data adjustment circuit 
) 

36. As was described previously, this data ~ may 

1i1HliiUf 
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contain not only the object waveform data for one sample 

point but also waveform data for next sample point. 

If the object waveform data for one sample point is 

taken out with its data length remaining variable in 

5 taking this data only from the data D2, inconvenience 

will arise in subsequent data processing. The data 

adjustment circuit 36 therefore adjusts the taken out 

data to the data size of 15-bit fixed data length. For 

this purpose, the data adjustment circuit 36 takes out 

10 the object waveform data for one sample point from the 

data D2 first and, when the taken out waveform data for 

one sample point does not satisfy the data size of 15-

bit fixed data length, executes processing for expanding 

the sign bit to all empty high order bits and thereby 

15 adjusts the size of the entire data to the fixed data 

20 

length of 15.bits while taking out the object waveform 

for one sample point only. 

In the data adjustment circuit 36 of Fig. 8, the 

data D2 is applied to a sign bit takeout circuit 60 for 

t~king out a sign bit SB. The data length designation 

data LENG is decoded by a decoder 61 and one output line 

corresponding to MSB of the data of varia~le data length 

in 15 output lines of the decoder 61 becomes a signal 

"1" ... ~.By this ouptut of the decod-e'r ~. the position of 

25 the sign bit SB to be taken out in the sign bit takeout .. 
circuit 60 is designated. When, for example, ~data 

1ii!iW1f 
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length is 10 bits, the tenth bit of the data D2 is the 

MSa of the data of vari~ble data length, i.e., the sign 

bit. This signal ls taken out in respones to "1" of the 

tenth output line of the decoder 61. 

5 In the data adjusting circuit 36 in Fig. 8, a bit-

by-bit independent selector 62 selects the object 

waveform data for one sample point only and excludes a 

part of data for other sample point to expand the sign 

bit SB instead of it. Since the data of LSB O in 14 low 

10 order bits of the data D2 Cthe MSB may be excluded 

because the MSB cannot be any other bit than the sign 

bit and this sign bit can be identified by an output of 

a sign bit takeout circuit 60) is always data of the 

object waveform data for one sample point, this data is 

15 not applied to the selector 62 but may be applied 

directly to an output register 63. Data of the other 

bits excluding the LSB of the 14 low order bits of the 

data D2 are applied to bit-by-bit A inputs IA to 13A of 

the selector 62. A signal representing the sign bit SB 

20 provided by the sign bit takeout circuit 60 is applied 

commonly to bit-by-bit inputs lB to 13B of the selector 

62. The bit-by-bit selection control in fbe selector 62 

is achf~~ed by signals supplied on 13 signal lines from 

·a se!l!~\ signal generation circuit~~4. The sele"ct 

25 signal generation circuit 64 provides, in response to 
" 

the output signal of the decoder 61, a selection~jtrol 

iu1m1il1 m1r 
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signal "1 11 in correspondence to all of higer order bits 

from the bit position of the sign bit SB. 

Assume, for example, that the sign bit SB is the 

bit 1 which is the second lowest bit in the data D2. In 

s this case, signals on the 13 signal lines of the select 

signal generation circuit 64 become tt1 11 and the bit-by-

bit independent selector 62 select the sign bit SB of 

the B-inputs lB to 13B at all of the bits. In a case 

where the sign bit SB is the bit 2 which is the third 

10 lowest bit in the data D2, a signal on one low order 

signal line of the select signal generation circuit 64 

becomes 11 0 11 and signals on the 12 high order signal 

lines become "l" and the bit-by-bit independent selector 

62 selects the waveform data of the A input lA at the 

15 bit 1 and the sign bit SB of the B inputs 2B to 13B at 

the bits 2 to 13. In a case where the sign bit is the 

bit 3 which is the fourth lowest bit in the data D2, 

signals on two low order signal lines of the select 

signal generation circuit 64 become "0" and signals on 

20 11 high order signal lines become "1" and the bit-by-bit 

independent selector 62 selects waveform data of the A 

inputs lA and 2A at the bits 1 and 2 an~ selects the 

sign b·1'r·sa of the B inputs 3B to 13B at the bi ts 3 to 

. 13. -~*i'ini larly, as the position· of~he sigri bit SB ·is 

25 shiftedt the mode of bit-by-bit selection is also .. 
shifted and, as a result, the object waveform d~t/ for 

~-

iiiifiU 



-37-

one sample point is selectively taken out and data of 

other sample point is excluded to expand the sign bit SB 

instead of it. 

The 15-bit data consisting of the LSB of the data 

5 D2, the 13-bit output data of the selector 62 and the 

sign bit SB which has been taken out of the sign bit 

takeout circuit 60 is applied to the output register 63 

and is loaded therein at a timing of rising of the 

system clock pulse <fl 2. This timing of rising of the 

10 system clock pulse cfl2 occurs within one time slot of 

the time division channel timing, so that the loading of 

the data is made when the data in the time division 

channel timing has sufficiently risen. The ouptut of 

this output register 63 is provided as waveform data CWD 

15 for one sample point which has been taken out. 

The hidden bit reproduction circuit 37 in Fig. 9 

includes an AND gate 66 which receives a signal obtained 

by delaying the note clock· pulse NCL by an 8-stage 1-bit 

shift register 65 and the hidden bit control signal HCl, 

20 an OR gate 67 which receives the second key-on pulse .... 

KONP2 and the output of the AND gate 66, a selector 68 

which is controlled by the output the OR gate 67 and an 
·-~"". 

8-s~age 4-bit shift register 69 which receives the 
.. -::a: ........ -output of the selector 68. the shift 

25 register 69 is applied directly to a •10 11 input of the 

selector 68. 

~­
.0) 

To the MSB of 4 bi ts of tt 1" input yf.' the 
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selector 68 is applied a signal of the LSB of the data 

Dl, i.e.. the potential hidden 'bit signal HB. To the 

remaining 3 low order bits of the 4 bits of the "lu 

input of the selector 68 is applied data obtained by 

s shifting the output of the shift register 69 by one bit 

to the lower order bit side. 

According to this construction, when the second 

key-on pulse KONP2 has become n1n, the .. 1" input of the 

selector 68 is selected in response to the ouptut "1" of 

10 the OR gate 67. As the data DI, data for the sample 

point O which has been read out from the address AO by 

address clearing by the first key-on pulse KONPl which 

was produced one cycle before is provided while the 

hidden bit·HBO stored with respect to the sample point O 

15 is provided as the potential hidden bit HB. Since the 

output of the shift register 69 may take any value 

initially, explanation will be made by designating this 

output by x <x may be either O or 1). By the above 

arrangement, 4-bit data having contents of HBO, x, x, x 

20 Cin the order from the MSB is loaded in the shift .... 

register 69 through the ••1 tt input of the selector 68. 

In the next cycle, the output of the OR gate 67 becomes 
·~~~. 

"On, so that the data HBO, x, x, x loaded in the shift 

·regist;r'·sg is held by the shift regis~fer 69 through the 

25 "Ott input of the selector 68. .. 
..,; 

Then, when the note clock pules NCL ha~.Jbeen 
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produced and data for the sample point 1 has been given 

as the data Dl, the output of the AND gate 66 is turned 

to "1" due to HCl which is "l" and the delay output "1" 

of the note clock pulse NCL (since the delay by the 

s shift register 65 is synchronized with HCl, see Fig. 5> 

and, as a result, the output of the OR gate 67 is turned 

to "1" and the "l" input of the selector 68 is thereby 

selected. At this time, the hidden bit HBl which has 

been stored with respect to the sample point 1 is 

10 provided as the potential hidden bit HB, the 4-bit data 

of HBl, HBO, x, x Cin the order from the MSB>, is loaded 

in the shift register 69 through the t'l'' input of the 

selector 68. In the next cycle, the output of the OR 

gate 67 becomes "0" and the data HBl, HBO, x, x which 

15 has been loaded in the shift register 69 is held therein 

through the "0" input of the selector 68. 

Then, when the next note clock pulse NCL has been 

produced and the data for the sample point 2. has been 

provided as the data Dl, the hidden bit HB2 which has 

20 been stored with respect to the sample point 2 is ... 
provided as the potential hidden bit signal HB, so that 

the data HB2, HBI. HBO, x is loaded a~d held in the 
.... .,. ..... 

shi!t register 69 in the same manner as described above. 

·~·"' When the next note clock pu~e NCL ·has -been 

25 produced and the data for the sample point 3 has been 
~-

provided as the data· DI. the hidden bit HB3 wbif/.f has 

iiiliilff 
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been stored with respect to the sample point 3 is 

provided as the potential hidden bit HB and the data 

HB3, HB2, HBI, HBO is loaded and held in the shift 

regster 69 in the same manner as described above. 

Thereafter, in this particular frame, the data 

HB3, HB2, HBl, HBO is held in the shift register 69 even 

when the note clock pulse NCL has been produced, since 

the hidden bit control signal HCl is 0 0" so that the 

output of the AND gate 66 does not become "1". 

Thus, the 4-bit hidden bits HB3, HBl, HBO are 

reproduced and held in the shift register 69. These 

hidden bits are supplied to the data length register 38 

as the hidden information HD designating data length of 

the next frame. 

Referring to Fig. 9, the data length register 38 

includes an 8-stage 4-bit shift register 70 and a 

selector 71. To a "10" input of the the selector 71 is 

applied the initial data length data ILENG and to a .. 01" 

input of the selector 71 is applied the above described 

20 hidden information, i.e., data designating the data 

length of the next frame, Further, to a "00" input of 

the selector 71 is applied the output ~of the shift 
. ~~ 

register ··10. To high order bits of a 2-bit control 

input-...: ... of the selecto·r· 71 is appffe~he first key.:.on 

25 pulse KONPl and to low order bits of this control input 

is applied the output of the AND gate 72. To t~ AND 
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gate 72 are applied a frame change signal HC2 from the 

AND gate 44 in Fig. 5 and the note clock pulse NCL. 

According to this construction, when the key-on 

pulse KONPl is u1°, the selector 71 selects the initial 

5 data length data ILENG of the "10" input and loads it in 

the shift register 70. In the next cycle, the selector 

71 selects the ,.00° input and holds the loaded data 

I LENG. The output of the shift register 70 is provided 

as the data length designation data LENG to the 

10 respective circuits as described previously. In the 

first frame, therefore, the initial data length data 

!LENG produced by the parameter data generation circuit 

18 is used as the data length designation data LENG. 

In this frame O, as described above, the hidden 

15 information HD designating data length of the next frame 

is supplied to the selector 71. 

Then, upon changing of the frame, the output of the 

AND gate 72 is turned to "l" and the selector 71 selects 

the hidden information HD at the "01" input and loads it 

20 in ... the shift register 70. In the next cycle, the 

selector 71 selects the "00,. input and holds the loaded 

data HD. In this manner, in the second~and subsequent 
·-ltr-~. 

fra~es, the hidden information HD designating the data 

Iength..:·;;hich has been s.tored as h(d-de:tf'information with 

25 the waveform data of the preceding frame is used as the 

data length designation data LENG. 

-------·-- --
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Instead of generating the second key-on pulse KONP2 

from the first circuit 17, the seocnd key-on pulse KONP2 

may be generated by delaying the first key-on pulse 

KONPl by 8 system clock pulses by the 8-stage 1-bit 

5 shift register 73 in Fig. 9. 

An example of the compressed data demodulation circuit 

In a case where the waveform data CWD which has 

been taken out and reproduced by the data takeout and 

reproduction circuit 20 is compressed by the linear 

10 prediction coding system CLPC>, the compressed data 

demodulation circuit 23 shown in Fig. 1 employs an LPC 

demodulation circuit. In this case, the compressed data 

demodulation circuit 23 can be constructed of an LPC 

demodulation circuit as shown in Fig. 11 or 12. In the 

15 figures, reference characters 78 and 79 designate 

limiters, 80 to 84 adders, 85 to 92 multipliers, 93 to 

100 8-stage shift registers and aO, al, bO, bl, ao to a3 

LPC coefficients, respectively. Fig. 11 shows an 

example of an LPC demodulation circuit of two stages and 

20 Fi&·· 12 shows an example of an LPC demodulation circuit 

of one stage. 

The method of storing and reading dat~ in and from 
·-~"'". 

the memory according to the invention is preferable 
.. ~ .... " 

because it enhances saving of th_e'i"· memory capacity 

25 further when it is used in combination with such data .. 
compression technique. In this case, the~ata ,.. 
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compression method is not limited to the LPC system but 

any other system such as DPCM, ADCP and delta modulation 

may be employed. Further, the present invention can be 

of course applied to a case where the data compression 

5 technique is not employed. 

Other embodiments 

In the above described embodiment, the present 

invention is applied to generation of tone waveform 

data. The present invention can also be applied to 

10 generation of various data in an electronic musical 

instrument such as generation of envelope shape data for 

determining the tone volume level, generation of 

envelope shape data for performing various controls, 

generation of filter coefficient data, generation of 

15 other tone color setting data and generation of after-

touch data and press data of a sequencer. 

In the above described embodiment, it is necessary 

in the data takeout and reproduction section 20 to 

perform multi-stage processing stages including sample 

20 co~nting, data length counting, address counting, data 

position reproduction and hidden bit reproduction and 

thes~ multi-stage processing stages are performed at a 

~·~ tim~ng of one sample. For this requirement, time for 

one ;~m~le may have to be sufflctrintly long. For 

25 solving this problem. processing over plural sampling 
~ 

timings in the same channel timing may be advanta~sly 
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executed by a pipe line processing method whereby time 

for one sample can be shortened and the data reading 

speed can be increased. 

In the above described embodiment, there are three 

s aspects of the invention, namely, Cl> the aspect of the 

invention according to which desired plural data of 

variable data length are stored and one of the plural 

data is accurately taken out, C2> the aspect of the 

invention according to which single data is stored over 

10 plural addresses and read out data are connected 

together to accurately reproduce the single data, and 

(3) data for single information is divided into plural 

data and the divided plural data are stored between 

other data in dispersed form as hidden information and 

15 this hidden information is accurately reproduced from 

among read out data, and these three aspects of the 

invention are combined together in this embodiment. 

Hawver, even if one of these aspects is carried out 

singly, the benefit of efficient utilization of the data 

20 memory device resulting in achievement of a more compact -
circuit design and reduction in the manufacturing cost 

will be obtained. The invention, theref"ore, need not 
. ~,._ 

necessafi1y be carried out in the form in which these 

· three-...-:·-a."'spec ts are combined together ~t each of these 

25 aspects of the invention may be carried out alone. 
"" 

In the case of carrying out the aspect <1> ~the 

ttilif ifiaced 
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invention, the data length designation data need not be 

stored in the form of hidden bits but may be stored in 

the same manner as ordinary data. In that case, the 

memory storing the data length designation data may be 

s the same memory storing proper data <a part of the 

storage area of this memory is utilized) or a different 

memory. For example, the data length designation data 

mey be stored in a cash memory in a tone source circuit. 

The data length designation data may also be stored in a 

10 compressed form. Instead of storing data length in a 

memory, data length may be designated by other suitable 

desingation means. In the above described embodiment, 

data length is designated frame by frame. Alternatively, 

data length may be for each individual data. The length 

15 of frames need not be constant but may be different from 

one another. In that case, data designating the length 

of a frame to which a particular data length is applied 

may be stored or designated together with the data 

length designation data. The data length designation 

20 daja need not be 4 bits but may be other suitable bits. 

In carrying out the aspect <2> of the invention, 

data length need not be variable but may lte fixed. Such 

·-""~· fixed data length is advantageous in a caset for 
~ 

.... 't&" ....... - nutftier example, where the fixed data bit for one sample 

25 exceeds the bit number of one address. In that case, .. 
data must be stored over plural addresses fo~~ach 

iiilfi1iiilf 
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address. When the fixed data bit number for one sample 

point is smaller than the bit number of one address, the 

capability of storing the data over plural addresses 

is advantageous i·n that the data can be stored as 

5 closely as possible. In that case, data will be stored 

over plural addresses at a frequency of once per several 

samples. The number of addresses over which data for 

one sample is stored need not be 2 but may be 3 or more. 

The hidden bit or data length designation data is not 

10 always necessary. The manner of r~ading data from 

plural addresses over which data for one sample is 

stored is not limited to that of the above described 

embodiment according to which data is sequentially read 

out address by address and read out data of preceding 

15 address is temporarily stored in a buffer. but data of 

plural addresses may be read out on a time shared basis 

at the same sample timing. 

In carrying out the aspect (3) of the invention. 

contents of hidden information stored by hidden bits are 

20 no! limited to the information designating data length 

as in the above described embodiment but may be any type 

Of information. Contents Of hidden infotlnation may be 
• JI."'--.. ' 

either related or not related to proper data to be .. 
. ... ......... . -

"be stored. For example, data of the .P.t'M system may 

25 stored as proper data to be stored in floating-point 

representation and its exponential section data~ be 

iiiiiilif 
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stored by means of hidden bits. Alternatively, 

compressed data may be stored as proper data to be 

stored and data relating to data compression may be 

stored by means of hidden bits. Further, filter 

s coefficients of a digital filter and other parameters 

may be stored by means of hidden bits. Control data 

relating to tone volume or control data relating to 

pitch may also be stored by means of hidden bits. A 

unit of hidden information is not limited to one bit in 

10 a dispersed position but hidden information may be 

stored in a dispersed form by plural bits as a unit or 

different numbers of bits may be used as a unit of 

hidden information such as one bit at one address and 

two bits at another address. A hidden bit may be 

15 ununiformly stored such that it exists at one address 

and does not exist at another address. A hidden bit may 

also be stored regularly every certain number of 

addresses or may be stored regularly throughout all 

addresses. Proper data to be stored is not limited to 

20 da~a of variable data length as used in the above 

described embodiment but may be data of fixed data 

length. The bit number of hidden inform~tion is not 
·-~~. 

limited to 4 bits. . . 
ih"e"" present invention can be-~ppJfied not only to·· a 

25 completed electronic musical instrument but also to a 
.J 

moduled part of an electronic musical instrument~)-The 
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invention can also be applied to a device which has no 

keyboard or switch means for selecting a tone but 

generates a tone by inputting code information. The 

invention can also be applied to a device which has no 

5 tone signal generation unit or a loudspeaker for 

acoustically sounding a tone but generates data relating 

to forming or controlling of a tone signal. Thus, it 

will be understood that the term "electronic musical 

instrument 11 covers a broad range of devices. 

10 As described in the foregoing. according to the 

invention, data length of data to be stored in a memory 

is not fixed but made variable as desired, so that 

storage cells of the number necessary for effective bits 

of the data only are occupied and unnecessary storage 

15 cells is not occupied. Accordinglyt empty storage cells 

can be utilized for storing other data without being 

wastefully occupied, wh1ch will contribute to efficient 

use of a memory. Further, since data length of data to 

be taken out of a memory is designated, object data only 

20 can be selectively taken out of the memory in accordance 

with the designated data length, so that necessary 

object data only can be taken out without ~any problem in . _ _,.,.,... 

spi~e of the fact that the data has variable data lenth • 

. i 
fjf 
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Claims 

1. A data generation device for an electronic musical 

instrument comprising: 

memory means for storing plural data having a 

5 desired variable data length; 

data length designation means for designating data 

length of data to be read from the memory means; and 

takeout means for selectively taking out necessary 

data from the memory means in accordance with the 

10 designated data length. 

2. A data generation device as defined in claim 1 

wherein 

said memory means has a plurality of memory 

addresses of fixed data length, the data having desired 

15 variable data length is stored at the memory addresses, 

and each of the memory addresses is accessed by an 

address signal; and 

said takeout means comprises address generation 

me~ns for generating the address signal, in response to. 

20 a data readout command, by determining an address for 

reading necessary data from said 
.. 

memory means in 

·-~~. 
acco:dance with the designated data length, data stored 

in s~id~ memory means bei~g read o~tll"from said memory 

means by the generated address signal, and data 
~ 

25 adjustment means for taking out data of a bit ~ber 

--------------
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corresponding to the designated data length from output 

data of said memory means which has been read out by the 

address signal. 

3. A data generation device as defined in claim 2 

5 wherein said data adjustment means adds, when the bit 

number of the data which has been taken out is less than 

a predetermined reference bit number, data bit or bits 

which are deficient for the reference bit number and 

thereby ultimately takes out data having fixed data 

10 length corresponding to the reference bit number. 

4. A data generation device as defined in claim 1 

wherein the data length of data to be stored in said 

memory means is such that a common data length is used 

for pl~ral data belonging to the same data group among 

15 plural data groups and said data length designation 

means designates data length for each of the data 

groups. 

5. A tone generation device as defined in claim 1 

whE!rein said data length designation means stores 

20 information designating data length of data stored in 

25 

said me~~~Y means, reads out the information designating 
,-

data" !!:.?Jth of certainAat~ prior ~~ ta.king ou_t the data 
~· 

from said memory means, and thereby designates data 

length of the data in taking out the data from .§Aid 

memory means. 
p 

This Sheet Has Been Replaced 

I \RI ~11111~1 lti Ill\ 



-51-

6. A data generation device as defined in claim 5 

wherein the information designating the data length is 

stored in a part of storage area of said memory means. 

7. A data generation device as defined in claim 5 

s wherein the information designating the data length is 

stored in a memory circuit other than said memory 

means. 

8. A data generation device as defined in claim 1 

wherein data to.be stored in said memory means is tone 

10 waveform data. 

9. A .data generation device as defined in claim 1 

wherein. data to be stored in said memory means is 
t 

envelope shape data. 

10. A data generation device as defined in claim 1 

15 wherein data to be stored in said memory means is 

20 

parameter data for controlling a tone to be generated by 

a tone generating system. 

11. A data generation device for an electronic musical 

instrum~il comprising: ... ~ .. 
.. memory 

bit number 

means for .~to~ing sing~e d~ta of a desired 

over plural addresses wi·th· a desired bit 

position in one address being used as a head position; .... 

point out means for pointing out the posit~«· of 

------- ----
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MSB or LSB of the data to be taken out of the data over 

the plural addresses; and 

takeout means for taking out the single data from 

the data over the plural addresses in response to the 

5 position which has been pointed out by said point out 

10 

means. 

12. A data generation device as defined in claim 11 

wherein the bit number of said data is larger than the 

bit number of ·one address of said memory means. 

13. A data generation device as defined in claim 11 

wherein the bit number of said data is smaller than the 

bit number of one address of said memory means. 

14. A data generation device as defined in claim 11 

wherein ~aid takeout means adds, when the hit number of 

15 the data of the desired bit number which has been taken 

out by said takeout means is less than a predetermined 

reference bit number, deficient data bits to enable data 

of~fixed data length having the reference bit number to 

be ultimately produced. 

20 · 15. A ~'~ata generation device as defined in claim 11 

. wherei.a .... said takeout means includ~s reading .means f.or <?. 
reading out all bits of plural addresses over which said 

single data stored, wherein said takeout means arr4f\ges ., 
the all bits serially and takes out necessary seg~~t of 
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bits in response to the position pointed out by said 

point out means. 

16. A data generation device as defined in claim 11 

wherein said memory means stores plural data having a 

5 desired variable data length, wherein the data 

generation device further comprises data length 

designation means for designating data length of data to 

be taken out from the memory means. 

17. A data generation device as defined in claim 16 

10 wherein said memory means stores other data bi ts 

representing data length to be taken out, said other 

data bits are separately stored one another. wherein the 

data generation device further comprises combining means 

for comb~ning said other data bits, wherein said 

15 designation means designates data length based on said 

combined data bits. 

18. A data generation device for an electronic musical 

instrument comprising: -
memory means for storing first data and second data 

20 mixedly, said second data consisting of ~lural bits and 
. ~"" 

being dl~lded into plural sections, each of the sections 

being-•ttored separatei"y· in said fiYst"{~ata; 

reading means for reading out the data stored in 

said memory means address by address; 
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data separation means for separating the section of 

the first data and the section of the second data from 

the data which has been read out by said reading means; 

and 

5 reproduction means for reproducing completed second 

data by assembling respective sections of the second 

data which has been separated by said data separation 

means. 

19. A data generation device as defined in claim 18 

10 where~n a portion of the separated second data consists 

of one bit. 

20. A data generation device as defined in claim 18 

wherein a portion of the separated second data consists 

of plural bits. 


