
This invention relates to a data generation device for an electronic
musical instrument and, more particu- lary, to a data generation device
which can be used for generating, for example, waveform data, 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
efficient utilization of a data memory is thereby realized. The prior art
concept for realizing an efficient utili- zation of a data memory was to
adopt a compressed data representation system instead of a normal PCM
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 corn- pressed by
employment of the linear prediction coding system (LPC). U.S. Patent No.
4,809,577 also discloses waveform 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 memory address at one to one relation and data length (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 of 16 bits. As a special
usage of a memory, an address of 16 bits is di- 



vided, 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 length of 8 bits.    2
- EP-A-0 258 798 describes an apparatus for gener- ating tones by use of a
waveform memory. The wave- form memory has a plurality of storing areas,
each of which stores data of N bits. Amplitude data of M bits, where M
denotes as [err] of two sampling 



points are prestored in three storing areas. Upon ad- dress signals the
data stored in each storing area are sequently read out from the waveform
memory. The am- plitude data of two sampling points are reproduced by use
of three storing areas. In the prior art devices in which data is stored
with fixed data length, storage cells of a memory are wasted when used for
data whose effective bit number is small- er than the fixed data length. In
a case where, for exam- ple, 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 ef- fective bits is only 2 bits or
3 bits at a sample point at 



which the amplitude value is relatively small. In such a case, storage
cells of 13 bits or 14 bits for one address are undesirably wasted. The
storage cells thus wasted reaches an unignorable amount when viewing the
entire memory. This constitutes a factor which prevents efficient
utilization of a memory and, therefore, prevents realization of a compact
circuit de- sign and reduction of manufacturing cost. It is, therefore, an
object of the invention to provide a data generation device for an
electronic musical in- strument capable of reducing the number of wasted
storage cells and thereby realizing efficient utilization of a memory. 



This object is solved, according to the invention, with the features of
claim 1. with specific embodiments claimed in claims 2 to 20.    -3- In the
data generation device for an electronic mu- sical instrument according to
the invention, the 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 accordance
with the designated data length. Since data length of data to be stored in
a memory is not fixed but made variable as desired, storage cells of the
number necessary for effective bits of the data 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, efficient use of a memory can be realized. Further, since data
length of data to be taken out of a memory is designated, necessary data
can be selective- ly 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 solved and necessary
data only can be taken out without any problem. In a modification of the
invention according to claim 11, 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 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 real-
ized.   



-4 - In another modification of the invention according to claim 18, second
data is separated into plural sections and stored separately in first data,
so that the second data is in a hidden state in the first data. This manner
of storing the second data enables the 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 advantageous for realizing an efficient
utilization of the memory. Preferred embodiments of the invention will be
de- 



scribed hereinbelow with reference to the accompany- ing drawings. In the
accompanying drawings, Fig. 1 is a block diagram showing the entire con-
struction of an electronic musical instrument incor- porating an embodiment
of the invention; Fig. 2 is a diagram showing an example of data for- mat
of data stored in a waveform memory in Fig. 1; 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 wave- form memory in Fig. 1;
Fig. 4 is a block diagram showing an example of 



internal construction of a data takeout and repro- duction section in Fig.
1; Fig. 5 is a block diagram showing a specific exam- ple of a sample
counter and a hidden bit control sig- nal generation circuit in Fig. 4;
Fig. 6 is a block diagram showing a specific exam- ple of a data length
counter and an address counter in Fig. 4; Fig. 7 is a block diagram showing
a specific exam- ple of a data position reproduction circuit in Fig. 4;    



-5- Fig. 8 is a block diagram showing a specific exam- ple of a hidden bit
sepration circuit and a data ad- justment circuit in Fig. 4; Fig. 9 is a
block diagram showing a specific exam- ple of a hidden bit reproduction
circuit and a data length register in Fig. 4; Figs. 10a and 1 Ob are
diagrams for explaining an example of operation of a shifter in Fig. 7; and
Figs. 11 and 12 are block diagrams showing an ex- ample of a compressed
data demodulation circuit in Fig. 1. In 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 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 An example of a data format of
data to be stored in the waveform memory 10 will be described first with
ref- erence to Fig. 2. Fig. 2 shows a data format of tone waveform data
corresponding to a single tone color. The data format 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 em- bodiment, however, the data for 16 sample points in the
same frame have the same data length. In Fig. 2, the size, i.e., data
length, of waveform data belonging to the frame 0 is 11 bits, that of
waveform data belonging to the frame 1 is 10 bits and that of waveform data
belong- ing to the frame 2 is 12 bits.    - 6- 



In this embodiment, each of data for the first to fourth sample points
(sample points 0 to 3) has extra one bit of "hidden bit" (HBO to HB3) for
"hidden informa- tion" 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 larger than data for other sample points in
the same frame. Without these hidden bits HB0 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 hid- 



den bits HBO to HB3 are aggregated together to form 4-bit information, the
contents of the "hidden informa- tion" are exposed. In this embodiment,
information des- ignating data length is assigned as the "hidden informa-
tion". More specifically, as whidden information" in a cer- tain frame,
information designating data length of wave- form data in the next frame is
assigned. Weights of bi- nary code of these hidden bits are in the order of
HB3 (MSB), HB2, HB1 and HBO (LSB). In the example of Fig. 2, the contents
of the hidden bits HB3 to HBO in the frame 0 are "1010" and designate data
length = 10 bits in the next frame 1. The contents of the hidden bits HB3
to HBO in the frame 1 are "1100" 



and designate data length = 12 bits in the next frame 2. Since there is no
preceding frame to the first frame 0, a suitable method may be employed for
providing infor- mation for designating data length of the first frame
such, for example, as storing information designating the data length of
the first frame in a separate memory such as a tone color data memory.
-7- 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 the format of Fig.
2 is actually stored in the waveform memory 10. In the example of Fig. 3,
the size, i.e., data length, of the memory address of the memory 10 is
fixed at 16 bits per one address and each address is accessed 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 LSB (least significant bit) of address
AO, the waveform data for the sample point 0 is stored at 11 bits of higher



or upper orders, hidden bit H81 accompanying the waveform data for the
sample point 1 is stored at a bit which is one bit higher, and 3 lower
order bits of the waveform data for the sample point 1 are stored at 3 bits
of higher orders of the address AO. The remaining 8 higher order bits of
the waveform data for the sample point 1 are stored at 8 lower order bits
of the address Al. In a similiar manner, as shown in Fig. 3, waveform data
and hidden bits for the respective sample points are stored closely
togehter in the respective addresses. In Fig. 3, numerals in the address
areas represent -sam- ple point numbers of the waveform data and shaded
por- tions represent areas where the hidden bits are stored. 



For storing data as closely as possible in the mem- ory 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 to be
stored in the waveform memory 10. In the    embodimemnt of Fig. 1, waveform
data compressed by the linear prediction coding system (LPC) is stored in
the waveform memory 10. Waveform data to be stored in the waveform mem- ory
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 period is stored, tone waveform data of pirual periods can
be obtained by repeatedly reading out the waveform data of one pe- riod. In
a case where data of waveform of plural periods is to be stored, data of
full waveform from the start of sounding of a tone to the end thereof may
be stored or, aftematively, data of a full waveform of an attack portion
and data of waveform of plural periods of a sustain por- tion may be
stored. When the data of full 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 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 described
reading control system is well known, detailed description thereof will be
omit- ted herein. For convenience of explanation, it is as- sumed that in
the embodiment of Fig. 1, a read address control circuit for the former
reading control system is illustrated. 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 gener- ated. A tone color selection operator 12
has a plurality    -9- of operators for designating tone colors of tones to
be generated. A microcomputer 13 detects depression and release of keys and
a tone color selection state by scan- ning the keyboard 11 and the tone
color selection oper- ator 12 and performs an operation for assigning key
de- pression information to any of a plurality (8 in this em- 



bodiment) of tone generation channels. The microcom- puter 13 produces, for
each channel, a key code KC rep- resenting a key which has been assigned to
one of the tone generation channels and a key-on signal KON rep- resenting
whether the assigned key is still being de- pressed or has been released.
The 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 sup- plied to a tone source circuit through an
interface 14. The interface 14 provides the 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 source
circuit shown on the right side of the interface 14. various processing is
per- formed for 8 channels on a time shared basis in re- sponse to data
provided from the interface 14 and tone waveform signals for 8 channels are
produced on a time shared basis. An F number generation circuit 15
generates, in re- sponse to the key code Kc supplied from the interface 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 exam- 



ple, of a ROM or a table. This F number is accumulated repeatedly by an
accumulator 16 and a carry signal from a suitably determined digit is
provided as a note clock    - 10 - 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 incre- ment, 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 gen-
erates system clock pulses [err] 1 and [err] 2 and various other timing
signals TMS and supplies these signals to the re- spective circuits and, in
response to the key-on signal KON supplied from the interface 14, also
forms and out- puts key-on pulses [err] and [err] and a key-off pulse KOFP.
The system clock pulses [err] and [err] are two-phase clocks and one period
thereof corresponds to a time slot width of one channel. The key-on pulse
KONP1 is a pulse which rises to 1 * only once at a time slot of a certain
channel when the key-on signal KON has risen from [err]i.e., at the start
of depression 



of the key. The key-on pulse KONP2 is a pulse which rises to [err] only
once at the time slot of the channel in next time division channel cycle
after the key-on pulse KONP1 has risen to [err]. The key-off pulse KOFP is
a pulse which, when the key-on signal KON has fallen from [err] to [err],
i.e., upon release of the key, rises to "1" 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. A parameter data generation circuit 18 generates, in response
to the tone color number data TN, touch da- ta 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 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 des- ignating waveform reading start adderss,
initial data length data ILENG for designating the data length of the first
frame and LPC coefficient data LPCP for demodu- lating wavelorm data which
has been compressed by 



the linear prediction coding system to PCM code data An envelope generator
19 forms and outputs, based on the key-on pulses KONP1 and KONP2, key- off
pulse KOFP and the envelope setting data EVD, en- velope shape data ED for
the respective channels on a time shared basis. A data takeout and
reproduction section 20 per- forms, in response to the note clock pulse NCL
supplied from the accumulator 16, the sample point increment for
identifying the sample point number of data to be read from the waveform
memory 10 and identifies the ad- dress 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 generates an ad- dress signal CA. This
address signal CA is a relative address in a storage area storing waveform
data corre- sponding 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 signal CA by an adder 21 is converted to an
absolute address sig- nal AD and this address signal AD is applied to the
ad- dress input of the waveform memory 10. A read address control circuit
22 receives the start address data SA generated by the parameter data gen-
eration circuit 18 and supplies this start address data SA to the adder 21.
In a case where data of a full wave- 



form from the start of sounding of a tone to the end there-    - 12- ot is
stored in the waveform memory 10 and is read out only once, the read
address control circuit 22 simply functions to supply the start address
data SA to the adder 21. In a case where data of a full waveform 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 sounding of
the 



tone to the end thereof and thereafter the data of the waveform of plural
periods of the sustain portion is re- peatedly read out, the read address
control circuit 22 performs a more complicated address control. This ad-
dress control however is well known, so that further de- scription thereof
will be omitted. The waveform memory 10 provides, in response to the
applied address signal AD, data of 16 bits from one memory address. The
data takeout and reproduction section 20 re- ceives 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 onwe sample point is stored over plural addresses,
the data takeout and reproduc- tion section 20 connects necessary data
among read out data and provides the connected data. The data takeout and
reproduction section 20 fur- ther takes out data of "hidden bit" from among
the data of 16 bits which has been read from the waveform mem- ory 10 and
provides a set of data HB0 to HB3 of 4 bits by connecting these data of
hidden bits and thereby ex- poses 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 length 



is taken out of the data of 16 bits which has been read    - 13 - 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
ILENG supplied from the parameter data generation 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 taken out of the data takeout and reproduction sec- tion 20 is applied
to a compressed data demodulation circuit 23 and demodulated thereby to
normal PCM cod- ed waveform data WD. This waveform data WD is mul- tiplied
by envelope shape data ED from the envelope generator 19, so that its tone
volume amplitude level is controlled in accordance with the envelope shape.
The reproduction and control of the waveform data to the multiplier 24 is
performed for the respective chan- nels on a time shared basis. The output
ofthe multiplier 24 is accumulated by an accumulator 25 for the respec-
tive channels during one channel time dvision cycle whereby tone waveform
data for all channel is ob- 



tained. The output of the accumulator 25 is converted to an analog signal
by a digital-to-analog converter 26 an sounded a ally through a sound
system 27. Description of the data takeout and reproduction section 20 in
detail Fig. 4is a blockdiagram showing an example of the internal
construction of the data takeout and reproduc- tion section 20. The note
clock pulse NCL which com-. mands 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 data length register 38. 



- 14- The sample counter 30 counts the note clock pulse NCL and produces a
sample number SN which desig- nates the number of a sample point to be
reproduced by a relative number within one frame. A specific exam- ple of
the sample counter 30 is shown in Fig. 5. The sam- ple 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 provided
as the sample number SN. This 4-bit sample number 



SN identifies a relative sample number 0 - 15 within one frame. The gate 42
is closed by the second key-on pulse KONP2 and otherwise is in an open
state. The reference characters "8D" in the block of the shift register 41
de- notes that the shift register 41 has 8 stages. The shift register 12 is
shift-controlled by the t  phase system clock pulses [err] 1 and [err] 2 in
synchronism with the channel time division timing. The other shift
registers designated by the reference characters 80 have also 8 stages and
are shift-controlled in the same manner. 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 point to be reproduced by the relative
number 0 -15 within one frame. The generated sample number SN is applied to
a hidden bit control signal generation circuit 31. This cir- cuit 31
recognizes the initial four sample points in 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 this hidden bit control signal gen-
eration circuit 31 is shown in Fig. 5. The circuit 31 com- prises a NOR
gate 43 to which MSB 53 and the second highest order bit S2 of the 4-bit
sample number SN are 



applied and an AND gate 44 to which all bits S3, S2, S1    - 15- and SO of
the sample number SN are applied. At the initial four sample points in one
frame, the MSB S3 and second highest order bit S2 of the sample number SN
are all "0" so that the output of the NOR gate 43 is "1" but otherwise the
output of the NOR gate 43 is "0". The output of this NOR gate 43 is
supplied to the other cir- cuits as a hidden bit control signal HC1. When
this signal HCL is "1", it represents a sample point to which the one 



of the hidden bits HBO to HB3 is assigned. At the sample point in the
frame, all bits of the sample number SN are "1" so that the output of the
AND gate 44 is tumed to "1" and this signal is supplied to the other
circuits as a frame change signal HC2. 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 accu- mulates this data at each
timing of the note clock pulse NCL This modulo number 16 corresponds to the
bit number 16 of one address in the memory 10. Accord- ingly, the count
value of the data length counter 32 des- ignates a border of the data of
variable data length in 



the memory address. A specific example of the data length counter 32 is
shown in Fig. 6. The data length counter 32 comprises an adder 45, a
selector 46 which receives result of ad- dition 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- nism
with the time division timing and a gate 48 which gates the output of the
shift register 47. The output of the gate 48 is applied to a "0" 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 the adder 45 



applied to the "1" input when the note clock pulse NCL    - 16- has been
generated (= "1") and selects and holds a count applied to its "0" input
when the note clock pulse NCL has not been produced ( = "0"). According to
this construction, the data length coun- ter 32 is cleared once at the
initial stage of key depres- sion 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 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 added at the
sample points including the hidden bits HB0 to HB3, the hidden bit control
signal HC1 is applied to a carry-n in- put Cin of the adder 45 so that 1
addition is added for a hidden bit. The count output of the data length
counter 32 is provided from the gate 48 and this is supplied to other
circuits as a pullout pointer (takeout pointer) POP. This pull out pointer
POP designates a bit position in the memory address at which LSB of the
data for one sam- ple 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 0 designates "0", i.e., LSB 0 in the memory address, by
clearing by the key-on pulse KONP2. Upon arrival of a timing of the next
note clock pulse NCL, addition of I is made in the adder 45 due to 11 of
the data length data LENG and 1 of the hidden bit control signal HC1, so
that the pull out pointer POP becomes 12 and designates bit 12 in the
memory address. Upon arrival of a timing of the next note clock pulse NCL,
"1"  is produced at a carry output Cout of the adder 45 since 12 + 12 = 24
and result of addition be- comes 8. Bit 8 of the memory address therefore
is des- ignated. In this manner, the pull out pointer POP desig- 



nates a bit position in the memory address at which LSB of the data for one
sample point is stored.    - 17 - The signal of the carry output Cout of
the adder 45 is provided from the data length counter 32 as an ad- dress
increment pulse ADINC. The address counter 33 performs address counting 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 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
comprises an 8-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 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 syn- chronism with the
time division timing. The output of the shift register 53 is applied to the
adder 51 and added to the ouptut of the AND gate 50. The key-on pulses
KONP1 and KONP2 are applied to the NOR gate 54 and the gate 52 is
controlled by the output of the gate 54. The timing at which a carry output
is produced from the adder 45 in the data length counter 32 is delayed by 8
system clocks from the timing of the note clock pulse NCL due to the delay
in the shift register 47. For syn- chronizing with this timing, the note
clock pulse NCL is delayed by 8 system clocks by the shift register 49. Ac-
cordingly, when the address increment pulse ADINC 



has 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 ad-
dress. In the address counter 33, the output of the gate 52 is provided as
the address signal CA. In the case of Fig. 3, for example, the address
signal CA initially designates "0", i.e., memory address A0 by clearing by
the key-on pulses KONP1 and KONP2 and the data of 16 bits stored at this
address A0 is read 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 system clocks thereafter, POP =
12 is provided. At this time, 12 is fur- ther added in the adder 45 and the
carry output Cout therefore becomes "1". The address increment pulse ADINC
which is "1" and the note clock pulse NCL which has been delayed by 8
system clocks are applied to the AND gate 50 thereby causing the address
counter 33 to count up. The address signal CA therefore designates "1",
i.e., the memory address A1 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 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 A0 at
which the LSB of the data is 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 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    - 19 - two addresses and the pull out pointer POP designates
LSB of the data to be taken out to the temporarily held data read from the
preceding address. The data position reproduction circuit 34 receives data
RD of 16 bits read which has been read from the waveform memory 10 and
performs (a) a function of re- 



producing data for one sample point stored over two ad- dresses after
assembling it to a set of data and (b) a function of executing a
pretreatment for taking out a nec- essary portion only of the data for one
sample point of variable data length from among data of 16 bits by ex-
ecuting a processing for aligning the bit position of the data to LSB of
the data of variable data length. A specific example of the data position
reproduction 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 been read from the waveform memory 10. This read out data RD is applied



to a "0" input of a selector 56. The output of the selector 56 is applied
to an 8-stage 16-bit shift register 57 and the output of the shift register
57 is applied to a  "1" input of the selector 56 and also to lower 16 bit
inputs of the shifter 55. The note clock pulse NCL and the key-on pulse
KONP1 are applied to a NOR gate 58 and, when the output signal of the NOR
gate 58 is "0" the "0" input of the selector 56 is selected and, when the
output signal of the NOR gate 58 is "1" the "1" input is selected. 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 corre- sponds to the LSB of the data to be taken out as 16 bit 



parallel output data from 32 bit parallel input data in the shifter 55.
When, for example, POP is 0, 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    - 20 - bit and higher bits is taken out When POP is 1,
the next bit to the LSB of the 32 bit parallel input data is deter- mined
as the LS8 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 par- 



allel 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 taken out. In
the 32 bit parallel input of the shifter 55, 16 high order bits are the
data RD which is currently read out and 16 low order bits which are
supplied from the shift register 57 are data which have been read from the
irn- mediately preceding address. Data which have been read from the two
addresses are loaded side by side in the shifter 55 and, in a case where
data for one sample point is stored in two addresses necessary data for one
sample point can be taken out of 32 bit parallel data of 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 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 dat Tength 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 KONP1 has been pro- duced and data is
thereby read from the address A0. 



The selector 56 selects data RD read from the address A0 in response to the
output "0" of the NOR gate 58 and the selected data RD is loaded in the
shift register 57.    - 21 - In the next cycle, the selector 56 selects the
output of the shift register 57 in response to the output "1" of the NOR
gate 58 and storage of the read out data RD from the address A0 is held.
The pull out pointer POP at this time is "0" so that 16 low order bits of
the input data in the shifter 55, i.e., the read out data from the address 



AO held in the shift register 57, is directly selected and taken out. This
data includes the data for the sample point 0 in its 12 low order bits. In
other words, the data for the sample point 0 to be taken out first is taken
out in is entirety with its LSB being aligned with the LSB of the 16 bit
output. This arrangement is schematically il- lustrated in Fig. 1 Oa. 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 changes to address A1 (see Fig. 6). Since,
however, the note clcok pulse NCL applied to the 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, there- fore, the read out data RD fron the
address AO is se- lected by the selector 56 and stored in the shift
register 57. Accordingly, when the read address of the waveform memory 10
has changed to A1 8 system clocks there- after and the read out data RD
from the address A1 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. At this time, the pull out pointer POP is "12" designating the LSB
position 



of the data for the sample point 1 at the preceding ad- dress AO.
Therefore, data of 16 bits with its LSB corre- sponding to the LSB of the
data for the sample point 1    - 22 - is taken out of the shifter 55. This
data includes the data for the sample point 1 in its entirety in 12 low
bits. In this manner, the data for the sample point 1 stored separate- ly
at two addresses are provided as a set of data with its LSb being aligned
with the LSB of the 16 bit output. This arrangement is schematically shown
in Fig. 10b. 



Thus, 16-bit data D1 in which the object data to be taken out and having
variable data length is arranged in the orderof its bit positions
sequentially from LSB is pro- vided by the shifter 55. Since this 1 6-bit
data D1 may contain unnecessary data on its higher bit side, the ob- ject
data for one sample point of variable data length only has not been taken
out yet. For taking out this data only, further processing is required.
Reverting to Fig. 4, the data D1 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 separation
circuit 35 separates the hidden bits HBO to HB3 when the data 



D1 contains them and takes out net waveform data only and supplies this net
waveform data as data D2 to the data adjustment circuit 36. The data
adjustment circuit 36 is provided for taking out the object data for one
sam- ple point having variable data length only from the data D2. A 1-bit
potential hidden bit signal HB (this is a signal which has possibility of
being one of the hidden bits HBO to HB1) which has been separated by the
hidden bit sep- aration circuit 35 is applied to a hidden bit reproduction
circuit 37. Ths hidden bit reproduction circuit 37 repro- duces, 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 in the
form of the hidden bits HBO to HB3. As    - 23 - described above, in this
embodiment, data length des- ignation information for the next frame is
stored as the hidden information HD. The reproduced hidden informa- tion
HD, i.e., data length designation information for the next 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 waveform data
is variable data length in the range of 2 bits to 15 bits. Accordingly,
maximum data length of ef- fective data is 16 bits when it includes a
hidden bit and 15 bits when it does not include a hidden bit. Therefore,
the maximum data length of the effective data of the data D1 which may
include a hidden bit is 16 bits and, for this reason, this data D1 is taken
out as 16 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. 8, the
hidden bitseparation circuit 35 is made of a selector 59 to which lower 15
bits thedata D1 are 



applied to its "0" input and upper 15 bits are applied to its "1" Input.
The selector 59 receives the above de- scribed hidden bit control signal
HC1 (see Fig. 5) at its selection control input and selects 1 I input when
HC1 is "1" and selects "0" input when HC1 is "0". When, therefore, data for
the first four sample points in the frame including the hidden bits HB1 to
HB3 is to be taken of HC1 and one of the hidden bits HBO to 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 hid-
den bits HBO to HB3 is to be taken out, lower 15 bits of 



the data D1 are selected by "0" of HC1. This 15-bit data also Is sufficient
for securing effective data of the above described net waveform data.    -
24 - The 15-bit net waveform data D2 which has exclud- ed the hidden bit is
applied to the data adjustment circuit 36. As was described previously,
this data D2 may con- tain 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 taking this data only
from the data D2, inconvenience will arise in subsequent data processing.
The data adjustment cir- cuit 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 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,
ex- ecutes processing for expanding the sign bit to all empty high order
bits and thereby adjusts the size of the entire data to the fixed data
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 taking 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 variable data length in 15 output lines
of the decoder 61 becomes a signal "1". By this ouptut of the decoder 61,
the position of the sign bit SB to be taken out in the sign bit takeout
circuit 60 is designated. When, for example, the data length is 10 bits,
the tenth bit of the data D2 is the MSB of the data of variable data
length, i.e., the sign bit. This signal is taken out in respones to "1" of
the tenth output line of the decoder 61. 



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 0 in 14 low order bits of the data D2
(the 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 not applied to the se- 



lector 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 1 A to 1 3A of the selctor 62. A signal
representing the sign bit SB provided by the sign bit takeout circuit 60 is
applied commonly to bit-by-bit inputs 1 B to 13B of the selector 62. The
bit-by-bit selection control in the se- lector 62 is achieved by signals
supplied on 13 signal lines from a select signal generation circuit 64. The
se- lect signal generation circuit 64 provides, in response to the output
signal of the decoder 61, a selection cotrol signal "1" 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 this case, signals on the 13 signal lines of
the select signal generation circuit 64 become "1" and the bit-by-bit inde-
pendent selector 62 select the sign bit SB of the B-inputs 1B to 13B at all
of the bits. In a case where the sign bit SB is the bit 2 which is the
third lowest bit in the data D2, a signal on one low order signal line of
the select signal generation circuit 64 becomes "0" and signals on the 12
high order signal lines become "1" and the bit- by-bit independent selector
62 selects the waveform da- ta of the A input 1 A at the bit 1 and the sign
bit SB of the B inputs 2B to 138 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 sig- nals on 11 high order signal lines become
"1" and the    - 26 - bit-by-bit independent selector 62 selects waveform
da- ta of the A inputs 1A and 2A at the bits 1 and 2 and selects the sign
bit SB of the B inputs 3B to 1 3B at the bits 3 to 13. Similarly, as the
position of the sign bit SB is shifted, the mode of bit-by-bit selection is
also shifted 



and, as a result, the object waveform data for one sam- ple point is
selectively taken out and data of other sam- ple point is excluded to
expand the sign bit SB instead of it. The 15-bit data consisting of the LSB
of the data D2, the 1 3-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 load- ed therein at a timing of rising of
the system clock pulse [err]2. This timing of rising of the system clock
pulse [err] 2 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 ouput of this output register 63 is provided as waveform data
CWD for one sample point which has been taken out. The hidden bit
reproduction circuit 37 in Fig. 9 in- cludes 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 HCI, 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-stage 4-bit shift register 69 which receives the out- put of the selector
68. The ouptut of the shift register 69 is applied directly to a "0" input
of the selector 68. To the 



MSB of 4 bits of "1" input of the selector 68 is applied a signal of the
LSB of the data D1, i.e., the potential hidden bit signal HB. To the
remaining 3 low order bits of the 4 bits of the "1" input of the selector
68 is applied data obtained by shifting the output of the shift register 69
by    - 27 - one bit to the lower order bit side. According to this
construction, when the second the selector 68 is selected in response to
the ouptut "1" of the OR gate 67. As the data D1, data for the sample 



point 0 which has been read out from the address AO by address clearing by
the first key-on pulse KONP1 which was produced one cycle before is
provided while the hid- den bit HBO stored with respect to the sample point
0 is provided as the potential hidden bit HB. Since the output of the shift
register 69 may take any value initially, ex- planation will be made by
designating this output by x (x may be either 0 or 1). By the above
arrangement, 4-bit data having contents of HBO, x, x, x (in the order from
the MSB is loaded in the shift register 69 through the "1" input of the
selector 68. In the next cycle, the output of the OR gate 67 becomes "0",
so that the data HB0, x. x, x loaded in the shift register 69 is held by
the shift 



register 69 through the "0" input of the selector 68. Then, when the note
clock pules NCL has been pro- duced and data for the sample point 1 has
been given as the data D1, the output of the AND gate 66 Is turned to "1"
due to HC1 which is "1" and the delay output "1" of the note clock pulse
NCL (since the delay by the shift register 65 is synchronized with HC1, see
Fig. 5) and, as a result, the output of the OR gate 67 is turned to "1" and
the 1 input of the selector 68 is thereby selected. At this time, the
hidden bit HB1 which has been stored with respect to the sample point 1 is
provided as the po- tential hidden bit HB, the 4-bit data of HB1, HBO, x, x
(in the order from the MSB), is loaded in the shift register 



69 through the "1" input of the selector 68. In the next cycle, the output
of the OR gate 67 becomes "0" and the data HB1, HBO, x, x which has been
loaded in the shift register 69 is held therein through the "0" input of
the selector 68.    - 28 - 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 D1, the hidden bit HB2 which has been stored with respect to the
sample point 2 is pro- 



vided as the potential hidden bit signal HB, so that the data HB2, H81,
HBO, x is loaded and held in the shift register 69 in the same manner as
described above. When the next note clock pulse NCL has been pro- duced and
the data for the sample point 3 has been pro- vided as the data D1, the
hidden bit HB3 which has been stored with respect to the sample point 3 is
provided as the potential hidden bit HB and the data HB3, HB2, HB1, HB0 is
loaded and held in the shift regster69 in the same manner as described
above. Thereafter, in this particular frame, the data HB3, HB2, HB1, HB0 is
held in the shift register 69 even when the note clock pulse NCL has been
produced, since the 



hidden bit control signal HC1 is "0" so that the output of the AND gate 66
does not become "1". Thus, the 4-bit hidden bits HB3, HB1, HBO are re-
produced 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 in- cludes an B-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 hidden infor- mation, i.e., data designating the data
length of the next 



frame, Further, to a "00" input of the selector 71 is ap- plied the output
of the shift register 70. To high order bits of a 2-bit control input of
the selector 71 is applied the first key-on pulse KONP1 and to low order
bits of this control input is applied the output of the AND gate 72.    -29
- To the AND 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 KONP1 is "1", the selector 71 selects the initial 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
ILENG. The output of the shift register 70 is provided as the data length
designation data LENG to the respective circuits as described previously.
In the first frame, therefore, the initial data length data ILENG produced
by the param- eter data generation circuit 18 is used as the data length
designation data LENG. In this frame 0, as described above, the hidden in-
formation 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 "1 " and the selector 71 selects the hidden information HD at the "01"
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 HD. In this
manner, in the second and subsequent frames, the hidden information HD
designating the data length which has been stored as hidden information
with the waveform data of the preceding frame is used as the data length
designation data LENG. 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 KONP1 by 8 system clock pulses by the 8-stage 1 -bit shift register
73 in Fig. 9.    - 30 - An example of the compressed data demodulation
circuit In a case where the wavefom data CWD which has been taken out and
reproduced by the data takeout and reproduction circuit 20 is compressed by
the linear pre- diction coding system (LPC), the compressed data de-
modulation 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 figures, reference characters 78 and 79 designate
lim- iters, 80 to 84 adders, 85 to 92 multipliers, 93 to 100 8-stage shift
registers and aO, a1, b0, b1, aO toa3 LPC coefficients, respectively. Fig.
11 shows an example of an LPC demodulation circuit of two stages and Fig.
12 shows an example of an LPC demodulation circuit of one stage. The method
of storing and reading data in and from the memory according to the
invention is preferable be- cause it enhances saving of the memory capacity
further 



when it is used in combination with such data compres- sion technique. In
this case, the data compression meth- od is not limited to the LPC system
but any other system such as DPCM, ADCP and delta modulation may be em-
ployed. Further, the present invention can be of course applied to a case
where thedata compression technique is not employed. Other embodiments In
the above described embodiment, the present in- vention is applied to
generation of tone waveform data. The present invention can also be applied
to generation of various data in an electronic musical instrument such as
generation of envelope shape data for determining 



-31 - the tone volume level, generation of envelope shape da- ta for
performing various controls, generation of filter co- efficient data,
generation of 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 per- form
multi-stage processing stages including sample counting, data length
counting, address counting, data 



position reproduction and hidden bit reproduction and these multi-stage
processing stages are performed at a timing of one sample. For this
requirement, time for one sample may have to be sufficiently long. For
solving this problem, processing over plural sampling timings in the same
channel timing may be advantageously 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
aspects of the invention, namely (1) the aspect of the invention according
to which desired plural data of var- iable data length are stored and one
of the plural data 



is accurately taken out, (2) the aspect of the invention according to which
single data is stored over plural ad- dresses 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 di- vided plural
data are stored between other data in dis- persed form as hidden
information and this hidden in- formation is accurately reproduced from
among read out data, and these three aspects of the invention are com-
bined together in this embodiment. Howver, even if one    



- 32 - of these aspects is carried out singly, the benefit of effi- cient
utilization of the data memory device resulting in achievement of a more
compact circuit design and re- duction in the manufacturing cost will be
obtained. The invention, therefore, need not necessarily be carried out in
the form in which these three aspects are combined together but each of
these aspects of the invention may be carred out alone. In the case of
carrying out the aspect (1) of the in- vention, 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 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 compressed form. Instead of
storing data length in a memory, data length may be designated by other
suita- ble desingation means. In the above described embod- iment. data
length is designated frame by frame. Alter- natively, data length may be
for each individual data. The length of frames need not be constant but may
be different from one another. In that case, data designat- 



ing 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 designa- tion data 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 be fixed. Such fixed data length is advantageous in a
case, for example, where the fixed data bit number for one sample exceeds
the bit number of one address. In that case, data must be stored over
plural addresses for each 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 in that the data can be stored as 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 always necessary. The
manner of reading 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 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, con- tents of hidden
information stored by hidden bits are not limited to the information
designating data length as in the above described embodiment but may be any
type of information. Contents of hidden information may be either related
or not related to proper data to be stored. For example,data of the PCM
system may be stored as proper data to be stored in floating-point
representation and its exponential section data may be stored by 



means of hidden bits. Alternatively, compressed data may be stored as
proper data to be stored and data re- lating to data compression may be
stored by means of hidden bits. Further, filter coefficients of a digital
filter and other parameters may be stored by means of hid- den 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 a dispersed position but hidden information may be
stored in a dispersed form by plural bits as a unit    



-34- 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 ununi- formly 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. Prop- er data to be stored is not limited to data
of variable data length as used in the above described embodiment but may
be data of fixed data length. The bit number of hid- den information is not
limited to 4 bits. The present invention can be applied not only to a 



completed electronic musical instrument but also to a moduled part of an
electronic musical instrument. The invention can also be applied to a
device which has no keyboard or switch means for selecting a tone but gen-
erates a tone by inputting code information. The inven- tion can also be
applied to a device which has no 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" covers a broad range of devices.
As described in the foregoing, according to the in- vention, 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 bis of the data only are occupied and unnecessary
storage cells is not occupied. Accordingly, empty storage cells can be
utilized for storing other data without being wastefully occupied, which
will contribute to efficient use of a mem- ory. Further, since data length
of data to be taken out of a memory is designated, object data only can be
selec- tively 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 spite of the fact that the data has variable data length.  



Claims 1. A data generation device comprising: memory means (10) for
storing plural items of data for realizing a given waveform, and reading
means for reading data of a predeter- mined number of bits from said memory
means (10) in accordance with an address signal (AD). characterized In that
each of said plural items of data stored in said memory means (10)
represents a single data value having a desired variable number of bits, 



and each item of data is stored in a memory location corresponding to at
least one memory address of said memory means (10), with each memory
address corresponding to a predeter- mined plurality of bits, and that said
data generation device further com- prises: data length designation means
(32) for desig- nating the number of bits corresponding to each item of
data to be retrieved in sequence from the memory means (10), wherein the
designat- ed number of bits may include a number other than a multiple of
the number of said predeter- 



mined plurality of bits, and takeout means (20) for selectively taking out
necessary items of data from said data read out from the memory means (10)
in accordance with the designated number of bits, so that a    - 36 -
sequence of said items of data for realizing said given waveform, whose
number of bits chang- es in lapse of time in the process of realizing said
given waveform, is reproduced. 



2. A data generation device as defined in claim 1 wherein: said memory
means (10) has a plurality of memory addresses of fixed bit length, the
items of data having a variable number of bits being stored at the memory
addresses, and each of the memory addresses is accessed by an ad- dress
signal (AD), and said takeout means (20) comprises address generation means
(33) for generating an ad- dress signal, in response to a data readout
command, by determining at least one address for reading a necessary item
of data from said 



memory means (10) in accordance with the designated number of bits, data
stored in said memory means (10) being read out from said memory means (10)
by the generated address signal (AD), and data adjustment means (36) for
taking out data corresponding to the desig- nated number of bits from
output data corre- sponding to the designated number of bits from output
data (RD) of said memory means (10) which has been read out by the address
signal (AD). 3. A data generation device as defined in claim 2, wherein
said data adjustment means (36) adds, 



when the number of bits of the data (RD) which has    -37 - been taken out
is less than a predetermined refer- once bit length number of bits, a data
bit or bits.cor- responding to the deficiency with respect to the ref-
erence bit length number of bits to thereby ultimate- ly take out data (RD)
having a fixed bit length number of bits corresponding to the reference bit
length. 4. A data generation device as defined in claim 2 



wherein items of data to be stored in the memory means (10) are grouped
into plural data groups and wherein the number of bits of items of data is
such that a common number of bits is used for plural items of data
belonging to the same data group and said data length designation means
(38) designates number of bits for each of the data groups. 5. A data
generation device as defined in claim 1 wherein said data length
designation means (38) stores information designating the number of bits of
data items stored in said memory means (10), reads out the information
designating the number of bits of certain data items prior to taking out
the data 



items from said memory means (10), and thereby designates the number of
bits of the data items in taking out the data items from said memory means
(10). 6. A data generation device as defined in claim 5 wherein the
information designating the number of bits is stored in a part of a storage
area of said mem- ory means (10). 7. A data generation device as defined in
claim 5 wherein the information designating the number of bits is stored in
a memory circuit other than said memory means (10).  



- 38 - 8. A data generation device as defined in claim 1 wherein data to be
stored in said memory means (10) is tone waveform data for an electronic
musical instrument and each item specifies a sample value of a tone
waveform. 9- A data generation device as defined in claim 1 wherein data to
be stored in said memory means (10) is envelope shape data for an
electronic musi- cal instrument and each item specifies an envelope value
for a tone. 



10. A data generation device as defined in claim 1 wherein data to be
stored in said memory means (10) is parameter data for controlling tone to
be gen- erated by a tone generating system and each item specifies a
parameter value for a tone. 11. A data generation device as defined in
claim 1 wherein the most significant bit of the item of data may be located
at any bit position within a particular address, said data generation
device further com- prises point out means for pointing out a bit position
within an address of the most significant bit or at least significant bit
of a data item to be taken out of the memory means (10), and said takeout
means 



takes out the item of data having said variable number of bits from the
memory location in accord- ance with the position which has been pointed
out by said point out means. 12. A data generation device as defined in
claim 11 wherein the numberof bits of said data item is larger than the
number of bits of one address of said mem- ory means (10).    13. A data
generation device as defined in claim 11 wherein the numberof bits of said
data item is small- 



er than the number of bits of one address of said memory means (10). 14. A
data generation device as defined in claim 11 wherein said takeout means
(20) includes means for adding. when the number of bits of the data item
which has been taken out by said takeout means is less than a predetermined
reference number of bits, additional data bits to enable data of fixed data
length having the reference number of bits to be ul- timately produced. 15.
A data generation device as defined in claim 11 wherein said takeout means
(20) includes reading means for reading out all bits of plural addresses 



over which said data item is stored, wherein said takeout means arranges
all of the bits serially and takes out a necessary segment of 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 (10 )
stores plural data items having a desired variable number of bits, wherein
the data generation device further compris- es data length designation
means (38) for designat- ing a number of bits of a data item to be taken
out from the memory means (10).   



-40- 17. A data generation device as defined in claim 16 wherein said
memory means (10) stores additional data bits other than those forming the
data items, said additional data bits representing a number of bits of a
data item to be taken out, wherein at least some of said additional data
bits are separately stored from one another in locations corresponding to
different memory addresses, wherein the data generation device further
comprises combining means for combining said additional data bits, and
wherein said designation means designates the 



number of bits based on said combined data bits. 18. A data generation
device as defined in claim 1 wherein said memory means (10) stores first
data items (D2) and a second data item (HB), said first data items (D2)
corresponding to said plural items of data for realizing said given
waveform, said sec- ond data item (HB) comprising plural bits and being
divided into plural sections (HB0,HB1,HB2,HB3), each of the sections
(HB0,HB1,HB2,HB3) being stored in said memory means (10) separately from
each other and connected with a different one of said first data irems
(D2), and said data generation device further comprises: 



data separation means (35) for separating the first data items (D2) and the
sections (HBO,HB1,HB2,HB3) of the second data item (HB) from the data (RD)
which has been read out by said reading means, and reproduction means (37)
for reproducing com- pleted second data item (48) by assembling the
respective sections (HB0,HB1,HB2,HB3) of the second data item (HB) which
has been sepa- rated by said data separation means (35).    



- 41 - 19. A data generation device as defined in claim 1.8 wherein a
section (HBO,HB1,HB2,HB3) of the sep- arated second data item (HB) consists
of one bit. 20. A data generation device as defined in claim 18 wherein a
section (HBO,HB1,HB2,HB3) of the sep- arated second data item (HB) consists
of plural bits.    












