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Description 

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  com- 
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. 

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  N  <  M  <  1,5  N,  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 

5  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. 

In  the  data  generation  device  for  an  electronic  mu- 
10  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 

is  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 

20  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 

25  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 

30  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 

35  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. 

In  another  modification  of  the  invention  according 
40  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 

45  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- 
so  scribed  hereinbelow  with  reference  to  the  accompany- 

ing  drawings. 
In  the  accompanying  drawings, 

Fig.  1  is  a  block  diagram  showing  the  entire  con- 
55  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  ; 

55 
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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; 
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  10b  are  diagrams  for  explaining  an 
example  of  operation  of  a  shifter  in  Fig.  7;  and 
Figs.  1  1  and  1  2  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  1  0  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  1  6  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  1  0  bits  and  that  of  waveform  data  belong- 
ing  to  the  frame  2  is  12  bits. 

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  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. 

5  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- 

10  tion"  are  exposed.  In  this  embodiment,  information  des- 
ignating  data  length  is  assigned  as  the  "hidden  informa- 
tion".  More  specifically,  as  "hidden  information"  in  a  cer- 
tain  frame,  information  designating  data  length  of  wave- 
form  data  in  the  next  frame  is  assigned.  Weights  of  bi- 

15  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  "1  010"  and  designate 
data  length  =  10  bits  in  the  next  frame  1  .  The  contents 

20  of  the  hidden  bits  HB3  to  HBO  in  the  frame  1  are  "11  00" 
and  designate  data  length  =  1  2  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 

25  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. 

Description  of  data  storing  format 
30 

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. 

35  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 

40  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 

45  or  upper  orders,  hidden  bit  HB1  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 

so  higher  order  bits  of  the  waveform  data  for  the  sample 
point  1  are  stored  at  8  lower  order  bits  of  the  address 
A1.  In  a  similar  manner,  as  shown  in  Fig.  3,  waveform 
data  and  hidden  bits  for  the  respective  sample  points 
are  stored  closely  togehter  in  the  respective  addresses. 

55  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- 

3 
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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  plrual  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, 
alternatively,  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  1  1  has  a  plurality  of 
keys  for  designating  tone  pitches  of  tones  to  be  gener- 
ated.  A  tone  color  selection  operator  12  has  a  plurality 
of  operators  for  designating  tone  colors  of  tones  to  be 
generated.  A  microcomputer  1  3  detects  depression  and 
release  of  keys  and  a  tone  color  selection  state  by  scan- 
ning  the  keyboard  1  1  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  1  3  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  1  3  are  sup- 
plied  to  a  tone  source  circuit  through  an  interface  14. 
The  interface  1  4  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 

5  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. 

10  An  F  number  generation  circuit  1  5  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- 

's  pie,  of  a  ROM  or  a  table.  This  F  number  is  accumulated 
repeatedly  by  an  accumulator  1  6  and  a  carry  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 

20  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  1  0  for  reading  out  data  of  one  sample  point  per 
one  shot  of  pulse. 

25  A  clock  and  timing  signal  generation  circuit  1  7  gen- 
erates  system  clock  pulses  $  1  and  $  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  1  4,  also  forms  and  out- 

30  puts  key-on  pulses  KONP1  and  KONP2  and  a  key-off 
pulse  KOFP.  The  system  clock  pulses  $  1  and  $  2  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 

35  slot  of  a  certain  channel  when  the  key-on  signal  KON 
has  risen  from  "0"  to  "1  ",  i.e.,  at  the  start  of  depression 
of  the  key.  The  key-on  pulse  KONP2  is  a  pulse  which 
rises  to  "1  "  only  once  at  the  time  slot  of  the  channel  in 
next  time  division  channel  cycle  after  the  key-on  pulse 

40  KONP1  has  risen  to  "1".  The  key-off  pulse  KOFP  is  a 
pulse  which,  when  the  key-on  signal  KON  has  fallen 
from  "1  "  to  "0",  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 

45  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 

so  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 

55  EVD  for  setting  envelope,  start  address  data  SA  for  des- 
ignating  waveform  reading  start  adderss,  initial  data 
length  data  I  LENG  for  designating  the  data  length  of  the 
first  frame  and  LPC  coefficient  data  LPCP  for  demodu- 

4 
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lating  waveform  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  1  6,  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  1  0. 

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 
SAto  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- 
of  is  stored  in  the  waveform  memory  1  0  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  1  0 
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  1  6  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  one  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  1  6  bits  which  has  been  read  from  the  waveform  mem- 
ory  10  and  provides  a  set  of  data  HBO  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  1  0.  By  utilizing  this  data  length  designation  data 
LENG,  data  for  one  sample  point  of  variable  data  length 

5  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  ILENG  supplied 
from  the  parameter  data  generation  circuit  18. 

10  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- 

15  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 

20  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  of  the  multiplier 
24  is  accumulated  by  an  accumulator  25  for  the  respec- 

ts  tive  channels  during  one  channel  time  division  cycle 
whereby  tone  waveform  data  for  all  channels  is  ob- 
tained.  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  system  27. 

30 
Description  of  the  data  takeout  and  reproduction  section 
20  in  detail 

Fig.  4  is  a  block  diagram  showing  an  example  of  the 
35  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 

40  34,  a  hidden  bit  reproduction  circuit  37  and  a  data  length 
register  38. 

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 

45  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 

so  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- 

55  notes  that  the  shift  register  41  has  8  stages.  The  shift 
register  12  is  shift-controlled  by  the  two  phase  system 
clock  pulses  $  1  and  §  2  in  synchronism  with  the  channel 
time  division  timing.  The  other  shift  registers  designated 

5 
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by  the  reference  characters  8D  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 
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  turned  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 
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. 

5  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  HBO  to  HB3,  the 

10  hidden  bit  control  signal  HC1  is  applied  to  a  carry-in  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  pull  out  pointer  (takeout  pointer)  POP. 

is  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 

20  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 

25  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- 

30  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. 

The  signal  of  the  carry  output  Cout  of  the  adder  45 
is  provided  from  the  data  length  counter  32  as  an  ad- 

35  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 

40  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 
45  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 

so  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 

55  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. 

6 
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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  AO  by 
clearing  by  the  key-on  pulses  KONP1  and  KONP2  and 
the  data  of  1  6  bits  stored  at  this  address  AO  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  1  2  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  AO  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  A1  . 
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 
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  1  0  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 

5  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 

10  the  output  of  the  shift  register  57  is  applied  to  a  "1  "  input 
of  the  selector  56  and  also  to  lower  1  6  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 

is  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- 

20  sponds  to  the  LSB  of  the  data  to  be  taken  out  as  1  6  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 

25  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  LSB  of  the  16  bit  parallel  output  data  and 
16  bit  including  this  bit  and  higher  bits  is  taken  out.  When 
POP  is  1  2,  the  thirteenth  bit  from  the  LSB  of  the  32  par- 

30  allel  input  data  is  determined  as  the  LSB  of  the  16  bit 
parallel  output  data  and  1  6  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 

35  and  16  low  order  bits  which  are  supplied  from  the  shift 
register  57  are  data  which  have  been  read  from  the  im- 
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 

40  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 

45  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 

so  of  data  of  variable  data  length  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- 

55  duced  and  data  is  thereby  read  from  the  address  AO. 
The  selector  56  selects  data  RD  read  from  the  address 
AO  in  response  to  the  output  "0"  of  the  NOR  gate  58  and 
the  selected  data  RD  is  loaded  in  the  shift  register  57. 

7 
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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  AO  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  its  entirety  with  its  LSB  being  aligned  with  the  LSB  of 
the  16  bit  output.  This  arrangement  is  schematically  il- 
lustrated  in  Fig.  10a. 

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  from  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  1  6  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 
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  order  of  its  bit  positions  sequentially  from  LSB  is  pro- 
vided  by  the  shifter  55.  Since  this  16-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- 

5  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 

10  the  4-bit  hidden  information  HD  which  has  been  stored 
separately  in  the  form  of  the  hidden  bits  HBO  to  HB3.  As 
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- 

15  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. 

20  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, 

25  the  maximum  data  length  of  the  effective  data  of  the  data 
D1  which  may  include  a  hidden  bit  is  16  bits  and,  forthis 
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. 

30  In  Fig.  8,  the  hidden  bit  separation  circuit  35  is  made 
of  a  selector  59  to  which  lower  1  5  bits  of  the  data  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 

35  selection  control  input  and  selects  "1"  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 
out,  the  upper  15  bits  of  the  data  D1  are  selected  by  "1" 

40  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- 

45  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. 

The  1  5-bit  net  waveform  data  D2  which  has  exclud- 
50  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 
55  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 
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size  of  1  5-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  1  4  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  1Ato  13A  of  theselector  62.  Asignal  representing 
the  sign  bit  SB  provided  by  the  sign  bit  takeout  circuit 
60  is  applied  commonly  to  bit-by-bit  inputs  1  B  to  1  3B  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 
1  B  to  1  3B  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  1  3B  at  the  bits  2  to  1  3.  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 

5  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 

10  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 
is  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 
c|>  2.  This  timing  of  rising  of  the  system  clock  pulse  §  2 

20  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  for  one  sample  point  which  has 

25  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  HC1, 

30  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 

35  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 

40  obtained  by  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  "1",  the  "1"  input  of 
the  selector  68  is  selected  in  response  to  the  ouptut  "1  " 

45  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 

so  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 

55  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  HBO,  x, 
x,  x  loaded  in  the  shift  register  69  is  held  by  the  shift 
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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. 

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,  HB1,  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, 
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,  HB1,  HBO  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  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  I  LENG  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. 
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 

5  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  1  8  is  used  as  the  data  length 
designation  data  LENG. 

10  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 

is  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 

20  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 
KONP2from  the  first  circuit  17,  the  seocnd  key-on  pulse 

25  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. 

An  example  of  the  compressed  data  demodulation 

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  pre- 

ss  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 

40  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  ,  bO,  b1  ,  aO  to  a3  LPC 
coefficients,  respectively.  Fig.  11  shows  an  example  of 
an  LPC  demodulation  circuit  of  two  stages  and  Fig.  12 

45  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 

so  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 

55  applied  to  a  case  where  the  data  compression  technique 
is  not  employed. 

30  circuit 
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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  s 
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  da- 
ta  for  performing  various  controls,  generation  of  filter  co- 
efficient  data,  generation  of  other  tone  color  setting  data  10 
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  15 
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  20 
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.  25 

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  30 
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-  35 
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 
of  these  aspects  is  carried  out  singly,  the  benefit  of  effi-  40 
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  45 
together  but  each  of  these  aspects  of  the  invention  may 
be  carried  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  so 
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  55 
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 
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 
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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.  s 

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-  10 
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  15 
that  the  term  "electronic  musical  instrument"  covers  a 
broad  range  of  devices. 

As  described  in  the  foregoing,  according  to  the  in-  2. 
vention,  data  length  of  data  to  be  stored  in  a  memory  is 
not  fixed  but  made  variable  as  desired,  so  that  storage  20 
cells  of  the  number  necessary  for  effective  bits  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-  25 
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  30 
fact  that  the  data  has  variable  data  lenth. 

Claims 
35 

1  .  A  data  generation  device  comprising: 

memory  means  (10)  for  storing  plural  items  of 
data  for  realizing  a  given  waveform,  and 

40 
reading  means  for  reading  data  of  a  predeter- 
mined  number  of  bits  from  said  memory  means 
(1  0)  in  accordance  with  an  address  signal  (AD), 

characterized  in  that  45  3. 

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  so 
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 

55 
that  said  data  generation  device  further  com-  4. 
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 
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. 

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). 

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 
been  taken  out  is  less  than  a  predetermined  refer- 
ence  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. 

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 
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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.  s 

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  10 
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  is 
(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-  20 
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  25 
memory  means  (10). 

8.  A  data  generation  device  as  defined  in  claim  1 
wherein  data  to  be  stored  in  said  memory  means 
(1  0)  is  tone  waveform  data  for  an  electronic  musical  30 
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  35 
(1  0)  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  40 
wherein  data  to  be  stored  in  said  memory  means 
(1  0)  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. 

45 
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  so 
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-  ss 
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  number  of  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  number  of  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  (1  0)  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). 

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 

13 
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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  s 
(HB0,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-  10 
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). 

15 
19.  A  data  generation  device  as  defined  in  claim  18 

wherein  a  section  (HB0,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  20 
wherein  a  section  (HB0,HB1  ,HB2,HB3)  of  the  sep- 
arated  second  data  item  (HB)  consists  of  plural  bits. 

Anzahl  der  vorbestimmten  Vielzahl  der  Bits  un- 
terscheidet,  und 

eine  Entnahmeeinrichtung  (20)  zum  selektiven 
Entnehmen  erforderlicher  Dateneinheiten  aus 
den  Auslesedaten  aus  der  Speichereinrichtung 
(10)  gemaB  der  zugewiesenen  Bitanzahl,  der- 
art,  dal3  eine  Sequenz  der  Dateneinheiten  zum 
Realisieren  der  gegebenen  Wellenform,  deren 
Bitanzahl  sich  im  zeitlichen  Verlauf  bei  dem 
Vorgang  des  Realisierens  der  gegebenen  Wel- 
lenform  verandert,  wiedergegeben  wird. 

Datenerzeugungsvorrichtung  nach  Anspruch  1, 
wobei: 

die  Speichereinrichtung  (10)  mehrere  Spei- 
cheradressen  einer  festen  Bitlange  aufweist, 
wobei  die  Dateneinheiten  eine  variable  Anzahl 
von  an  den  Speicheradressen  gespeicherten 
Bits  aufweisen  und  auf  jede  der  Speicheradres- 
sen  gemaB  einem  AdreBsignal  (AD)  zugegrif- 
fen  wird,  und 

Patentanspriiche  25 

1.  Datenerzeugungsvorrichtung  mit: 

einer  Speichereinrichtung  (10)  zum  Speichern 
mehrerer  Dateneinheiten  zum  Realisieren  ei-  30 
ner  gegebenen  Wellenform,  und 

einer  Leseeinrichtung  zum  Einlesen  von  Daten 
mit  einer  vorbestimmten  Bitanzahl  aus  der 
Speichereinrichtung  (10)  gemaB  einem  35 
AdreBsignal  (AD), 

dadurch  gekennzeichnet,  daB 

jede  der  mehreren  in  der  Speichereinrichtung  40 
(10)  gespeicherten  Dateneinheiten  einem  Ein- 
zeldatenwert  mit  einer  gewunschten  variablen 
Bitanzahl  entspricht  und  jede  Dateneinheit  in 
einer  Speicherposition  gespeichert  ist,  die  we- 
nigstens  einer  Speicheradresse  der  Speicher-  45 
einrichtung  (10)  entspricht,  wobei  jede  Spei- 
cheradresse  einer  vorbestimmten  Vielzahl  von 
Bits  entspricht  und 

dal3  die  Datenerzeugungsvorrichtung  ferner  so 
aufweist: 

eine  Datenlangenbezeichnungseinrichtung 
(32)  zum  Bezeichnen  der  Bitanzahl,  die  jeder 
nacheinanderausderSpeichereinrichtung  (10)  55 
ruckzugewinnenden  Dateneinheit  entspricht, 
wobei  die  bezeichnete  Bitanzahl  eine  Anzahl 
sein  kann,  die  sich  von  einem  Vielfachen  der 

die  Entnahmeeinrichtung  (20)  eine  AdreBer- 
zeugungseinrichtung  (33)  zum  Erzeugen  eines 
AdreBsignals  als  Reaktion  auf  einen  Datenaus- 
lesebefehl  durch  Bestimmen  wenigstens  einer 
Adresse  zum  Einlesen  einer  erforderlichen  Da- 
teneinheit  aus  der  Speichereinrichtung  (10)  ge- 
mal3  der  zugewiesenen  Bitanzahl  und  in  der 
Speichereinrichtung  (10)  gespeicherter  Daten, 
die  gemaB  dem  erzeugten  AdreBsignal  (AD) 
aus  der  Speichereinrichtung  (10)  ausgelesen 
werden,  und  eine  Datenanpassungseinrich- 
tung  (36)  zum  Entnehmen  von  Daten  gemaB 
der  zugewiesenen  Bitanzahl  aus  Ausgangsda- 
ten,  die  der  zugewiesenen  Bitanzahl  aus  den 
Ausgangsdaten  (RD)  der  Speichereinrichtung 
(1  0)  entsprechen,  die  gemaB  dem  AdreBsignal 
(AD)  ausgelesen  wurde,  aufweist. 

3.  Datenerzeugungsvorrichtung  nach  Anspruch  2, 
wobei  die  Datenanpassungseinrichtung  (36),  wenn 
die  Bitanzahl  der  entnommenen  Daten  (RD)  weni- 
ger  als  eine  vorbestimmte  Referenzbitlangenzahl 
von  Bits  betragt,  ein  Datenbit  oder  Bits  hinzufugt, 
die  dem  Defizit  im  Verhaltnis  zu  der  Referenzbitlan- 
genzahl  von  Bits  derart  entsprechen,  dal3  hierdurch 
schlieBlich  Daten  (RD)  mit  einer  festen  Bitlangen- 
zahl  von  Bits,  die  der  Referenzbitlange  entspre- 
chen,  entnommen  werden. 

4.  Datenerzeugungsvorrichtung  nach  Anspruch  2, 
wobei  in  der  Speichereinrichtung  (1  0)  zu  speichern- 
de  Dateneinheiten  in  mehrere  Datengruppen  grup- 
piert  werden  und  wobei  die  Bitanzahl  von  Datenein- 
heiten  derart  ist,  da!3  eine  gemeinsame  Bitanzahl 
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fur  mehrere  Dateneinheiten  verwendet  wird,  die  zur 
selben  Datengruppe  gehoren,  und  die  Datenlan- 
genbezeichnungseinrichtung  (38)  eine  Bitanzahl 
fur  jede  der  Datengruppen  bezeichnet. 

5 
5.  Datenerzeugungsvorrichtung  nach  Anspruch  1, 

wobei  die  Datenlangenbezeichnungseinrichtung 
(38)  Informationen  speichert,  welche  die  Bitanzahl 
von  in  der  Speichereinrichtung  (10)  gespeicherten 
Dateneinheiten  bezeichnen,  diese  Informationen  10 
ausliest,  welche  die  Bitanzahl  von  bestimmten  Da- 
teneinheiten  vor  der  Entnahme  der  Dateneinheiten 
aus  der  Speichereinrichtung  (10)  bezeichnen,  und 
hierdurch  die  Bitanzahl  der  Dateneinheiten  beim 
Entnehmen  der  Dateneinheiten  aus  der  Speicher-  15 
einrichtung  (10)  bezeichnet. 

6.  Datenerzeugungsvorrichtung  nach  Anspruch  5, 
wobei  die  die  Bitanzahl  bezeichnenden  Informatio- 
nen  in  einem  Teil  eines  Speicherbereichs  der  Spei-  20 
chereinrichtung  (10)  gespeichert  sind. 

7.  Datenerzeugungsvorrichtung  nach  Anspruch  5, 
wobei  die  die  Bitanzahl  bezeichnenden  Informatio- 
nen  in  einer  Speicherschaltung  gespeichert  sind,  25 
die  nicht  die  Speichereinrichtung  (10)  ist. 

8.  Datenerzeugungsvorrichtung  nach  Anspruch  1, 
wobei  in  der  Speichereinrichtung  (1  0)  zu  speichern- 
de  Daten  Tonwellenformdaten  fur  ein  elektroni-  30 
sches  Musikinstrument  sind  und  jede  Einheit  einen 
Abtastwert  einer  Tonwellenform  spezifiziert. 

9.  Datenerzeugungsvorrichtung  nach  Anspruch  1, 
wobei  in  der  Speichereinrichtung  (1  0)  zu  speichern-  35 
de  Daten  Hullkurvenformdaten  fur  ein  elektroni- 
sches  Musikinstrument  sind  und  jede  Einheit  einen 
Hullkurvenwert  fur  einen  Ton  spezifiziert. 

10.  Datenerzeugungsvorrichtung  nach  Anspruch  1,  40 
wobei  in  der  Speichereinrichtung  (1  0)  zu  speichern- 
de  Daten  Parameterdaten  zum  Regeln  eines  durch 
ein  Tonerzeugungssystem  zu  erzeugenden  Tons 
sind  und  jede  Einheit  einen  Parameterwert  fur  einen 
Ton  spezifiziert.  45 

11.  Datenerzeugungsvorrichtung  nach  Anspruch  1, 
wobei  das  hochstwertige  Bit  der  Dateneinheit  an  je- 
der  Bitposition  in  einer  bestimmten  Adresse  ange- 
ordnet  sein  kann,  wobei  die  Datenerzeugungsvor-  so 
richtung  ferner  eine  Verweiseinrichtung  zum  Ver- 
weisen  auf  eine  Bitposition  in  einer  Adresse  des 
hochstwertigen  Bits  oderdes  niedrigstwertigen  Bits 
einer  aus  der  Speichereinrichtung  (10)  zu  entneh- 
menden  Dateneinheit  aufweist  und  die  Entnahme-  55 
einrichtung  die  Dateneinheit  mit  der  variablen  Bit- 
anzahl  aus  der  Speicherposition  gemaB  der  Positi- 
on  entnimmt,  auf  die  die  Verweiseinrichtung  ver- 

weist. 

12.  Datenerzeugungsvorrichtung  nach  Anspruch  11, 
wobei  die  Bitanzahl  der  Dateneinheit  groBer  als  die 
Bitanzahl  einer  Adresse  der  Speichereinrichtung 
(10)  ist. 

13.  Datenerzeugungsvorrichtung  nach  Anspruch  11, 
wobei  die  Bitanzahl  der  Dateneinheit  kleiner  als  die 
Bitanzahl  einer  Adresse  der  Speichereinrichtung 
(10)  ist. 

14.  Datenerzeugungsvorrichtung  nach  Anspruch  11, 
wobei  die  Entnahmeeinrichtung  (20)  eine  Einrich- 
tung  zum  Zufugen  zusatzlicher  Datenbits  aufweist, 
wenn  die  Bitanzahl  der  durch  die  Entnahmeeinrich- 
tung  entnommenen  Dateneinheit  weniger  als  eine 
vorbestimmte  Bitreferenzzahl  betragt,  derart,  dal3 
schlieBlich  Daten  einer  festen  Datenlange  mit  der 
Bitreferenzzahl  erzeugt  werden  konnen. 

15.  Datenerzeugungsvorrichtung  nach  Anspruch  11, 
wobei  die  Entnahmeeinrichtung  (20)  eine  Leseein- 
richtung  zum  Auslesen  aller  Bits  mehrerer  Adres- 
sen  aufweist,  an  denen  die  Dateneinheit  gespei- 
chert  ist,  wobei  die  Entnahmeeinrichtung  alle  Bits 
seriell  anordnet  und  als  Reaktion  auf  die  Position, 
auf  die  die  Verweiseinrichtung  verweist,  ein  erfor- 
derliches  Segment  an  Bits  entnimmt. 

16.  Datenerzeugungsvorrichtung  nach  Anspruch  11, 
wobei  die  Speichereinrichtung  (1  0)  mehrere  Daten- 
einheiten  mit  einer  variablen  Bitanzahl  speichert, 
wobei  die  Datenerzeugungsvorrichtung  ferner  eine 
Datenlangenbezeichnungseinrichtung  (38)  zum 
Bezeichnen  einer  Bitanzahl  einer  aus  der  Speicher- 
einrichtung  (10)  zu  entnehmenden  Dateneinheit 
aufweist. 

17.  Datenerzeugungsvorrichtung  nach  Anspruch  16, 
wobei  die  Speichereinrichtung  (10)  zusatzliche  Da- 
tenbits  speichert,  die  sich  von  denen  unterschei- 
den,  die  die  Dateneinheiten  bilden,  wobei  die  zu- 
satzlichen  Datenbits  eine  Anzahl  von  Bits  einer  zu 
entnehmenden  Dateneinheit  darstellen,  wobei  we- 
nigstens  einige  der  zusatzlichen  Datenbits  separat 
voneinander  in  Positionen  gespeichert  werden,  die 
verschiedenen  Speicheradressen  entsprechen, 
wobei  die  Datenerzeugungsvorrichtung  ferner  eine 
Kombinationseinrichtung  zum  Kombinieren  der  zu- 
satzlichen  Datenbits  aufweist  und  wobei  die  Be- 
zeichnungseinrichtung  die  Anzahl  von  Bits  auf  der 
Grundlage  der  kombinierten  Datenbits  bezeichnet. 

18.  Datenerzeugungsvorrichtung  nach  Anspruch  1, 
wobei  die  Speichereinrichtung  (10)  erste  Datenein- 
heiten  (D2)  und  eine  zweite  Dateneinheit  (HB)  spei- 
chert,  wobei  die  ersten  Dateneinheiten  (D2)  den 
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mehreren  Dateneinheiten  zum  Realisieren  der  ge- 
gebenen  Wellenform  entsprechen,  wobei  die  zwei- 
ten  Dateneinheiten  (HB)  mehrere  Bits  aufweisen 
und  in  mehrere  Abschnitte  (HBO,  HB1,  HB2,  HB3) 
unterteilt  sind,  wobei  jeder  der  Abschnitte  (HBO, 
HB1,  HB2,  HB3)  separat  von  den  anderen  in  der 
Speichereinrichtung  (10)  gespeichert  ist  und  mit  un- 
terschiedlichen  ersten  Dateneinheiten  (D2)  verbun- 
den  ist,  und  wobei  die  Datenerzeugungsvorrichtung 
ferner  folgendes  aufweist: 

eine  Datentrennungseinrichtung  (35)  zum 
Trennen  der  ersten  Dateneinheiten  (D2)  und 
der  Abschnitte  (HBO,  HB1,  HB2,  HB3)derzwei- 
ten  Dateneinheit  (HB)  von  den  Daten  (RD),  die 
durch  die  Leseeinrichtung  ausgelesen  wurden, 
und 

eine  Wiedergabeeinrichtung  (37)  zum  Wieder- 
geben  einer  vollstandigen  zweiten  Datenein- 
heit  (48)  durch  Zusammensetzen  der  durch  die 
Datentrennungseinrichtung  (35)  getrennten  je- 
weiligen  Abschnitte  (HBO,  HB1  ,  HB2,  HB3)  der 
zweiten  Dateneinheit  (HB). 

19.  Datenerzeugungsvorrichtung  nach  Anspruch  18, 
wobei  ein  Abschnitt  (HBO,  HB1  ,  HB2,  HB3)  der  ge- 
trennten  zweiten  Dateneinheit  (HB)  aus  einem  Bit 
besteht. 

20.  Datenerzeugungsvorrichtung  nach  Anspruch  18, 
wobei  ein  Abschnitt  (HBO,  HB1  ,  HB2,  HB3)  der  ge- 
trennten  zweiten  Dateneinheit  (HB)  aus  einem  Bit 
besteht. 

Revendications 

1.  Dispositif  de  generation  de  donnees  comprenant  : 

un  moyen  de  memoire  (10)  pour  stacker  plu- 
sieurs  elements  de  donnees  pour  realiser  une 
forme  d'onde  donnee,  et 
un  moyen  de  lecture  pour  lire  des  donnees 
ayant  un  nombre  predetermine  de  bits  a  partir 
dudit  moyen  de  memoire  (10)  en  fonction  d'un 
signal  d'adresse  (AD), 

caracterise  par  le  fait  que 

chacun  desdits  plusieurs  elements  de  donnees 
stockes  dans  ledit  moyen  de  memoire  (10)  re- 
presente  une  seule  valeur  de  donnee  ayant  un 
nombre  de  bits  variable  voulu,  et  que  chacun 
des  elements  de  donnees  est  stocke  dans  un 
emplacement  de  memoire  correspondant  a  au 
moins  une  adresse  memoire  dudit  moyen  de 
memoire  (10),  chaque  adresse  memoire  cor- 

respondant  a  une  pluralite  de  bits  predetermi- 
ne,  et 
que  ledit  dispositif  de  generation  de  donnees 
comprend  en  outre  : 

5  un  moyen  (32)  dedication  de  longueur  de  don- 
nees  pour  indiquer  le  nombre  de  bits  corres- 
pondant  a  chaque  element  de  donnees  a  re- 
trouver  en  sequence  a  partir  du  moyen  de  me- 
moire  (10),  dans  lequel  le  nombre  de  bits  indi- 

10  que  peut  comprendre  un  nombre  autre  qu'un 
multiple  du  nombre  de  ladite  pluralite  de  bits 
predeterminee,  et 
un  moyen  de  sortie  (20)  pour  sortir  selective- 
ment  des  elements  de  donnees  necessaires  a 

is  partir  desdites  donnees  lues  a  partir  du  moyen 
de  memoire  (10)  en  fonction  du  nombre  de  bits 
indique,  de  sorte  qu'une  sequence  desdits  ele- 
ments  de  donnees  pour  realiser  ladite  forme 
d'onde  donnee,  dont  le  nombre  de  bits  change 

20  au  cours  du  temps  dans  le  processus  de  reali- 
sation  de  ladite  forme  d'onde  donnee,  est  re- 
produite. 

2.  Dispositif  de  generation  de  donnees  tel  que  defini 
25  dans  la  revendication  1  ,  dans  lequel  : 

ledit  moyen  de  memoire  (1  0)  comporte  une  plu- 
ralite  d'adresses  memoire  de  longueur  en  bits 
fixe,  les  elements  de  donnees  ayant  un  nombre 

30  variable  de  bits  stockes  aux  adresses  de  me- 
moire,  et  on  accede  a  chacune  des  adresses 
memoire  par  un  signal  d'adresse  (AD),  et 
ledit  moyen  de  sortie  (20)  comprend  un  moyen 
de  generation  d'adresse  (33)  pour  generer  un 

35  signal  d'adresse,  en  reponse  a  une  commande 
de  lecture  de  donnees,  en  determinant  au 
moins  une  adresse  pour  lire  un  element  de  don- 
nees  necessaire  a  partir  dudit  moyen  de  me- 
moire  (10)  en  fonction  du  nombre  de  bits  indi- 

go  que,  les  donnees  stockees  dans  ledit  moyen  de 
memoire  (10)  etant  lues  a  partir  dudit  moyen  de 
memoire  (10)  par  le  signal  d'adresse  genere 
(AD),  et  un  moyen  (36)  d'ajustement  de  don- 
nees  pour  sortir  les  donnees  correspondant  au 

45  nombre  de  bits  indique  a  partir  des  donnees 
sorties  correspondant  au  nombre  indique  de 
bits  a  partir  des  donnees  sorties  (RD)  dudit 
moyen  de  memoire  (1  0)  qui  a  ete  lu  par  le  signal 
d'adresse  (AD). 

50 
3.  Dispositif  de  generation  de  donnees  tel  que  defini 

dans  la  revendication  2,  dans  lequel  ledit  moyen 
(36)  d'ajustement  de  donnees  ajoute,  quand  le 
nombre  de  bits  des  donnees  (RD)  qui  ont  ete  sorties 

55  est  inferieur  a  un  nombre  de  bits  de  longueur  en  bits 
de  reference  predetermine,  un  ou  des  bits  de  don- 
nees  correspondant  au  manque  par  rapport  au 
nombre  de  bits  de  longueur  en  bits  de  reference, 
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pour  ainsi  sortir  finalement  des  donnees  (RD)  ayant 
un  nombre  de  bits  de  longueur  en  bits  fixe  corres- 
pondant  a  la  longueur  en  bits  de  reference. 

4.  Dispositif  de  generation  de  donnees  tel  que  defini  s 
dans  la  revendication  2,  dans  lequel  les  elements 
de  donnees  a  stocker  dans  le  moyen  de  memoire 
(10)  sont  groupes  en  plusieurs  groupes  de  don- 
nees,  et  dans  lequel  le  nombre  de  bits  des  elements 
de  donnees  est  tel  qu'un  nombre  de  bits  commun  10 
est  utilise  pour  plusieurs  elements  de  donnees  ap- 
partenant  au  meme  groupe  de  donnees  et  ledit 
moyen  (38)  dedication  de  longueur  de  donnees  in- 
dique  le  nombre  de  bits  pour  chacun  des  groupes 
de  donnees.  15 

5.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  1,  dans  lequel  ledit  moyen 
(38)  dedication  de  longueur  de  donnees  stocke 
une  information  indiquant  le  nombre  de  bits  des  ele-  20 
ments  de  donnees  stockes  dans  ledit  moyen  de  me- 
moire  (10),  lit  I'information  indiquant  le  nombre  de 
bits  de  certains  elements  de  donnees  avant  de  sor- 
tir  les  elements  de  donnees  dudit  moyen  de  memoi- 
re  (10),  et  indique  ainsi  le  nombre  de  bits  des  ele-  25 
ments  de  donnees  lors  de  la  sortie  des  elements  de 
donnees  dudit  moyen  de  memoire  (10). 

6.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  5,  dans  lequel  I'information  in-  30 
diquant  le  nombre  de  bits  est  stockee  dans  une  par- 
tie  d'une  zone  de  stockage  dudit  moyen  de  memoire 
(10). 

7.  Dispositif  de  generation  de  donnees  tel  que  defini  35 
dans  la  revendication  5,  dans  lequel  I'information  in- 
diquant  le  nombre  de  bits  est  stockee  dans  un  cir- 
cuit  de  memoire  autre  que  ledit  moyen  de  memoire 
(10). 

40 
8.  Dispositif  de  generation  de  donnees  tel  que  defini 

dans  la  revendication  1  ,  dans  lequel  les  donnees  a 
stocker  dans  ledit  moyen  de  memoire  (10)  sont  des 
donnees  de  forme  d'onde  de  son  pour  un  instru- 
ment  de  musique  electronique  et  chaque  element  45 
specif  ie  une  valeur  d'echantillon  d'une  forme  d'onde 
de  son. 

9.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  1  ,  dans  lequel  les  donnees  a  so 
stocker  dans  ledit  moyen  de  memoire  (10)  sont  des 
donnees  de  forme  d'enveloppe  pour  un  instrument 
de  musique  electronique  et  chaque  element  speci- 
fie  une  valeur  d'enveloppe  pour  un  son. 

55 
10.  Dispositif  de  generation  de  donnees  tel  que  defini 

dans  la  revendication  1  ,  dans  lequel  les  donnees  a 
stocker  dans  ledit  moyen  de  memoire  (10)  sont  des 

donnees  de  parametres  pour  controler  le  son  a  ge- 
nerer  par  un  systeme  de  generation  de  son  et  cha- 
que  element  specifie  une  valeur  de  parametre  pour 
un  son. 

11.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  1,  dans  lequel  le  bit  le  plus 
significatif  de  I'element  de  donnees  peut  etre  situe 
a  n'importe  quelle  position  de  bit  a  I'interieur  d'une 
adresse  particuliere,  ledit  dispositif  de  generation 
de  donnees  comprend  en  outre  un  moyen  de  poin- 
tage  pour  pointer  une  position  de  bit  a  I'interieur 
d'une  adresse  du  bit  le  plus  significatif  ou  du  bit  le 
moins.  significatif  d'un  element  de  donnees  a  sortir 
du  moyen  de  memoire  (10),  et  ledit  moyen  de  sortie 
sort  I'element  de  donnees  ayant  ledit  nombre  varia- 
ble  de  bits  a  partir  de  I'emplacement  de  memoire 
en  fonction  de  la  position  qui  a  ete  pointee  par  ledit 
moyen  de  pointage. 

12.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  11,  dans  lequel  le  nombre  de 
bits  dudit  element  de  donnees  est  plus  grand  que 
le  nombre  de  bits  d'une  adresse  dudit  moyen  de 
memoire  (10). 

13.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  11,  dans  lequel  le  nombre  de 
bits  dudit  element  de  donnees  est  plus  petit  que  le 
nombre  de  bits  d'une  adresse  dudit  moyen  de  me- 
moire  (10). 

14.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  11,  dans  lequel  ledit  moyen 
de  sortie  (20)  comprend  un  moyen  pour  ajouter, 
quand  le  nombre  de  bits  de  I'element  de  donnees 
qui  a  ete  sorti  par  ledit  moyen  de  sortie  est  inferieur 
a  un  nombre  de  bits  de  reference  predetermine,  des 
bits  de  donnees  additionnels  pour  permettre  a  des 
donnees  d'une  longueur  de  donnees  fixe  ayant  le 
nombre  de  bits  de  reference,  d'etre  finalement  pro- 
duces. 

15.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  11,  dans  lequel  ledit  moyen 
de  sortie  (20)  comprend  un  moyen  de  lecture  pour 
lire  tous  les  bits  de  plusieurs  adresses  sur  lesquel- 
les  ledit  element  de  donnees  est  stocke,  dans  le- 
quel  ledit  moyen  de  sortie  dispose  tous  les  bits  en 
serie  et  sort  un  segment  de  bits  necessaire  en  re- 
ponse  a  la  position  pointee  par  ledit  moyen  de  poin- 
tage. 

16.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  11,  dans  lequel  ledit  moyen 
de  memoire  (10)  stocke  plusieurs  elements  de  don- 
nees  ayant  un  nombre  de  bits  variable  voulu,  dans 
lequel  le  dispositif  de  generation  de  donnees  com- 
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prend  en  outre  un  moyen  (38)  dedication  de  lon- 
gueur  de  donnees  pour  indiquer  le  nombre  de  bits 
d'un  element  de  donnees  a  sortir  du  moyen  de  me- 
moire  (10). 

17.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  16,  dans  lequel  ledit  moyen 
de  memoire  (10)  stocke  des  bits  de  donnees  addi- 
tionnels  autres  que  ceux  constituant  les  elements 
de  donnees,  lesdits  bits  de  donnees  additionnels 
representant  un  nombre  de  bits  d'un  element  de 
donnees  a  sortir,  dans  lequel  au  moins  certains  des- 
dits  bits  de  donnees  additionnels  sont  stockes  se- 
parement  les  uns  des  autres  dans  des  emplace- 
ments  correspondant  a  differentes  adresses  de  me- 
moire,  dans  lequel  le  dispositif  de  generation  de 
donnees  comprend  en  outre  un  moyen  de  combi- 
naison  pour  combiner  lesdits  bits  de  donnees  addi- 
tionnels,  et  dans  lequel  ledit  moyen  dedication  in- 
dique  le  nombre  de  bits  sur  la  base  desdits  bits  de 
donnees  combines. 

dans  la  revendication  18,  dans  lequel  une  section 
(HBO,  HB1  ,  HB2,  HB3)  du  second  element  de  don- 
nees  (HB)  separe  est  constitute  de  plusieurs  bits. 

5 

10 

15 

18.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  1  ,  dans  lequel  ledit  moyen  de 
memoire  (10)  stocke  des  premiers  elements  de  25 
donnees  (D2)  et  un  second  element  de  donnees 
(HB),  lesdits  premiers  elements  de  donnees  (D2) 
correspondant  auxdits  plusieurs  elements  de  don- 
nees  pour  realiser  ladite  forme  d'onde  donnee,  ledit 
second  element  de  donnees  (HB)  comprenant  plu-  30 
sieurs  bits  et  etant  divise  en  plusieurs  sections 
(HBO,  HB1,  HB2,  HB3),  chacune  des  sections 
(HBO,  HB1,  HB2,  HB3)  etant  stockee  dans  ledit 
moyen  de  memoire  (10)  separement  les  unes  des 
autres  et  etant  connectee  a  un  element  different  35 
desdits  premiers  elements  de  donnees  (D2),  et  ledit 
dispositif  de  generation  de  donnees  comprend  en 
outre  : 

un  moyen  de  separation  de  donnees  (35)  pour  40 
separer  les  premiers  elements  de  donnees 
(D2)  et  les  sections  (HBO,  HB1  ,  HB2,  HB3)  du 
second  element  de  donnees  (HB)  a  partir  des 
donnees  (RD)  qui  ont  ete  lues  par  ledit  moyen 
de  lecture,  et  45 
un  moyen  de  reproduction  (37)  pour  reproduire 
le  second  element  de  donnees  complet  (48)  en 
assemblant  les  sections  respectives  (HBO, 
HB1,  HB2,  HB3)  du  second  element  de  don- 
nees  (HB)  qui  a  ete  separe  par  ledit  moyen  de  so 
separation  de  donnees  (35). 

19.  Dispositif  de  generation  de  donnees  tel  que  defini 
dans  la  revendication  18,  dans  lequel  une  section 
(HBO,  HB1  ,  HB2,  HB3)  du  second  element  de  don-  55 
nees  (HB)  separe  est  constitute  d'un  bit. 

20.  Dispositif  de  generation  de  donnees  tel  que  defini 
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