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(54)  Variable  length  code  decoder. 

(57)  A  decoder  for  decoding  a  Huffman  code  into 
data  includes  a  first  decoder  circuit  (4)  for 
decoding  a  leading  Huffman  code  of  a  Huffman 
code  string  and  a  second  decoder  circuit  (8)  for 
decoding  a  consecutive  string  of  two  Huffman 
codes  from  the  leading  portion  of  the  Huffman 
code  string  in  which  two  data  can  be  decoded 
by  one  decoder  operation. 
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The  present  invention  relates  to  a  variable  length  code  decoder  for  decoding  a  variable  length  code  such 
as  a  Huffman  code  or  the  like  and  which  is  suitable  for  use  in  transmitting  image  data  and  audio  data  in  the 
form  of  compressed  data. 

When  a  large  amount  of  data  such  as  image  data  or  the  like  is  transmitted  by  using  a  communication  net- 
5  work  whose  data  transfer  capability  is  limited  or  when  image  data  of  a  long  period  of  time  is  recorded  on  a 

storage  medium  of  a  small  storage  capacity  and  so  on,  there  are  used  bit-rate  reduction  technologies  for  re- 
ducing  data  amount. 

As  the  bit-rate  reduction  technology,  many  technologies  have  heretofore  been  developed  and  put  into  prac- 
tical  use,  such  as  a  DCT  (discrete  cosine  transform)  coding  technique  in  which  image  data,  for  example,  is 

10  cosine-  transformed  and  then  compressed  by  using  a  coefficient  thereof  and  a  variable  length  coding  techni- 
que  in  which  an  overall  code  amount  is  reduced  by  varying  a  length  of  a  corresponding  code  in  accordance 
with  a  frequency  at  which  data  is  produced. 

As  an  example  of  a  variable  length  coding,  there  is  proposed  a  Huffman  coding.  The  fundamental  concept 
of  Huffman  coding  is  that  an  average  code  length  (or  total  code  amount)  is  reduced  by  assigning  a  code  of  a 

15  short  code  length  to  an  event  (data)  appearing  with  high  frequency  and  by  assigning  a  code  of  a  long  code 
length  to  an  event  appearing  with  low  frequency  to  thereby  compress  data. 

The  system  in  which  Huffman  codes  corresponding  to  respective  event  in  actual  practice  are  generated 
depends  upon  the  probability  that  the  respective  events  occur.  How  to  generate  the  Huffman  code  on  the  basis 
of  statistics  data  of  events  had  been  described  so  far  in  various  books  under  the  title  of  information  theory  and 

20  therefore  need  not  be  described  herein.  In  order  to  understand  the  present  invention  more  clearly,  a  simple 
Huffman  code  corresponding  to  the  following  five  data  ("0",  "1",  "2",  "3",  "4")  will  be  described.  In  the  above- 
mentioned  five  data,  if  the  number  of  data  is  smaller,  then  such  data  of  smaller  number  occurs  with  high  fre- 
quency. 

25  Data  Huffman  code 

"0"  [ 1 ]  
"1"  [  01] 

30  "2"  [  001] 

tl  1  tt 

ft  o« 

"3"  [  0001]  

"4"  [00001]  
35 

Byway  of  example,  a  Huffman  code  string  having  a  data  sequence  of  "2",  "3",  "0",  "1",  "3",  "0",  "4"  is  ex- 
pressed  as: 

[00100011010001100001] 
This  data  is  output  sequentially  from  the  left-hand  side. 

40  FIG.  1  of  the  accompanying  drawings  shows  an  example  of  a  conventional  Huffman  decoder  for  decoding 
the  Huffman  code. 

As  shown  in  FIG.  1  ,  a  Huffman  code  string  is  supplied  to  an  input  terminal  1  .  The  Huffman  code  string  is 
input  to  the  input  terminal  1  in  the  form  of  one  bit  serial  data  or  at  the  unit  of  bytes  or  words  depending  upon 
a  system  bus  width  and  an  input  and  output  method. 

45  The  Huffman  code  string  from  the  input  terminal  1  is  temporarily  stored  in  an  n-bit  register  2  where  n  is  a 
value  larger  than  a  maximum  length  m  of  the  Huffman  code.  Of  the  n-  bit  stored  in  the  n-bit  register  2,  the  m- 
bit  indicative  of  the  maximum  length  of  the  Huffman  code  is  supplied  to  a  decoder  circuit  4  by  a  barrel  shifter 
3. 

The  barrel  shifter  3  can  shift  the  input  code  string  during  a  constant  time  regardless  of  the  number  of  bits 
so  to  be  shifted  and  is  capable  of  high  speed  processing  as  compared  with  a  shift  register  that  shifts  one  bit  by 

one  clock  pulse. 
The  decoder  circuit  4  is  comprised  of  a  read-only  memory  (ROM),  a  programmable  logic  array  (PLA),  a 

logic  gate  or  the  like,  though  not  shown.  When  the  input  signal  becomes  coincident  with  the  Huffman  code, 
the  decoder  circuit  4  outputs  a  hit  signal  at  a  hit  signal  output  terminal  4a  and  also  outputs  decoded  data  at  a 

55  data  output  terminal  5.  Further,  the  decoder  circuit  4  outputs  a  code  length  signal  indicative  of  a  length  of  Huff- 
man  code  at  that  time  to  a  code  length  signal  output  terminal  4b. 

The  hit  signal  developed  at  the  hit  signal  output  terminal  4a  is  supplied  to  a  Huffman  code  decoder  con- 
troller  6.  The  controller  6  supplies  the  decoded  data  of  Huffman  code  to  the  next  stage  in  response  to  the  hit 
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signal.  The  code  length  signal  developed  at  the  code  length  signal  output  terminal  4b  is  supplied  to  a  shift 
controller  7  and  the  barrel  shifter  3  is  operated  under  the  control  of  the  shift  controller  7  to  supply  the  next 
input  signal  to  the  decoder  circuit  4.  When  the  Huffman  signal  becomes  coincident  with  the  input  signal  again, 
the  decoder  circuit  4  is  operated  similarly  as  described  above  to  thereby  sequentially  decode  the  Huffman  code 

5  string  of  the  register  2. 
When  the  Huffman  code  string  that  is  input  to  the  register  2  from  the  input  terminal  1  lacks,  a  Huffman 

code  is  newly  read  out  from  the  input  terminal  1  .  The  shift  controller  7  includes,  though  not  shown,  an  adder 
of  surplus  system  determined  dependent  on  the  bit  number  n  of  the  register  2  to  accumulate  code  lengths  out- 
put  from  the  decoder  circuit  4,  thereby  controlling  the  shift  amount  of  the  barrel  shifter  3.  When  the  code  string 

10  input  to  the  decoder  circuit  4  is  not  coincident  with  the  Huffman  code  (does  not  hit  the  Huffman  code),  it  is 
determined  that  the  input  Huffman  code  has  an  error.  Then,  the  Huffman  code  decoder  moves  to  the  error 
correction  processing. 

Operation  of  the  Huffman  decoder  will  be  described  together  with  the  aforementioned  Huffman  code  string 
with  reference  to  FIGS.  2A  through  2D. 

15  FIG.  2A  shows  the  condition  that  the  Huffman  code  string  is  input  to  the  register  2  in  the  initial  state.  At 
that  time,  the  shift  amount  of  the  barrel  shifter  3  is  [0]  and  as  shown  in  FIG.  2A,  5  bits  (maximum  code  length 
of  the  Huffman  code)  on  the  left  end  of  the  register  2  are  input  to  the  decoder  circuit  4. 

In  the  decoder  circuit  4,  since  data  corresponding  to  "2"  hits  (becomes  coincident  with)  the  Huffman  code, 
data  "2"  is  output  to  the  data  output  terminal  5  and  the  variable  length  signal  "3"  is  output  to  the  variable  length 

20  code  signal  output  terminal  4b.  Then,  under  the  control  of  the  controller  6,  the  output  data  "2"  from  the  decoder 
circuit  4  is  supplied  to  the  next  stage.  Accordingly,  the  shift  amount  [3]  is  added  within  the  shift  controller  7. 

FIG.  2B  shows  the  next  condition.  As  shown  in  FIG.  2B,  the  shift  amount  of  the  barrel  shifter  3  is  [3]  and 
5  bits  from  the  fourth  bit  from  the  left  of  the  register  2  are  supplied  to  the  decoder  circuit  4.  The  decoder  circuit 
4  outputs  data  "3"  to  the  data  output  terminal  5  and  the  code  length  signal  [4]  to  the  code  length  signal  output 

25  terminal  4b.  Then,  the  code  length  [4]  is  accumulated  within  the  shift  controller  7  and  the  shift  amount  becomes 
[7]. 

FIG.  2C  shows  the  next  condition.  As  shown  in  FIG.  2C,  the  shift  amount  of  the  barrel  shifter  3  becomes 
[7]  so  that  5  bits  from  the  8th  bit  from  the  left  of  the  register  2  are  input  to  the  decoder  circuit  4.  The  aforesaid 
operation  is  continuously  carried  out  sequentially. 

30  A  delay  in  a  loop  of  the  barrel  shifter  3,  the  decoder  circuit  4  and  the  shift  controller  7  shown  in  FIG.  1 
becomes  the  most  important  problem  when  the  Huffman  decoder  is  designed  so  as  to  operate  at  high  speed. 
If  the  Huffman  decoder  is  designed  as  a  high  speed  Huffman  decoder  that  can  process  one  data  by  one  clock, 
there  is  then  a  restriction  such  that  a  total  sum  of  a  delay  in  a  large  barrel  shifter  (about  32  bits),  delays  in 
large  ROM  and  PLAand  a  logic  gate  and  a  delay  occurred  when  the  shift  amounts  are  added  within  the  shift 

35  controller  7  must  fall  within  one  clock.  This  restriction  becomes  severe  from  a  hardware  design  standpoint. 
It  is  considered  that  the  above-mentioned  loop  is  operated  by  2  clocks  in  order  to  avoid  the  limit  provided 

when  the  Huffman  decoder  is  operated  at  high  speed  in  the  critical  bus.  At  that  time,  the  operation  efficiency 
of  the  Huffman  code  decoder  is  lowered  to  the  half. 

As  a  picture  quality  of  an  image  to  be  processed  becomes  high  and  the  Huffman  code  string  supplied  to 
40  the  input  terminal  1  becomes  high  in  bit  rate  in  future,  it  is  increasingly  requested  that  the  Huffman  code  de- 

coder  is  able  to  operate  at  high  speed. 
One  aspect  of  the  present  invention  is  concerned  with  providing  a  variable  length  code  decoder  which  can 

be  operated  at  high  speed  without  necessarily  increasing  a  clock  frequency. 
According  to  a  first  aspect  of  the  present  invention,  there  is  provided  a  high  speed  variable  length  code 

45  decoder  which  includes  a  first  decoder  circuit  for  decoding  a  leading  variable  length  code  of  a  variable  length 
code  string  and  a  second  decoder  circuit  for  decoding  a  consecutive  string  of  a  plurality  of  variable  length  codes 
from  the  leading  portion  of  the  Huffman  code  string  in  which  a  plurality  of  data  can  be  decoded  by  one  decoder 
operation. 

According  to  another  aspect  of  the  present  invention,  the  second  decoder  is  given  a  priority. 
so  The  variable  length  code  decoder  may  utilize  a  Huffman  code  as  the  above  variable  length  code. 

Since  a  plurality  of  data  can  be  decoded  by  one  decoding  operation,  a  high  speed  variable  length  code 
decoder  can  be  realized  without  increasing  a  clock  frequency. 

A  specific  embodiment  of  the  present  invention  will  now  be  described  by  way  of  example  with  reference 
to  the  accompanying  drawings,  in  which: 

55  FIG.  1  is  a  block  diagram  showing  a  circuit  arrangement  of  a  conventional  Huffman  code  decoder; 
FIGS.  2A  through  2D  are  diagrams  used  to  explain  an  embodiment  of  the  present  invention; 
FIG.  3  is  a  block  diagram  showing  a  circuit  arrangement  of  a  variable  length  code  decoder  according  to 
an  embodiment  of  the  present  invention;  and 
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FIG.  4  is  a  flowchart  to  which  references  will  be  made  in  explaining  operation  of  the  variable  length  code 
decoder  according  to  the  embodiment  of  the  present  invention. 
An  embodiment  that  the  variable  length  code  decoder  according  to  the  present  invention  is  applied  to  a 

Huffman  code  decoder  for  decoding  a  Huffman  code  will  be  described  with  reference  to  FIG.  3.  In  FIG.  3,  like 
5  parts  corresponding  to  those  of  FIG.  1  are  marked  with  the  same  references  and  therefore  need  not  be  de- 

scribed  in  detail. 
According  to  the  embodiment  shown  in  FIG.  3,  the  Huffman  code  string  from  the  input  terminal  1  is  tem- 

porarily  stored  in  the  n-bit  register  2  similarly  to  the  example  shown  in  FIG.  1.  In  this  case,  the  value  of  n  is 
set  to  be  larger  than  the  maximum  length  m  of  the  Huffman  code. 

10  According  to  this  embodiment,  the  m  bits  indicative  of  the  maximum  length  of  the  Huffman  code  of  n  bits 
stored  in  the  register  2  are  supplied  to  the  decoder  circuits  4  and  8  by  the  barrel  shifter  3  in  parallel. 

The  barrel  shifter  3  shifts  the  input  code  string  by  a  predetermined  bit  number  during  a  constant  time  and 
is  capable  of  high  speed  processing  as  compared  with  a  shift  register  that  shifts  one  bit  by  one  clock  pulse. 

The  decoder  circuit  4  can  decode  all  input  Huffman  codes  similarly  to  the  decoder  circuit  shown  in  FIG. 
15  1.  When  the  decoder  circuit  4  can  take  a  simple  Huffman  code  corresponding  to  five  data  ("0",  "1",  "2",  "3", 

"4")  as  described  above,  the  decoder  circuit  4  can  decode  all  of  five  Huffman  codes. 
When  the  input  signal  coincides  with  the  Huffman  code,  the  decoder  circuit  4  outputs  the  hit  signal  to  the 

hit  signal  output  terminal  4a  and  also  supplies  the  decoded  data  to  a  selector  circuit  9.  Further,  at  that  time, 
the  decoder  circuit  4  outputs  the  code  length  signal  indicative  of  the  length  of  the  Huffman  code  to  the  code 

20  length  signal  output  terminal  4b. 
The  hit  signal  developed  at  the  hit  signal  output  terminal  4a  is  supplied  to  the  Huffman  code  decoder  con- 

troller  6,  and  the  code  length  signal  developed  at  the  code  length  signal  output  terminal  4b  is  supplied  to  the 
shift  controller  7. 

The  decoder  circuit  8  can  decode  a  consecutive  string  of  selected  two  Huffman  codes  having  a  high  gen- 
25  eration  frequency.  For  example,  the  decoder  circuit  8  can  decode  only  the  following  three  strings: 

String  Huffman  code  string 

"0"-»"0"  [11] 

"0"-»"r  [101] 

"r-»"0"  [on] 

When  the  input  signal  coincides  with  particular  Huffman  code  string,  e.g.,  two  Huffman  codes  from  the 
35  beginning  as  [11],  [101]  and  [011],  the  decoder  circuit  8  outputs  the  hit  signal  to  a  hit  signal  output  terminal  8a, 

and  also  supplies  two  decoded  data,  e.g.,  "on  "0",  "0"  "1",  and  "1"  "0"  to  the  selector  circuit  9.  Further,  the  de- 
coder  circuit  8  outputs  a  sum  code  length  signal  of  the  code  lengths  of  two  Huffman  codes  obtained  at  that 
time  to  a  code  length  signal  output  terminal  8b. 

The  hit  signal  obtained  at  the  hit  signal  output  terminal  8a  is  supplied  to  the  controller  6.  When  the  hit  signal 
40  is  developed  at  the  hit  signal  output  terminal  8a,  the  selector  circuit  9  outputs  two  data  obtained  at  the  output 

side  of  the  decoder  circuit  8  to  the  data  output  terminal  5  with  a  priority  under  the  control  of  the  controller  6. 
Also,  the  shift  controller  7  controls  shift  operation  of  the  barrel  shifter  3  by  utilizing  the  sum  code  length  signal 
of  code  lengths  of  two  Huffman  codes  developed  at  the  code  length  signal  output  terminal  8b. 

When  the  hit  signal  is  obtained  only  at  the  hit  signal  output  terminal  4a,  the  selector  circuit  9  outputs  the 
45  decoded  data  of  the  decoder  circuit  4  to  the  data  output  terminal  5.  Also,  the  shift  controller  7  controls  the  shift 

operation  of  the  barrel  shifter  3  by  utilizing  the  code  length  signal  obtained  at  the  code  length  signal  output 
terminal  4b.  A  rest  of  arrangements  in  FIG.  3  is  similar  to  that  of  FIG.  1  . 

Operation  of  the  embodiment  of  the  Huffman  code  decoder  that  decodes  the  Huffman  code  string  by  way 
of  example  will  be  described  next  with  reference  to  FIG.  4  and  FIGS.  2A  through  2D.  FIG.  2A  shows  the  con- 

50  dition  that  the  Huffman  code  string  is  input  to  the  register  2  in  the  initialization  state  (step  S1  in  FIG.  4).  At  that 
time,  the  shift  amount  of  the  barrel  shifter  3  is  [0].  When  data  is  read  out  at  step  S2,  as  shown  in  FIG.  2A,  5 
bits  (maximum  length  of  Huffman  code)  at  the  left  end  of  the  register  2  are  input  to  the  decoder  circuits  4  and 
8. 

In  the  decoder  circuit  4,  data  corresponding  to  "2"  coincides  (hits)  with  the  Huffman  code  (step  S4)  but 
55  such  data  does  not  hit  the  Huffman  code  in  the  decoder  circuit  8  (step  S3).  Therefore,  one  data  is  decoded  by 

the  decoder  circuit  4  (step  S5)  and  the  data  "2"  is  output  to  the  data  output  terminal  5  under  the  control  of  the 
controller  6.  Then,  [3]  is  supplied  to  the  shift  controller  7  as  the  code  length  signal.  This  shift  amount  is  added 

4 
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within  the  shift  controller  7  (step  S6). 
Then,  the  processing  proceeds  to  the  next  decision  step  S7,  whereat  it  is  determined  whether  or  not  the 

next  data  is  input  to  the  input  terminal  1.  FIG.  2B  shows  the  next  condition.  The  shift  amount  of  the  barrel  shifter 
3  is  [3]  and  5  bits  from  the  4th  bit  of  the  left  of  the  register  2  are  supplied  to  the  decoder  circuits  4  and  8  (step 

5  S2).  At  that  time,  in  the  decoder  circuit  4,  data  corresponding  to  "3"  hits  the  Huffman  code  (step  S4)  but  such 
data  does  not  hit  the  Huffman  code  (step  S3)  in  the  decoder  circuit  8.  Therefore,  one  data  is  decoded  by  the 
decoder  circuit  4  (step  S5).  Then,  the  data  "3"  is  output  to  the  data  output  terminal  5  under  the  control  of  the 
controller  6  and  [4]  is  supplied  to  the  shift  controller  7  as  the  code  length  signal.  This  shift  amount  is  added 
within  the  shift  controller  7  (step  S6). 

10  Then,  the  processing  proceeds  to  decision  step  S7,  whereat  it  is  determined  whether  or  not  the  next  data 
is  input  to  the  input  terminal  1  .  FIG.  2C  shows  the  next  condition.  The  shift  amount  of  the  barrel  shifter  3  be- 
comes  [7]  and  therefore  5  bits  from  8th  bit  of  the  left  of  the  register  2  are  supplied  to  the  decoder  circuits  4 
and  8  (step  S2).  At  that  time,  data  corresponding  to"0"  hits  the  Huffman  code  in  the  decoder  circuit  4  and  data 
corresponding  to  "0"  and  "1"  hit  the  Huffman  code  in  the  decoder  circuit  8  (step  S3).  Accordingly,  two  data  of 

15  two  data  "0"  and  "1"  of  the  decoder  circuit  8  are  decoded  with  a  priority  under  the  control  of  the  controller  6 
(step  S8).  Then,  the  two  data  are  output  to  the  data  output  terminal  5  and  [3]  of  [1]  +  [2]  is  supplied  to  the  shift 
controller  7  as  the  code  length  signal.  Then,  the  shift  amount  is  added  within  the  shift  controller  7  (step  S9). 

Then,  the  processing  proceeds  to  the  next  decision  step  S7,  whereat  it  is  determined  whether  or  not  the 
next  data  is  input  to  the  input  terminal  1.  FIG.  2D  shows  the  next  condition.  In  this  case,  the  shift  amount  of 

20  the  barrel  shifter3  becomes  [10]  and  therefore  5  bits  from  11th  bit  of  the  left  of  the  register2  are  input  to  the 
decoder  circuits  4  and  8  (step  S2).  The  aforesaid  operation  will  hereinafter  be  continued  sequentially.  If  it  is 
determined  that  no  next  data  is  input  to  the  input  terminal  1  as  represented  by  a  NO  at  decision  step  S7,  the 
processing  is  ended. 

When  data  is  read  out  (step  S2),  if  the  read-out  data  does  not  hit  the  Huffman  code  both  in  the  decoder 
25  circuits  4  and  8  (steps  S3  and  S4),  then  the  processing  proceeds  to  step  S10,  whereat  the  error  correction 

processing  is  effected. 
Since  two  data  can  be  decoded  by  one  decoding  operation  when  two  Huffman  codes  having  the  high  gen- 

eration  frequency  are  consecutive  in  the  Huffman  code  string,  a  high  speed  Huffman  code  decoder  can  be 
realized  without  increasing  a  clock  frequency. 

30  While  the  Huffman  code  is  decoded  as  described  above,  it  can  be  understood  that  the  present  invention 
can  be  applied  to  a  variable  length  code  decoder  which  can  decode  other  variable  length  codes. 

While  the  decoder  8  can  decode  the  two  consecutive  strings  as  described  above,  the  present  invention 
is  not  limited  thereto  and  the  decoder  circuit  8  can  decode  three  consecutive  strings  or  more. 

Thus,  the  above  described  embodiment  provides  the  advantage  that  a  high  speed  variable  length  code 
35  decoder  can  be  realized  without  increasing  the  clock  frequency. 

Claims 

40  1.  A  variable  length  code  decoder  comprising: 
(a)  a  data  register  (2)  for  storing  therein  N-bit  variable  length  coded  data  to  be  decoded; 
(b)  a  barrel  shifter  (3)  supplied  with  predetermined  bit-data  from  said  data  register; 
(c)  a  first  decoder  (4)  supplied  with  an  output  of  said  barrel  shifter; 
(d)  a  second  decoder  (8)  supplied  with  the  output  of  said  barrel  shifter; 

45  (e)  a  selector  circuit  (9)  for  selectively  outputting  one  of  decoded  outputs  supplied  thereto  from  said 
first  and  second  decoders; 
(f)  a  shift  controller  (7)  for  shifting  said  barrel  shifter  by  a  predetermined  bit  when  a  hit  signal  is  supplied 
thereto  from  said  first  or  second  decoder;  and 
(g)  a  controller  (6)  for  controlling  said  selector  circuit  such  that  the  decoded  output  of  said  first  or  second 

so  decoder  is  selectively  output  to  a  data  output  terminal  in  response  to  the  hit  signal  supplied  thereto 
from  said  first  or  second  decoder. 

2.  The  variable  length  code  decoder  according  to  claim  1  ,  wherein  said  first  decoder  decodes  leading  vari- 
able  length  code  data  of  output  data  from  said  barrel  shifter. 

55 
The  variable  length  code  decoder  according  to  claim  1  or  2,  wherein  said  second  decoder  decodes  a  plur- 
ality  of  variable  length  code  data  from  a  leading  portion  of  output  data  from  said  barrel  shifter. 
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The  variable  length  code  decoder  according  to  any  preceding  claim,  wherein  said  second  decoder  oper- 
ates  with  a  priority  over  said  first  decoder. 

The  variable  length  code  decoder  according  to  any  preceding  claim,  wherein  said  variable  length  code  is 
a  Huffman  code. 

The  variable  length  code  decoder  according  to  claim  5,  wherein  an  M-bit  maximum  length  of  said  Huffman 
code  is  supplied  to  said  barrel  shifter  and  the  output  of  said  barrel  shifter  is  supplied  to  said  first  and  sec- 
ond  decoders  in  parallel. 

The  variable  length  code  decoder  according  to  any  preceding  claim,  wherein  said  N-bit  variable  length 
coded  data  to  be  decoded  is  image  data. 

A  decoder  for  decoding  a  string  of  variable  length  codes  comprising  a  first  decoder  (4)  which  can  decode 
any  of  said  codes  individually,  and  a  second  decoder  (8)  which  can  decode  some  permutations  of  a  plur- 
ality  of  the  codes,  wherein  an  output  of  said  second  decoder  is  used  in  preference  to  an  output  of  the  first 
decoder  if  the  second  decoder  is  able  to  decode  a  plurality  of  the  codes. 

6 
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