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©  An  adaptive  data  compression  system  com- 
prises  an  encoder  (2)  which  responds  to  input 
characters  by  producing  output  codewords  ac- 
cording  to  a  stored  encoding  map  or  table  of 
characters  and  codewords,  and  adapting 
means  (4,  5)  which  adapts  the  encoding  map  or 
table  in  accordance  with  the  input  characters  so 
as  to  increase  the  compression  ratio  between 
the  input  characters  and  output  codewords, 
characterised  in  that  optimisation  means  (5) 
monitors  the  performance  of  the  system  and 
accordingly  varies  adaptation  of  the  encoding 
map  or  table  by  the  adapting  means  (4)  so  as  to 
optimise  performance  of  the  system.  Perform- 
ance  of  the  system  is  preferably  monitored  in 
terms  of  the  computational  loading  of  the  pro- 
cessor  and  the  compression  ratio  it  achieves.  A 
decoder  (7)  subsequently  decodes  the 
codewords  by  reference  to  a  corresponding 
decoding  map  or  table  which  is  adapted  (9,  10) 
in  accordance  with  the  output  data  from  the 
decoder  and  in  accordance  with  variations  in 
the  adaptation  process  in  the  encoder. 
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Technical  Field 

This  invention  relates  to  an  adaptive  data  com- 
pression  system  suitable  for  use  in  a  communications 
system. 

Data  compression  systems  improve  the  perform- 
ance  of  communication  or  storage  systems  by  remov- 
ing  some  of  the  redundancy  present  in  the  data  being 
processed.  Known  data  compression  systems  involve 
the  use  of  codes  or  codewords  to  represent  a  string 
of  data  characters,  for  example,  Huffman  codes  and 
Ziv-Lempel  codes  are  commonly  used.  It  is  also 
known  to  improve  the  performance  of  such  data  com- 
pression  systems  by  adapting  the  codewords  used 
according  to  the  data  being  processed,  this  preferably 
being  done  continuously  after  each  data  character 
received  so  as  to  adapt  the  codewords  rapidly  to 
accommodate  new  character  sequences.  However,  a 
disadvantage  of  such  adaptive  data  compression  sys- 
tems  is  the  extra  computational  requirement  of  the 
system  to  generate  and  update  the  codewords  used. 
Often  this  requirement  may  occupy  a  large  part  of  the 
computational  capacity  of  the  processor  and  this  is 
likely  to  increase  with  more  powerful  compression 
techniques.  In  extreme  cases,  the  processing 
required  may  be  greater  than  that  available,  in  which 
case  the  capacity  of  the  processor  to  encode  data  and 
generate  corresponding  codewords  may  be  impaired 
resulting  in  a  reduction  of  the  data  flow  rate.  This  prob- 
lem  can  be  overcome  by  providing  a  processor  with 
increased  computational  capacity,  but  this  serves  to 
increase  the  cost  of  the  system. 

Disclosure  of  the  Invention 

An  object  of  the  present  invention  is  to  provide  an 
adaptive  data  compression  system  in  which  the  above 
problem  is  reduced  or  overcome. 

This  is  achieved  according  to  the  invention  by 
providing  an  adaptive  data  compression  system  com- 
prising  an  encoder  which  responds  to  input  charac- 
ters  by  producing  output  codewords  according  to  a 
stored  encoding  map  or  table  of  characters  and 
codewords,  and  adapting  means  which  adapts  the 
encoding  map  or  table  in  accordance  with  the  input 
characters  so  as  to  increase  the  compression  ratio  be- 
tween  the  input  characters  and  output  codewords, 
characterised  in  that  optimisation  means  monitors  the 
performance  of  the  system  and  accordingly  varies  ad- 
aptation  of  the  encoding  map  or  table  by  the  adapting 
means  so  as  to  optimise  performance  of  the  system. 

Performance  of  the  system  is  preferably  monit- 
ored  in  terms  of  the  computational  loading  of  the  pro- 
cessor  of  the  system  and  the  compression  ratio  it 
achieves,  the  compression  ratio  corresponding  to  the 
effectiveness  of  the  encoding  map  or  table  in  com- 
pressing  the  data.  If  the  processor  is  heavily  loaded 
or  the  compression  ratio  is  high  (corresponding  to  a 

near-optimal  state  of  the  encoding  map  or  table),  the 
rate  of  adaptation  of  the  encoding  map  or  table  is 
reduced  to  leave  more  computational  capacity  for  the 
encoding  process.  The  compression  ratio  of  the  data 

5  may  thereby  be  reduced,  but  this  is  more  than  offset 
by  avoiding  the  greater  reduction  in  data  flow  rate  that 
would  occur  if  the  encoder  had  insufficient  capacity  to 
perform  the  basic  encoding  process. 

It  will  be  appreciated  that  an  adaptive  data  com- 
10  pression  system  according  to  the  invention  is  used  in 

conjunction  with  a  decoder  which  subsequently 
decodes  the  codewords  by  reference  to  a  correspond- 
ing  decoding  map  or  table  to  produce  an  output  cor- 
responding  to  the  original  stream  of  input  data  to  the 

15  encoder.  The  decoding  map  or  table  is  adapted  in 
accordance  with  the  output  data  from  the  decoder  and 
in  accordance  with  variations  in  the  adaptation  pro- 
cess  in  the  encoder  so  that  its  mapping  corresponds 
to  that  of  the  encoding  map  or  table.  In  a  two-way  data 

20  flow  system,  an  encoder  and  decoder  are  provided  at 
each  end  of  a  communications  link  and  separate 
encoding  and  decoding  maps  or  tables  are  employed 
in  each  direction.  Thus  pairs  of  encoder/decoders 
work  in  combination  and  the  adaptation  process  is 

25  synchronised  end-to-end. 

Description  of  the  Drawings 

The  invention  will  now  be  described  by  way  of 
30  example  with  reference  to  the  accompanying  draw- 

ings  in  which: 
Figure  1  is  a  schematic  drawing  showing  an  adap- 
tive  data  compression  system  according  to  the 
invention,  and 

35  Figure  2  is  a  graph  of  data  compression  ratio 
(COMP)  against  effective  data  throughput 
(RATE)  of  a  data  compression  system. 

Mode  of  Carrying  Out  the  Invention 
40 

A  block  diagram  of  an  implementation  of  a  data 
compression  system  according  to  the  invention  is 
shown  in  Figure  1. 

Characters  are  received  from  the  terminal  1  which 
45  may  be  a  simple  terminal,  data  communications  or 

computer  system  for  example.  The  characters  are 
transferred  into  the  encoder  2  which  maps  characters 
to  codewords  according  to  the  compression  algorithm 
selected.  The  codewords  are  sent  via  the  transmis- 

50  sion  function  3  on  a  communications  link  11  to  a 
remote  data  compression  system. 

The  data  stream  received  at  the  remote  system 
passes  through  the  transmission  function  6  and  the 
codewords  are  passed  to  the  decoder  7  which  recov- 

55  ers  the  original  encoded  characters  and  passes  them 
to  the  receiving  terminal  8  which  may  again  be  a  ter- 
minal,  data  communications  or  computer  system. 

An  identical  process  occurs  in  the  reverse  direc- 
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tion  of  transmission,  each  encoder  2  and  decoder  7 
being  a  combined  encoder/decoder. 

The  code  adaptation  function  4  observes  the 
incoming  stream  of  characters  from  the  terminal  and 
modifies  the  mapping  of  characters  to  codewords 
which  occurs  within  the  encoder  2.  This  mapping  of 
characters  to  codewords  is  stored  in  a  code  table, 
commonly  called  a  codebook  or  dictionary  depending 
on  the  compression  algorithm  being  used. 

In  known  data  compression  systems  of  this  type, 
the  computational  load  of  the  encoder  in  adapting  the 
mapping  of  characters  to  codewords  may  be  so  great 
that  the  data  flow  rate  has  to  be  limited  to  keep  within 
the  computational  capacity  of  the  system  processor, 
thereby  causing  the  system  to  operate  sub-optimally, 
as  shown  in  Figure  2.  That  is,  in  Figure  2,  above  the 
compression  ratio  C,  the  data  flow  rate  is  limited  to  a 
level  D  because  of  a  lack  of  processor  capacity  which 
is  dominated  by  the  computational  requirements  of 
the  encoder  2.  In  order  to  overcome  this  problem,  the 
invention  involves  controlling  the  mapping  process  so 
that  it  is  carried  out  in  a  non-optimal  manner  when  it 
is  required  to  reduce  the  computational  loading  of  the 
processor,  thereby  producing  an  overall  improvement 
in  system  performance  which  is  closer  to  the  theoreti- 
cal  optimum  performance  shown  by  the  broken  line  in 
Figure  2. 

The  system  optimisation  function  5  monitors  the 
compression  ratio  and  the  loading  of  the  processor. 
When  the  system  optimisation  function  5  detects  that 
the  efficiency  of  the  data  compression  system  is  sub- 
optimal  due  to  excessive  computational  load,  it 
reduces  the  code  adaptation  rate.  If  at  some  later 
time,  the  system  optimisation  function  5  detects  that 
the  efficiency  of  the  system  is  limited  by  the  current 
compression  ratio,  rather  than  the  computational 
load,  then  it  increases  the  code  adaptation  rate. 

When  the  code  adaptation  rate  is  modified,  the 
encoder  system  optimisation  function  5  informs  the 
remote  decoder  system  optimisation  function  10 
which  accordingly  reduces  the  code  adaptation  rate  of 
the  remote  code  adaptation  function  9.  The  communi- 
cation  of  a  change  in  rate  may  be  by  means  of  a  reser- 
ved  codeword  as  used  in  the  system  being  described, 
or  by  a  separate  communications  channel,  or  by  an 
independent  decision  on  the  part  of  the  receiving  sys- 
tem. 

The  system  optimisation  function  5  is  able  to 
assess  the  current  compression  ratio  being  achieved 
by  the  encoder  2  by  comparing  the  amount  of  data 
entering  with  that  leaving  the  encoder.  The  system 
optimisation  function  5  is  also  able  to  measure  the 
data  rate  in  each  direction  of  transmission  by  counting 
the  number  of  characters  processed  during  a  specific 
time  interval. 

The  total  processing  capacity  of  the  system  in 
terms  of  characters  per  unit  interval  is  a  system  par- 
ameter  known  to  the  system  optimisation  function  5 

and  may  be  configured  by  the  system  designer  or  sys- 
tem  user  or  may  be  obtained  from  measurements  of 
system  performance.  The  system  optimisation  func- 
tion  5  is  therefore  able  to  estimate  the  system  loading 

5  by  comparing  the  measured  data  rate  with  the  total 
processing  capacity.  If  the  measured  data  rate 
approaches  the  total  processing  capacity,  the  system 
is  assumed  to  be  approaching  a  fully  loaded  state. 

In  an  alternative  embodiment  of  the  invention,  the 
10  system  processor  executes  an  idling  process  when 

not  performing  the  compression  task  and  the  system 
optimisation  function  5  may  measure  the  amount  of 
time  spent  in  the  idling  process  and  from  that  estimate 
the  current  processor  loading.  If  the  amount  of  time 

15  spent  in  the  idling  process  approaches  zero,  the  sys- 
tem  is  assumed  to  be  approaching  the  fully  loaded 
state. 

In  a  furtherembodimentof  the  invention,  the  num- 
ber  of  characters  awaiting  processing  in  an  input  buf- 

20  fer  may  be  counted  and  if  the  number  increases  or 
exceeds  a  threshold  level  the  system  optimisation 
function  5  may  deduce  that  the  processor  is  over- 
loaded. 

In  a  preferred  embodiment  of  the  invention,  the 
25  compression  method  used  is  the  Ziv-Lempel 

algorithm  which  requires  that  a  new  string  of  charac- 
ters  be  added  to  the  code  table  after  the  completion 
of  the  string  matching  process.  When  the  system 
optimisation  function  5  determines  that  the  system  is 

30  approaching  or  in  a  fully  loaded  state  and  therefore 
that  some  loss  in  performance  is  likely  to  occur,  it 
reduces  the  code  adaptation  rate  by  permitting  the 
code  adaptation  function  4  to  add  a  new  string  to  the 
code  table  every  N  string  matching  cycles,  where  N 

35  may  be  increased  to  a  value  at  which  the  system  load- 
ing  is  reduced.  Preferably  the  value  of  N  would  initially 
be  4  which  would  result  in  the  code  table  being 
updated  one  fourth  as  often  as  in  the  normal  case,  and 
if  the  system  appeared  still  to  be  in  the  fully  loaded 

40  state,  the  value  of  N  would  be  increased  to  16. 
In  an  alternative  embodiment  of  the  invention,  the 

compression  method  used  is  an  adaptive  Huffman 
algorithm  or  a  derivative  thereof  which  requires  that  a 
table  of  character  frequencies  be  updated  and  a  code 

45  tree  adjusted  after  each  matched  character.  When  the 
system  optimisation  function  5  determines  that  the 
system  is  approaching  or  in  a  fully  loaded  state  and 
therefore  that  some  loss  in  performance  is  likely  to 
occur,  it  reduces  the  code  adaptation  rate  by  permit- 

so  ting  the  code  adaptation  function  4  to  update  the  table 
of  character  frequencies  and  adjust  the  code  tree 
every  M  characters,  where  M  may  be  increased  to  a 
value  at  which  the  system  loading  is  reduced.  Prefer- 
ably  the  value  of  M  would  initially  be  4  which  would 

55  result  in  the  code  table  being  updated  one  fourth  as 
often  as  in  the  normal  case,  and  if  the  system 
appeared  still  to  be  in  the  fully  loaded  state,  the  value 
of  M  would  be  increased  to  16. 

3 
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Following  a  reduction  in  the  code  adaptation  rate, 
the  system  optimisation  function  5  observes  the  com- 
pression  ratio  and  processor  loading.  If  the  processor 
loading  falls  to  some  predetermined  level,  for  example 
75  percent  of  full  loading,  or  the  compression  ratio 
falls  by  some  predetermined  amount,  for  example  to 
90  percent  of  the  compression  ratio  measured  at  the 
time  when  the  code  adaptation  rate  is  reduced,  then 
the  code  adaptation  rate  may  be  increased  by  reduc- 
ing  the  value  of  N  or  M  respectively  or  by  setting  their 
value  to  1.  The  reduction  in  processor  loading  may 
occur  for  many  reasons  and  it  is  generally  advan- 
tageous  to  adapt  the  code  at  the  highest  rate  possible 
commensurate  with  avoiding  the  fully  loaded  state. 
The  reduction  in  compression  ratio  may  occur 
because  the  data  is  changing  and  the  current  code  is 
inefficient  in  which  case  it  is  again  advantageous  to 
increase  the  code  adaptation  rate. 

Such  an  improved  data  compression  system 
offers  the  ability  to  improve  the  compression  perform- 
ance  obtained  from  a  low  cost  processor  or  to 
increase  the  complexity  and  sophistication  of  com- 
pression  schemes  whilst  still  using  conventional  pro- 
cessors.  The  reduction  in  system  performance 
experienced  with  many  known  data  compression  sys- 
tems  due  to  processor  loading  is  very  evident,  and  the 
improvements  described  are  therefore  significant. 
The  invention  is  applicable  to  most  adaptive  data 
compression  systems,  and  the  embodiment  des- 
cribed  provides  only  an  example  of  such  an  improved 
system. 

Although  the  embodiment  described  herein  refers 
to  improvements  made  to  the  encoder  within  a  sys- 
tem,  it  will  be  appreciated  that  the  equivalent  improve- 
ments  must  also  be  made  to  the  decoder. 

In  a  system  which  transfers  data  in  two  directions 
simultaneously,  the  processor  loading  problem  may 
occur  at  either  or  both  ends  of  the  communications 
link.  In  the  preferred  embodiment,  the  encodersystem 
optimisation  function  5  at  either  end  may  detect  the 
overload  condition  and  act  in  the  manner  described 
above,  and  further  the  remote  decoder  system  optimi- 
sation  function  10  may  signal  the  encoder  system 
optimisation  function  5  at  the  same  end  so  that  it  also 
acts  in  the  manner  described  above.  By  this  means, 
the  result  of  the  system  at  either  end  detecting  an 
overload  condition  is  that  the  reduction  in  code  adap- 
tation  rate  is  applied  in  both  directions  of  transmis- 
sion.  In  an  alternative  embodiment,  the  reduction  in 
code  adaptation  rate  may  occur  in  only  one  direction. 

Claims 

1.  An  adaptive  data  compression  system  compris- 
ing  an  encoder  (2)  which  responds  to  input 
characters  by  producing  output  codewords 
according  to  a  stored  encoding  map  or  table  of 

characters  and  codewords,  and  adapting  means 
(4)  which  adapts  the  encoding  map  or  table  in 
accordance  with  the  input  characters  so  as  to 
increase  the  compression  ratio  between  the  input 

5  characters  and  output  codewords,  characterised 
in  that  optimisation  means  (5)  monitors  the  per- 
formance  of  the  system  and  accordingly  varies 
adaptation  of  the  encoding  map  or  table  by  the 
adapting  means  (4)  so  as  to  optimise  perform- 

10  ance  of  the  system. 

2.  A  system  as  claimed  in  claim  1  in  which  the 
optimisation  means  (5)  varies  the  rate  at  which 
the  adapting  means  (4)  adapts  the  encoding  map 

15  or  table  in  accordance  with  said  performance  of 
the  encoder. 

3.  A  system  as  claimed  in  claim  1  or  2  in  which  the 
optimisation  means  (5)  varies  the  rate  at  which 

20  the  adapting  means  (4)  adapts  the  encoding  map 
or  table,  either  to  reduce  said  rate  to  reduce  com- 
putational  loading  of  the  system,  or  to  increase 
said  rate  to  improve  the  compression  ratio  of  the 
system. 

25 
4.  A  system  as  claimed  in  any  one  of  the  preceding 

claims  in  which  the  optimisation  means  (5)  moni- 
tors  the  performance  of  the  system  by  monitoring 
the  computational  loading  of  the  system. 

30 
5.  A  system  as  claimed  in  claim  4  in  which  the 

optimisation  means  (5)  monitors  the  compu- 
tational  loading  by  comparing  the  character  pro- 
cessing  rate  of  the  encoder  (2)  with  a 

35  predetermined  maximum  rate. 

6.  A  system  as  claimed  in  claim  4  in  which  the 
optimisation  means  (5)  monitors  the  compu- 
tational  loading  by  monitoring  the  time  spent  by 

40  the  system  in  an  idle  state  when  not  processing 
input  characters  to  compress  them. 

7.  A  system  as  claimed  in  claim  4  in  which  the 
optimisation  means  (5)  monitors  the  compu- 

45  tational  loading  by  monitoring  the  compression 
ratio  of  the  encoder  (2). 

8.  A  system  as  claimed  in  claim  3  in  which  the 
optimisation  means  (5)  increases  the  rate  at 

so  which  the  adapting  means  (4)  adapts  the  encod- 
ing  map  or  table  if  the  compression  ratio  falls 
below  a  predetermined  maximum  compression 
ratio. 

55  9.  A  system  as  claimed  in  any  one  of  the  preceding 
claims  which  includes  a  decoder  (7)  which  res- 
ponds  to  input  codewords  as  received  from  the 
encoder  (2)  by  producing  output  characters 

4 
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according  to  a  stored  decoding  map  or  table  of 
codewords  and  characters,  and  adapting  means 
(9)  which  adapts  the  decoding  map  or  table  in 
accordance  with  the  output  characters  and  in 
accordance  with  variations  in  the  adaptation  pro-  5 
cess  in  the  encoder  (2)  so  that  its  mapping  corres- 
ponds  to  that  of  the  encoding  map  or  table. 

10.  A  system  as  claimed  in  claim  9  in  which  the 
optimisation  means  (5)  causes  the  adapting  10 
means  (9)  to  adapt  the  decoding  map  or  table  in 
accordance  with  the  variation  in  the  adaptation 
process  in  the  encoder  (2). 

11.  A  system  as  claimed  in  claim  10  in  which  an  15 
encoder  (2)  and  decoder  (7)  are  provided  at  each 
end  of  a  two-way  communications  link  (1  1),  and 
each  encoder  (2)  is  provided  with  corresponding 
adapting  means  (4)  which  adapts  the  encoding 
map  or  table  and  optimisation  means  (5)  which  20 
varies  the  adaptation  of  the  encoding  map  or 
table,  and  each  decoder  (7)  is  provided  with  cor- 
responding  adapting  means  (9)  which  adapts  the 
decoding  map  or  table  and  optimisation  means 
(10)  which  varies  adaptation  of  the  decoding  map  25 
or  table  under  the  control  of  the  optimisation 
means  (5)  at  the  other  end  of  the  link  (1  1)  so  that 
the  corresponding  encoding  and  decoding  maps 
or  tables  are  adapted  in  step  with  one  another,  the 
optimisation  means  (10)  which  varies  adaptation  30 
of  the  decoding  map  or  table  also  serving  to  con- 
trol  the  optimisation  means  (5)  at  the  same  end  of 
the  link  (1  1  )  which  varies  adaptation  of  the  encod- 
ing  map  or  table  so  that  the  encoding  maps  or 
tables  of  the  adapting  means  (4)  at  both  ends  of  35 
the  link  (11)  are  adapted  in  step  with  one  another. 

1  2.  A  decoder  for  use  with  an  adaptive  data  compres- 
sion  system  as  claimed  in  claim  1  ,  the  decoder  (7) 
being  such  as  to  respond  to  input  codewords  as  40 
received  from  the  encoder  (2)  by  producing  out- 
put  characters  according  to  a  stored  decoding 
map  or  table  of  codewords  and  characters,  and 
comprising  adapting  means  (9)  which  adapts  the 
decoding  map  or  table  in  accordance  with  the  out-  45 
put  characters  and  in  accordance  with  variations 
in  the  adaptation  process  in  the  encoder  (2)  so 
that  its  mapping  corresponds  to  that  of  the  encod- 
ing  map  or  table  therein. 
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