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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention 

The  present  invention  relates  to  a  method  and  a  device  for  obtaining  a  sum  of  products  using  integrated 
circuits  (IC's).  It  can  be  utilized  in  a  picture  (or  image)  processing  system  using  a  spatial  filtering  method.  More 
particularly,  it  relates  to  a  method  and  a  device  for  obtaining  a  sum  of  products  using  a  predetermined  number 

10  of  multipliers  and  adders  for  summing  the  products. 

Description  of  the  Related  Art 

A  device  for  obtaining  a  sum  of  products  is  used  in  a  picture  processing  system  or  in  radio  communication 
15  equipment.  In  the  former,  each  pixel  of  a  picture  is  processed  by  the  device,  and  as  a  result,  a  smoother,  en- 

hanced,  or  contour-emphatic  picture  is  obtained.  This  device  is  applied  in  the  processing  of  a  picture  from  a 
weather  satellite,  a  parts  inspection  apparatus  in  a  factory,  a  viewing  robot,  or  the  like.  In  the  latter,  the  device 
is  used  as  an  element  in  a  transversal  equalizer,  to  increase  the  quality  of  the  transmission  signal. 

A  sum  of  products  is  obtained  by  calculating  the  products  of  pairs  of  multiplicands  and  multipliers,  and 
20  then  add  the  total  products.  When  this  calculation  is  performed  by  IC's,  usually  the  number  of  devices  used 

is  in  accordance  with  the  scale  of  the  operation.  Namely,  first  a  desired  number  of  multipliers  (number  of  pairs 
of  the  object  to  be  multiplied)  is  provided.  The  products  of  these  pairs  are  calculated  by  the  multiplier  and  a 
plurality  of  products  is  obtained.  The  products  are  added  two  by  two  and  a  corresponding  sum  is  obtained  for 
each  addition.  Each  sum  is  then  further  added  two  by  two,  and  this  calculation  operation  is  repeated  until  the 

25  total  sum  of  products  is  obtained. 
When  the  above  operation  is  performed,  the  only  problem  with  the  multipliers  is  the  capacity  of  an  IC  to 

cope  with  the  number  of  multipliers  and  the  figure  length  of  the  operand  applied  to  the  multiplier.  The  "figure 
length",  i.e.,  number  of  numeric  characters,  handled  by  this  multiplier  is  determined  by  the  figure  length  of  the 
multiplicand  and  multiplier.  On  the  other  hand,  for  the  adders,  the  sums  to  be  calculated  increase  as  the  proc- 

30  essing  advances.  This  requires  a  change  of  the  scale  of  the  adder  in  response  to  the  stage  at  which  the  adder 
is  located.  That  is,  an  IC  having  the  same  rating  cannot  be  used  for  all  of  the  adders.  The  present  invention 
has  been  created  to  solve  this  problem,  and  satisfies  the  above  operation  needs  by  using  a  plurality  of  IC's 
having  the  same  rating. 

A  further  method  is  known  from  the  Proceedings  of  the  7th  Symposium  on  computer  arithmetic  June  1  985 
35  pages  38-43  by  S.P.  Smith  et  al.  This  document  discloses  using  a  plurality  of  multipliers  and  adders,  and  one 

of  the  operands  is  split  into  divisions  having  a  figure  length  of  one  bit.  This  document  contains  all  the  features 
of  the  preamble  of  claim  1. 

A  yet  further  method  is  known  from  Wescon  Technical  Papers,  Oct.  30-Nov.  2,  1984,  by  F.  Toth.  Here,  each 
operand  is  divided  and  portions  are  multiplied  to  obtain  partial  products. 

40 
SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  a  method  and  a  device  for  obtaining  a  sum  of  products  by 
which  the  summing  of  products  on  an  arbitrary  scale  can  be  carried  out,  without  the  limitation  imposed  by  the 

45  capacity  of  an  IC,  by  using  a  plurality  of  IC's  each  having  a  limited  capacity  and  a  certain  rating. 
Another  object  of  the  present  invention  is  to  provide  a  method  and  a  device  for  obtaining  a  sum  of  products 

wherein  each  multiplier  can  calculate  the  product  by  dividing  the  multiplicand  and/or  multiplier  by  a  predeter- 
mined  figure  length,  and  thus  the  required  number  of  multipliers  can  be  accommodated  in  one  IC. 

In  one  aspect  of  the  present  invention,  there  is  provided  a  method  for  obtaining  a  sum  of  products  using 
so  a  plurality  of  integrated  circuits,  each  including  a  plurality  of  multiplier  means,  an  adder  group  for  adding  partial 

products  calculated  by  said  multiplier  means,  and  another  adder  having  an  external  input,  for  adding  the  sum 
from  said  adder  group  to  the  calculated  result  obtained  from  a  preceding  stage's  integrated  circuit;  wherein 

products  between  a  pair  of  operands  to  be  multiplied  are  calculated  for  a  plurality  of  pairs  of  operands 
and  a  sum  of  a  plurality  of  products  is  calculated,  when  calculation  of  a  sum  of  products  is  carried  out;  char- 

55  acterised  in  that  the  method  comprises  the  following  steps  of: 
dividing  at  least  one  of  the  operands  to  be  multiplied  into  a  plurality  of  operand  portions  having  a  pre- 

determined  figure  length  of  at  least  two  digits; 
obtaining  a  sum  of  a  group  of  partial  products  obtained  with  pair  of  operand  portions  of  a  plurality  of 

2 
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pairs  of  operands,  respective  operand  portions  in  each  pair  having  the  same  digit  positions  in  respective  op- 
erands,  for  that  group,  by  using  the  multiplier  means  and  the  adder; 

in  said  another  adder,  adding  to  said  sum  of  a  group  of  partial  products  the  sum  of  products  applied  to 
said  external  input  and  calculated  group  after  group  while  shifting,  group  after  group,  the  digit  position  of  said 

5  sum  of  product  to  a  digit  position  corresponding  to  the  partial  product  digit  position  in  the  group  whereby  the 
lower  digits  of  said  applied  sum  of  products  are  shortened; 
bypassing  said  lower  digits  applied  to  said  another  adder,  which  need  not  be  added  due  to  the  digit  position 
in  the  sum,  and  appending  said  bypassed  lower  digits  under  the  lowest  digits  of  the  addition  result  of  said  an- 
other  adder  in  order  to  provide  the  final  result. 

10  In  another  aspect  of  the  present  invention,  there  is  provided  a  device  for  obtaining  a  sum  of  products  where- 
in  said  device  comprises 

a  plurality  of  integrated  circuits,  each  including  a  plurality  of  multiplier  means,  an  adder  group  for  adding 
partial  products  calculated  by  said  multiplier  means,  and  another  adder  having  an  external  input,  for  adding 
the  sum  from  said  adder  group  to  the  calculated  result  obtained  from  a  preceding  stage's  integrated  circuit; 

15  wirings  by  which  at  least  one  of  the  operands  to  be  multiplied  are  divided  into  operand  portions  having  a  pre- 
determined  figure  length  being  at  least  two  digits,  and  by  which  pairs  of  said  operand  portions  are  supplied  to 
said  multiplier  means,  said  pairs  of  operand  portions  having  same  figure  position  in  the  operand  forming  a 
group,  the  obtained  partial  products  of  a  group  are  added  in  said  adder  group  to  provide  a  sum  of  a  group  of 
partial  products,  and 

20  by  which  the  sum  of  products  is  applied  to  said  external  input  of  said  another  adder  to  be  added  to  said  sum 
of  a  group  of  partial  products,  said  sum  of  product  being  calculated  group  after  group  while  shifting,  group 
after  group,  the  digit  position  of  said  sum  of  product  to  a  digit  position  corresponding  to  the  partial  product  digit 
position  in  the  group,  whereby  the  lower  digits  of  said  applied  sum  of  products  are  shortened;  and 
by  which  said  lower  digits  applied  to  said  another  adder,  which  need  not  be  added  due  to  the  digit  position  in 

25  the  sum,  are  bypassed  and  appended  under  the  lowest  digits  of  the  addition  result  of  said  another  adder  in 
order  to  provide  the  final  result. 

Other  features  and  advantages  of  the  invention  will  be  apparent  from  the  following  description  in  connec- 
tion  with  the  accompanying  drawings. 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  circuit  diagram  of  a  conventional  device  for  obtaining  a  sum  of  products; 
Fig.  2  is  a  circuit  diagram  showing  a  combination  of  a  plurality  of  the  devices  shown  in  Fig.  1; 
Fig.  3  is  an  outline  diagram  of  wiring  between  IC's  according  to  a  first  embodiment  of  the  present  invention; 

35  Fig.  4A  and  Fig.  4B  are  detailed  wiring  diagrams  of  the  embodiment  shown  in  Fig.  3; 
Fig.  5  is  a  circuit  diagram  of  the  IC  shown  in  Fig.  3; 
Fig.  6  is  a  circuit  diagram  of  an  example  of  a  multiplier  in  the  IC  shown  in  Fig.  3; 
Fig.  7  is  a  circuit  diagram  of  an  IC  according  to  a  second  embodiment  of  the  present  invention; 
Fig.  8  is  a  block  diagram  of  a  picture  processing  system  to  which  the  present  invention  is  applied; 

40  Fig.  9  is  a  block  diagram  of  a  portion  carrying  out  a  spatial  filtering  process  in  the  system  shown  in  Fig. 
8; 
Fig.  10  is  a  diagram  explaining  factors  in  the  obtaining  of  a  sum  of  products  in  the  portion  of  the  system 
shown  in  Fig.  9; 
Fig.  11  is  a  block  circuit  diagram  of  a  radio  communication  equipment  to  which  the  present  invention  is 

45  applied;  and 
Fig.  12  is  a  block  circuit  diagram  of  a  transversal  equalizer  in  the  equipment  shown  in  Fig.  11. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

50  Prior  to  the  description  of  the  preferred  embodiments,  an  example  of  an  operation  of  this  invention,  and 
a  conventional  example  thereof,  are  explained. 

The  present  invention  comprises  a  method  and  a  device  whereby,  for  example,  the  following  operation  is 
carried  out.  Note,  this  explanation  is  made  by  using  concrete  numerical  decimal  values,  i.e.  the  following  equa- 
tion  (1). 

55  83x8  +  72x9  +  65x3  +  29x2  +  99x8  +  78x5  +  63x7  +  57x4  +  33x9  (1) 
First,  the  products  of  the  highest  figures  of  the  multiplicands  and  multipliers  are  calculated,  as  follows. 

8x8  +  7x9  +  6x3  +  2x2  +  9x8  +  7x5  +  6x7  +  5x4  +  3x9  =  345  (first  sum  of  products) 
Then,  the  products  of  the  lower  figures  of  the  multiplicands  and  multipliers  are  calculated,  as  follows. 

3 
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3x8  +  2x9  +  5x3  +  9x2  +  9x8  +  8x5  +  3x7  +  7x4  +  3x9  =  263  (second  sum  of  products) 
The  lowest  figure,  i.e.  3,  is  left  as  it  is,  as  a  lowest  figure  of  the  obtained  result,  and  the  first  sum  of  products, 
345,  is  added  to  the  highest  figures,  26,  of  the  second  sum  of  products,  to  obtain  a  total  of  371  .  The  lowest 
figure,  i.e.  3,  is  then  appended  to  the  sum  of  the  first  sum  of  products  and  the  highest  figures  of  the  second 

5  sum  of  products,  to  obtain  a  total  of  3713  as  a  final  result. 
When  the  first  sum  of  products  is  added  to  the  second  sum  of  products,  the  two  numerical  values  are  al- 

ways  3  figures  and  2  figures,  and  therefore,  as  long  as  the  adder  has  the  capacity  to  handle  these  figures, 
the  adder  will  not  overflow.  In  the  present  invention,  the  above-mentioned  operating  method  is  applied  to  the 
general  operation  for  obtaining  a  sum  of  products.  In  the  above  example,  although  the  multiplier  comprises 

10  only  one  figure,  if  the  multiplier  comprises  two  figures,  the  multiplier  can  be  divided  in  the  same  way  as  the 
multiplicand.  In  a  practical  device,  binary  numbers  are  used,  and  therefore,  the  operation  is  more  complex  than 
that  of  the  above  example.  However,  the  calculation  principle  is  the  same. 

When  the  operation  for  obtaining  a  sum  of  products  is  carried  out,  hitherto,  the  integrated  circuit  61  shown 
in  Fig.  1  has  been  used.  In  Fig.  1,  the  IC  61  comprises  four  multipliers  62,  three  adders  63,  and  an  adder  64. 

15  The  adder  63  adds  the  results  of  the  multiplied  products,  i.e.,  the  products  calculated  by  the  multiplier  62,  and 
the  adder  64  adds  the  result  of  the  adders  63  to  a  result  from  an  external  input.  A  pair  of  operands,  i.e.,  a  mul- 
tiplicand  and  multiplier,  are  supplied  to  input  terminals  65  and  66.  The  external  input  of  the  adder  64  is  supplied 
to  an  external  input  terminal  67,  and  the  operating  result  from  another  IC  is  also  supplied  to  the  terminal  67. 
The  result  of  the  sum  of  products  is  output  from  an  output  terminal  68. 

20  When  the  IC  61  performs  a  spatial  filtering  using  a  3  x  3  matrix  in  a  picture  (or  image)  processing  system, 
the  sum  of  nine  products  must  be  obtained,  and  therefore,  three  IC's  61,  71,  and  81  are  connected  as  shown 
in  Fig.  2.  In  this  example,  the  multiplicand  corresponding  to  the  value  of  the  picture  element  and  the  multiplier 
corresponds  to  the  factor.  Also  in  this  example,  if  the  pairs  of  multiplicand  and  multiplier  are  increased,  then 
another  IC  must  be  added. 

25  As  mentioned  above,  in  the  conventional  method,  when  the  amount  of  data  to  be  processed  is  increased, 
the  result  obtained  from  another  IC  must  be  supplied  to  the  adder  64  through  the  terminal  67,  and  the  result 
obtained  in  that  IC  added  to  the  result  obtained  from  another  IC,  by  setting  the  lowest  figures  thereof  at  the 
same  position  and  using  the  adder  64.  When  the  number  of  IC's  is  increased  by  one,  the  number  of  figures 
needed  at  the  adder  64  becomes  larger.  Therefore,  a  problem  arises  in  that  the  number  of  IC's  must  be  limited 

30  to  prevent  an  overflow  of  the  obtained  values  at  the  adder  64.  For  example,  assuming  that  the  figure  length 
of  the  multiplier  62  is  8  bits  x  8  bits  and  the  figure  length  of  the  adder  64  is  20  bits,  then  there  must  be  an 
overflow  because  of  the  connection  of  four,  or  more  than  four,  IC's  61  . 

Further,  another  problem  arises  in  that  the  figure  length  at  the  multiplier  62  is  also  limited,  e.g.,  more  than 
8  bits,  and  thus  an  amount  of  data  over  this  limit  cannot  be  processed.  Accordingly,  because  the  scale  of  an 

35  IC  is  limited,  one  IC  cannot  include  the  necessary  number  of  multipliers  having  a  required  figure  length  to  op- 
erate  the  operand  needed  to  obtain  a  sum  of  products  corresponding  to  the  amount  of  data. 

Figure  3  shows  an  outline  diagram  of  the  wiring  of  a  device  according  to  a  first  embodiment  of  the  present 
invention. 

An  IC  1  comprises  a  plurality  of  multipliers  2-0  to  2-n,  an  adder  group  3  adding  the  products  obtained  by 
40  the  multipliers,  and  an  adder  4  adding  the  addition  result  at  the  adder  group  3  to  a  result  obtained  from  another 

IC.  In  Fig.  3,  Xq  to  Xn  are  multiplicands.  In  the  case  of  a  spatial  filtering  using  a  3  x  3  matrix,  the  number  of 
multiplicands  is  nine.  Each  of  the  X0  to  Xn  ,  for  example,  comprises  8  bits.  The  8  bits  are  divided  into  four  lots 
of  2  bits,  and  each  lot  of  2  bits  is  connected  to  a  different  IC,  and  thus,  four  IC's  must  be  used.  Note,  (n  +  1) 
multipliers  are  necessary  for  each  IC.  The  multipliers  Y0  to  Yn  are,  for  example,  4  bits,  respectively.  The  mul- 

45  tiplier  calculates  the  product  using  the  extended  Booth  algorithm,  and  therefore,  an  input  of  5  bits  is  supplied 
to  each  multiplier  as  shown  in  Fig.  6.  As  mentioned  above,  the  operand  includes  both  the  multiplicand  and  mul- 
tiplier. 

The  following  explanations  show  that,  in  this  embodiment,  the  sum  of  products  is  obtained  with  reference 
to  equations. 

so  Assuming  that  the  multiplier  Y  is  4  bits,  the  multiplicand  X  is  positive  number,  and  Y  is  a  number  indicated 
by  a  complement  of  2,  X  is  indicated  as  follows. 

X  =  2  xr2  *  *  i 
Where  Xj  is  0  or  1  and  denotes  the  ith  bit  of  X,  and  i  is  0  at  the  lowest  bit.  2**i  indicates  that  i  is  an  exponent  of 
2,  i.e.  2**i  indicates  the  ith  power  of  2. 

55  Accordingly,  the  product  X  Y  is  shown  as  follows. 

4 
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X-Y  -  ( E x . *   2**i )   -Y 
i=0  x 

=  j V   (X2j  +  l ' 2   +  ^ 2 j ) , Y ) * 4 * ^  

In  this  equation,  the  multiplicand  X  is  divided  by  2  bits,  the  products  of  each  2  bits  and  the  multiplier  Y  are 
calculated,  and  each  product  is  added  by  shifting  two  bits  by  two  bits  corresponding  to  the  figure  position  be- 

w  fore  division.  The  above  calculations  are  as  follows. 

Z  XkYk  =  M M ( x k > 2 j + 1 - 2   +  x k / 2 j ) . Y k ) . 4 * * j  
K  J 

-  ^ ( ( * * f 2 j + l - 2   
+  X k , 2 j ) - V > - 4 " 5  

This  equation  shows  that  the  following  two  operations  (first  and  second  operations)  can  obtain  the  same  result. 
20  Where,  in  the  first  operation,  the  multiplicands  {Xk}  (non-division)  are  multiplied  by  the  multipliers  {Yk}  and  the 

products  {Xk  Yk}  are  added.  In  the  second  operation,  the  multiplicands  {Xk}  are  divided  by  two  bits,  the  divided 
two  bits  being  at  the  same  figure  position  are  collected,  the  products  {(xk  i+1-2  +  xk  i)  Yk}  of  the  collected  bits 
and  the  multiplier  {Yk}  are  obtained,  the  products  are  added  with  respect  the  same  figure  position,  and  the  add- 
ed  products  further  added. 

25  According  to  the  above,  X  is  divided  by  2  bits  which  can  be  operated  in  the  multiplier,  and  pairs  of  the  divided 
multiplicand  xi+1  Xj  (i  =  0,  2,  4,  ...)  and  the  multiplier  Y  are  formed.  Similarly,  other  multiplicands  are  divided  by 
2  bits  and  pairs  are  formed.  Then,  pairs  having  the  same  figure  position  are  collected  and  formed  into  groups. 
In  each  group,  the  multipliers  calculate  the  products.  In  the  extended  Booth  algorithm,  the  multiplier  Y  is  divided 
by  3  bits,  the  multiplicands  are  multiplied  by  0,  +1  ,  or  +2  in  response  to  the  value  (0  to  7)  of  the  divided  3  bits, 

30  and  the  results  are  added  together  by  shifting  2  bits  by  2  bits.  Therefore,  although  the  multiplier  is  negative 
and  indicated  as  a  complement  of  2,  the  multiplicand  X  can  be  multiplied  independently  by  0,  +1,  or  +2.  That 
is,  in  this  multiplier,  the  multiplier  Yean  be  divided.  The  division  of  Y  is  explained  later  with  reference  to  Figs. 
4Aand  4B. 

The  products  obtained  at  the  multiplier  2-0  to  2-8  in  the  IC  1  are  added  together  by  the  adder  group  3,  two 
35  by  two. 

The  result  of  sum  of  products  obtained  at  each  IC  1  is  added  to  the  result  obtained  from  another  IC  allotted 
to  another  group  by  the  adder  4,  and  then  the  addition  result  is  output  through  the  output  terminal  as  a  final 
sum  of  products.  At  that  time,  in  the  adder  4,  the  result  obtained  from  the  other  IC  1  is  added  by  shifting  certain 
figures  in  response  to  the  figure  position  of  the  group  belonging  to  the  IC.  Thus,  since  the  addition  is  carried 

40  out  by  figure  shifting,  the  lower  figures  are  shortened  in  the  adding  operation.  Therefore,  even  an  adder  having 
limited  figures  will  not  overflow  during  the  processing  of  the  operand.  That  is,  the  limitation  of  the  figure  length 
does  not  limit  the  figure  length  of  the  operand  at  the  adder. 

As  shown  in  Fig.  3,  in  step  1  of  the  invention,  a  plurality  of  pairs  having  operands  to  be  multiplied  are  divided 
into  a  plurality  of  divided  pairs  by  dividing  the  operand  in  each  pair  to  a  predetermined  figure  length  correspond- 

45  ing  to  the  capacity  of  an  IC. 
In  step  2,  the  divided  pairs  having  the  same  figure  position  are  collected  to  form  a  group.  In  each  group 

the  IC  obtains  a  sum  of  products  from  the  operand. 
In  step  3,  the  sum  of  products  obtained  in  step  2  are  added  by  another  adder  shifting  the  figure  of  the 

results  corresponding  to  the  figure  position  of  each  group. 
so  Thus,  the  adding  operation  by  the  adder  can  be  shortened  for  the  lowerfigures  shifted  by  moving  the  figure 

position.  The  figure  length  at  the  adder  is  less  than  a  predetermined  length,  and  therefore,  if  a  plurality  of  IC's 
are  connected  together,  the  adder  will  not  overflow.  In  addition,  since  the  multiplier  can  calculate  a  multiplicand 
and  multiplier  having  a  small  figure  length,  the  number  of  multipliers  and  adders  in  one  IC  can  be  increased. 

The  first  embodiment  is  now  explained  in  detail  with  reference  to  Figs.  4Aand4B.  In  this  case,  the  multiplier 
55  Y  is  divided  by  two.  Data  inputs  DO  to  D8  correspond  to  the  multiplicands  Xq  to  Xn  ,  and  factors  CO  to  C8  cor- 

respond  to  the  multiplier  Y0  to  Yn.  The  device  in  this  embodiment  comprises  eight  IC's  which  are  denoted  1-1 
to  1-8.  Nine  multipliers  (2  bits  x  4  bits)  are  provided  in  each  IC. 

Each  8  bits  data  of  DO  to  D8  is  divided  into  lots  of  2  bits  and  the  divided  lots  of  2  bits  are  connected  to  the 
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IC's  1-1  to  1-4,  respectively.  The  factors  CO  to  C8  (8  bits)  are  divided  into  two  portions.  In  IC  1,  the  multipliers 
are  denoted  2-0  to  2-8.  In  IC  1-1,  the  lower  (1  :  0)  (8  bits  are  denoted  from  the  lower  figure  to  the  higher  figure 
as  0  to  7  and,  for  example,  the  bits  from  0  to  1  denoted  as  1  :  0)  of  the  8  bits  of  DO  is  supplied  to  one  input  of 
the  multiplier  2-0  and  (4  :  0)  of  CO  supplied  to  the  other  input  of  the  multiplier  2-0.  In  IC  1-1,  (1  :  0)  of  D1  is 

5  supplied  to  one  input  of  the  multiplier  2-1  and  (4  :  0)  of  C1  is  supplied  to  the  other  input  of  the  multiplier  2-1  . 
In  IC  1-2,  (3  :  2)  of  DO  is  supplied  to  one  input  of  the  multiplier  2-0  and  (4  :  0)  of  CO  is  supplied  to  the  other 
input  of  the  multiplier  2-0.  In  IC  1-5,  (1  :  0)  of  DO  is  supplied  to  one  input  of  the  multiplier  2-0,  and  (8  :  4)  of  CO 
is  supplied  to  the  other  input  of  the  multiplier  2-0.  The  remains  follow  similarly,  as  shown  in  Figs.  4A  and  4B, 
and  therefore  the  descriptions  thereof  are  abbreviated.  In  each  multiplier,  the  factors  to  be  multiplied  comprise 

10  5  bits  for  using  an  extended  Booth  algorithm. 
9  :  2  of  the  output  (9  :  0)  of  the  preceding  stage  IC  is  supplied  to  one  input  of  the  adder  4.  The  rest  (1  :  0) 

is  supplied  to  the  adder  9.  The  adder  9  is  provided  out  of  IC  1-1  to  IC  1-8.  The  outputs  of  the  adders  4  of  IC 
1-4  and  IC  1-8  are  supplied  to  the  adder  9.  That  is,  (1  :  0)  of  IC  1-1  output,  (1  :  0)  of  IC  1-2  output,  (1  :0)oflC 
1-3  output,  (9  :  0)  of  IC  1-4  output,  (1  :  0)  of  IC  1-5  output,  (1  :  0)  of  IC  1-6  output,  (1  :  0)  of  IC  1-7  output,  and 

15  (9  :  0)  of  IC  1-8  output  are  supplied  to  the  adder  9.  The  figure  positions  of  the  above  input  of  the  adder  9  are 
shown  in  Fig.  4B.  Input  (3  :  0)  of  the  adder  4  bypasses  the  adder  9,  and  (3  :  0)  is  appended  under  the  lowest 
figure  of  the  addition  result.  The  external  input  terminals  of  the  adder  4  of  IC  1-1  and  IC  1-5  are  not  supplied 
with  an  input  signal. 

A  detail  of  the  above-mentioned  IC  1  is  shown  in  Fig.  5.  A  multiplier  group  2  comprises  nine  multipliers  2- 
20  0  to  2-8.  An  adder  group  3  comprises  eight  adders.  The  adder  4  is  provided  with  a  terminal  7  for  receiving  an 

output  from  another  IC  and  the  output  terminal  thereof  is  referred  to  as  numeral  8. 
As  mentioned  above,  each  multiplier  calculates  the  divided  multiplicand  and  the  divided  multiplier  and  ob- 

tains  a  product.  The  adders  add  the  nine  products  from  the  multipliers,  and  add  the  inputs  while  shifting  the 
figure  thereof  in  response  to  the  figure  positions  of  the  multiplicand  and  multiplier.  The  multipliers  2-0  to  2-8 

25  have,  for  example,  a  figure  length  of  2  x4  bits.  The  adder  4  has,  for  example,  the  figure  length  of  12  bits.  The 
reference  numerals  5  and  6  denote  input  terminals  for  the  divided  multiplicand  and  the  divided  multiplier. 

Figure  6  shows  a  circuit  diagram  of  an  example  of  the  multiplier.  The  multiplier  calculates  using  the  ex- 
tended  Booth  algorithm.  Reference  numeral  21  denotes  NAND  circuit,  22  an  AND  circuit,  23  an  OR  circuit,  24 
a  NOR  circuit,  25  an  XOR  (exclusive  OR)  circuit,  26  a  NOT  circuit,  and  27  an  adder  of  four  bits. 

30  Figure  7  shows  a  circuit  diagram  of  an  IC  used  in  a  second  embodiment  of  the  present  invention. 
This  IC  11  comprises  flip-flop  circuits  19  at  preceding  and  succeeding  stages  of  the  multipliers  and  adders, 

different  from  the  IC  of  the  first  embodiment.  By  the  provision  of  the  flip-flop  circuits  19,  a  pipeline  operation 
in  the  operation  of  sum  of  products  is  possible. 

In  the  pipeline  operation,  the  processing  flow  of  commands  is  divided  into  a  maximum  m  steps  and  a  max- 
35  imum  m  commands  are  processed  in  parallel  to  realize  a  high  speed  processing. 

Namely,  in  the  first  embodiment,  the  input  of  the  multiplier  must  be  held  from  input  application  until  the 
obtained  result  is  output  from  the  final  adder,  however,  in  the  second  embodiment,  since  whenever  one  oper- 
ation  is  carried  out  the  obtained  result  is  held,  the  holding  of  the  input  is  not  necessary  after  the  obtained  result 
is  stored  in  the  flip-flop.  Therefore,  the  operation  efficiency  is  increased. 

40  A  picture  (image)  processing  system  to  which  the  present  invention  is  applied  is  explained  below  with  ref- 
erence  to  Figs.  8  to  10.  Figure  8  shows  a  block  circuit  diagram  of  the  picture  processing  system. 

A  picture  signal  picked  up  through  a  camera  is  converted  from  analog  to  digital  by  an  A/D  converter,  proc- 
essed  as  a  digital  signal,  and  displayed  on  a  monitor  (MON.).  The  A/D  converter  is  connected  to  a  memory 
(MEM.),  a  convolution  filter  (CONV.),  an  operation  apparatus  (OPER.),  and  a  first-in-first-out  type  memory 

45  (FIFO)  through  a  data  bus  and  control  bus.  The  memory  stores  the  picture  signal,  the  picture  signal  is  proc- 
essed  by  a  spatial  filtering  process  through  the  convolution  filter,  and  the  apparatus  obtains  the  picture  signal. 
The  FIFO  stores  the  obtained  results.  The  above  elements  or  apparatus  are  controlled  by  a  control  board 
(CNTRL)  through  the  control  bus.  The  control  board  is  connected  to  a  control  computer  (COMP). 

Below,  the  convolution  filter  is  explained  with  reference  to  Fig.  9. 
so  At  first,  a  desired  bus  is  selected  by  a  bus  selection  device  (BUS  SEL),  the  picture  signal  sent  through 

the  bus  is  supplied  to  an  LSI,  having  a  function  of  processing  a  sum  of  products  obtained,  directly  or  through 
a  line  memory  (LINE  M.)  or  line  memories.  Namely,  the  selected  picture  signal  is  directly  supplied  to  an  input 
"a",  supplied  to  an  input  "b"  through  one  line  memory,  and  supplied  to  an  input  "c"  through  two  line  memories. 
In  the  LSI  (sum  of  products  calculating  circuit),  the  digital  picture  signal  value  applied  to  the  inputs  "a",  "b", 

55  and  "c"  is  multiplied  by  factors  ("F"  input)  stored  in  a  ROM  (read  only  memory)  as  shown  in  Fig.  10.  The  nine 
blocks  in  Fig.  10  denote  that  a  digital  value  of  a  picture  element  is  multiplied  by  the  factor  located  at  a  center 
position,  and  digital  values  located  adjacent  to  the  picture  element  are  multiplied  by  the  factors  located  at  the 
corresponding  positions.  Finally  the  nine  products  are  added  and  the  added  value  becomes  the  new  data  for 
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the  picture  element.  All  of  the  picture  element  data  is  replaced  by  the  new  data,  and  thus  the  picture  is  made 
smooth,  enhanced,  or  contours-enhanced  by  selection  of  the  factor.  The  factors  shown  in  Fig.  10  are  three 
examples  only. 

A  picture  signal  from  CONV  1  (convolution  filter  1)  has  been  processed  by  a  differential  process,  etc.  The 
5  CONV  1  signal  is  added  to  the  above-mentioned  data  (output  "Z")  processed  by  the  LSI  as  an  absolute  addition. 

This  processing  is  applied  as  a  Sobel  filter.  The  scaling  device  is  a  selector  for  obtaining  the  desired  sum  of 
products  output. 

Figure  11  and  Fig.  12  show  a  digital  type  transversal  equalizer  in  a  QAM  (quadrature  amplitude  modulation) 
radio  communication  equipment  to  which  the  invention  is  applied.  Atransmission  portion  is  shown  in  the  upper 

10  portion  of  Fig.  11.  First,  a  transmission  interface  (TX  INT)  separates  the  transmission  signal  into  an  I  channel 
digital  signal  and  a  Q  channel  digital  signal.  The  two  digital  signals  are  D/A  converted  and  quadrature  amplitude 
modulated  by  a  modulator  (MOD.)  and  the  modulated  signal  is  output  through  a  radio  transmission  equipment 
(RADIO  TX  EQP.)  and  an  antenna. 

The  receiving  side  of  the  equipment  is  shown  in  the  lower  portion  in  Fig.  11.  The  signal  received  from  an 
15  antenna  is  supplied  to  a  demodulator  (DEM)  through  a  radio  reception  equipment  (RADIO  REC.  EQP.).  The 

signal  is  demodulated  and  supplied  to  an  A/D  converter  (ADC).  The  output  signal  of  the  A/D  converter  is  sup- 
plied  to  a  transversal  equalizer  (TR.  EQL),  and  the  transversal  equalizer  outputs  an  I  channel  digital  signal 
and  a  Q  channel  digital  signal.  These  signals  are  sent  to  a  reception  interface  (REC.  INT.). 

The  details  of  the  A/D  converter  and  the  transversal  equalizer  are  shown  in  Fig.  12.  The  I  and  Q  channel 
20  analog  signals  from  the  demodulator  are  supplied  to  four  sum  of  products  processing  circuits  through  the  A/D 

converters.  After  processing  as  shown  in  Fig.  12,  the  I  channel  digital  signal  and  Q  channel  digital  signal  are 
obtained.  The  data  signals  at  some  moments  from  the  A/D  converter  corresponds  to  multiplicands  and  the  tap 
coefficients  from  a  control  portion  (CONT)  corresponds  to  the  multipliers. 

25 
Claims 

1.  A  method  for  obtaining  a  sum  of  products  using  a  plurality  of  integrated  circuits  (1),  each  including  a  plur- 
ality  of  multiplier  means  (2-0  to  2-n),  an  adder  group  (3)  for  adding  partial  products  calculated  by  said 

30  multiplier  means  (2-0  to  2-n),  and  another  adder  (4)  having  an  external  input,  for  adding  the  sum  from 
said  adder  group  (3)  to  the  calculated  result  obtained  from  a  preceding  stage's  integrated  circuit;  wherein 

products  between  a  pair  of  operands  to  be  multiplied  are  calculated  for  a  plurality  of  pairs  of  oper- 
ands,  and  a  sum  of  a  plurality  of  products  is  calculated,  when  calculation  of  a  sum  of  products  is  carried 
out;  characterised  in  that  the  method  comprises  the  following  steps  of: 

35  dividing  at  least  one  of  the  operands  to  be  multiplied  into  a  plurality  of  operand  portions  having  a 
predetermined  figure  length  of  at  least  two  digits; 

obtaining  a  sum  of  a  group  of  partial  products  obtained  with  pairs  of  operand  portions  of  a  plurality 
of  pairs  of  operands,  respective  operand  portions  in  each  pair  having  the  same  digit  positions  in  respective 
operands,  for  that  group,  by  using  the  multiplier  means  (2-0  to  2-n)  and  the  adder  (3); 

40  in  said  another  adder  (4),  adding  to  said  sum  of  a  group  of  partial  products  the  sum  of  products 
applied  to  said  external  input  and  calculated  group  after  group  while  shifting,  group  after  group,  the  digit 
position  of  said  sum  of  product  to  a  digit  position  corresponding  to  the  partial  product  digit  position  in  the 
group  whereby  the  lower  digits  of  said  applied  sum  of  products  are  shortened; 
bypassing  said  lower  digits  applied  to  said  another  adder  (4),  which  need  not  be  added  due  to  the  digit 

45  position  in  the  sum,  and  appending  said  bypassed  lowerdigits  underthe  lowestdigits  of  the  addition  result 
of  said  another  adder  (4)  in  order  to  provide  the  final  result. 

2.  A  method  as  claimed  in  claim  1  wherein  the  division  of  the  operands  comprising  a  multiplicand  and  a  mul- 
tiplier,  is  two  bits  by  two  bits  for  the  multiplicand  and  four  bits  by  four  bits  for  the  multiplier. 

50 
3.  A  method  as  claimed  in  claim  1  wherein  the  multiplier  means  for  the  multiplying  calculation  uses  an  ex- 

tended  Booth  algorithm. 

4.  A  device  for  obtaining  a  sum  of  products  wherein  said  device  comprises 

55  a  plurality  of  integrated  circuits  (1),  each  including  a  plurality  of  multiplier  means  (2-0  to  2-n),  an 
adder  group  (3)  for  adding  partial  products  calculated  by  said  multiplier  means  (2-0  to  2-n),  and  another 
adder  (4)  having  an  external  input,  for  adding  the  sum  from  said  adder  group  (3)  to  the  calculated  result 
obtained  from  a  preceding  stage's  integrated  circuit; 
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wirings  by  which  at  least  one  of  the  operands  to  be  multiplied  are  divided  into  operand  portions  having  a 
predetermined  figure  length  being  at  least  two  digits,  and  by  which  pairs  of  said  operand  portions  are  sup- 
plied  to  said  multiplier  means  (2-0  to  2-n),  said  pairs  of  operand  portions  having  same  figure  position  in 
the  operand  forming  a  group,  the  obtained  partial  products  of  a  group  are  added  in  said  adder  group  (3) 

5  to  provide  a  sum  of  a  group  of  partial  products,  and 
by  which  the  sum  of  products  is  applied  to  said  external  input  of  said  another  adder  (4)  to  be  added  to 
said  sum  of  a  group  of  partial  products,  said  sum  of  product  being  calculated  group  after  group  while  shift- 
ing,  group  after  group,  the  digit  position  of  said  sum  of  product  to  a  digit  position  corresponding  to  the 
partial  product  digit  position  in  the  group,  whereby  the  lower  digits  of  said  applied  sum  of  products  are 

10  shortened;  and  by  which  said  lower  digits  applied  to  said  another  adder  (4),  which  need  not  be  added  due 
to  the  digit  position  in  the  sum,  are  bypassed  and  appended  under  the  lowest  digits  of  the  addition  result 
of  said  another  adder  (4)  in  order  to  provide  the  final  result. 

5.  Adevice  as  claimed  in  claim  4,  comprising  eight  integrated  circuits  (1-1  to  1-8)  each  having  nine  multiplier 
15  means,  wherein  said  sum  of  products  of  nine  pairs  of  multiplicands  and  multipliers  are  calculated,  and 

the  multiplicand  is  divided  by  two  bits  and  the  multiplier  is  divided  by  four  bits. 

6.  Adevice  as  claimed  in  claim  4,  wherein  the  multiplier  means  are  multipliers  (2-o  to  2-8)  using  an  extended 
Booth  algorithm. 

20 

Patentanspruche 

1.  Verfahren  zur  Ermittelung  von  Produktsummen  unter  Verwendung  einer  Vielzahl  von  integrierten  Schal- 
25  tungen  (1),  die  jeweils  umfassen:  eine  Vielzahl  von  Multiplizierereinrichtungen  (2-0  bis  2-n),  eine  Addier- 

ergruppe  (3)  zur  Addition  von  Teilprodukten,  die  von  den  Multiplizierereinrichtungen  (2-0  bis  2-n)  berech- 
net  werden,  und  einen  anderen  Addierer  mit  einem  externen  Eingang  zur  Addition  der  Summe  von  der 
Addierergruppe  (3)  zu  dem  berechneten  Ergebnis,  welches  von  einer  integrierten  Schaltung  einer  voran- 
gehenden  Stufe  ermittelt  wird,  wobei 

30  Produkte  zwischen  einem  Paar  von  zu  multiplizierenden  Operanden  f  ureine  Vielzahl  von  Paaren  von  Ope- 
randen  berechnet  werden  und  eine  Summe  einer  Vielzahl  von  Produkten  berechnet  wird,  wenn  eine  Be- 
rechnung  einer  Produktsumme  ausgefuhrt  wird;  dadurch  gekennzeichnet,  dali  das  Verfahren  die  folgen- 
den  Schritte  umfalit: 
Aufteilen  wenigstens  eines  der  zu  multiplizierenden  Operanden  in  eine  Vielzahl  von  Operandenabschnit- 

35  ten  mit  einer  vorgegebenen  numerischen  Zeichenlange  von  wenigstens  zwei  Stellen; 
Ermitteln  einer  Summe  einer  Gruppe  von  Teilprodukten,  die  mit  Paaren  von  Operandenabschnitten  einer 
Vielzahl  von  Paaren  von  Operanden  ermittelt  wird,  wobei  jeweilige  Operandenabschnitte  in  jedem  Paar 
die  gleichen  Stellenpositionen  in  jeweiligen  Operanden  aufweisen,  furdiese  Gruppe  und  unter  Verwen- 
dung  der  Multiplizierereinrichtungen  (2-0  bis  2-n)  und  des  Addierers  (3); 

40  in  dem  anderen  Addierer  (4),  Hinzufugen  zu  der  Summe  einer  Gruppe  von  Teilprodukten  die  Summe  von 
Produkten,  die  an  dem  externen  Eingang  angelegt  ist  und  gruppenweise  berechnet  wird,  wahrend  grup- 
penweise  die  Stellen  position  der  Produktsumme  an  eine  Stellenposition  entsprechend  der  Teilprodukt- 
Stellen  position  in  der  Gruppe  verschoben  wird,  wobei  die  niedrigeren  Stellen  derangelegten  Produktsum- 
me  verkurzt  werden; 

45  Umgehen  der  an  den  anderen  Addierer  (4)  angelegten  niedrigeren  Stellen,  die  aufgrund  der  Stellenposi- 
tion  in  der  Summe  nicht  add  iert  werden  mussen,  und  Anhangen  derumgangenen  niedrigeren  Stellen  unter 
die  niedrigsten  Stellen  des  Additionsergebnisses  des  anderen  Addierers  (4),  urn  das  abschlieliende  Er- 
gebnis  bereit  zu  stellen. 

25 

30 

50 

55 

Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  Teilung  der  Operanden,  die  einen  Multi- 
plikanden  und  einen  Multiplikator  umfassen,  zwei  Bits  mal  zwei  Bits  fur  den  Multiplikanden  und  vier  Bits 
mal  vier  Bits  fur  den  Multiplikator  ist. 

Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  die  Multiplizierereinrichtung  fur  die  Multiplika- 
tionsberechnung  einen  erweiterten  Booth-Algorithmus  verwendet. 

Einrichtung  zur  Ermittelung  von  Produktsummen,  wobei  die  Einrichtung  umfalit: 
eine  Vielzahl  von  integrierten  Schaltungen  (1),  die  jeweils  umfassen:  eine  Vielzahl  von  Multipliziererein- 
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richtungen  (2-0  bis  2-n),  eine  Addierergruppe  (3)  zur  Addition  von  Teilprodukten,  die  durch  die  Multipli- 
zierereinrichtungen  (2-0  bis  2-n)  berechnet  werden,  und  einen  anderen  Addierer  (4)  mit  einem  externen 
Eingang,  urn  die  Summe  von  der  Addierergruppe  (3)  zu  dem  berechneten  Ergebnis  hinzuzuf  iigen,  welches 
von  einer  integrierten  Schaltung  einer  vorangehenden  Stufe  ermittelt  wird; 

5  Verdrahtungen,  mit  denen  wenigstens  einer  der  zu  multiplizierenden  Operanden  in  Operandenabschnitte 
mit  einer  vorgegebenen  numerischen  Zeichenlange  von  wenigstens  zwei  Stellen  aufgetei  It  werden,  und 
mit  denen  Paare  der  Operandenabschnitte  an  die  Multiplizierereinrichtungen  (2-0  bis  2-n)  geliefert  wer- 
den,  wobei  die  Paare  von  Operandenabschnitten  mit  gleicher  numerischerZeichenposition  in  dem  Ope- 
randen  eine  Gruppe  bilden,  die  ermittelten  Teilprodukte  einer  Gruppe  in  der  Addierergruppe  (3)  addiert 

10  werden,  urn  eine  Summe  einer  Gruppe  von  Teilprodukten  bereit  zu  stellen,  und 
mit  denen  die  Produktsumme  an  den  externen  Eingang  des  anderen  Addierers  (4)  angelegt  wird,  urn  zu 
der  Summe  einer  Gruppe  von  Teilprodukten  hinzuaddiert  zu  werden,  wobei  die  Produktsumme  gruppen- 
weise  berechnet  wird,  wahrend  gruppenweise  die  Stellenposition  der  Produktsumme  an  eine  Stellenpo- 
sition  entsprechend  der  Teilprodukt-Stellenposition  in  der  Gruppe  verschoben  wird,  wodurch  die  niedri- 

15  geren  Stellen  der  angelegten  Produktsumme  verkurzt  werden;  und 
mit  denen  die  an  den  anderen  Addierer  (4)  angelegten  niedrigeren  Stellen,  die  aufgrund  der  Stellenposition 
in  der  Summe  nicht  addiert  werden  mussen,  umgangen  werden  und  unter  die  niedrigste  Stelle  des  Addi- 
tionsergebnisses  des  anderen  Addierers  (4)  angehangt  werden,  urn  das  abschlieliende  Ergebnis  bereit 
zu  stellen. 

20 
5.  Einrichtung  nach  Anspruch  4,  umfassend  acht  integrierte  Schaltungen  (1-1  bis  1-8),  die  jeweils  neun  Mul- 

tiplizierereinrichtungen  umfassen,  wobei  die  Produktsumme  von  neun  Paaren  von  Multiplikanden  und 
Multiplikatoren  berechnet  wird  und  der  Multiplikand  in  2  Bits  aufgeteilt  ist  und  der  Multiplikator  in  4  Bits 
aufgeteilt  ist. 

25 
6.  Einrichtung  nach  Anspruch  4,  dadurch  gekennzeichnet,  dali  die  Multiplizierereinrichtungen  Multiplizierer 

(2-0  bis  2-8)  sind,  die  einen  erweiterten  Booth-Algorithmus  verwenden. 

Revendications 

1.  Precede  pour  obtenir  une  somme  de  produits  en  utilisant  une  pluralite  de  circuits  integres  (1),  chacun 
comprenant  une  pluralite  de  moyens  multiplieurs  (2-0  a  2-n),  un  groupe  d'additionneurs  (3)  pouraddition- 
ner  des  produits  partiels  calcules  par  lesdits  moyens  multiplieurs  (2-0  a  2-n),  et  un  autre  additionneur  (4) 
ayant  une  entree  exterieure,  pour  ajouter  la  somme  issue  dudit  groupe  d'additionneurs  (3)  au  resultat  cal- 
cule  obtenu  a  partird'un  circuit  integre  d'un  etage  precedent,  dans  lequel: 

-  les  produits  d'une  paire  d'operandes  a  multiplier  sont  calcules  pour  une  pluralite  de  paires  d'operan- 
des  et  la  somme  d'une  pluralite  de  produits  est  calculee  lorsque  le  calcul  d'une  somme  de  produits 
est  effectue,  caracterise  en  ce  que  le  procede  comprend  les  etapes  consistant  a: 

-  diviser  au  moins  un  des  operandes  a  multiplier  en  une  pluralite  de  parties  d'operande  ayant  une  lon- 
gueur  en  chiffres  predeterminee  d'au  moins  deux  chiffres; 

-  obtenir  la  somme  d'un  groupe  partiel  de  produits  obtenus  avec  des  paires  de  parties  d'operande  ou 
une  pluralite  de  paires  d'operandes,  les  parties  d'operande  respectives  dans  chaque  paire  ayant  les 
memes  positions  de  chiffres  dans  les  operandes  respectifs,  pour  ce  groupe,  en  utilisant  les  moyens 
multiplieurs  2-0  a  2-n  et  I'additionneur  (3); 

-  dans  led  it  un  autre  additionneur  (4),  ajouter  a  ladite  somme  d'un  groupe  de  produits  partiels  la  somme 
de  produits  appliquee  a  ladite  entree  exterieure  et  calculee  groupe  apres  groupe  tout  en  decalant, 
groupe  apres  groupe,  la  position  de  chiffres  de  ladite  somme  de  produits  a  une  position  de  chiffres 
correspondant  a  la  position  des  chiffres  du  produit  partiel  dans  le  groupe,  ce  par  quoi  les  chiffres 
de  poids  faible  de  ladite  somme  appliquee  sont  elimines; 

-  sauter  lesdits  chiffres  de  poids  faible  appliquer  audit  un  autre  additionneur  (4)  qui  n'ont  pas  besoin 
d'etre  additionnes  du  fait  de  la  position  de  chiffres  dans  la  somme,  et  ajouter  lesdits  chiffres  de  poids 
faible  sautes  sous  les  chiffres  de  poids  le  plus  faible  du  resultat  de  I'addition  dudit  un  autre  addition- 
neur  (4)  pourfournir  le  resultat  final. 

2.  Procede  selon  la  revendication  1,  dans  lequel  la  division  des  operandes  comprenant  un  multiplicande  et 
un  multiplicateur  est  effectuee  deux  elements  binaires  par  deux  elements  binaires  pour  le  multiplicande 
et  quatre  elements  binaires  par  quatre  elements  binaires  pour  le  multiplicateur. 
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Procede  selon  la  revendication  1,  dans  lequel  les  moyens  multiplieurs  prevus  pour  le  calcul  de  la  multi- 
plication  utilisent  un  algorithme  de  Booth  etendu. 

Procede  pour  obtenir  une  somme  de  produtis,  dans  lequel  ledit  dispositif  comprend: 
-  une  pluralite  de  circuits  integres  (1),  chacun  comprenant  une  pluralite  de  moyens  multiplieurs  (2-0 

a  2-n),  un  groupe  d'additionneurs  (3)  pour  additionner  des  produits  partiels  calcules  par  lesdits 
moyens  multiplieurs  (2-0  a  2-n),  et  un  autre  additionneur  (4)  ayant  une  entree  exterieure,  pour  ajouter 
la  somme  issue  dudit  groupe  d'additionneurs  (3)  au  resultat  calculeobtenu  a  partird'un  circuit  integre 
d'un  etage  precedent; 

-  des  cablages  par  lesquels  au  moins  un  des  operandes  a  multiplier  est  divise  en  parties  d'operande 
ayant  une  longueur  en  chiffres  predeterminee  d'au  moins  deux  chiffres,  et  par  lesquels  des  paires 
desdites  parties  d'operande  sont  fournies  auxdits  moyens  multiplieurs  (2-0  a  2-n),  lesdites  paires 
de  parties  d'operande  ayant  la  meme  position  de  chiffres  dans  I'operande  formant  un  groupe,  les 
produits  partiels  obtenus  d'un  groupe  sont  additionnes  dans  ledit  groupe  d'additionneurs  (3)  pour 
fournir  une  somme  d'un  groupe  de  produits  partiels;  et 

-  par  lesquels  la  somme  de  produtis  est  appliquee  a  ladite  entree  exterieure  dudit  un  autre  additionneur 
(4)  pouretre  ajoutee  a  ladite  somme  d'un  groupe  de  produits  partiels,  ladite  somme  de  produits  etant 
calculee  groupe  pares  groupe  tout  en  decalant,  groupe  apres  groupe,  la  position  des  chiffres  de  la- 
dite  somme  de  produit  a  une  position  de  chiffres  correspondant  a  la  position  des  chiffres  du  produit 
partiel  dans  le  groupe,  ce  parquoi  les  chiffres  de  poids  faible  de  ladite  somme  appliquee  de  produits 
sont  elimines;  et 

-  par  lesquels  lesdits  chiffres  de  poids  faible  appliques  audit  un  autre  additionneur  (4),  qui  n'ont  pas 
besoin  d'etre  additionnes  du  fait  de  la  position  des  chiffres  dans  la  somme,  sont  sautes  et  ajoutes 
sous  les  chiffres  de  poids  le  plus  faible  du  resultat  de  I'addition  dudit  un  autre  additionneur  (4)  pour 
fournir  le  resultat  final. 

Dispositif  selon  la  revendication  4,  comprenant  huit  circuits  integres  (1-1  a  1-8)  ayant  chacun  neuf  moyens 
multiplieurs,  dans  lequel  ladite  somme  de  produits  de  neuf  paires  de  multiplicandes  et  multiplicateurs  est 
calculee  et  le  multiplicande  est  divise  en  groupes  de  deux  binaires  et  le  multiplicateur  est  divise  en  groupes 
de  quatre  binaires. 

Dispositif  selon  la  revendication  4,  dans  lequel  les  moyens  multiplieurs  sont  des  multiplieurs  (2-0  a  2-8) 
utilisant  un  algorithme  de  Booth  etendu. 
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