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@  Logic  circuit  having  carry  select  adders. 

(§)  An  operation  circuit  for  M-bit  parallel  full  addition  includes 
partitioned  adders  (11-21)  and  first  and  second  multiplexers. 
Each  of  the  first  multiplexers  (22  -  25)  selects  one  of  paired 
provisional  carry  signals  Cns-i(1)  and  Cns-i(O)  supplied  from  the 
s-th  partitioned  adder,  depending  on  the  value  of  the  real  carry 
signal  C(S-i)n-i  supplied  from  the  (s-1)th  partitioned  adder,  the 
selected  one  of  the  provisional  carry  signals  being  the  real  carry 
signal  Cns-i  to  be  propagated  from  the  s-th  partitioned  adder. 
Each  of  the  second  multiplexers  (26  -  31)  generates  a  pair  of 
provisional  carry  signals  Ck*(1)  and  Ck*(0)  (k  =  n(S  +  1)  -  1, 
n(s  +  2)  -  1  n(s  +  £)  -  1)  by  referring  to  provisional  carry 
signals  Cr(1)  (or  Cr*(10;  r  =  k-n  =  ns-1)  and  Cr(0)  (or 
Cr*(0)  ;  r  =  k  -  n  =  ns  -  1)  which  are  lower  by  n  digits  than  the 
ones  to  be  generated.  Then  the  second  multiplexers  generate  £ 
real  carry  signals  Ck  at  the  same  time  by  selecting  either 
provisional  carry  signal  Ck*(1)  or  Ck*(0),  depending  on  the  real 
carry  signal  C(S-i)n-i  relating  to  a  digit  which  is  one  digit  lower 
than  the  lowest-order  digit  of  the  s-th  partitioned  adder. 
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Description 

LOGIC  CIRCUIT  HAVING  CARRY  SELECT  ADDERS 

BACKGROUND  OF  THE  INVENTION 
5  The  present  invention  generally  relates  to  a  logic  circuit  having  carry  select  adders,  and  more  particularly  to 

a  logic  circuit  including  two-stage  carry  select  adders  capable  of  processing  multiple  bits  such  as  32,  64  and  80 
bits  in  parallel  at  the  same  time. 

In  conventional  multiple  bit  parallel  full  adders,  each  of  two  integers  to  be  processed  is  divided  into  a  plurality 
of  units  each  consisting  of  a  predetermined  number  of  digits.  Then,  adding  operation  is  made  between  the 

10  corresponding  units,  and  the  operation  results  obtained  for  every  unit  are  combined.  This  operation  procedure 
is  intended  to  enhance  the  operation  speed. 

A  carry  select  adder  is  known  as  a  multiple  bit  parallel  full  adder.  FIG.  1  shows  a  conventional  16-bit  carry 
select  adder  (see  Japanese  Laid-Open  Patent  Application  No.61-221822  or  62-226836).  Referring  to  this 
figure,  the  illustrated  16-bit  carry  select  adder  includes  four  4-bit-length  partitioned  adders  CSA,  four  sets  of 

15  two-input  multiplexers  MPX,  and  four  carry  selectors  CS.  A  and  B  are  binary  numbers  each  represented  with  M 
digits,  where  binary  numbers  A  and  B  are  an  augend  and  an  addend,  respectively,  in  obtaining  the  arithmetic 
sum.  Each  of  the  binary  numbers  A  and  B  has  an  amount  of  information  corresponding  to  16  bits  when 
M  =  16.  Each  of  the  16-bit  binary  numbers  A  and  B  is  divided  into  four  portions  (hereafter,  each  portion  is 
referred  to  as  a  partitioned  bit  set),  A3  -AO,  B3-B0,  A15-A12,  B15-B12,  which  are  supplied  to  the 

20  corresponding  4-bit  partitioned  adders  CSA.  Each  bit  contained  in  each  of  the  partitioned  bit  sets  assumes  '0' 
or  '1'. 

C-i  is  a  real  carry  signal  supplied  from  the  digit  immediately  below  the  lowest-order  digit  out  of  16  digits. 
C3°,  C7°,  C11°  and  C15°  are  carry  signals  which  are  propagated  to  higher-order  digits  when  the  real  carry 
signal  C-i  is  '0'.  C31,  C71,  C111  and  C151  are  carry  signals  which  are  propagated  to  higher-order  digits  when 

25  the  real  carry  signal  C-i  is  '1'.  S0-S15  form  a  sum  output  signal  S  (=  A  +  B). 
FIGS.2A  through  2C  are  views  of  a  conventional  Manchester  type  carry  adder.  FIG.2A  shows  a  32-bit  full 

adder,  which  includes  positive/negative  logic  blocks  A  and  B  each  including  a  full  adder  amounting  to  4  bits. 
F1G.2B  shows  a  carry  bypass  circuit  used  in  the  logic  block  of  FIG.2A.  The  illustrated  carry  bypass  circuit 
includes  inverters  and  transfer  gates  TG,  and  outputs  a  carry  signal  Cj  by  bypassing,  for  every  four  bits,  a  real 

30  carry  signal  Cin  supplied  from  the  lower-order  digit.  Transfer  gates  may  be  constituted  by  complementary 
metal  oxide  semiconductor  (CMOS)  transistors  each  having  a  gate  length  equal  to  or  less  than  1.5  [urn]. 

FIG.2C  illustrates  a  positive  logic  full  adder  out  of  4-bit  full  adders  used  in  the  logic  block  of  FIG.2A.  When  a 
combination  of  input  data  Ai  and  Bi  (Ai,  Bi)  is  (0,  1  )  or  (1  ,0),  the  full  adder  is  kept  in  a  waiting  state  where  it  waits 
for  the  supply  of  the  real  carry  signal  Cm  propagated  from  the  lower-order  bit.  In  the  case  where  all  the  four 

35  combinations  of  Ai  and  Bi  are  (0,  1  )  or  (1  ,  0)  in  the  4-bit  full  adder,  by  bypassing  the  real  carry  signal  Cin  through 
the  bypass  circuit  of  FIG.2B,  it  becomes  possible  to  shorten  a  critical  path  where  the  real  carry  signal 
(Cj  =  Cin)  is  propagated  through  all  the  transfer  gates  amounting  to  4  bits.  In  addition,  bypass  circuits  BP1 
and  BP2  (FIG.2A)  are  provided  for  two  12-bit  portions,  each  of  which  consists  of  three  blocks  each  having  4 
bits  as  a  unit.  Thereby,  it  is  possible  to  propagate  the  carry  signal  Cj  at  high  speeds. 

40  FIGS.3A  through  3C  illustrate  a  conventional  32-bit  two-stage  carry  look  ahead  adder,  which  is  also  known 
as  one  of  the  multiple  bit  parallel  full  adders.  Referring  to  FIG.3A,  a  block  labeled  ULB  is  a  carry 
propagate/generate  unit,  and  a  block  labeled  BCLA  is  a  4-bit-length  block  carry  look  ahead  unit.  The  illustrated 
adder  also  includes  8-bit-length  carry  look  ahead  (CLA)  units  2,  and  a  32-bit-length  sum  unit  3.  Each  of  the 
binary  numbers  A  and  B  is  represented  with  32  digits  such  that  A  =  AO  -  A31  and  B  =  B0  -B31  .  Pi 

45  (  =  P0  -  P31  )  is  a  carry  propagate  signal,  and  Gi  (  =  GO  -  G31  )  is  a  carry  generate  signal.  The  carry  propagate 
signal  Pi  is  defined  as  Pi  =  Ai  ©  Bi,  and  the  carry  generate  signal  Gi  is  defined  as  Gi  =  Ai  •  Bi.  Si  (  =S0  -  S31)  is 
a  digit  of  the  sum  output  signal  (S  =  A  +  B). 

FIG.3B  shows  the  structure  of  the  4-bit-length  block  carry  look  ahead  unit  BCLA  with  respect  to  a  unit 
consisting  of  the  zeroth  bit  to  the  third  bit.  As  shown,  the  block  carry  look  ahead  unit  BCLA  includes  logic 

50  gates  such  as  AND  gates,  OR  gates,  and  receives  carry  propagate  signals  P0  -  P3  for  the  zeroth  bit  (digit)  to 
third  bit  (digit),  carry  generate  signals  GO  -  G3  for  the  zeroth  bit  to  the  third  bit,  and  the  real  carry  signal  C-i 
propagated  from  the  digit  which  is  one  digit  lower  than  the  lowest-order  digit  of  the  illustrated  block.  Then  the 
carry  look  ahead  unit  BCLA  generates,  from  these  input  signals,  a  block  look  ahead  carry  propagate  signal 
P0*,  a  block  look  ahead  carry  generate  signal  GO*,  and  real  carry  signals  CO,  C1,  and  C2. 

55  FIG.3C  shows  the  structure  of  the  8-bit-length  CLA  unit.  The  illustrated  CLA  unit  receives  block  look  ahead 
carry  propagate  signals  P0*  to  P7*  relating  to  the  zeroth  to  seventh  bits,  the  block  look  ahead  carry  generate 
signals  GO*  -  G7*  relating  to  the  zeroth  to  seventh  bits,  and  the  real  carry  signal  C-i  propagated  from  the  digit 
which  is  one  digit  lower  than  the  lowest-order  digit  of  the  illustrated  CLA  unit.  Then  the  CLA  unit  generates, 
from  these  input  signals,  real  carry  signals  C3,  C7,  C1  1  ,  C27  and  C31  for  every  four  digits.  The  CLA  unit  is 

60  made  up  of  2  to  9-input  AND  gates  (or  NAND  gates),  and  2  to  9-input  OR  gates  (or  NOR  gates).  In  an  actual 
circuit  configuration  of  the  CLA  unit,  a  logic  gate  having  5  inputs  or  over,  such  as  a  9-input  AND  gate  is 
configured  with  combination  of  gates  having  smaller  numbers  of  inputs.  For  example,  a  9-input  AND  gate  is 
constructed  with  four  3-input  AND  gates  (or  three  3-input  NAND  gates  and  one  3-input  NOR  gate). 
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The  aforementioned  carry  select  aaaer  neeas  an  exuemeiy  idiyo  muh^.  v,,  ou^~.~,  •■  ■• 
urease  of  digits  to  be  processed  at  a  time,  because  the  carry  selectors  CS  must  contain  a  more-than-linearly 
sreased  number  of  elements  with  the  increase  of  processing  digits.  Furthermore,  the  adder  needs  to  contain 
ore  elements  than  twice  that  of  the  ripple  carry  adder,  to  generate  two  sets  of  signals  Si(1  )  ,  Si(0)  and  the  real 
im  signal  Si.  Additionally,  the  conventional  carry  select  adder  causes  a  considerably  large  delay  in  5 

ocessing  t i m e . .  
The  aforementioned  Manchester  type  carry  adder  may  be  constructed  by  a  small  number  of  structural 
ements  as  compared  with  the  carry  select  adder.  However,  there  are  the  following  disadvantages.  As 
•scribed  previously,  this  type  includes  transfer  gates  directly  cascaded  by  four  stages  or  over,  each  of  which 
constituted  by  CMOS  transistors.  In  this  case,  a  signal  waveform  becomes  dull,  which  arises  from  series  10 
sistance  of  CMOS  transistors  as  well  as  junction  capacitance  between  source  and  drain  thereof.  For  these 

asons,  the  processing  speed  is  not  so  high.  As  a  result,  a  large  amount  of  power  is  consumed  irrespective  of 
reduced  number  of  structural  elements. 
The  aforementioned  32-bit  two-stage  carry  look  ahead  adder  needs  a  large  number  of  logic  gates,  which 
ads  to  an  increase  in  time  taken  to  propagate  the  carry  signal.  Additionally,  the  processing  speed  decreases  15 
ith  an  increase  of  the  fan-in  number.  Further,  it  takes  extremely  long  to  obtain  the  operation  result  for  the 

flowing  reason  That  is,  the  carry  signals  CO  -  C31  relating  to  all  the  digits  are  propagated  through  BCLA  — 
LA  -+  BCLA  after  the  carry  generate  signals  Gi  and  the  carry  propagate  signals  Pi  are  applied  to  the  circuit, 

nereafter,  the  signal  processing  by  the  32-bit-length  sum  unit  3  is  carried  out,  and  then  the  sum  output  signal 
i  (=  SO-  S31)  is  obtained.  20 
An  improvement  on  carry  signal  processing  has  been  proposed  in  Japanese  Laid-Open  Patent  Application 

o  57-147754.  The  proposed  improvement  is  illustrated  in  FIG.  4.  The  illustrated  improvement  is  a  44-bit  adder, 
he  feature  of  the  improvement  is  that  the  number  of  digits  to  be  processed  in  partitioned  adders  CSAi  (i  =  1 
j  8)  increases  towards  higher-order  digits,  or  in  other  words,  increases  with  an  increase  of  Y.  For  example, 
le  partitioned  adder  CSA1  consists  of  a  single  adder  AD  to  which  digits  AO  and  BO  are  supplied,  and  the  carry  25 
elect  adder  CSA8  consists  of  8  adders  to  which  corresponding  digits  A36,  B36  through  A43,  B43  are 

Therarry  signals  CO1  and  CO0  are  output  from  the  partitioned  adder  CSA1  with  a  delay  time  of  1  D  after  the 

arry  propagate  and  generate  signals  Pi  and  Gi  are  generated.  'D'  is  a  unit  delay  time  taken  for  a  signal  to  pass 
irough  a  transfer  gate.  In  this  way,  the  carry  signals  are  output  from  the  partitioned  adder  CSAi  with  a  delay  30 

me  of  iD  The  real  carry  signal  CO  is  determined  with  a  total  delay  time  of  2D.  That  is,  the  carry  signals  CQi  and 
;0°  are  calculated  beforehand  with  respect  to  the  case  where  the  real  carry  signal  C,N  is  '1'  which  is  supplied 
-om  the  digit  which  is  one  digit  lower  than  the  lowest-order  digit,  and  the  case  where  the  real  carry  signal  CIN  is 
y  It  takes  a  delay  time  of  1  D  to  carry  out  this  calculation.  Then,  a  multiplexer  MPX5  relating  to  the  zeroth  digit 
ielects  one  of  the  carry  signals  and  C0°  on  the  basis  of  the  value  ('1  '  or  '0')  of  the  real  carry  signal  ClN.  A  35 
lelay  time  of  1  D  is  needed  for  this  selection.  As  a  result,  the  total  delay  time  is  2D  to  obtain  the  real  carry  signal 
30  relating  to  the  zeroth  digit.  The  real  carry  signal  CO  thus  obtained  is  supplied  to  a  multiplexer  MPX5 

issociated  with  the  partitioned  adder  CSA2.  The  carry  signals  C2̂   and  C2°  are  output  from  the  partitioned 
idder  CSA2  with  a  total  delay  time  of  2D.  At  this  time,  the  real  carry  signal  CO  is  determined  as  described 

)reviously  Therefore,  the  multiplexer  MPX5  associated  with  the  partitioned  adder  CSA2  selects  either  the  40 

•arrv  siqnal  C21  or  C2°  on  the  basis  of  the  value  of  the  real  carry  signal  CO.  In  this  way,  the  carry  signal  is 
sequentially  determined.  It  takes  a  delay  time  of  10D  to  obtain  the  real  carry  signal  C43  relating  to  the 

ilqhest-order  digit.  This  delay  time  corresponds  to  a  total  time  taken  to  obtain  the  summation  result. 
The  above-mentioned  improvement  presents  a  relatively  high-speed.  However,  as  the  number  of  digits  to  be 

Drocessed  increases,  a  time  taken  to  obtain  the  operation  result  increases  drastically.  45 

SUMMARY  OF  THE  INVENTION  . . .  
It  is  therefore  a  general  object  of  the  present  invention  to  provide  a  novel  and  useful  logic  circuit  having  carry 

select  adders  in  which  the  aforementioned  disadvantages  are  eliminated. 
A  more  specific  object  of  the  present  invention  is  to  provide  a  logic  circuit  having  carry  select  adders  50 

capable  of  outputting  the  operation  result  at  higher  speeds. 
Another  object  of  the  present  invention  is  to  provide  a  logic  circuit  having  carry  select  adders  which  can 

operate  rapidly  even  when  the  number  of  digits  to  be  processed  is  increased. 
The  above  objects  of  the  present  invention  can  be  achieved  by  an  operation  circuit  comprising  N  partitioned 

adders  provided  for  every  n  bits  (n  <  M;  N  =£  M/n),  each  generating  a  pair  of  provisional  carry  signals  C™-i(1)  55 
and  Cns  i(0)  relating  to  the  s-th  partitioned  adder  from  the  partitioned  adder  relating  to  the  lowest-order  digit 
and  generating  real  sum  signals  Fj  amounting  to  n  bits,  the  paired  provisional  carry  signals  being  calculated 

supposing  a  first  case  where  the  carry  of  a  lower-order  digit  is  '1'  and  a  second  case  where  the  carry  of  the 

digit  is  '0'-  and  means  for  generating  real  carry  signals  Ck  and  C™-1  relating  to  the  partitioned  adders.  The 

above  means  comprises  first  means  and  second  means.  The  first  means  selects  one  of  paired  provisional  60 

carry  signals  C™-i(1)  and  Cns-i(0)  supplied  from  the  s-th  partitioned  adder,  depending  on  the  value  of  the  real 

carry  signal  CVi,n-,  supplied  from  the  (s-1)th  partitioned  adder.  The  selected  one  of  the  provisional  carry 
signals  is  the  real  carry  signal  C™-1  to  be  propagated  from  the  s-th  partitioned  adder.  The  second  means 
generates  a  pair  of  provisional  carry  signals  Ck*(1)  and  Ck*(0)  (k  =  n(s  +  1)  -  1.  n(s  +  2)  -1  ....  n(s  + 
by  referring  to  paired  provisional  carry  signals  (Cr(1)  (or  Cr*(1);  r  =  k-  n  =  ns  -  1)  and  Cr(0)  (or  Cr  (0);  65 

o 
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r  =  k-n  =  ns-1)  which  are  lower  by  n  digits  tnan  tne  ones  10  oe  generaieu.  me  me  oc^.u  m™™ 
generates   ̂ real  carry  signals  Ck  at  the  same  time  by  selecting  either  the  provisional  carry  signal  Ck*(1)  or 
Ck*(0),  depending  on  the  real  carry  signal  C(s-i)n-i  relating  to  a  digit  which  is  one  digit  lower  than  the 
lowest-order  digit  of  the  s-th  partitioned  adder. 

5  The  above  objects  of  the  present  invention  can  also  be  achieved  by  an  operation  circuit  for  M-bit  parallel  full 
addition,  comprising  N  partitioned  adders  provided  for  every  n  bits  (n  <  M;  N  >  M/n),  each  generating  a  pair 
of  provisional  carry  signals  Cns-i(1)  and  C„s-i(0)  relating  to  the  s-th  partitioned  adder  from  the  partitioned  adder 
relating  to  the  lowest-order  digit,  and  generating  a  pair  of  provisional  sum  signals  Fj(1)  and  Fj(0)  each 
amounting  to  n  bits,  the  paired  provisional  carry  signals  and  the  paired  provisional  sum  signals  being 

0  calculated  supposing  a  first  case  where  the  carry  of  a  lower-order  digit  is  '1  '  and  a  second  case  where  the  carry 
of  the  digit  is  '0';  and  means  for  generating  real  carry  signals  Ck  and  Cns-i,  and  real  sum  signals  Fj  relating  to 
the  partitioned  adders.  The  above  means  comprises  first  means  and  second  means.  The  first  means  selects 
one  of  paired  provisional  carry  signals  C„s-i(1)  and  Cns-i(0)  and  selecting  one  of  paired  provisional  sum  signals 
Fj(1  )  and  Fj(0)  supplied  from  the  s-th  partitioned  adder,  depending  on  the  value  of  the  real  carry  signal  C(s-Dn-i 

5  supplied  from  the  (s-1)th  partitioned  adder,  the  selected  one  of  the  provisional  carry  signals  being  the  real 

carry  signal  Cns-i  to  be  propagated  from  the  s-th  partitioned  adder,  the  selected  one  of  the  provisional  sum 
signals  being  the  real  sum  signal  amounting  to  n  bits  relating  to  the  s-th  partitioned  adder.  The  second  means 
generates  a  pair  of  provisional  carry  signals  Ck*(1)and  Ck*(0)  (k  =  n(s  +  1)-1,n(s  +  2)  -1,...,n(s  +  £)-1) 
by  referring  to  paired  provisional  carry  signals  Cr(1)  (or  Cr*(1)  ;  r  =  k  -  n  =  ns  -  1)  and  Cr(0)  (or  Cr*(0); 

>0  r  =  k  -  n  =  ns  -  1)  which  are  lower  by  n  digits  than  the  ones  to  be  generated,  and  for  generating  £  real  carry 
signals  Ck,  and  real  sum  signals  Fj  amounting  to  <n£  digit  at  the  same  time  by  selecting  either  the  provisional 
carry  signal  Ck*(1)  or  Ck*(0).  Then  the  second  means  selects  either  the  provisional  sum  signals  Fj(1)  or  Fj(0), 
depending  depending  on  the  real  carry  signal  C(s-Dn-i  relating  to  a  digit  which  is  one  digit  lower  than  the 
lowest-order  digit  of  the  s-th  partitioned  adder. 

>5  The  above-mentioned  objects  of  the  present  invention  can  also  be  achieved  by  an  operation  circuit  for  M-bit 
parallel  full  addition,  comprising  N  partitioned  adders  each  processing  a  corresponding  number  of  bits, 
generating  a  pair  of  block  look  ahead  carry  propagate  signal  BPi  and  block  look  ahead  carry  generate  signal 
BGi,  and  generating  a  pair  of  provisional  sum  signals  Fj(1)  and  Fj(0)  supposing  a  first  case  where  the  carry  of  a 
lower-order  digit  is  '1'  and  a  second  case  where  the  carry  of  the  digit  is  '0';  a  plurality  of  first  means  each  for 

10  selecting  either  one  of  the  paired  provisional  sum  signals  Fj(1)  and  Fj(0),  thereby  producing  a  real  sum  signal 
Fj;  a  plurality  of  second  means  each  for  generating  a  pair  of  provisional  carry  signals  Cj(1)  and  Cj(0)  supposing 
a  first  case  where  the  carry  of  a  lower-order  digit  is  '1'  and  a  second  case  where  the  carry  of  the  digit  is  '0';  a 
plurality  of  third  means  each  for  generating  inverted  real  carry  signals  XCj  for  each  of  blocks  each  including  a 
corresponding  number  of  bits  by  selecting  one  of  the  paired  provisional  carry  signals,  the  inverted  real  carry 

35  signals  XCj  being  supplied  to  the  first  means  and  used  for  the  selecting  operation  of  the  corresponding  first 
means,  the  inverted  real  carry  signal  of  the  highest-order  digit  in  each  of  the  inverted  real  carry  signals  being 
propagated  to  one  of  the  plurality  of  third  means  which  is  positioned  at  a  higher-order  digit. 

Other  objects,  features,  and  advantages  of  the  present  invention  will  become  apparent  from  the  following 
detailed  description  when  read  in  conjunction  with  the  accompanying  drawings. 

to 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.1  is  a  block  diagram  of  a  conventional  ib-oit  carry  select  aaaer, 
FIGS.2A  through  2C  are  views  illustrating  a  conventional  Manchester  type  carry  adder; 

45  FIGS.3A  through  3C  are  views  illustrating  a  conventional  32-bit-length  two-stage  carry  look  ahead 
adder; 

FIGS.4  is  a  block  diagram  of  still  another  example  of  conventional  multiple  bit  parallel  full  adders; 
FIG.5  is  a  block  diagram  of  a  first  preferred  embodiment  of  the  present  invention; 
FIGS.6A  and  6B  are  views  illustrating  a  partitioned  adder  used  in  the  embodiment  of  FIG.5; 

50  FIGS.7A  and  7B  are  views  illustrating  a  selector  including  transfer  gates  used  in  the  embodiment  of 
FIG.5; 

FIGS.8  is  a  circuit  diagram  illustrating  a  chain  of  transfer  gates  and  an  inverter; 
FIGS.9A  and  9B  are  views  illustrating  afirst  multiplexer  used  in  the  embodiment  of  FIG.5; 
FIG.10A  and  10B  are  views  illustrating  a  second  multiplexer  used  in  the  embodiment  of  FIG.5 

55  FIG.1  1  is  a  block  diagram  of  a  second  preferred  embodiment  of  the  present  invention; 
FIGS.12A  through  12D  are  views  illustrating  a  partitioned  adder  used  in  the  embodiment  of  FIG.1  1  ; 
FIG.13  is  a  block  diagram  showing  the  second  embodiment  together  with  a  carry  propagate/generate 

circuit; 
FIGS.14A  and  14B  are  views  illustrating  afirst  multiplexer  used  in  the  embodiment  of  FIG.1  1  ; 

eo  FIGS.15A  and  15B  are  views  illustrating  a  second  multiplexer  used  in  the  embodiment  of  FIG.1  1  ; 
FIG.  16  is  a  block  diagram  of  a  third  preferred  embodiment  of  the  present  invention; 
FIGS.17A  through  17C  are  views  illustrating  a  partitioned  adder  used  in  the  embodiment  of  FIG.  16; 
FIGS.1  8A  and  18B  are  views  illustrating  afirt  multiplexer  used  in  the  embodiment  of  FIG.  16; 
FIGS.19A  through  19C  are  views  illustrating  a  block  look  ahead  carry  generate  circuit  used  in  the 

65  embodiment  of  FIG.  16; 
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FIGS.20A  and  20B  are  views  illustrating  a  second  multiplexer  used  in  the  embodiment  of  FIG.  16; 
FIG.  21  is  a  view  illustrating  a  fourth  preferred  embodiment  of  the  present  invention; 
FIGS.22A  through  22E  are  views  illustrating  block  look  ahead  carry  generate  circuits  used  in  the 

embodiment  of  FIG.21  ; 
FIG.23  is  a  view  illustrating  a  fifth  embodiment  of  the  present  invention;  and  5 
FIGS.24A  and  24B  are  views  illustrating  an  partitioned  adder  used  in  the  fifth  embodiment. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
A  description  is  given  of  a  first  preferred  embodiment  of  the  present  invention. 
FIG.5  is  a  block  diagram  of  a  first  preferred  embodiment  of  the  present  invention.  The  first  embodiment  is  a  10 

44-bit  adder  and  includes  partitioned  carry  adders  11  through  21  labeled  CSAM,  first;  multiplexers  22  through 
25  labeled  MPX4M,  and  second  multiplexers  26  through  31  labeled  MPX3M. 

Each  of  the  partitioned  adders  1  1  through  21  is  a  4-bit-length  partitioned  adder.  The  partitioned  adder  1  1  is 
labeled  CSAO,  and  the  remaining  partitioned  adders  12  through  21  are  labeled  CSAM.  The  carry  signal  Cin 
propagated  from  the  digit  which  is  one  digit  lower  than  the  lowest-order  digit,  is  supplied  to  the  carry  select  15 
adder  11,  which  outputs  the  real  carry  signal  C3  and  real  sum  signals  FO  through  F3  relating  to  the  partitioned 
adder  1  1  .  The  real  carry  signal  C3  is  supplied  to  the  multiplexer  22  and  the  partitioned  adder  12.  It  is  noted  that 
it  takes  a  delay  time  of  4D  to  obtain  the  real  carry  signal  C3. 

The  partitioned  adder  12  outputs  carry  signals  C7(1)  and  C7(0)  with  a  delay  time  of  4D.  Signals  Cj(1j  and 
Cj(0)  (j  =  0  -  43)  are  provisional  carry  signals,  which  are  then  subjected  to  selection  based  on  the  value  of  the  20 
real  carry  signal  propagated  from  a  lower-order  digit,  and  is  then  propagated  to  higher-order  digits.  The 
provisional  carry  signal  C7(1)  is  a  carry  signal  obtained  when  the  real  carry  signal  C3  is  assumed  to  be  T,  and 
the  provisional  carry  signal  C7(0)  is  a  carry  signal  obtained  when  the  real  carry  signal  C3  is  assumed  to  be  '0'. 
The  provisional  carry  signals  C7(1)  and  C7(0)  are  supplied  to  the  multiplexer  22,  which  selects  one  of  the 
provisional  carry  signals  C7(1)  and  C7(0)  on  the  basis  of  the  value  of  the  real  carry  signal  C3.  Since  it  takes  a  25 
delay  time  of  1  D  to  make  such  selection,  the  real  carry  signal  C7  is  determined  with  a  total  delay  time  of  5D.  On 
the  other  hand,  real  sum  signals  F4  through  F7  relating  to  the  fourth  digit  to  the  seventh  digit,  are  output  from 
the  partitioned  adder  12  with  a  total  delay  time  of  6D.  That  is,  it  takes  a  delay  time  of  2D  to  obtain  the  real  sum 
signals  F4  through  F7  after  the  real  carry  signal  C3  is  supplied  thereto.  The  real  carry  signal  C7  is  supplied  to 
the  multiplexer  23  and  the  partitioned  adder  13.  It  is  noted  that  the  real  carry  signal  C7  is  also  supplied  to  the  30 
multiplexer  26. 

The  multiplexer  23  operates  in  the  same  way  as  the  multiplexer  22.  The  partitioned  adder  13  operates  in  the 
same  way  as  the  partitioned  adder  12,  and  outputs  provisional  carry  signals  C1  1(1)  and  C11(0)  with  a  total 
delay  time  of  4D.  The  partitioned  adder  13  also  generates  real  sum  signals  F8  through  F11  with  a  total  delay 
time  of  7D.The  multiplexer  23  selects  one  of  the  provisional  carry  signals  C1  1  (1)  and  C11(0)  on  the  basis  of  the  35 
value  of  the  real  carry  signal  C7  supplied  from  the  multiplexer  22.  The  provisional  carry  signal  selected  by  the 
multiplexer  23  is  the  real  carry  signal  C11,  and  is  supplied  to  the  partitioned  adder  13. 

it  is  noted  that  the  provisional  carry  signals  C11  (1)  and  C11(0)  are  also  supplied  (propagated),  to  the 
multiplexer  26,  to  which  supplied  are  provisional  carry  signals  C15(1)  and  C15(0)  derived  from  the  partitioned 
adder  14  with  a  delay  time  of  4D.  This  is  intended  to  calculate  candidates  for  the  value  of  real  carry  signal  C1  5  to  40l 
be  propagated  upwards  by  using  the  provisional  carry  signals  C1  1  (1)  and  C1  1  (0)  supplied  from  the  partitioned 
adder  13  before  the  real  carry  signal  C11  is  determined,  and  to  immediately  determine  the  value  of  the  real- 
carry  signal  C15  when  the  real  carry  signal  C7  propagated  from  the  partitioned  adder  12  is  determined. 

The  multiplexer  26  generates  a  pair  of  provisional  signals  C15*(1)  and  C15*(0)  with  a  total  delay  time  of  5D 
by  using  the  above-mentioned  provisional  carry  signals.  It  is  noted  that  Cj*(1)  and  Cj*(0)  are  provisional  45 
signals  generated  by  the  multiplexers.  It  is  noted  that  it  takes  a  total  delay  time  of  5D  to  obtain  the  provisional 
carry  signals  C15*(1)  and  C15*(0).  Therefore,  the  multiplexer  26  determines  the  real  carry  signal  C15  with  a 
total  delay  time  of  6D  on  the  basis  of  the  value  of  the  real  carry  select  signal  C7. 

The  real  carry  signal  C15  is  supplied  to  the  partitioned  adder  15,  and  the  multiplexers  24,  27  and  28.  The 
partitioned  adder  15  operates  in  the  same  way  as  the  partitioned  adders  12,  13  and  14,  and  the  multiplexer  24  50 
operates  in  the  same  way  as  the  multiplexer  22  and  23.  The  multiplexer  27  is  supplied  with  provisional  carry 
signals  C19(1)  and  C19(0)  supplied  from  the  partitioned  adder  15,  and  provisional  carry  signals  C23(1)  and 
C23(0)  supplied  from  the  partitioned  adder  16.  Then  the  multiplexer  27  generates  a  pair  of  provisional;  carry 
signals  C23*(1)  and  C23*(0)  from  the  supplied  selected  carry  signals  C19(1),  C19(0),  C23(1)  and  C23(0).  It 
takes  a  total  delay  of  5D  to  obtain  a  pair  of  provisional  carry  signals  C23*  (1  )  and  C23*  (0).  Then,  the  multiplexer  55 
27  determines  the  real  carry  signal  C23  with  a  total  delay  time  of  7D  on  the  basis  of  the  value  of  the  real  carry 
signal  C15  which  is  generated  with  a  total  delay  time  of  6D. 

It  is  noted  that  the  provisional  carry  signals  C23*(1)  and  C23*(0)  generated  by  the  multiplexer  27  are 
supplied  to  the  multiplexer  28.  This  means  that  the  provisional  carry  signals  C19(1  )  and  C19(0)  are  provisionally 
propagated  up  to  the  twenty-seventh  digit.  Then  the  multiplexer  28  generates  a  pair  of  provisional  carry  signals  60 
C27*(1)  and  C27*(0)  from  the  provisional  carry  signals  C23*(1)  and  C23*(0)  supplied  from  the  multiplexer  27 
and  the  provisional  carry  signals  C27(1)  and  G27(0)  supplied  from  the  partitioned  adder  17.  It  takes  a  total 
delay  time  of  6D  to  obtain  the  provisional  carry  select  signals  C27*(1)  and  C27*(0).  This  is  because  it  takes  a 
total  delay  time  of  5D  to  obtain  the  provisional  carry  signals  C23*  (1  )  and  C23*  (0)  ,  and  it  takes  a  delay  time  of  1  D 
to  generate  (select)  the  provisional  select  signals  C27*(1)  and  C27*(0)  after  the  provisional  carry  signals  65 
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C23*(1)  and  C23*(0)  are  generated.  Then  the  multiplexer  28  determines  the  real  carry  signal  02/  wnen  tne  real 
carry  signal  C15  is  supplied  thereto.  It  takes  a  delay  time  1D  to  make  this  determination  (selection).  The  real 
carry  signal  C27  thus  determined  is  supplied  to  the  partitioned  adder  18,  the  multiplexers  25,  29,  30  and  31.  It 
should  be  appreciated  that  when  the  real  carry  signal  C15  is  determined,  the  real  carry  signals  C19,  C23  and 

5  C27  are  immediately  determined. 
The  multiplexer  25,  29  and  30  operate  in  the  same  way  as  the  aforementioned  multiplexers  24,  27  and  28, 

respectively.  The  multiplexer  29  generates  a  pair  of  provisional  carry  signals  C35*(1)  and  C35*(0)  from 
provisional  carry  signals  C31(1)  and  C31(0)  supplied  from  the  partitioned  adder  18,  and  provisional  carry 
signals  C35(1)  and  C35(0)  supplied  from  the  partitioned  adder  19.  Then,  the  real  carry  signal  C35  is  determined 

10  by  the  multiplexer  29  with  a  total  delay  time  of  8D.  The  provisional  carry  select  signals  C35*(1)  and  C35*(0)  are 
supplied  to  the  multiplexer  30,  to  which  provisional  carry  signals  C39(1)  and  C39(0)  are  supplied  from  the 
partitioned  adder  20.  Then  the  multiplexer  30  generates  a  pair  of  provisional  carry  signals  C39*  (1  )  and  C39*  (0)  , 
depending  on  the  value  of  the  input  carry  signals  C35*(1),  C35*(0),  C39(1)  and  C39(0).  Then,  the  multiplexer  30 
determines  the  real  carry  signal  C39  on  the  basis  of  the  value  of  the  real  carry  signal  C27.  It  takes  a  total  time  of 

15  8D  to  obtain  the  real  carry  signal  C39.  The  provisional  carry  signals  C39*(1)  and  C39*(0)  are  supplied  to  the 
multiplexer  31,  to  which  provisional  carry  signals  C43(1)  and  C43(0)  are  supplied.  Then  the  multiplexer  31 
generates  a  pair  of  provisional  carry  signals  C43*(1)  and  C43*(0)  from  the  input  carry  signals  C39*(1),  C39*(0), 
C43(1)  and  C43(0).  The  provisional  carry  signals  C43*(1)  and  C43*(0)  are  not  propagated  upwards  in  the 
embodiment.  Then,  the  real  carry  signal  C43  is  determined  with  a  total  delay  time  of  8D  on  the  basis  of  the  value 

20  of  the  real  carry  signal  C27  supplied  from  the  multiplexer  28. 
The  above-mentioned  operation  with  respect  to  the  multiplexers  (MPX4M)  can  be  described  in  the  general 

form  as  follows.  Partitioned  adders  are  arranged  for  every  n  bits.  A  pair  of  provisional  carry  signals  Cns-i(1  )  and 
Cns-i(O)  (also  represented  as  Ck*(1)  and  Ck*(0))  is  made  propagated  to  higher-order  digits  by  m  digits 
(m  =  n£;  £  is  a  positive  integer),  before  real  carry  signal  C(s-i)n-i  propagated  from  the  digit  which  is  one  digit 

25  lower  than  the  lowest-order  digit  in  the  s-th  partitioned  adder  which  is  positioned  upwards  by  s  from  the 
partitioned  adder  relating  to  the  lowest-order  digit,  reaches  the  s-th  partitioned  adder.  Thereby,  a  pair  of 
provisional  carry  signals  Ck*(1)  and  Ck*(0)  (k  =  n(s  +  1)  -  1,  n(s  +  2)  -1,  n(s  +  £)  -1)  is  generated. 
Thereafter,  when  the  real  carry  signal  C(s-Dn-i  relating  to  the  digit  which  is  one  digit  lower  than  the  s-th 
partitioned  adder,  is  determined,  £  +  1  real  carry  signals  Ck,  Cns-i  are  selected  and  determined  at  the  same 

30  time. 
Table  1  shows  the  relationship  between  the  highest  digit  to  be  processed  (MSB;  the  most  significant  bit) 

and  corresponding  delay  time  of  the  sum  signal  associated  with  MSB,  obtained  by  conventional  adder  of  FIG.4 
and  the  first  embodiment  of  the  present  invention. 

T a b l e   1 

E m b o d i m e n t   P r i o r   A r t  

40 

45 

50 

55 

60 

MSB  D e l a y   t i m e   MSB  D e l a y   t x m e  

4 - 7   6D  6 - 9   6D 

3 - 1 1   7D  10  -  14  7D 

12  -  19  8D  15  -  20  8D 

20  -  31  9D  21  -  27  9D 

32  -  47  10D  28  -  35  10D 

48  -  67  11D  36  -  44  11D 

63  -  91  12D  45  -  54  12D 

92  -  119  13D  55  -  65  13D 

120  -  151  ■  14D  66  -  77  14D 

78  -  90  15D 

91  -  104  16D 

105  -  119  17D 

120  -  135  18D 

136  -  152  19D 

65  A  description  is  given  of  the  structure  for  the  partitioned  adder  12  with  reference  to  FIGS.  bA  and  6B.  The 
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escription  about  the  structure  of  FIGS.  bA  and  bb  noios  true  Tonne  oxner  partitioned  adders  u  mrouyn  c\. 
Referring  to  FIG.6A,  the  partitioned  adder  12  receives  the  carry  propagate  signals  P4  through  P7  relating  to 

ie  fourth  digit  through  the  seventh  digit,  the  carry  generate  signals  G4  through  G7  relating  thereto,  and  the 
3al  carry  signal  C3  supplied  from  the  partitioned  adder  1  1  ,  and  then  generates  the  real  sum  signals  F4  through 
7,  and  the  provisional  carry  signals  C7(1  )  and  C7(0).  The  carry  propagate  signal  P4  through  P7  are  defined  by  5 
formula  that  Pj  =  Aj  ©  Bj  (j  =  4  to  7  in  this  case).  The  carry  generate  signals_G4  through  G7  are  defined  by  a 
Drmula  such  that  Gj  =  Aj-Bj  (j  =  4  to  7  in  this  case).  Signals  P4  through  P7  arejnverted  carry  propagate 
ignals  obtained  by  inverting  the  carry  propagate  signals  P4  through  P7.  Signals  G4  through  G7  are  inverted 
arry  generate  signals  obtained  by  inverting  the  carry  generate  signals  G4  through  G7.  Signals  Cj,1  and  Cj',0 
re  carry  signals  which  are  generated  by  and  propagated  from  a  chain  of  a  transfer  gate  and  inverter  relating  to  10 
digit  which  is  one  bit  lower  than  each  digit.  Signals  Cj,1  and  Cj,0  are  inverted  carry  signals  which  are 

lenerated  by  and  propagated  from  a  chain  of  a  transfer  gate  and  inverter  relating  to  a  digit  which  is  one  bit 
jwer  than  each  digit. 

The  partitioned  adder  12  includes  transfer  gates  TG1  through  TG13  and  inverters  INVO  through  INV21 
ssociated  therewith.  Each  of  the  transfer  gates  TG1  through  TG13  consists  of  a  pair  of  transfer  gates,  and  15 
unctions  as  a  selector  as  shown  in  FIGS.7A  and  7B.  Hereafter,  a  transfer  gate  TGi  (i  =  1,  2,  ...)  means  a 
ielector  consisting  of  a  pair  of  transfer  gates.  The  outputs  of  the  pair  of  transfer  gates  forms  a  wired-OR.  The 
;elector  SEL  selects  one  of  the  two  inputs  A  and  B,  depending  on  the  value  of  the  control  signal  C.  When 
J  =  1,  the  output  D  is  equal  to  A,  and  on  the  other  hand,  when  C  =  0  the  output  D  is  equal  to  B.  The  transfer 
jates  TG1  through  TG3  and  related  inverters  INVO  through  INV7  form  a  circuit  portion,  which  generates  the  20 
irovisional  carry  signal  C7(1)  to  be  propagated  to  the  multiplexer  22  (FIG.5).  It  is  noted  that  a  carry  signal  Cj  is 
>btained  by  the  following  formula:  Cj  =  Gj  +  Cj-1  ©  Pj. 

The  transfer  gates  TG4  through  TG10  and  related  inverters  INV8  through  INV15  form  a  circuit  portion,,  which 
jenerates  the  real  sum  signals  F4  through  F7.  As  shown  in  FIG.8,  the  combination  of  a  transfer  gate  TG  and  an 
nverter  INV  forms  an  exclusive-OR  circuit.  That  is,  a  real  sum  signal  Fj  is  represented  as  follows:  Fj(1)  =  Pj  ©  25 

For  example,  the  real  sum  signal  F4  is  generated  by  the  transfer  gate  TG4  and  the  inverter  INV9.  The 
ransfer  gate  TG4  is  supplied  with  the  carry  propagate  signal_P4  and  inverted  carry  propagate  signal  P4,  and  is 
;ontrolled  by  the  real  carry  signal  QN  and  inverted  signal  Cin.  The  inverted  real  carry  signal  Cin  is  a  signal 
)btained  by  inverting  the  real  carry  signal  C3  through  the  inverter  INV20,  and  the  real  carry  signal  Cin  is  a  signal 
obtained  by  inverting  the  inverted  real  carry  signal  Cin  through  the  inverter  21  .  The  real  sum  signal  F5  is  30 
generated  by  the  combination  of  the  transfer.  gates  TG5  and  TG6  and  the  inverters  INV10  and  INV11.  The 
ransfer  gate  TG5  is  supplied  with  the  carry  signals  Cin  and  the  inverted  carry  signal  Cin.  The  transfer  gate  TG5 
selects  one  of  the  inverted  carry  signal  C4,1  supplied  from  an  NOR  gate  NOR  and  the  inverted  carry  signal  C4.0 
supplied  from  the  inverter  INV16.  A  selected  carry  signal  C4  is  supplied  to  a  connection  point  of  the  transfer 
gate  TG6,  and  also  control  terminals  thereof  through  the  inverter  INV10.  The  transfer  gate  TG6  selects  either  35 
he  carry  propagate  signal  P5  or  the  inverted  carry  propagate  signal  P5.  It  can  be  seen  from  the  above  that  the 
•eal  sum  signal  F5  is  determined  with  a  delay  time  of  2D  necessary  for  selection  in  the  transfer  gates  TG5  and 
rG6  after  the  real  carry  signal  C3  is  determined.  The  selected  signal  passes  through  the  inverter  INV11,  the 
Dutput  of  which  is  the  real  sum  signal  F5.  The  real  sum  signals  F6  and  F7  are  generated  in  the  same  way  as  the 
■eal  sum  signal  F5.  ■  40 

The  transfer  gates  TG11  through  TG13  and  related  inverters  INV16  through  INV19  form  a  circuit  portion, 
which  generates  the  provisional  carry  signal  C7(0)  which  is  to  be  supplied  to  the  multiplexer  22  (FIG.5).  The 
above-mentioned  structure  of  the  partitioned  adder  12  is  applied  to  each  of  the  other  partitioned  adders  13 
through  21. 

FIGS.9A  and  9B  show  an  example  of  the  structure  for  the  multiplexer  (MPX4M)  25  relating  to  the  partitioned  45 
adder  1  8.  The  illustrated  structure  may  be  applied  to  each  of  the  multiplexers  of  the  same  type  22  through  24. 
The  multiplexer  25  selects  one  of  the  provisional  carry  signals  C31  (1)  and  C31  (0)  supplied  from  the  partitioned 
adder  18,  depending  on  the  value  of  the  real  carry  signal  C27  supplied  from  the  multiplexer  28.  As  shown  in 
FIG.9B,  the  multiplexer  25  is  made  up  of  a  transfer  gate  TG14  and  inverters  INV22  through  INV26. 

FIG.10A  and  10B  show  an  example  of  the  structure  for  the  multiplexer  (MPX3M)  28  relating  to  the  partitioned  50 
adder  17.  The  illustrated  structure  may  be  applied  to  each  of  the  multiplexers  of  the  same  type  26,  27,  29,  30 
and  31.  The  multiplexer  28  has  a  first  circuit  portion,  which  is  provided  with  respect  to  each  of  the  provisional 
carry  signals  C23*(1)  and  C23*(0),  and  functions  to  select  either  the  provisional  carry  signal  C27(0)  or  C27(1) 
beforehand  by  referring  to  values  of  '1'  and  '0'  of  the  provisional  carry  signals  C23*(1)  and  C23*(0).  The 
selected  carry  signals  with  respect  to  the  provisional  carry  signals  C23*(1)  and  C23*(0)  are  output  as  the  55 
provisional  carry  signals  C27*(1)  and  C27*(0). 

Further,  the  multiplexer  28  has  a  second  circuit  portion,  which  functions  to  determine  the  real  carry  signal 
C27  by  selecting  one  of  the  carry  signals  supplied  from  the  transfer  gates  TG15  and  TG16  on  the  basis  of  the 
value  (T  or  '0')  of  the  real  carry  signal  C15  propagated  from  the  multiplexer  26  (FIG.5),  when  the  real  carry 
signal  C15  is  determined.  The  real  carry  signal  C15  is  a  signal  which  is  sifted  from  a  partitioned  adder  60 
(partitioned  adder  14  in  this  case)  which  is  spaced  towards  lower-order  digits  from  the  partitioned  adder  of 
concern  (partitioned  adder  17)  by  an  amount  corresponding  to  two  or  more  partitioned  adders.  In  this  manner, 
the  first  and  second  circuit  portions  from  a  two-stage  circuit  in  view  of  operation. 

Referring  to  FIG.10B,  the  above-mentioned  first  circuit  includes  the  transfer  gates  TG15  and  TG16,  and 
inverters  INV27,  INV28,  INV30  and  INV31.  The  transfer  gate  TG15  is  supplied  with  the  carry  signals  C27(1)  and  65 
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C27(0)  .  The  transfer  gate  TG15  selects  one  ot  tne  carry  signals  ^ / ( i j a n u ^   \v)  ,  ueyei  ,uniy  ■  u  ,̂   ~, 
the  provisional  carry  signal  C23*(1).  The  transfer  gate  TG16  selects  one  of  the  provisional  carry  signals  C27(1) 
and  C27(0)  depending  on  the  value  of  the  provisional  carry  signal  C23*(0).  The  selected  carry  signal  from  the 
transfer  gate  TG15  passes  through  inverters  INV29  and  INV35,  and  is  output  as  the  provisional  carry  signal 

>  C27*(U-  The  selected  carry  signal  from  the  transfer  gate  TG16  passes  through  inverters  INV32  and  INV37,  and 
is  output  as  the  provisional  carry  signal  C27*(0).  The  second  circuit  portion  includes  a  transfer  gate  TG17  and 
inverters  INV33,  INV34,  and  INV36.  The  transfer  gate  TG17  selects  one  of  the  carry  signals  passing  through  the 
transfer  gates  TG15  and  TG16,  depending  on  the  value  of  the  real  carry  signal  C15.  The  selected  carry  signal 
passes  through  the  inverter  INV36,  and  is  output  as  the  real  carry  signal  C27.  This  is,  the  selected  carry  signal 

?  is  substantially  the  provisional  signal  C*27(1)  or  C*27(0). 
A  description  is  given  of  a  second  preferred  embodiment  of  the  present  invention  with  reference  to  FIG.1  1  . 

Referring  to  FIG.1  1,  the  second  embodiment  includes  partitioned  adders  11,  and  32  through  41,  first 
multiplexers  42  through  45,  and  second  multiplexers  46  through  51  .  Each  of  the  partitioned  adders  1  1  ,  and  32 
through  41  is  a  4-bit-length  carry  select  adder.  The  partitioned  adder  1  1  are  the  same  as  the  partitioned  adder 

5  1  1  shown  in  FIG.5.  The  partitioned  adders  32  through  41  is  of  the  same  structure.  The  essential  feature  of  the 
second  embodiment  is  that  provisional  sum  signals  Fj(1)  and  Fj(0)  (j  =  0-43  in  the  embodiment)  are 
generated  in  the  partitioned  adders  32  through  41,  and  are  then  supplied  to  corresponding  multiplexers  42 
through  51.  That  is,  a  pair  of  provisional  sum  signals  Fj(1)  and  Fj(0)  is  calculated  beforehand  with  respect  to 
each  digit,  and  real  sum  signals  are  determined  by  selecting  one  of  the  paired  provisional  sum  signals  on  the 

0  basis  of  the  value  of  the  real  carry  signal  propagated  from  a  lower-order  digit.  The  carry  processing  of  the 
second  embodiment  is  the  same  as  that  of  the  first  embodiment  except  that  the  real  carry  signals  Cj  (j  =  3,  7, 
1  1  ,  1  5,  1  9,  23,  27,  31  ,  35,  39)  are  not  supplied  to  the  corresponding  partitioned  adders  32  through  41  . 

The  partitioned  adder  32  generates  two  sets  of  provisional  sum  signals  F4(1)  through  F7(1)  and  F4(0) 
through  F7(0)  with  a  delay  time  of  4D,  together  with  the  provisional  carry  signals  C7(1)  and  C7(0).  The  signals 

■5  thus  generated  are  supplied  to  the  multiplexer  42,  which  selects  one  of  sets  of  the  provisional  sum  signals 
F4(1)  through  F7(1)  and  F4(0)  through  F7(0)  on  the  basis  of  the  value  of  the  real  carry  signal  C3  propagated 
from  the  partitioned  adder  11.  The  selected  set  of  provisional  sum  signals  are  output  as  real  sum  signals  F4 
through  F7.  At  this  time,  the  real  carry  signal  C7  is  determined. 

The  partitioned  adder  33  generates  two  sets  of  provisional  sum  signals  F8(1)  through  F11(1)  and  F8(0) 
\0  through  F11(0),  together  with  the  provisional  carry  signals  C11(1)  and  C1  1(0).  The  signals  thus  generated  are 

supplied  to  the  multiplexer  43,  which  selects  one  of  sets  of  the  provisional  sum  signals  F8(1)  -  F11(11)  and 
F8(0)  -  F11(0)  on  the  basis  of  the  value  of  the  real  carry  signal  C7  propagated  from  the  multiplexer  42.  The 
selected  set  of  provisional  sum  signals  are  output  as  real  sum  signals  F8  through  F11.  At  this  time,  the  real 

carry  signal  C11  is  determined. 
15  The  partitioned  adder  34  generates  two  sets  of  provisional  sum  signals  F12(1)  through  F15(1)  and  F12(U) 

through  F15(0),  together  with  the  provisional  carry  signals  C15(1)  and  C15(0).  The  signals  thus  generated  are 
supplied  to  the  multiplexer  46,  which  selects  one  of  sets  of  the  provisional  sum  signals  F12(1)  -  F15(1)  and 
F12(0)  -  F15(0)  on  the  basis  of  the  value  of  the  real  carry  signal  C7  propagated  from  the  multiplexer  42.  The 
selected  set  of  provisional  sum  signals  are  output  as  real  sum  signals  F12  through  F15.  At  the  same  time,  the 

to  real  carry  signal  C15  is  determined.  Before  determining  the  real  sum  signals  F1  1  through  F15,  the  multiplexer 
46  also  generates  the  aforementioned  the  pair  of  provisional  carry  signals  C15*(1)  and  C15*(0)  on  the  basis  of 
the  values  of  paired  provisional  carry  signals  C11(1),  C11(0),  and  C15(1),  C15(0). 

It  can  be  seen  from  the  above  that  the  multiplexers  42  through  51  can  be  constructed  by  adding  a  function  of 

selecting  provisional  sum  signals  to  the  multiplexers  22  through  31. 
fS  The  above-mentioned  structure  shown  in  FIG.1  1  can  be  represented  as  follows.  Partitioned  adders  are 

arranged  for  every  n  bits.  A  pair  of  provisional  carry  signals  C„s-i(1)  and  Cns-i(0)  (also  represented  as  Ck*(1) 
and  Ck*(0))  is  made  propagated  to  higher-order  digits  by  m  digits  (m  =  n£;  £  is  a  positive  integer),  before  real 

carry  signal  C(s-i)n-i  propagated  from  the  digit  which  is  one  digit  lower  than  the  lowest-order  digit  in  the  s-th 

partitioned  adder  which  is  positioned  upwards  by  s  from  the  partitioned  adder  relating  to  the  lowest-order 

50  digit  reaches  the  s-th  partitioned  adder.  Thereby,  a  pair  of  provisional  carry  signals  Ck*(1)  and  Ck*(0) 
(k  =  n(s  +  1)  -  1,  n(s  +  2)  -1,  n(s  +  )  -1)  is  generated.  Thereafter,  when  the  real  carry  signal  C(s-i)n-i 
relating  to  the  digit  which  is  one  digit  lower  than  the  s-th  partitioned  adder,  is  determined,  +  1  real  carry 
signals  Ck,  C„s-i  and  real  sum  signals  Fj  amounting  to  m  +  n  digits  are  selected  and  determined  at  the  same 
t i m e . . .  

55  Table  2  shows  the  relationship  between  the  highest  digit  to  be  processed  (MSB;  the  most  significant  bit) 
and  corresponding  delay  time  of  the  sum  signal  associated  with  MSB,  obtained  by  conventional  adder  of  FIG.4 
and  the  second  embodiment  of  the  present  invention. 

60 

65 
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T a b l e   2 

Smbodiment   •  P r i o r   A r t  

4SB  D e l a y   t i m e   MSB  D e l a y   t i m e  

4 - 7   5D  . 6 - 9   6D 

8 - 1 5   6D  10  -  14  7D 

16  -  27  7D  15  -  20  8D  10 

28  -  43  8D  21  -  27  9D 

44  -  63  9D  28  -  35  10D 

64  -  87  10D  36  -  44  11D  15 
88  -  115  11D  45  -  54  12D 

L16  -  147  12D  5 5 - 6 5   13D 

66  -  77  14D  20 
78  -  90  15D 

91  -  104  16D 

105  -  119  17D  25 

T a b l e   2  ( C o n t i n e d )  

E m b o d i m e n t   P r i o r   A r t  

MSB  D e l a y   t i m e   MSB  D e l a y   t i m e  

120  -  135  18D 35 
136  -  152  19D 

According  to  the  second  embodiment,  it  takes  1D  or  2D  shorter  than  in  tne  case  or  tne  nrst  emDoaimeni  xo 
Dbtain  the  real  sum  signal  relating  to  each  digit.  Therefore,  the  second  embodiment  is  more  suitable  for  40 
applications  where  extremely  high-speed  processing  is  particularly  required.  On  the  other  hand,  the  first 
ambodiment  can  be  constructed  by  a  number  of  structural  elements  smaller  than  that  for  the  second 
smbodiment,  because  the  first  embodiment  is  not  designed  to  generate  the  provisional  sum  signal  for  each 
digit.  Therefore,  the  first  embodiment  may  be  of  a  smaller  size  and  less  expensive. 

FIGS.12A  through  12D  are  views  illustrating  an  example  of  the  structure  for  the  partitioned  adder  11.  It  is  45 
noted  that  in  FIG.1  1,  it  is  assumed  that  the  real  carry  signal  Cin  is  '0'  for  the  conveniences'  sake  as  in  the  first 
embodiment.  That  is,  no  carry  signal  is  applied  to  the  adder  of  FIG.1  1  .  In  this  case,  the  partitioned  adder  1  1  may 
be  formed  only  by  the  structure  of  FIG.12C.  However,  when  the  partitioned  adder  11  is  designed  to  actually 
receive  the  real  carry  digit  Cin  from  the  lower-order  digit,  the  structure  of  FIGS.12A  through  12D  is  used  for 
constructing  the  partitioned  adder  11.  Of  course,  the  entire  structure  shown  in  FIGS.12A  through  12D  is  50 
applied  to  the  partitioned  adders  32  through  41  as  it  is.  Referring  to  FIG.12A,  the  partitioned  adder  11  receives 
the  carry  propagate  signal  PO  through  P3,  and  the  carry  generate  signals  GO  through  G3,  and  generates  the 
provisional  sum  signals  F0(1)  through  F3(1),  F0(0)  through  F3(0),  and  the  provisional  carry  signals  C3(1)  and 
C3(0).  The  above  holds  true  for  the  partitioned  adder  11  shown  in  FIG.5. 

FIG.12B  illustrates  a  circuit  portion,  which  generates  the  provisional  sum  signals  F0(1)  through  F3(1),  and  55 
the  provisional  carry  signal  C3(1),  which  are  obtained  when  the  carry  signal  is  '1'  which  is  propagated  from  the 
digit  (j  =  -1)  which  is  one  bit  lower  than  the  partitioned  adder  11.  The  illustrated  circuit  portion  is  made  up  of 
exclusive-OR  gates  XOR1  through  XOR3,  inverters  INV41  through  INV52,  and  transfer  gates  TG21  through 
TG24.  The  provisional  sum  signal  F0(1)  is  obtained  at  the  output  of  an  inverter  INV45,  to  which  the  carry 
propagate  signal  P0  is  applied.  The  provisional  sum  signals  F1  (1)  through  F3(1)  are  output  from  the  60 
exclusive-OR  gates  XOR1  through  XOR3,  respectively.  As  shown  in  FIG.12D,  each  of  the  exclusive-OR  gates 
XOR1  through  XOR3  receives  the  carry  propagate  signal  Pj  and  the  inverted  carry  propagate  signal  Pj,  and  the 
carry  signal  Cj-1,1  and  the  inverted  carry  signal  Cj-1,1  and  generates  the  provisional  sum  signal  Fj(1)  (=  Pj  © 
Cj-1,1).  Such  operation  holds  true  for  other  exclusive-OR  gates  described  hereinafter. 

The  provisional  carry  signal  C3(1)  is  generated  by  a  circuit  portion,  which  is  made  up  of  the  transfer  gates  65 
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TG21  through  TG24  and  related  inverters  INV45  through  INV52.  The  transfer  gate  TG21  selects  one  of  the  carry 
propagate  signal  PO  and_a  value  '1',  depending  on  the  values  of  the  carry  propagate  signal  PO  and  inverted 
carry  propagate  signal  PO.  The  selected  signal  is  supplied,  as  the  carry  signal  C0,1,  to  the  transfer  gate  TG22 
and  the  inverter  INV41.  The  transfer  gate  TG22  selects  one  of  the  carry  signal  C0,1  and  the  carry  generate 

5  signal  G1,  depending  on  the  values  of  the  carry  propagate  signal  P1  and  inverted  carry  propagate  signal  PI. 
The  selected  signal  is  the  carry  signal  C1  ,1  ,  which  is  supplied  to  the  transfer  gate  TG23,  the  inverter  INV43  and 
the  exclusive-OR  gate  XOR2.  The  carry  generate  signal  G2  is  supplied  to  the  inverter  INV48  through  the 
inverter  INV48.  The  output  signal  of  the  transfer  gate  TG23  is  the  inverted  carry  signal  C2,1  ,  which  is  supplied  to 
the  transfer  gate  TG24,  the  inverter  44  and  the  exclusive-OR  gate  XOR3.  The  carry  generate  signal  G3  is 

10  supplied  to  the  transfer  gate  TG24  through  the  inverter  INV50.  The  output  signal  of  the  transfer  gate  TG24  is 
the  inverted  carry  signal  C3,1,  which  is  supplied  to  the  inverter  INV52.  The  output  of  the  inverter  INV52  is  the 
provisional  carry  signal  C3(1  ),  which  is  one  candidate  to  be  propagated  to  the  multiplexer  42  (FIG.1  1  ). 

Referring  to  FIG.12C,  the  provisional  sum  signal  F0(0)  is  the  carry  propagate  signal  PO.  The  provisional  sum 
signals  F1  (0)  through  F3(0)  are  output  from  the  exclusive-OR  gates  XOR4  through  XOR6,  respectively.  The 

15  provisional  carry  signal  C3(0)  is  generated  by  a  circuit  portion,  which  is  made  up  of  the  transfer  gates  TG25 
through  TG27,  and  associated  inverters  INV56  through  INV58.  The  transfer  gate  TG25  is  supplied  with  the  carry 
generate  signal  GO  through  the  inverter  INV56,  and  the  carry  generate  signal  G1  through  the  inverter  57,  and 
selects  one  of  the  two  input  signals,  depending  on  the  values  of  the  carry  propagate  signal  P1  and  inverted 
carry  propagate  signal  P1.  The  selected  signal,  i.e.,  the  inverted  carry  signal  C1  ,0  is  supplied  to  the  transfer 

20  gate  TG26,  the  inverter  INV54  and  the_  exclusive-OR  gate  XOR5.  The  transfer  gate  TG26  is  also  supplied  with 
the  inverted  carry  generate  signal  G2,  and  selects  one  of  the  two  input  signals.  The  selected  signal  is  the 
inverted  carry  signal  C2,0,  which  is  then  supplied  to  the  Jransfer  gate  TG27,  the  inverter  55  and  the 
exclusive-OR  gate  XOR6.  The  inverted  carry  generate  signal  G3  is  supplied  to  the  transfer  gate  TG27,  which 
selects  one  of  the  two  input  signals,  depending  on  the  values  of  the  carry  propagate  signal  P3  and  inverted 

25  carry  propagate  signal  P3.  The  selected  signal,  i.e.,  the  inverted  carry  signal  C3,0  is  supplied  to  the  inverter 
INV58,  which  outputs  the  provisional  carry  signal  C3(0). 

FIG.  13  is  a  block  diagram  of  a  64-bit-length  arithmetic  and  logic  unit  based  on  the  aforementioned  second 
embodiment.  In  this  figure,  it  is  assumed  that  the  partitioned  adder  relating  to  the  lowest-order  digit  always 
outputs  the  provisional  carry  signal  C3(0).  As  shown  in  FIG.  13,  some  multiplexers  (MPX3,  MPX4)  and 

30  partitioned  adders  are  added  to  the  structure  of  FIG.  11  in  order  to  process  64  bits.  Further,  carry 
propagate/generate  units  ULB  are  illustrated  in  FIG.13.  Each  of  the  carry  propagate/generate  units  ULB  has 
functions  of  generating  a  bit  Ai  (i  =  0,  1,  2  63;  AO  -  A63)  of  the  i-th  digit  of  64-bit  binary  digit  A,  a  bit  Bi 
(BO  -  B63)  of  the  i-th  digit  of  64-bit  binary  digit  B,  function  selecting  signals  10  through  13,  carry  propagate 
signals  PO  through  P63,  and  carry  generate  signals  GO  through  G63.  A  suitable  known  circuit  may  be  used  for 

35  forming  the  carry  propagate/generate  units  ULB. 
FIGS.14Aand  14B  illustrate  an  example  of  the  structure  for  the  multiplexer  (MPX3)  48  shown  in  FIG.1  1.  The 

illustrated  structure  is  applied  to  each  of  the  other  multiplexers  of  the  same  type  46,  47,  49,  50  and  51  .  The 
multiplexer  48  may  be  constructed  by  adding  a  function  of  selecting  one  of  two  sets  of  provisional  sum  signals 
F24(1)  -  F27(1)  and  F24(0)  -  F27(0),  in  addition  to  the  functions  of  the  multiplexer  28  shown  in  FIGS.10A  and 

40  10B. 
The  multiplexer  48  has  a  first  circuit  portion,  which  is  provided  with  respect  to  each  of  the  provisional  carry 

signals  C23*(1)  and  C23*(0)  and  functions  to  select  one  of  the  provisional  carry  signals  C27(0)  and  C27(1) 
beforehand  by  referring  to  values  of  '1'  and  '0'  of  the  provisional  carry  signals  C23*(1)  and  C23*(0).  The 
selected  carry  signals  with  respect  to  the  provisional  carry  signals  C23*(1)  and  C23*(0)  are  output  as  the 

45  provisional  carry  signals  C27*(1)  and  C27*(0),  respectively.  Further,  the  multiplexer  48  has  a  second  circuit 
portion,  which  functions  to  determine  the  real  carry  signal  C27  by  selecting  one  of  the  carry  signals  obtained 
with  respect  to  the  provisional  carry  signals  C23*(1)  and  C23*(0)  on  the  basis  of  a  value  '1'  or  '0'  of  the  real 
carry  signal  C15  propagated  from  the  multiplexer  46  (FIG.1  1)  when  the  real  carry  signal  C15  is  determined.  The 
real  carry  signal  C15  is  a  signal  which  is  sifted  from  a  partitioned  adder  (partitioned  adder  34  in  this  case)  which 

50  is  spaced  towards  lower-order  digits  from  the  partitioned  adder  of  concern  (partitioned  adder  37)  by  an 
amount  corresponding  to  two  or  more  partitioned  adders.  In  this  manner,  the  first  and  second  circuit  portions 
form  a  two-stage  circuit  in  view  of  operation. 

Referring  to  FIG.14B,  the  above-mentioned  first  circuit  includes  the  transfer  gates  TG31  through  TG40,  and 
inverters  INV61  through  INV76  and  INV78.  The  transfer  gates  TG31  through  TG35  are  controlled  by  output 

55  signals  of  inverters  INV61  and  INV62.  The  transfer  gates  TG36  through  TG40  are  controlled  by  output  signals  of 
inverters  INV74  and  INV75.  The  transfer  gates  TG41  through  TG45  are  controlled  by  inverters  INV73  and  INV83. 
The  inverters  INV61,  INV74  and  INV73  are  supplied  with  the  provisional  carry  signals  C23*(1),  C23*(0)  and  the 
real  carry  signal  C15,  respectively. 

The  transfer  gates  TG31  and  TG41  select  either  the  provisional  carry  signals  C27(1)  or  C27(0),  and 
50  correspond  to  the  transfer  gates  TG15  and  TG16  shown  in  FIG.10B.  The  inverters  INV63  and  INV64  correspond 

to  the  inverters  INV29  and  INV32  shown  in  FIG.10B.  A  circuit  portion,  which  is  made  up  of  the  transfer  gages 
TG32  and  TG37  and  inverters  INV65  and  INV66,  is  provided  with  respect  to  each  of  the  provisional  carry  signals 
C23*(1)  and  C23*(0)  in  order  to  select  one  of  the  provisional  sum  signals  F27(1)  and  F27(0).  In  the  same  way, 
the  transfer  gates  TG33  and  TG38,  and  the  inverters  INV67  and  INV68  are  provided  with  respect  to  the 

55  provisional  sum  signals  F26(1)  and  F26(0).  The  transfer  gates  TG34  and  TG39,  and  the  inverters  INV69  and 
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NV70  are  provided  with  respect  to  the  provisional  sum  signals  F25(1)  and  F25(0).  The  transfer  gates  TQ35  and 
l"G40,  and  the  inverters  INV71  and  INV72  are  provided  with  respect  to  the  provisional  sum  signals  F24(1)  and 
r24(0). 

The  multiplexer  48  also  includes  a  second  circuit  portion,  which  includes  the  transfer  gates  TG41  through 
rG45,  and  inverters  INV77,  INV79,  INV80,  INV81  and  INV82.  The  transfer  gate  T42  selects  one  of  the  provisional  5 
sum  signals  supplied  from  the  inverters  INV65  and  INV66.  The  selected  signal  passes  through  the  inverter  79, 
which  outputs  the  real  sum  signal  F27.  The  transfer  gate  T43  selects  one  of  the  provisional  sum  signals 
supplied  from  the  inverters  INV67  and  INV68.  The  selected  signal  passes  through  the  inverter  80,  which 
Dutputs  the  real  sum  signal  F26.  The  transfer  gate  T44  selects  one  of  the  provisional  sum  signals  supplied  from 
the  inverters  INV69  and  INV70.  The  selected  signal  passes  through  the  inverter  81,  which  outputs  the  real  sum  10 
signal  F25.  The  transfer  gate  T45  selects  one  of  the  provisional  sum  signals  supplied  from  the  inverters  INV71 
and  INV72.  The  selected  signal  passes  through  the  inverter  82,  which  outputs  the  real  sum  signal  F24. 

FIGS.15A  and  15B  illustrate  an  example  of  the  structure  for  the  multiplexer  (MPX4)  45.  The  illustrated 
structure  is  applied  to  each  of  the  other  multiplexers  of  the  same  type  42  through  44.  The  multiplexer  45  has 
Functions  of  selecting  one  of  the  provisional  carry  signals  C31  (1)  and  C31  (0)  and  selecting  one  of  two  sets  of  15 
provisional  sum  signals  F28(1)  through  F31  (1)  and  F28(0)  through  F31(0),  on  the  basis  of  a  value  '1'  or  '0'  of  the 
real  carry  signal  C27. 

Referring  to  FIG.15B,  the  multiplexer  45  includes  the  transfer  gates  TG50  through  TG54,  and  inverters  1NV83 
through  INV99.  The  transfer  gate  TG50  corresponds  to  the  transfer  gate  TG14  shown  in  FIG.9B.  The  inverters 
INV83,  INV84  and  INV95  correspond  to  the  inverters  INV22,  INV23  and  INV26  shown  in  FIG.9B,  respectively.  20 
The  inverters  INV93  and  INV94  correspond  to  the  inverters  INV24  and  INV25  shown  in  FIG.9B,  respectively.  The 
output  signals  of  the  inverters  INV93  and  INV94  are  supplied  to  the  transfer  gates  TG50  through  TG54.  A  circuit 
portion  identical  to  the  circuit  portion,  which  consists  of  the  transfer  gate  TG50  and  inverters  INV83,  INV84  and 
INV95,  is  provided  for  each  of  pairs  of  provisional  sum  signals  F31(1),  F31(0);  F30(1),  F30(0);  F29(1),  F29(0); 
and  F28(1),  F28(0).  That  is,  the  transfer  gate  TG51  and  the  inverters  INV85,  INV86  and  INV96  are  provided  with  25 
respect  to  the  provisional  sum  signal  F31  (1)  and  F31  (0).  The  transfer  gate  TG52  and  the  inverters  INV87,  INV88 
and  INV97  are  provided  with  respect  to  the  provisional  signals  F30(1)  and  F30(0).  The  transfer  gate  TG53  and 
the  inverters  INV89,  INV90  and  INV98  are  provided  with  respect  to  the  provisional  signals  F29(1)  and  F29(0). 
The  transfer  gate  TG54  and  the  inverters  INV91  ,  INV92  and  INV99  are  provided  with  respect  to  the  provisional 
sum  signals  F29(1)  and  F29(0).  30 

In  operation  of  the  second  embodiment,  the  multiplexer  42  relating  to  the  fourth  to  seventh  digits  outputs 
the  real  sum  signals  F4  through  F7  and  the  real  carry  signals  C7  at  the  same  time.  The  real  carry  signal  C7  is 
supplied  to  the  multiplexer  43  which  determines  the  real  sum  signals  F8  through  F1  1  ,  and  also  the  multiplexer 
46  which  determines  the  real  sum  signals  F12  through  F15.  Before  the  supply  of  the  real  carry  signal  C7,  the 
multiplexer  46  already  generates  the  provisional  carry  signals  C15*(1)  and  C15*(0)  by  using  the  provisional  35 
carry  signals  C11(1)  and  C11(0)  propagated  from  the  partitioned  adder  33,  and  the  provisional  carry  signals 
C1  5(1  )  and  C1  5(0)  supplied  from  the  partitioned  adder  34.  Then,  when  the  real  carry  signal  C7  is  supplied  to  the 
multiplexers  43  and  46,  the  real  carry  signals  C11  and  C15  are  simultaneously  determined,  and  the  real  sum 
signals  F8  through  F11  and  F12  through  F15  are  also  determined  at  the  same  time. 

A  description  is  given  of  a  third  embodiment  of  the  present  invention.  The  third  embodiment  corresponds  to  40 
a  variation  of  the  second  embodiment.  FIG.1  6  illustrates  the  entire  structure  of  a  64-bit-length  two-stage  carry 
select  adder  (a  64-bit  ALU)  according  to  the  third  embodiment.  The  essential  feature  of  the  third  embodiment 
lies  in  that  carry  signals  are  generated  by  using  a  block  look  ahead  carry  propagate  signal  BPj  and  a  block  look 
ahead  carry  generated  signal  BGj. 

Referring  to  FIG.  16,  the  second  embodiment  includes  carry  propagate/generate  units  ULB,  which  are  the  45 
same  as  the  aforementioned  carry  propagate/generate  units  ULB  shown  in  FIG.13,  16  partitioned  adders 
(CSA)  51,  16  first  multiplexers  MPX1,  4  block  look  ahead  carry  generate  circuits  BLACG,  and  4  second 
multiplexers  MPX2. 

An  example  of  the  structure  for  the  partitioned  adder  51  relating  to  the  zeroth  bit  to  the  third  bit  is  illustrated 
in  FIGS.17A  through  17C.  The  illustrated  structure  is  applied  to  each  of  the  other  partitioned  adders  of  the  50 
same  type.  Referring  to  FIG.17A,  the  partitioned  adder  51  receives  carry  propagate  signals  P0  through  P3,  and 
carry  generate  signals  GO  through  G3,  and  generates  provisional  sum  signals  F0(1)  through  F3(1)  which  are 
obtained  when  the  carry  signal  Cj  (j  =  -1)  is  '1',  and  provisional  sum  signals  F0(0)  through  F3(0)  which  are 
obtained  when  the  carry  Cj  (j  =  -1)  is  '0".  The  partitioned  adder  51  further  generates  a  block  look  ahead  carry 
propagate  signal  BP3  and  a  block  look  ahead  carry  generate  signal  BG3.  55 

FIG.17B  illustrates  a  circuit  portion,  which  generates  the  provisional  sum  signals  Fj(1)  (j  =  0,  1,  2,3) 
obtained  when  the  carry  Cj  (j  =  -1  )  is  '1  ',  and  generates  the  block  look  ahead  carry  propagate  signal  BP3  to  be 
propagated  to  a  higher-order  digit.  The  circuit  includes  exclusive-OR  gates  XOR7  through  XOR9,  transfer 
gates  TG61  through  TG63,  and  inverters  INV101  through  INV109.  Each  exclusive-OR  gate  may  be  formed  with 
the  circuit  of  FIG.8.  The  provisional  sum  signal  F0(1)  is  output  from  the  inverter  INV105.  The  provisional  sum  60 
signals  F1(1)  through  F3(1)  are  available  at  outputs  of  the  exclusive-OR  gates  XOR7  through  XOR9, 
respectively.  The  block  look  ahead  carry  propagate  signal  BP3  is  generated  by  a4-input  NAND  gate  52  and  an 
inverter  53.  The  4-input  NAND  gate  52  is  supplied  with  the  carry  propagate  signals  P0  through  P3.  The  output 
signal  of  the  NAND  gate  52  passes  through  the  inverter  53,  which  outputs  the  block  look  ahead  carry 
propagate  signal  BP3.  65 

11 



EP  0  334  768  A2 

FIG.17C  illustrates  a  circuit  portion,  which  generates  the  provisional  sum  signals  Fj(0)  (j  =  0,  1,  2,3) 
obtained  when  the  carry  Cj  (j  =  -1)  is  '0',  and  generates  the  block  look  ahead  carry  generate  signal  BG3  to  be 
propagated  to  a  higher-order  digit.  The  circuit  includes  exclusive-OR  gates  XOR10  through  XOR12,  transfer 
gates  TG64  through  TG66,  and  inverters  INV1  10  through  INV1  19.  The  provisional  sum  signal  F0(0)  is  the  carry 

5  propagate  signal  PO.  The  provisional  sum  signals  F1(0)  through  F3(0)  are  available  at  outputs  of  the 
exclusive-OR  gates  XOR10  through  XOR13,  respectively.  The  block  look  ahead  carry  generate  signal  BG3  is 
generated  from  the  output  of  the  inverter  INV119. 

FIGS.18A  and  18B  illustrate  an  example  of  the  structure  for  the  multiplexer  MPX1  relating  to  the  zeroth  digit 
to  the  third  digit.  The  illustrated  structure  is  applied  to  the  remaining  multiplexers  MPX1  of  the  same  type. 

10  Referring  to  FIG.18A,  the  multiplexer  MPX1  is  supplied  with  the  provisional  sum  signals  F0(1)  through  F3(1) 
and  F0(0)  through  F3(0),  the  carry  propagate  signals  PO  through  P3,  an  inverted  real  carry  signal  XGn 
propagated  from  a  digit  which  is  one  bit  lower  than  the  lowest-order  digit,  and  an  ALU  function  selecting  signal 
M'  used  for  selecting  either  a  first  mode  for  outputting  the  arithmetic  summation  or  a  second  mode  for 
outputting  the  logic  operation  result. 

15  Referring  to  FIG.1  8B,  the  multiplexer  MPX1  is  made  up  of  transfer  gates  TG71  through  TG78,  and  inverters 
INV121  through  INV134.  The  inverted  real  carry  signal  XCin  is  supplied  to  the  inverter  INV121  and  the  transfer 
gates  TG71  through  TG74.  The  output  signal  of  the  inverter  INV121  is  supplied  to  the  transfer  gates  TG71 
through  TG74.  The  transfer  gates  TG71  through  TG74  select  one  of  the  corresponding  provisional  sum  signals, 
depending  on  the  value  of  the  inverted  real  carry  signal  XCin.  The  selected  provisional  sum  signals  output  from 

20  the  transfer  gates  TG71  through  TG74  pass  through  the  inverters  INV123,  INV125,  INV127  and  INV129,  and  are 
then  supplied  to  the  transfer  gates  TG75  through  TG78,  respectively.  The  carry  propagate  signals  P3,  P2,  P1 
and  PO  pass  through  the  inverters  INV122,  INV124,  INV126  and  INV128,  and  are  supplied  to  the  transfer  gates 
TG75  through  TG79,  respectively.  Each  of  the  transfer  gates  TG75  through  TG79  selects  one  of  the 
corresponding  signals,  depending  on  the  ALU  function  selecting  signal  M'.  The  selected  signal  output  from  the 

25  transfer  gates  TG75  through  TG79  pass  through  the  respective  inverters  INV131  through  INV134,  output 
signals  of  which  are  the  real  sum  signals  F3  through  F0.  It  can  be  seen  from  the  above  that  when  the  inverted 
real  carry  propagate  signal  SCin  is  determined,  the  real  sum  signals  Fj  are  immediately  determined. 

FIGS.19A  through  19C  illustrate  an  example  of  the  structure  for  the  block  look  ahead  carry  generate  circuit 
BLACG  associated  with  four  partitioned  adders  CSA  relating  to  the  zeroth  digit  to  the  fifteenth  digit.  The 

30  illustrated  structure  is  applied  to  each  of  the  other  block  look  ahead  carry  generate  circuits  BLACG.  The  circuit 
BLACG  is  supplied  with  the  block  look  ahead  carry  propagate  signals  BP3,  BP7,  BP1  1  and  BP15,  and  the  block 
look  ahead  carry  generate  signals  BG3,  BG7,  BG11  and  BG15.  Then,  the  circuit  BLACG  generates  the 
provisional  carry  signals  C3(1),  C3(0),  C7(1),  C7(0),  C11(1),  C11(0),  C15(1)  and  C15(0). 

FIG.1  9B  shows  a  circuit  portion  relating  to  the  case  where  the  carry  Cj  (j  =  -1)  is  '1'  which  is  propagated 
35  from  a  digit  which  is  one  bit  lower  than  the  lowest-order  digit.  This  circuit  portion  is  made  up  of  transfer  gates 

TG81  through  TG94,  and  inverters  INV141  through  INV153.  The  transfer  gates  TG81  through  TG84  are 
controlled  by  the  block  look  ahead  carry  propagate  signals  BP3,  BP7,  BP11  and  BP15  as  well  as  the  inverted 
signals  thereof,  respectively.  The  transfer  gate  TG81  selects  one  of  the  block  look  ahead  carry  propagate 
signal  BP3  and  the  inverted  block  look  ahead  carry  generate  signal  GB3.  The  signal  selected  by  the  transfer 

40  gate  TG81  passes  through  the  inverter  INV141,  and  is  then  supplied  to  the  transfer  gate  TG82  and  is  also 
output  as  the  provisional  carry  signal  C3(1).  The  transfer  gate  TG82  is  supplied  with  the  block  look  ahead  carry 
generate  signal  BG7.  The  signal  from  the  transfer  gate  TG82  passes  through  the  inverter  INV146,  and  is 
supplied  to  the  transfer  gate  TG83  and  the  inverter  INV149.  The  output  signal  of  the  inverter  INV149  is  the 
provisional  carry  signal  C7(1).  The  transfer  gate  TG83  is  supplied  with  the  inverted  block  look  ahead  carry 

45  generate  signal  BGlT  .  The  signal  selected  by  the  transfer  gate  TG83  is  supplied  to  the  transfer  gate  TG84  and 
the  inverter  INV152.  The  output  signal  of  the  inverter  INV152  is  the  provisional  carry  signal  C11(1).  The  signal 
selected  by  the  transfer  gate  TG84  passes  through  the  inverter  INV153,  and  is  then  output  as  the  provisional 
carry  signal  C15(1). 

FIG.19C  shows  a  circuit  portion  relating  to  the  case  where  the  carry  Cj  (j  =  -1)  is  '0'  which  is  propagated 
50  from  a  digit  which  is  one  bit  lower  than  the  lowest-order  digit.  This  circuit  portion  is  made  up  of  transfer  gates 

TG85  through  TG87,  and  inverters  INV156  through  INV159.  The  transfer  gates  TG85  through  TG87  are 
controlled  by  the  block  look  ahead  carry  propagate  signals  BP7,  BP1  1  and  BP15  as  well  as  the  inverted  signals 
BP7,  BPTT  and  BPi5.  The  block  look  ahead  carry  generate  signal  BG3,  which  is  output  as  provisional  carry 
signal  C3(0),  is  supplied  to  the  transfer  gate  TG85,  to  which  the  block  look  ahead  carry  generate  signal  BG7  is 

55  supplied.  The  signal  output  from  the  transfer  gate  TG85  passes  through  the  inverter  INV156,  and  is  then 
supplied  to  the  transfer  gate  TG86  and  the  inverter  INV157.  The  output  signal  of  the  inverter  INV  157  is  the 
provisional  carry  signal  C7(0).  The  transfer  gate  TG86  is  supplied  with  the  inverted  block  look  ahead  carry 
generate  signal  BG11.  The  signal  selected  by  the  transfer  gate  TG86  is  supplied  to  the  transfer  gate  TG87  and 
the  inverter  INV158.  The  output  signal  of  the  inverter  INV158  is  the  provisional  carry  signal  C1  1  (0).  The  transfer 

60  gate  TG87  is  supplied  with  the  inverted  block  look  ahead  carry  generate  signal  BG15.  The  output  signal  of  the 
transfer  gate  TG87  passes  through  the  inverter  INV159,  and  is  then  output  as  the  provisional  carry  signal 
C15(0). 

FIG.20A  and  20B  illustrate  an  example  of  the  structure  for  the  multiplexer  MPX2  associated  with  four 
partitioned  adders  CSA  relating  to  the  zeroth  digit  to  the  fifteenth  digit.  The  illustrated  structure  is  applied  to 

65  each  of  the  other  multiplexers  MPX2  of  the  same  type.  As  shown  in  FIG.20A,  the  multiplexer  MPX2  is  supplied 
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Nth  the  provisional  carry  signals  C3(1)  through  C15(1)  and  C3(0)  through  <JTt>(U),  ana  tne  invenea  reai  carry 
ignal  XCin.  Then  the  multiplexer  MPX2  generates  inverted  real  carry  signals  Ci  (i  =  3,  7,  1  1  ,  15),  namely,  XC3, 
:C8,  XC11  and  XC15. 
As  shown  in  F1G.20B,  the  multiplexer  MPX2  includes  transfer  gates  TG91  through  TG94,  and  inverters 

MV161  through  INV165.  The  inverted  real  carry  signal  XCin  (Cj  (j  =  -1))  is  supplied  to  each  of  the  transfer 
lates  TG91  through  TG94.  The  output  signal  of  the  inverter  INV161  is  supplied  to  each  transfer  gate.  The 
-ansfer  gate  TG91  selects  one  of  the  provisional  carry  signals  C15(1)  and  C15(0).  The  selected  signal  passes 
rirough  the  inverter  INV162,  and  is  then  output  as  the  inverted  real  carry  signal  XC15.  The  transfer  gate  TG92 
elects  one  of  the  provisional  carry  signals  C1  1  (1  )  and  C1  1  (0)  .  The  selected  signal  passes  through  the  inverter 
MV163,  and  is  then  output  as  the  inverted  real  carry  signal  XC11.  The  transfer  gate  TG93  selects  one  of  the 
irovisional  carry  signals  C7(1)  and  C7(0).  The  selected  signal  passes  through  the  inverter  INV164,  and  is  then 
lutput  as  the  inverted  real  carry  signal  XC7.  The  transfer  gate  TG94  selects  one  of  the  provisional  carry  signals 
J3(1)  and  C3(0).  The  selected  signal  passes  through  the  inverter  INV165,  and  is  then  output  as  the  inverted 
eal  carry  signal  XC3.  When  the  inverted  real  carry  signal  XCin  is  determined,  the  inverted  real  carry  signals 
CC3,  XC7,  XC11  and  XC15  are  immediately  determined. 

As  shown  in  FIG.  16,  the  inverted  real  carry  signal  XC15  is  propagated  to  the  multiplexer  MPX2  relating  to  the 
iixteenth  digit  to  thirty-first  digit.  In  this  way,  the  inverted  real  carry  signal  XCin  relating  to  the  highest-order 
ligit  in  each  multiplexer  MPX2  is  propagated  to  higher-order  multiplexer  MPX2. 

In  the  third  embodiment,  each  carry  signal  Cj,0  and  each  block  look  ahead  carry  generate  signal  BGi 
lecessary  for  the  carry  propagating  process  are  generated  by  the  same  circuit  of  transfer  gates  and  inverters. 
:urther,  the  provisional  carry  signal  Ci(1)  for  each  digit  is  generated  by  using  the  block  look  ahead  carry 
>ropagate  signals  BPi  and  the  block  look  ahead  carry  generate  signals  BGi  which  are  generated  for  every  four 
Jigits  by  using  the  same  circuit  of  transfer  gates  and  inverters.  Moreover,  the  provisional  carry  signal  Ci(0)  of 
;ach  digit  is  generated  for  every  16  digits  amounting  to  four  partitioned  adders  CSA  by  the  same  circuit  of 
ransfer  gates  and  inverters.  Thereby,  it  becomes  possible  to  immediately  select  and  determine  the  real  carry 
signal  Ci  to  be  propagated  to  a  higher-order  digit  when  the  real  carry  signal  relating  to  the  digit  which  is  one 
iigit  lower  than  the  lowest-order  digit  in  the  partitioned  adder  of  concern,  is  determined.  This  enables  it  to  be 
jossibie  to  perform  arithmetic  and  logic  operation  at  high  speeds. 

A  description  is  given  of  a  fourth  embodiment  of  the  present  invention.  The  fourth  embodiment  corresponds 
:o  a  variation  of  the  third  embodiment. 

FIG.21  illustrates  the  entire  structure  of  the  fourth  embodiment.  The  carry  propagate/generate  units  ULB, 
t-bit  partitioned  adders  (CSA)  51,  and  multiplexers  MPX1  used  in  the  fourth  embodiment  are  identical  to  those 
;or  the  third  embodiment.  The  essential  feature  of  the  fourth  embodiment  is  that  the  number  of  digits 
subjected  to  the  look  ahead  process  where  block  look  ahead  propagate  and  generate  signals  BPi  and  BGi  are 
jsed,  increases  towards  the  highest-order  digit.  As  shown  in  FIG.21,  the  fourth  embodiment  includes  five 
Dlock  look  ahead  carry  generate  circuits  BLAO,  BLA2,  BLA3,  BLA4  and  BLA5.  Each  of  the  circuits  BLAO  and 
3LA2  generates  inverted  real  carry  signals  amounting  to  two  bits.  The  circuit  BLA3  generates  inverted  real 
Darry  signals  amounting  to  three  bits.  The  circuit  BLA4  generates  inverted  real  carry  signals  amounting  to  four 
oits.  The  circuit  BLA5  generates  inverted  real  carry  signals  amounting  to  five  bits. 

FIG.22A  shows  the  structure  of  the  block  look  ahead  carry  generate  circuit  BLAO,  which  is  related  to  the 
lowest-order  digit  block.  The  circuit  BLAO  is  supplied  with  the  block  look  ahead  carry  propagate  signals  BP3, 
BP7,  block  look  ahead  carry  generate  signals  BG3,  BG7,  and  the  real  carry  signal  Ci  (i  =  -1).  Then  the  circuit 
BLAO  generates  the  inverted  real  carry  signals  C3  and  C7.  The  circuit  BLAO  is  made  up  of  transfer  gates  TG101 
and  TG102,  and  inverters  INV171  through  INV174. 

FIG.  22B  shows  the  structure  of  the  block  look  ahead  carry  generate  circuit  BLA2  relating  to  the  eighth  digit 
to  the  fifteenth  digit.  The  circuit  BLA2  is  supplied  with  the  block  look  ahead  carry  propagate  signals  BP1  1  and 
BP15,  the  block  look  ahead  carry  generate  signals  BG1  1  and  BG15,  and  the.inverted  real  carry  signal  C7  which 
is  supplied  from  the  circuit  of  FIG.22A.  Then  the  circuit  BLA2  generates  the  inverted  real  carry  signals  C1  1  and 
C15  The  circuit  BLA2  consists  of  a  block  look  ahead  carry  generate  circuit  BLACG  (2)  such  as  the  circuit 
BLACG  used  in  the  third  embodiment  (FIGS.16,  19A  -  19C),  and  a  multiplexer  MPX2(2)  such  as  the  multiplexer 
MPX2  used  in  the  third  embodiment  (FIGS.16,  20A,  20B). 

FIG.22C  shows  the  structure  of  the  block  look  ahead  carry  generate  circuit  BLA3,  which  relates  to  the 
sixteenth  digit  to  the  twenty-seventh  digit.  The  circuit  BLA3  is  supplied  with  the  block  look  ahead  carry 
propagate  BP19,  BP23,  and  BP27,  block  look  ahead  carry  generate  signals  BG19,  BG23,  and  BG27,  and  the 
inverted  real  carry  signal  C15,  which  is  supplied  from  the_circuit  BLA2  of  FIG.22B.  Then,  the  circuit  BLA3 
generates  the  inverted  real  carry  signals  C19,  C23  and  C27.  The  circuit  may  be  constructed  by  a  block  look 
ahead  carry  generate  circuit  BLACG(3)  and  a  multiplexer  MPX2(3)  as  in  the  case  of  the  circuit  BLA2  of 
FIG.22B. 

FIG.22D  shows  the  structure  of  the  block  look  ahead  carry  generate  circuit  BLA4,  which  relates  to  the 
twenty-eighth  digit  to  the  fourty-third  digits.  The  circuit  BLA4  is  supplied  with  the  block  look  ahead  carry 
propagate  signals  BP31,  BP35,  BP39  and  BP43,  the  block  look  ahead  carry  generate  signals  BG31,  BG35, 
BG39  and  BG43,  and  the  inverted  real  carry  signal  C27,  which  is  supplied  from  the  circuit  BLA3  of  FIG.22C. 
Then,  the  circuit  BLA4  generates  the  inverted  real  carry  signals  C31,  C35,  C39  and  C43.  The  circuit  may  be 
constructed  by  a  block  look  ahead  carry  generate  circuit  BLACG(4)  and  a  multiplexer  MPX(4)  as  in  the  case  of 
the  circuit  BLA2  of  FIG.22B. 
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FIG.22E  shows  the  structure  of  the  block  look  ahead  carry  generate  circuit  BLA5,  which  relates  to  the 
fourty-fourth  digit  to  the  sixty-third  digit.  The  circuit  BLA5  is  supplied  with  the  block  look  ahead  carry 
propagate  signals  BP47,  BP51,  BP55,  BP59  and  BP63,  block  look  ahead  carry  generate  signals  BG47,  BG51, 
BG55,  BG59  and  BG63,  and  the  inverted  real  carry  signal  C43,  which  is  supplied  from  the  circuit  BLA4  of 

5  FIG.22D.  Then,  the  circuit  BLA5  generates  the  inverted  real  carry  signals  C47,  C51,  C55,  C59  and  C63.  The 
circuit  may  be  constructed  by  a  block  look  ahead  carry  generate  circuit  BLACG  (5)  and  a  multiplexer  MPX(5)  as 
in  the  case  of  the  circuit  BLA2  of  FIG.22B. 

In  operation,  the  circuit  BLAO  is  supplied  with  the  aforementioned  signals  BG3,  BP3,  BG7,  BP7  and  Cin,  and 
generates  the  inverted  real  carry  signals  C3  and  C7.  The  inverted  real  carry  signal  C3  and  the  inverted  real  carry 

10  signal  C  ̂ (FIG.21)  are  used  for  determining  the  real  sum  signals  F0  through  F3  by  selecting,  in  the 
corresponding  multiplexer  MPX1,  one  of  two  sets  of  provisional  sum  signals  F0(1)  -  F3(1)  and  F0(0)  -  F3(0) 
supplied  from  the  corresponding  partitioned  adder  CSA.  Likewise,  the  real  sum  signals  F4  through  F7  are 
determined.  The  inverted  real  carry  signal  C7  is  used  for  determining  the  corresponding  real  sum  signals  by 
selection,  and  is  also  served  as  a  signal  for  determining  inverted  real  carry  signals  relating  to  higher-order 

15  digits.  In  this  way,  provisional  sum  signals  and  provisional  carry  signals  are  calculated  beforehand,  and  real 
sum  signals  and  real  carry  signals  are  immediately  determined  when  the  inverted  real  carry  signal  is 
propagated  from  the  lower-order  digit. 

The  fourth  embodiment  is  faster  than  the  aforementioned  third  embodiment  of  FIG.  16  by  a  delay  time 
amounting  to  two  stages  of  logic  gates. 

20  A  description  is  given  of  a  fifth  embodiment  of  the  present  invention.  The  essential  feature  of  the  fifth 
embodiment  is  that  the  number  of  digits  to  be  processed  in  partitioned  adders  and  multiplexers  is  increased 
towards  the  highest-order  digit.  Referring  to  FIG.23,  partitioned  adders  CSA(f)  (f  =  2,  3,  4,  5  in  the  illustrated 
embodiment)  simultaneously  processes  f  digits.  As  shown,  the  fifth  embodiment  includes  a  partitioned  added 
CSAO,  two  partitioned  adders  CSA(2),  three  partitioned  adders  CSA(3),  four  partitioned  adders  CSA(4),  and 

25  six  partitioned  adders  CSA(5).  Further,  one  partitioned  adder  CSA(3)  is  provided  with  respect  to  the  sixty-first 
digit  to  the  sixty-third  digit. 

Multiplexers  MPX1(f),  which  simultaneously  process  f  digits,  are  provided  with  respect  to  corresponding 
partitioned  adders  CSA(f).  The  fifth  embodiment  includes  two  multiplexers  MPX1(2),  three  multiplexers 
MPX1(3),  four  multiplexers  MPX1(4),  and  six  multiplexers  MPX1(5).  Further,  one  multiplexer  MPX1(3)  is 

30  provided  with  respect  to  the  sixty-first  digit  to  the  sixty-third  digit.  The  partitioned  adder  CSAO  is  the  same  as 
the  partitioned  adder  CSAO  shown  in  FIG.5.  Block  look  ahead  carry  generate  circuits  BLA2,  BLA3,  BLA4  and 
BLA5  are  the  same  as  corresponding  circuits  shown  in  FIG.21  and  FIGS.22B  through  22E.  Further,  one 
multiplexer  MPX1  (3)  is  provided  with  respect  to  the  sixty-first  digit  to  the  sixty-third  digit. 

FIG.24A  and  24B  illustrate  the  structure  of  the  partitioned  adder  CSAO.  As  depicted,  the  partitioned  adder 
35  CSAO  is  provided  with  the  carry  propagate  signals  PO  and  P1  ,  the  carry  generate  signals  GO  and  G1  ,  and  the 

real  carry  signal  Cin  propagated  from  the  digit  which  is  one  digit  lower  than  the  lowest-order  digit.  The 
partitioned  adder  CSAO  is  made  up  of  two  exclusive-OR  gates  XOR21  and  XOR22,  two  transfer  gates  TG111 
and  TG112,  and  five  inverters  INV171  through  INV175. 

In  operation,  the  second  and  third  digits,  and  the  fourth  and  fifth  digits  are  processed  in  the  corresponding 
40  partitioned  adders  CSA(2)  and  multiplexers  MPX1  (2).  The  circuit  BLA2  is  provided  with  the  block  look  ahead 

carry  propagate  signals  BP3  and  BP5,  the  block  look  ahead  carry  generate  signals  BG3  and  BG5,  and  the 
inverted  real  carry  signal  CT  propagated  from  the  lower-order  digit,  which  are  necessary  to  generate  the 
inverted  real  carry  signals  C3  and  C5.  Responsive  to  the  inverted  real  carry  signal  C1,  the  inverted  real  carry 
signals  C3  and  C5  are  simultaneously  generated  by  the  circuit  BLA2.  It  takes  a  delay  time  of  3D  after  the  carry 

45  propagate  signals  Pj  and  the  carry  generate  signals  Gj  are  generated.  As  described  previously,  D  is  a  unit  delay 
time  taken  for  a  signal  to  pass  through  a  transfer  gate. 

The  block  look  ahead  carry  propagate  and  generate  signals  BPi  and  BGi  to  be  propagated  to  higher-order 
digits  are  designed  to  be  output  when  the  corresponding  inverted  real  carry  signals  Ci  are  supplied  from 
lower-order  digits.  This  is  done  by  designing  higher  partitioned  adders  to  process  an  increased  number  of 

50  digits.  In  this  way,  the  provisional  sum  signals  Fj(1)  and  Fj(0)  relating  to  the  second  digit  to  the  eighth  digit  are 
obtained  with  a  delay  time  of  4D,  and  the  provisional  sum  signals  Fj(1)  and  Fj(0)  relating  to  the  ninth  digit  to  the 
eighteenth  digit  are  obtained  with  a  delay  time  of  5D.  Further,  the  provisional  sum  signals  Fj(1)  and  Fj(0) 
relating  to  the  nineteenth  digit  to  the  thirty-fifth  digit  are  obtained  with  a  delay  time  of  7D,  and  the  provisional 
sum  signals  Fj(1  )  and  Fj(0)  relating  to  the  thirty-sixth  digit  to  the  sixtieth  digit  are  obtained  with  a  delay  time  of 

55  7D.  Moreover,  the  provisional  sum  signals  Fj(1)  and  Fj(0)  relating  to  the  sixty-first  digit  to  the  sixty-third  digit 
are  obtained  with  a  delay  time  of  8D.  It  can  be  seen  from  the  above  that  the  fifth  embodiment  presents  further 
increased  processing  speed.  The  fifth  embodiment  is  2D  faster  than  the  aforementioned  fourth  embodiment. 
As  a  result,  the  fifth  embodiment  is  the  fastest.  On  the  other  hand,  the  fifth  embodiment  does  not  have  the 
regularity  of  arrangement  of  partitioned  adders  CSA(f)  and  multiplexers  MPX1(f),  which  requires  partitioned 

60  adders  and  multiplexers  which  process  different  digits. 
The  aforementioned  multiplexers  may  be  constructed  by  NMOS,  PMOS,  other  metal-insulator-semiconduc- 

tor  transistors,  MESFETs,  HEMTs,  or  bipolar  devices  as  the  transfer  gates  can  be  replaced  with  the  logic  gate 
equivalent  to  the  selector  in  FIG.7A  using  these  devices. 

The  present  invention  is  not  limited  to  the  embodiments,  and  variations  and  modification  may  be  made 
65  without  departing  from  the  scope  of  the  invention. 
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Maims 

1  .  An  operation  circuit  for  M-bit  parallel  full  addition,  comprising  N  partitioned  adders  (11-21)  provided  5 
for  every  n  bits  (n  <  M;  N  ^  M/n),  and  means  (22  -  31)  for  generating  real  carry  signals  Ck  and  Cns-i 
relating  to  said  partitioned  adders, 
characterized  in  that  each  of  said  partitioned  adders  generates  a  pair  of  provisional  carry  signals  Cns-i(1) 
and  Cns-i(O)  relating  to  the  s-th  partitioned  adder  from  the  partitioned  adder  relating  to  the  lowest  order 
digit,  and  generates  real  sum  signals  Fj  amounting  to  n  bits,  said  paired  provisional  carry  signals,  being  10 
calculated  supposing  afirst  case  where  the  carry  of  a  lower-order  digit  is  '1  '  and  a  second  case  where  the 
carry  of  said  digit  is  '0'  ,  and 
that  said  means  comprises  first  means  (22  -25)  for  selecting  one  of  paired  provisional  carry  signals 
Cns-i(1)  and  Cns-i(O)  supplied  from  the  s-th  partitioned  adder,  depending  on  the  value  of  the  real  carry 
signal  C(s-i)n-i  supplied  from  the  (s-1)th  partitioned  adder,  said  selected  one  of  said  provisional  carry  15 
signals  being  the  real  carry  signal  C„s-i  to  be  propagated  from  the  s-th  partitioned  adder,  and 
second  means  (26  -  31)  for  generating  a  pair  of  provisional  carry  signals  Ck*(1)  and  Ck*(0)  (k  =  n(s  + 
1)  -  1,  n(s  +  2)  -1,  n(s  +  £)  -  1)  by  referring  to  paired  provisional  carry  signals  Cr(1)  (or  Cr*(1); 
r  =  k  -  n  =  ns  -  1  )  and  cr(0)  (or  Cr*  (0)  ;  r  =  k  -  n  =  ns  -1  )  which  are  lower  by  n  digits  than  the  ones  to  be 
generated,  and  for  generating  £  real  carry  signals  Ck  at  the  same  time  by  selecting  either  said  provisional  20 
carry  signal  Ck*(1)  or  Ck*(0),  depending  on  the  real  carry  signal  C(S-i)n-i  relating  to  a  digit  which  is  one 
digit  lower  than  the  lowest-order  digit  of  the  s-th  partitioned  adder. 

2.  An  operation  circuit  as  claimed  in  claim  1  ,  characterized  in  that  each  of  said  partitioned  adders  is  a 
4-bit  partitined  adder  (n  =  4),  and  said  first  means  comprises  first  and  second  multiplexers  (22,  23) 
associated  with  the  second  and  third  partitioned  adders  (12,  13),  respectively,  said  second  means  25 
comprising  afirst  multiplexer  (26)  associated  with  the  fourth  partitioned  adder  (14), 
that  said  first  multiplexer  (22)  selects  one  of  a  pair  of  provisional  carry  signals  C7(1)  and  C7(0)  relating  to 
the  seventh  digit,  depending  on  the  value  of  the  real  carry  signal  C3  propagated  from  the  first  partitioned 
adder  (11),  thereby  generating  a  real  carry  signal  C7  relating  to  the  seventh  digit,  which  is  supplied  to  said 
second  multiplexer  (23)  of  said  first  means  and  said  first  multiplexer  (26)  of  said  second  means,  30 
that  said  first  multiplexer  (23)  selects  one  of  a  pair  of  provisional  carry  signals  C1  1  (1  )  and  C1  1  (0)  relating 
to  the  eleventh  digit,  depending  on  the  value  of  the  real  carry  signal  propagated  from  the  real  carry  signal 
C7  relating  to  the  seventh  digit,  and 
that  said  first  multiplexer  (26)  of  said  second  means  generates  a  pair  of  provisional  carry  signals  C15*{1) 
and  C15*(0)  by  using  a  pair  of  provisional  carry  signals  C11(1)  and  C11(0)  propagated  from  the  third  35 
partitioned  adder  (13)  and  a  pair  of  provisional  carry  signal  C15(1)  and  C15(0)  propagated  from  the  fourth 
partitioned  adder  (14),  and  generates  a  real  carry  signal  C15  when  the  real  carry  signal  C7  of  the  second 
partitioned  adder  (12)  is  generated. 

3.  An  operation  circuit  as  claimed  in  claim  2,  characterized  in  that  said  first  means  comprises  a  third 
multiplexer  (24)  and  said  second  means  comprises  second  and  third  multiplexers  (27,  28),  and  a  pair  of  40 
provisional  carry  signals  C19(1)  and  C19(0)  supplied  from  the  fifth  partitioned  adder  (15)  is  supplied  to 
said  third  multiplexer  (24)  of  said  first  means  and  said  second  multiplexer  (27)  of  said  means, 
that  said  second  multiplexer  (27)  of  said  second  means  generates  a  pair  of  provisional  carry  signals 
C23*(1)  and  C23*(0)  from  said  paired  provisional  carry  signals  C19(1)  and  C19(0)  and  a  pair  of  provisional 
carry  signals  C23(1)  and  C23(0)  supplied  from  the  sixth  partitioned  adder  (16),  said  paired  provisional  45 
carry  signals  C23*(1)  and  C23*(0)  being  supplied  to  the  third  multiplexer  (28)  of  said  second  means, 
which  generates  a  pair  of  provisional  carry  signals  C27*(1)  and  C27*(0),  and 
that  when  said  real  carry  signal  C15  is  generated,  said  third  multiplexer  (24)  of  said  first  means  generates 
a  real  carry  signal  C19  relating  to  the  fifth  partitioned  adder,  said  second  and  third  multiplexers  (27,  28)  of 
said  second  means  generate  real  carry  signals  C23  and  C27  relating  to  the  sixth  and  seventh  partitioned  50 
adders  (16,  17),  respectively. 

4.  An  operation  circuit  as  claimed  in  claim  1  ,  characterized  in  that  said  first  means  comprises  a  selector 
(TG14)  which  selects  either  said  provisional  carry  signal  Cns-i(1)  or  Cns-i(0),  and  an  inverter  (INV26) 
through  which  the  selected  provisional  carry  signal  passes,  and  characterized  in  that  said  inverter  outputs 
said  real  carry  signal  Cns-i  .  55 

5.  An  operation  circuit  as  claimed  in  claim  4,  characterized  in  that  said  selector  comprises  a  transfer 
gate. 

6.  An  operation  circuit  as  claimed  in  claimed  1,  characterized  in  that  said  second  means  comprises  a 
first  selector  (TG15)  which  selects  either  said  provisional  carry  signal  Ck(1)  or  Ck(0),  depenting  on  the 
value  of  said  provisional  carry  signal  Cr(1)  (orC*(1);r  =  k-n  =  ns-1);  so 
a  second  selector  (TG16)  which  selects  either  said  provisional  carry  signal  Ck(1)  or  Ck(0),  depending  on 
the  value  of  said  provisional  carry  signal  Cns-1  (0)  (Ck*  (0)  ;  k  =  ns  -  1  )  ; 
first  and  second  inverters  (INV29,  INV32)  through  which  selected  provisional  carry  signals  supplied  from 
said  first  and  second  selectors  pass,  respectively; 
a  third  selector  (TG17)  which  selects  one  of  the  signals  supplied  from  said  first  and  second  inverters  ;  65 

15 
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and  a  third  inverter  (INV36)  through  which  said  carry  signal  supplied  rrom  saia  inira  seiecior  passes,  me 
output  signal  of  said  third  selector  being  the  real  carry  signal  Ck. 

7.  An  operation  circuit  as  claimed  in  claim  6,  characterized  in  that  said  second  means  further  comprises 
fourth  and  fifth  inverters  (INV35,  INV37)  connected  to  said  first  and  second  inverters  (INV29,  INV32), 

5  respectively,  and  output  signals  of  said  fourth  and  fifth  inverters  are  said  provisional  carry  signals  Ck*(1) 
and  Ck*(0). 

8.  An  operation  circuit  as  claimed  in  claim  1,  characterized  in  that  each  of  said  N  partitioned  adders 
(11-21)  comprises  real  sum  generating  mean  for  generating  said  real  sum  signals  Fj  amounting  to  n  bits, 
said  real  sum  generating  means  including  transfer  gates  (TG4  -TG10)  and  inverters  (INV8  -  INV15,  INV20, 

•0  INV21),  and  further  comprises  provisional  carry  signal  generating  means  for  generating  said  pair  of 
provisional  carry  signals  Cns-i(1)  and  Cns-i(0),  said  provisional  carry  signal  generating  means  including 
transfer  gates  (TG1  -TG3,TG11  -TG13)  and  inverters  (INV1  -  INV7,  INV16  -  INV19). 

9.  An  operation  circuit  as  claimed  in  any  of  claimed  1  to  8,  characterized  in  that  said  £  is  set  so  as  to 
increase  toward  the  highest  digit. 

15  10.  An  operation  circuit  for  M-bit  parallel  full  addition,  comprising  N  partitioned  adders  (11,  32  -41) 
provided  for  every  n  bits  (n  <  M;  N  ^  M/n),  and  means  (42  -  51)  for  generating  real  carry  signals  Ck  and 
Cns-i,  and  real  sum  signals  Fj  relating  to  said  partitioned  adders, 
characterized  in  that  each  of  said  partitioned  adders  generates  a  pair  of  provisional  carry  signals  Cns-i(1) 
and  Cns-i(O)  relating  to  the  s-th  partitioned  adder  from  the  partitioned  adder  relating  to  the  lowest-order 

?0  digit,  and  generates  a  pair  of  provisional  sum  signals  Fj(1  )  and  Fj(0)  each  amounting  to  n  bits,  said  paired 
provisional  carry  signals  and  said  paired  provisional  sum  signals  being  calculated  supposing  a  first  case 
where  the  carry  of  a  lower-order  digit  is  '1  '  and  a  second  case  where  the  carry  of  said  digit  is  '0',  and 
that  said  means  comprises  first  means  (42  -45)  for  selecting  one  of  paired  provisional  carry  signals 
Cns-i(D  and  Cns-i(O)  and  selecting  one  of  paired  provisional  sum  signals  Fj(1)  and  Fj(0)  supplied  from  the 

?5  s-th  partitioned  adder,  depending  on  the  value  of  the  real  carry  signal  C(S-Dn-i  supplied  from  the  (s-1)th 
partitioned  adder,  said  selected  one  of  said  provisional  carry  signals  being  the  real  carry  signal  Cns-i  to  be 
propagated  from  the  s-th  partitioned  adder,  said  selected  one  of  said  provisional  sum  signals  being  the 
real  sum  signals  amounting  to  n  bits  relating  to  said  s-th  partitioned  adder,  and 
second  means  (46  -  51)  for  generating  a  pair  of  provisional  carry  signals  Ck*(1)  and  Ck*(0)  (k  =  n(s  + 

30  1)  -  1,  n(s  +  2)  -1  n(s  +  £)  -  1)  by  referring  to  paired  provisional  carry  signals  Cr(1)  (or  Cr*(1); 
r  =  k  -  n  =  ns  -  1  )  and  Cr(0)  (or  Cr*  (0)  ;  r  =  k  -  n  =  ns  -1  )  which  are  lower  by  n  digits  than  the  ones  to  be 
generated,  and  for  generating  £  real  carry  signals  Ck,  and  real  sum  signals  Fj  amounting  to  n£  digits  at  the 
same  time  by  selecting  either  said  provisional  carry  signal  Ck*(1)  or  Ck*(0),  and  by  selecting  either 
provisional  sum  signals  Fj(1)  of  Fj(0),  depending  on  the  real  carry  signal  C(s-i)n-i  relating  to  a  digit  which  is 

35  one  digit  lower  than  the  lowest-order  digit  of  the  s-th  partitioned  adder. 
11.  An  operation  circuit  as  claimed  in  claim  10,  characterized  in  that  each  of  said  partitioned  adders  is  a 

4-bit  partitioned  adder  (n  =  4),  and  said  first  means  comprises  first  and  second  multiplexers  (42,  43) 
associated  with  the  second  and  third  partitioned  adders  (32,  33),  respectively,  said  second  means 
comprising  afirst  multiplexer  (46)  associated  with  the  fourth  partitioned  adder  (34), 

40  that  said  first  multiplexer  (42)  selects  one  of  a  pair  of  provisional  carry  signals  C7(1)  and  C7(0)  and  selects 
one  of  a  pair  of  provisional  sum  signals  Fj(1)  and  Fj(0)  (j  =  4-7)  relating  to  the  fourth  to  the  seventh 
digits,  depending  on  the  value  of  the  real  carry  signal  C3  propagated  from  the  first  partitioned  adder  (11), 
thereby  generating  a  real  carry  signal  C7  relating  to  the  seventh  digit,  which  is  supplied  to  said  second 
multiplexer  (43)  of  said  first  means  and  said  first  multiplexer  (46)  of  said  second  means,  and  generating 

45  the  real  sum  signal  Fj  (j  =  4  -  7)  , 
that  said  second  multiplexer  (43)  selects  one  of  a  pair  of  provisional  carry  signals  C11(1)  and  C11(0)  and 
selects  one  of  a  pair  of  provisional  sum  signals  Fj(1)  and  Fj(0)  (j  =  8  -  11)  relating  to  the  eighth  to  the 
eleventh  digits,  depending  on  the  value  of  the  real  carry  signal  C7  relating  to  the  seventh  digit,  and 
that  said  first  multiplexer  (46)  of  said  second  means  generates  a  pair  of  provisional  carry  signals  C15*(1) 

50  and  C15*(0)  by  using  a  pair  of  provisional  carry  signals  C11(1)  and  C11(0)  propagated  from  the  third 
partitioned  adder  (33)  and  a  pair  of  provisional  carry  signals  (C15(1)  and  C15(0)  propagated  from  the 
fourth  partitioned  adder  (34),  and  generates  a  real  carry  signal  C15  when  the  real  carry  signal  C7  of  the 
second  partitioned  adder  (32)  is  generated,  and  the  real  sum  signal  Fj  (j  =  12  -  15). 

12.  An  operation  circuit  as  claimed  in  claim  11,  characterized  in  that  said  first  means  comprises  a  third 
55  multiplexer  (44)  and  said  second  means  comprises  second  and  third  multiplexers  (47,  48),  and  a  pair  of 

provisional  carry  signals  C19(1)  and  C19(0)  supplied  from  the  fifth  partitioned  adder  (35)  is  supplied  to 
said  third  multiplexer  (44)  of  said  first  means  and  said  second  multiplexer  (47)  of  said  second  means, 
that  said  second  multiplexer  (47)  of  said  second  means  generates  a  pair  of  provisional  carry  signals 
C23*(1)  and  C23*(0)  from  said  paired  provisional  carry  signals  C19(1)  and  C19(0)  and  a  pair  of  provisional 

60  carry  signals  C23(1)  and  C23(0)  supplied  from  the  sixth  partitioned  adder  (16),  said  paired  provisional 
carry  signals  C23*(1)  and  C23*(0)  being  supplied  to  the  third  multiplexer  (48)  of  said  second  means, 
which  generates  a  pair  of  provisional  carry  signals  C27*(1)  and  C27*(0),  and 
that  when  said  real  carry  signal  C15  is  generated,  said  third  multiplexer  (44)  of  said  first  means  generates 
a  real  carry  signal  C19  and  real  sum  signal  Fj  (j  =  16  -  19)  relating  to  the  fifth  partitioned  adder,  said 

65  second  multiplexer  (47)  of  said  second  means  generates  real  carry  signals  C23  and  real  sum  signal  Fj 
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=  20-23)  relating  to  the  sixth  partitioned  adder  (3fc>),  ana  saia  inira  mumpiexer  itoj  oi  saiu  !>buumu 
leans  generates  a  real  carry  signal  C27  and  real  sum  signal  Fj  (j  =  24  -  27)  relating  to  the  seventh 
artitioned  adder  (37)  ,  respectively. 
13.  An  operation  circuit  as  claimed  in  claim  10,  characterized  in  that  said  second  means  comprises  first 
elector  means  (TG31,  INV63,  INV76)  for  selecting  either  said  provisional  carry  signal  Ck(1)  or  Ck(0),  5 
epending  on  the  value  of  said  provisional  carry  signal  Cr(1)  (or  Cr*(1),  r  =  k-  n  =  ns  -  1),  the  selected 
rovisional  signal  being  said  provisional  carry  signal  Ck*  (1  )  ; 
econd  selector  means  (TG36,  INV64,  INV78)  for  selecting  either  said  provisional  carry  signal  Ck(1)  or 
;k(0),  depending  on  the  value  of  said  provisional  carry  signal  Cr(0)  (or  Cr*(0);  r  =  k  -  n  =  ns  -  1),  the 
elected  provisional  signal  being  said  provisional  carry  signal  Ck*  (0)  ;  10 
-lird  selector  means  (TG32  -  TG35,  INV65,  INV67,  INV69,  INV71)  for  selecting  either  said  provisional  sum 
ignal  Fj(1)  or  Fj(0),  depending  on  the  value  of  said  provisional  carry  signal  Cr(1)  (or  Cr*(1); 
=  k-n  =  ns-1); 

Durth  selector  means  (TG37  -  TG40,  INV66,  INV68,  INV70,  INV72)  for  selecting  either  said  provisional  sum 
ignal  Fj(1)  or  Fj(0),  depending  on  the  value  of  said  provisional  carry  signal  Cr(0)  (or  Cr*(0);  15 
=  k  -  n  =  ns  -  1); 

ifth  selector  means  (TG41,  INV77)  for  selecting  one  of  signals  supplied  from  said  first  and  second 
elector  means,  depending  on  said  real  carry  signal  C(S-i)n-i,  thereby  generating  said  real  carry  signal  Ck, 
ind 
iixth  selector  means  (TG42  -  TG45,  INV79  -INV82)  for  selecting  one  of  signals  supplied  from  said  third  and  20 
ourth  selector  means,  depending  on  said  real  carry  signal  C(S-on-i,  thereby  generating  said  real  sum  signal 

14.  An  operation  circuit  as  claimed  in  claim  10,  characterized  in  that  said  first  means  comprises  first 
selector  means  (TG50,  INV83,  INV84,  INV95)  for  selecting  either  said  provisional  carry  signal  Cns-i(1)  or 
Dns-i(O),  depending  on  the  value  of  said  real  carry  signal  C(S-Dn-i,  thereby  producing  said  real  carry  signal  25 
Dns-1  ;  and  . .  second  selector  means  (TG51  -  TG54,  INV85  -INV92,  INV96  -  INV99)  for  selecting  either  said  provisional 
sum  signal  Fj(1)  or  Fj(0),  depending  on  the  value  of  said  real  carry  signal  C(s-i)n-i,  thereby  producing  said 
eal  sum  signal  Fj. 
15.  An  operation  circuit  as  claimed  in  any  of  claims  10  to  14,  characterized  in  that  each  of  said  first  30 
hrough  sixth  selector  means  comprises  transfer  gates  and  inverters. 
16.  An  operation  circuit  as  claimed  in  claim  14,  characterized  in  that  each  of  said  first  and  second 

selector  means  comprises  transfer  gates  and  inverters. 
17.  An  operation  circuit  as  claimed  in  any  of  claims  10  to  16,  characterized  in  that  said  £  is  set  so  as  to 

ncrease  toward  the  highest  digit.  35 
18.  An  operation  circuit  for  M-bit  parallel  full  addition,  comprising  N  partitioned  adders  (51), 

characterized  in  that  each  of  said  N  partitioned  adders  (51)  processes  a  corresponding  number  of  bits, 
generates  a  pair  of  black  look  ahead  carry  propagate  signal  BPi  and  block  look  ahead  carry  generate 
signal  BGi,  and  generates  a  pair  of  provisional  sum  signals  Fj(1  )  and  Fj(0)  supposing  afirst  case  where  the 

:arry  of  a  lower-order  digit  is  '1  '  and  a  second  case  where  the  carry  of  said  digit  is  '0'  ;  and  40 
that  said  operation  circuit  further  comprises  a  plurality  of  first  means  (MPX1)  each  for  selecting  either  one 
o1  said  paired  provisional  sum  signals  Fj(1  )  and  Fj(0),  thereby  producing  a  real  sum  signal  Fj  ; 
a  plurality  of  second  means  (BLACG)  each  for  generating  a  pair  of  provisional  carry  signals  Cj(1  )  and  Cj(0) 
supposing  a  first  case  where  the  carry  of  a  lower-order  digit  is  '1'  and  a  second  case  where  the  carry  of 
said  digit  is  '0';  45 
a  plurality  of  third  means  (MPX2)  each  for  generating  inverted  real  carry  signals  XCj  for  each  of  blocks 
each  including  a  corresponding  number  of  bits  by  selecting  one  of  said  paired  provisional  carry  signals, 
said  inverted  real  carry  signals  XCj  being  supplied  to  said  first  means  (MPX1)  and  used  for  said  selecting 
operation  of  the  corresponding  first  means,  the  inverted  real  carry  signal  of  the  highest-order  digit  in  each 
of  said  inverted  real  carry  signals  being  propagated  to  one  of  said  plurality  of  third  means  which  is  50 
positioned  at  a  higher-order  digit. 
19.  An  operation  circuit  as  claimed  in  claim  18,  characterized  in  that  each  of  said  first  through  third 

means  and  said  partitioned  adders  comprises  transfer  gates  and  inverters,  said  transfer  gates  being 
served  as  switches. 
20.  An  operation  circuit  as  claimed  in  claim  18,  characterized  in  that  said  number  of  bits  included  in  each  55 

of  said  blocks  is  set  so  as  to  increase  toward  the  highest-order  digit. 
21.  An  operation  circuit  as  claimed  in  claim  18,  characterized  in  that  the  number  of  bits  included  in  each 

of  said  blocks  is  set  identical  to  each  other. 
22.  An  operation  circuit  as  claimed  in  claim  18,  characrterized  in  that  the  number  of  bits  to  be  processed 

in  each  of  said  partitioned  adders  is  set  equal  to  each  other.  60 
23.  An  operation  circuit  as  claimed  in  claim  18,  characterized  in  that  the  number  of  bits  to  be  processed 

in  each  of  said  partitioned  adders  is  set  so  as  to  increase  toward  the  highest  bit. 

65 
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