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©  A  one's  complement  adder  and  method  of  operation. 

©  A  one's  complement  adder  (18)  has  a  plurality  of  adder  cells  (20  through  35)  and  generate  propagate 
circuitry  (36  through  40)  for  adding  a  first  and  a  second  operand.  Each  of  the  adder  cells  logically  adds  a 
selected  differing  set  of  input  bits.  Each  set  of  input  bits  has  a  first  bit,  a  second  bit  and  a  third  bit.  The  output  of 
each  of  the  adder  cells  generates  a  sum  bit  that  is  logically  equivalent  to  the  least  significant  bit  of  a 
mathematical  sum  of  the  three  bits.  The  generate-propagate  circuitry  generates  a  generate  signal  and  a  plurality 
of  carry  bit  signals.  The  generate  signal  is  coupled  to  one  of  the  adder  cells  to  generate  one  of  the  third  bits. 
The  plurality  of  carry  bits  generates  the  remaining  third  bits. 
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Field  of  the  Invention 

The  present  invention  generally  relates  to  digital  computing  systems,  and  more  specifically  to  a  one's 
complement  adder. 

5 
Background  of  the  Invention 

Several  protocols  exist  for  the  representation  of  binary  numbers  in  digital  computing  systems.  One  of 
these  protocols  is  known  as  "one's  complement."  In  a  one's  complement  representation,  the  negation 

w  operation  of  a  number  is  generated  by  inverting  each  bit  of  the  number.  For  instance,  the  binary 
representation  of  the  decimal  number  two  and  negative  two  is  (0010)  and  (1101),  (from  most  significant  to 
least  significant  bit)  respectively.  The  most  significant  bit  indicates  the  sign  of  the  number.  A  logic  one  in 
the  most  significant  bit  indicates  that  the  number  is  a  negative  number.  A  logic  zero  in  the  most  significant 
bit  indicates  that  the  number  is  a  positive  number.  This  format  is  obviously  convenient  to  use  when  the  sign 

75  of  a  number  is  material  to  a  calculation.  Also,  the  same  adder  can  easily  perform  an  add  operation  of  all 
four  sign  permutations  (A  +  B,  A-B,  -A  +  B,  -A-B)  of  two  operands. 

One's  complement  representation  has  at  least  one  disadvantage:  after  an  addition  operation,  an 
additional  step  is  necessary  to  obtain  the  correct  result.  The  most  significant  carry  bit  must  be  added  to  the 
least  significant  result  or  sum  bit.  This  "wrap-around"  carry  may  cause  other  bits  to  change  also.  For 

20  instance  the  sum  of  three  (0011)  and  negative  two  (1101)  is  one.  However,  a  straight  bit  add  of  (0011)  and 
(1101)  is  (10000),  where  the  leading  one  corresponds  to  the  carry  bit  from  the  fourth  bit  add.  In  one's 
complement  representation,  four  zeros  correspond  to  a  (positive)  zero.  As  described  above,  if  the  most 
significant  carry  bit  is  added  to  the  least  significant  bit  add  result,  then  the  correct  result  is  obtained:  (0001). 

FIG.s  1  and  2  depict  a  first  and  a  second  one's  complement  adder  known  in  the  art.  Both  adders  add 
25  two  input  operands,  labeled  A  and  B,  and  generate  a  sum  result,  labeled  S.  A,  B  and  S  are  represented  in 

one's  complement  notation.  In  the  adder  10  depicted  in  FIG.  1,  a  carry-look-ahead  adder  12  (hereafter 
simply  CLA  adder)  generates  a  generic  bit  add  of  the  two  operands  A  and  B  and  a  most  significant  carry 
bit,  Cout-  The  generic  bit  add  result  and  most  significant  carry  bit  are  input  to  an  incrementer  14. 
Incrementer  14  adds  its  two  inputs  in  a  subsequent  clock  cycle.  As  depicted,  the  least  significant  carry  bit 

30  input,  Cin,  to  CLA  adder  12  is  always  a  logic  zero.  In  the  adder  16  depicted  in  FIG.  2,  the  most  significant 
carry  bit  of  a  CLA  adder  is  feed  directly  into  the  least  significant  carry  bit  input  of  the  same  CLA  adder. 

Both  adders  10  and  16  generate  the  correct  result  and  follow  the  one's  complement  protocol.  However, 
both  adders  have  disadvantages  that  make  them  less  than  optimal.  For  instance,  adder  10  requires  two 
operations  to  perform  an  add  operation  and  requires  die  area  for  both  CLA  adder  12  and  incrementer  14. 

35  Though  smaller  than  adder  10,  adder  16  requires  a  minimum  time  for  the  CLA  adder  12  to  generate  the 
most  significant  carry  bit,  feed  it  back  into  the  least  significant  carry  bit  input,  and  allow  the  bit  to  propagate 
through  CLA  adder  12.  This  minimum  time  may  impose  a  limitation  on  the  clock  speed  of  a  system,  such 
as  a  data  processor,  incorporating  the  adder.  Also,  integrated  circuits  must  now  be  designed  and  modeled 
on  complex  computer  aided  design  tools.  Many  of  these  tools  can  not  model  single-cycle  feedback  loops 

40  such  as  the  one  occurring  in  adder  16.  This  limitation  precludes  the  use  of  adder  16  with  many  design 
methodologies. 

Summary  of  the  Invention 

45  In  accordance  with  the  present  invention,  there  is  disclosed  a  one's  complement  adder  having  a  carry 
bit  feedback  mechanism  which  substantially  eliminates  disadvantages  of  prior  one's  complement  adders. 

A  one's  complement  adder  has  a  plurality  of  adder  cells  and  generate  propagate  circuitry  for  adding  a 
first  and  a  second  operand.  Each  of  the  adder  cells  logically  adds  a  selected  differing  set  of  input  bits.  Each 
set  of  input  bits  has  a  first  bit,  a  second  bit  and  a  third  bit.  The  output  of  each  of  the  adder  cells  generates 

50  a  sum  bit  that  is  logically  equivalent  to  the  least  significant  bit  of  a  mathematical  sum  of  the  three  bits.  The 
generate-propagate  circuitry  generates  a  generate  signal  and  a  plurality  of  carry  bit  signals.  The  generate 
signal  is  coupled  to  one  of  the  adder  cells  to  generate  one  of  the  third  bits.  The  plurality  of  carry  bits 
generates  the  remaining  third  bits. 

In  addition,  a  method  of  operating  a  one's  complement  adder  has  the  steps  of  generating  a  plurality  of 
55  sum  bits  and  generating  a  plurality  of  third  bits.  Each  sum  bit  is  generated  by  a  selected  differing  one  of  a 

plurality  of  adder  cells.  Each  one  of  the  plurality  of  sum  bits  is  logically  equivalent  to  the  least  significant  bit 
of  a  selected  differing  mathematical  sum  of  a  selected  differing  one  of  a  plurality  of  first  operand  bits,  a 
selected  differing  one  of  a  plurality  of  second  operand  bits  and  a  selected  differing  one  of  a  plurality  of  third 
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bits.  The  step  of  generating  a  plurality  of  third  bits  further  has  the  steps  of  generating  a  group  generate 
signal,  generating  a  plurality  of  carry  bits  and  providing  the  group  generate  and  the  plurality  of  carry  bits  as 
the  plurality  of  third  bits.  A  generate-propagate  circuit  coupled  to  the  plurality  of  adder  cells  generates  the 
group  generate  signal  and  the  plurality  of  carry  bits. 

5 
Brief  Description  of  the  Drawings 

The  features  and  advantages  of  the  present  invention  will  be  more  clearly  understood  from  the  following 
detailed  description  taken  in  conjunction  with  the  accompanying  FIGURES  where  like  numerals  refer  to  like 

w  and  corresponding  parts  and  in  which: 
FIG.s  1  and  2  depict  a  first  and  a  second  one's  complement  adder  known  the  art; 
FIG.  3  (divided  into  a  left-hand  portion  labeled  3-1  and  a  right-hand  portion  labeled  3-2)  depicts  a  block 
diagram  of  a  one's  complement  adder  constructed  in  accordance  with  the  present  invention; 
FIG.  4  depicts  a  logic  diagram  of  the  adder  cell  illustrated  in  FIG.  3;  and 

75  FIG.  5  depicts  a  logic  diagram  of  the  group  generate/propagate  block  illustrated  in  FIG.  3. 

Detailed  Description  of  a  Preferred  Embodiment 

FIG.  3  (divided  into  a  left-hand  portion  labeled  3-1  and  a  right-hand  portion  labeled  3-2)  depicts  a  block 
20  diagram  of  a  one's  complement  adder  (hereafter  simply  adder)  18  constructed  in  accordance  with  the 

present  invention.  Adder  18  receives  two  sixteen-bit  operands  (labeled  Ao  through  A15  and  Bo  through  B15, 
respectively)  and  generates  a  result  sum  (labeled  SO  through  S15).  The  operands  A  and  B  and  the  result 
sum  S  are  all  represented  in  one's  complement  form.  As  will  be  described  below,  adder  18  generates  a 
group  generate  signal  and  inputs  this  signal  as  the  input  carry  bit,  C|N-  The  group  generate  signal  is 

25  dependent  only  upon  the  operands  A  and  B.  Therefore,  adder  18  performs  an  add  operation  in  a  single 
cycle,  is  reasonably  small  and  is  compatible  with  computer  aided  design  methodologies. 

Adder  18  has  sixteen  two-bit  adder  cells  20  through  35  (labeled  ADDER  CELL)  and  five  group  generate- 
group  propagate  generators  36  through  40  (labeled  GROUP  GENERATE/PROPAGATE). 

Each  two-bit  adder  cell  20  through  35  logically  adds  three  input  bits,  A,  B  and  C|N,  and  generates  a  sum 
30  bit,  S,  a  generate  signal,  G,  and  a  propagate  signal,  P.  The  particular  identity  of  the  bits,  A,  B  and  C|N,  that 

each  two-bit  adder  cell  receives  depends  upon  the  position  of  the  two-bit  adder  cell  within  adder  18.  For 
instance,  the  ith  two-bit  adder  cell  receives  the  ith  bit  of  each  of  the  operands  A  and  B  and  generates  the  ith 
sum  bit,  where  i  is  an  integer  index.  The  input  carry  bit  of  two-bit  adder  cell  20  is  connected  to  the  group 
generate  signal  from  group  generate-group  propagate  generator  40.  The  input  carry  bits  of  two-bit  adder 

35  cells  24,  28  and  32  are  connected  to  the  first,  second  and  third  carry  bits,  respectively,  from  group 
generate-group  propagate  generator  40.  The  input  carry  bits  of  two-bit  adder  cells  21  ,  25,  29  and  33  are 
connected  to  the  first  carry  bits  from  group  generate-group  propagate  generators  36,  37,  38  and  39, 
respectively.  The  input  carry  bits  of  two-bit  adder  cells  22,  26,  30  and  34  are  connected  to  the  second  carry 
bits  from  group  generate-group  propagate  generators  36,  37,  38  and  39,  respectively.  The  input  carry  bits 

40  of  two-bit  adder  cells  23,  27,  31  and  35  are  connected  to  the  third  carry  bits  from  group  generate-group 
propagate  generators  36,  37,  38  and  39,  respectively.  The  generate  and  propagate  functions  are  described 
below. 

Each  group  generate-group  propagate  generator  36  through  39  receives  four  sets  of  generate  and 
propagate  signals  from  four  two-bit  adder  cells  and  an  input  carry  bit,  C|N-  Each  group  generate-group 

45  propagate  generator  36  through  40  generates  three  carry  bits,  Ci  ,  C2  and  C3,  a  group  generate  signal,  G', 
and  a  group  propagate  signal,  P'.  The  particular  identity  of  the  generate,  propagate  and  input  carry  bit 
signals  that  each  group  generate-group  propagate  generator  receives  depends  upon  the  position  of  the 
group  generate-group  propagate  generator  within  adder  18.  For  instance,  group  generate-group  propagate 
generator  36  receives  the  generate  and  propagate  signals  generated  by  the  two-bit  adder  cells  20  through 

50  23.  Group  generate-group  propagate  generator  36  receives  the  group  generate  signal  generated  by  group 
generate-group  propagate  generator  40  as  its  input  carry  bit.  Group  generate-group  propagate  generator  37 
receives  the  generate  and  propagate  signals  generated  by  two-bit  adder  cells  24  through  27.  Group 
generate-group  propagate  generator  37  receives  the  first  carry  bit  output  signal  generated  by  group 
generate-group  propagate  generator  40  as  its  input  carry  bit.  Group  generate-group  propagate  generator  38 

55  receives  the  generate  and  propagate  signals  generated  by  two-bit  adder  cells  28  through  31.  Group 
generate-group  propagate  generator  38  receives  the  second  carry  bit  output  signal  generated  by  group 
generate-group  propagate  generator  40  as  its  input  carry  bit.  Group  generate-group  propagate  generator  39 
receives  the  generate  and  propagate  signals  generated  by  the  two-bit  adder  cells  32  through  35.  Group 
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generate-group  propagate  generator  39  receives  the  third  carry  bit  output  signal  generated  by  group 
generate-group  propagate  generator  40  as  its  input  carry  bit.  The  group  generate  and  group  propagate 
functions  are  described  below. 

Group  generate-group  propagate  generator  40  receives  four  sets  of  generate  and  propagate  signals 
5  from  group  generate-group  propagate  generators  36  through  39  and  an  input  carry  bit,  C|N-Group  generate- 

group  propagate  generator  40  also  generates  three  carry  bits,  Ci  ,  C2  and  C3,  a  group  generate  signal  and  a 
group  propagate  signal,  G'  and  P',  respectively.  The  group  propagate  signal  is  connected  to  the  input  carry 
bit,  both  of  group  generate-group  propagate  generator  40.  The  group  generate  and  group  propagate 
functions  are  described  below. 

10  FIG.  4  depicts  a  logic  diagram  of  an  exemplary  adder  cell  illustrated  in  FIG.  3.  An  output  of  an  AND 
gate  42  generates  the  generate  signal,  G.  A  first  and  a  second  input  of  AND  gate  42  are  connected  to  the 
input  bits,  A  and  B,  respectively.  An  output  of  a  OR  gate  44  generates  the  propagate  signal,  P.  A  first  and  a 
second  input  of  OR  gate  44  are  connected  to  the  input  bits,  A  and  B,  respectively.  An  output  of  a  XOR  gate 
46  generates  the  add  result,  S.  A  first  and  a  second  input  of  XOR  gate  46  are  connected  to  an  output  of  a 

75  XOR  gate  48  and  to  a  carry  bit,  C|N,  respectively.  A  first  and  a  second  input  of  XOR  gate  48  are  connected 
to  the  input  bits,  A  and  B,  respectively. 

FIG.  5  depicts  a  logic  diagram  of  an  exemplary  group  generate/propagate  block  illustrated  in  FIG.  3. 
An  output  of  a  four-input  OR  gate  50  and  an  output  of  a  four-input  AND  gate  52  generate  the  group 

generate  and  group  propagate  functions,  G',  and  P',  respectively.  A  first  input  of  OR  gate  50  is  connected 
20  to  the  input  signal  G3.  A  second,  a  third  and  a  fourth  input  of  OR  gate  50  are  connected  to  an  output  of  a 

two-input  AND  gate  54,  to  an  output  of  a  three-input  AND  gate  56  and  to  an  output  of  a  four-input  AND  gate 
58,  respectively.  A  first  and  a  second  input  of  AND  gate  54  are  connected  to  the  input  signals  P3  and  G2, 
respectively.  A  first,  a  second  and  a  third  input  of  AND  gate  56  are  connected  to  the  input  signals  P3,  P2 
and  G1  ,  respectively.  A  first,  a  second,  a  third  and  a  fourth  input  of  AND  gate  58  are  connected  to  the  input 

25  signals  P3,  P2,  Pi  and  Go,  respectively.  A  first,  a  second,  a  third  and  a  fourth  input  of  AND  gate  52  are 
connected  to  the  input  signals  P3,  P2,  Pi  and  Po,  respectively. 

An  output  of  a  four-input  OR  gate  60  generates  the  third  carry  bit,  C3.  A  first,  a  second,  a  third  and  a 
fourth  input  of  OR  gate  60  are  connected  to  the  input  signal  G2,  to  an  output  of  a  two-input  AND  gate  62,  to 
an  output  of  a  three-input  AND  gate  64  and  to  an  output  of  a  four-input  AND  gate  66,  respectively.  A  first 

30  and  a  second  input  of  AND  gate  62  are  connected  to  the  input  signals  P2  and  G1  ,  respectively.  A  first,  a 
second  and  a  third  input  of  AND  gate  64  are  connected  to  the  input  signals  P2,  Pi  and  Go,  respectively.  A 
first,  a  second,  a  third  and  a  fourth  input  of  AND  gate  66  are  connected  to  the  input  signals  P2,  Pi  ,  Po  and 
to  the  input  carry  bit,  C|N,  respectively. 

An  output  of  a  three-input  OR  gate  68  generates  the  second  carry  bit,  C2.  A  first,  a  second  and  a  third 
35  input  of  OR  gate  68  are  connected  to  the  input  signal  G1  ,  to  an  output  of  a  two-input  AND  gate  70  and  to  an 

output  of  a  three-input  AND  gate  72.  A  first  and  a  second  input  of  AND  gate  70  are  connected  to  the  input 
signals  Pi  and  Go,  respectively.  A  first,  a  second  and  a  third  input  of  AND  gate  72  are  connected  to  the 
input  signals  Pi  ,  Po  and  to  the  input  carry  bit,  C|N,  respectively. 

An  output  of  a  two-input  OR  gate  74  generates  the  first  carry  bit,  C1  .  A  first  and  a  second  input  of  OR 
40  gate  74  is  connected  to  an  output  of  an  AND  gate  76  and  to  the  input  signal  Go.  A  first  and  a  second  input 

of  AND  gate  76  are  connected  to  the  input  signals  Po  and  to  the  input  carry  bit,  C|N,  respectively. 
Mathematically,  each  add  operation  generates  sixteen  sum  bits  and  sixteen  carry  bits.  In  general,  the  ith 

sum  bit  and  the  ith  carry  bit  may  be  represented  by  the  following  formulas: 

45  S|  =  A|  eB|  eC|  Eq.  1 

Ci+1  =A|Bi  +  Ci(A|  +  B|).  Eq.2 

Equations  1  and  2  may  be  modified  with  the  introduction  of  a  generate  signal,  G,  and  a  propagate  signal,  P, 
50  for  each  bit.  The  generate  and  propagate  functions  are  created  by  observing  that  the  ith  bit  add  will 

generate  a  carry  bit  if  either  of  two  conditions  is  met:  (1)  both  bits  are  true,  or  (2)  one  of  the  bits  is  true  and 
the  carry  bit  is  also  true.  The  bit  generate  and  bit  signals  mathematically  express  these  two  conditions.  The 
bit  generate  and  bit  propagate  functions  do  not  depend  upon  the  input  carry  bit,  C|N: 

55  G|  =  AjBi  Eq.  3 

Pi  =  A|  +  Bj.  Eq.  4 
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The  carry  bits  for  the  first  four  two-bit  adder  cells,  for  instance,  may  be  expressed  in  terms  of  the  bit 
generate  and  bit  propagate  equations  3  and  4: 

Ci  =  Go  +  PoCo  Eq.  5 
5 

C2  =  Gi  +  P1G0  +  P1P0C0  Eq.  6 

C3  =  G2  +P2G1  +  P2P1G0  +  P2P1P0C0  Eq.  7 

10  C+  =  G3  +  P3G2  +  P3P2G1  +  P3P2P1G0  +  P3P2P1P0C0  Eq.  8 

In  general,  any  carry  bit  may  be  determined  from  the  generalization: 

Ci+1  =  Gi  +  PjGi-,  +  PiPi-iGi-z  +-  +  PiPi-1...PoCo  Eq.  9 
75 

An  adder  generate  signal,  G",  and  an  adder  propagate  signal,  P",  may  be  extracted  from  Eq.  9  where  i 
equals  fifteen.  These  generate  and  propagate  signals  are  also  independent  of  the  input  carry  bit,  Co,  : 

Cie  =  G"  +  P"C0  Eq.  10 
20 

where 

25  
G'  "  G15  +  P15G14  +  P15P14G13  +  P15P14P13G12  +  

P15P14P13P12G11  +P15P14P13P12Pl lG10  +  

P15P14P13P12P1  lP10G9  +  P15P14P13P12P1  lP10P9G8  +  

30  P15P14P13P12P1  lP10P9P8G7  +  P15P14P13P12P1  lP10P9P8P7G6  +  

p  p  p  p  p p   p p p p n   1  p  p  p  p  p  p  p p p p p r t - L  *15  14*13*12*1  l * 1 0 * 9 * 8 * 7 * 6 u 5   +  *15  14*13*12*1  1  1(T  9*8*7^  6 * 5 ° 4   + 

p  p  p  p  p  p  P P P P P P G   +  r 1 5 r 1 4 r 1 3 r 1 2 * i r   1(T  9  8  7 r 6 r 5 r 4 ° 3   +  

35  P P P P P P P P P P P P P G   +  15  14*13*12*1  H 0 r 9   8 T 6 r 5   4 r 3 ° 2  

P 1 5 P 1 4 P 1 3 P 1 2 P l l P 1 0 P 9 P 8 P 7 P 6 P 5 P 4 P 3 P 2 G l   + 

p  p  p  p  p  p  p p p p p p p p p n  * 1 5 * 1 4 * 1 3 * 1 2 * l l * 1 0 * V y r 6 * 5 * 4 * 3 * 2 * l u 0  
40 

and 

P"  =  Pi  5  Pi  +  Pi  3  Pi  2  Pi  1  Pi  0  Pa  Ps  P?  Pg  P5  P+  P3  P2  Pi  Po  @ 
45 

In  general,  the  generate  signal  of  an  n  bit  one's  complement  adder  is  given  by  the  relation: 

G " = G   , + P   ,G  O+P  ,P  OG  a + P   ,P  OP  ,G  ,+•••+ n-1  n-1  n -2   n-1  n-2  n-3   n-1  n-2   n-3  n - 4  
50  pn  1P«  op  7 " P 4 P ^ G o + p   ip  op  V p a p o G i +   Eq.  11 n-1  n -2   n-3  4  3  2  n-1  n -2   n-3  3  2  1  ^  

P  P  P  •  -P  P  G  n-1  n-2   n-3  r 2 r l u 0  

55  Returning  to  the  prior  art  FIG.  1,  the  output  of  CLA  adder  12  is  incremented  by  incrementer  14  if  and 
only  if  the  carry  bit  output,  COut,  of  CLA  adder  12  is  a  logic  one.  There  are  four  possible  combinations  of 
the  final  group  generate  and  group  propagate  signals  internal  to  CLA  adder  12:  00,  01,  10  and  11  where  the 
first  and  second  digits  correspond  to  the  group  generate  and  propagate  signals,  respectively.  These  four 
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possible  combinations  result  in  the  output  carry  bit  values,  0,  C|N,  1,  and  1,  respectively.  However,  CLA 
adder  10  has  its  input  carry  bit  connected  to  a  voltage  supply  corresponding  to  a  zero  logic  value.  With  this 
constraint,  the  group  generate  signal  defined  above  in  Equation  1  1  is  logically  equivalent  to  the  output  carry 
bit  .  Therefore,  the  group  generate  signal  depicted  in  FIG.  3  may  be  connected  to  the  input  carry  bit  to 

5  perform  a  one's  complement  addition.  This  connection  results  in  a  logic  model  that  may  be  simulated  by 
integrated  circuit  design  tools. 

The  approach  of  using  Equations  10  and  11  to  generate  the  generate  signal  G",  however,  is  limited  by 
the  problems  of  fan-in  and  modularity.  The  problem  of  fan-in  arises  because  the  (nth  +  1)  carry  bit  of  an  n- 
bit  adder  requires  a  circuit  capable  of  logically  OR'ing  (n  +  1)  inputs. 

w  Though  this  requirement  may  only  be  awkward  for  a  sixteen-bit  adder,  it  is  impossible  for  larger  adders. 
The  problem  of  modularity  arises  because  it  is  undesirable  to  design  a  completely  different  adder  for  each 
adder  implementation.  As  a  consequence  of  these  problems,  the  preferred  embodiment  of  the  disclosed 
invention  is  designed  as  multi-level  adder.  This  solution  minimizes  both  the  problems  of  fan-in  and 
modularity  while  imposing  only  a  small  time  penalty. 

75  In  a  multi-level  adder  implementation,  the  number  of  levels,  L,  the  number  of  bits  in  each  operand,  n, 
and  the  fan-in,  r,  may  be  related  by  the  expression: 

L  =  [logrn]  Eq.  12 

20  The  use  of  Equation  12  allows  adder  18  to  by  implemented  with  identical  circuit  blocks  in  each  of  two 
levels.  One  skilled  in  the  art,  in  conjunction  with  the  present  description,  may  construct  a  one's  complement 
adder  using  two  or  more  different  circuit  blocks.  It  should  be  understood  that  the  scope  of  the  disclosed 
invention  is  not  limited  to  a  particular  number  of  levels  or  symmetry  requirement.  In  the  disclosed 
embodiment,  n  equals  sixteen,  r  equals  four  and  L  equals  2.  The  sixteen  pairs  of  operand  bits  are  divided 

25  into  four  blocks  of  four  bit-pairs  each.  Each  block  within  the  first  level  generates  a  group  generate  signal,  G', 
and  a  group  propagate  signal,  P'.  These  signals  may  be  extracted  from  Eq.  8,  above: 

G'  =  G3  +  P3G2  +  P3P2G1  +  P3P2P1G0  Eq.  13 

30  P'=  P3P2P1P0  Eq.  14 

Equations  10  and  11  represent  the  group  generate  and  group  propagate  signals  generated  by  group 
generate-group  propagate  generator  36.  The  group  generate  and  group  propagate  functions  for  group 
generate-group  propagate  generators  37,  38  and  39  may  be  obtained  by  incrementing  each  of  the  indices 

35  in  Equations  10  and  11  by  four,  eight,  and  twelve,  respectively.  As  depicted  in  FIG.  3,  the  generate  function 
generated  by  group  generate-group  propagate  generator  40  is  derived  from  the  outputs  of  group  generate- 
group  propagate  generators  36,  37,  38  and  39.  Therefore,  the  generate  signal  generated  by  group  generate- 
group  propagate  generator  40  is  the  adder  generate  signal  described  above  and  connected  to  the  carry  bit 
input  of  adder  cell  20. 

40  It  is  conceivable  that  a  one's  complement  adder  constructed  in  accordance  with  the  present  invention, 
may  be  embodied  as  a  single  level  adder.  Such  an  implementation  may  be  appropriate  given  only  a  small 
number  of  pairs  of  operand  bits,  a  relatively  slow  cycle  time,  or  both.  In  this  case,  adder  18  would  have  only 
a  single  group  generate  signal  which  would  be  connected  to  the  carry  bit  input  of  the  least  significant  adder 
cell  and  to  the  carry  bit  input  of  the  single  group  generate-group  propagate  circuit. 

45  Although  the  present  invention  has  been  described  with  reference  to  a  specific  embodiment,  further 
modifications  and  improvements  will  occur  to  those  skilled  in  the  art.  For  instance,  other  level  schemes  may 
be  used  to  implement  the  same  sixteen-bit  adder.  Larger  operand  sizes  will  require  a  larger  adder.  Also,  the 
depicted  logic  diagrams  and  Equations  may  be  implemented  using  complementary  logic  diagrams  and 
complementary  Equations  depending  upon  several  constraints.  These  constraints  may  include  the  type  of 

50  process  used  to  manufacture  adder  18.  It  is  to  be  understood  therefore,  that  the  invention  encompasses  all 
such  modifications  that  do  not  depart  from  the  spirit  and  scope  of  the  invention  as  defined  in  the  appended 
claims. 

Claims 
55 

1.  A  one's  complement  adder  (18)  comprising: 
a  plurality  of  adder  cells  (20  through  35)  logically  adding  a  plurality  of  sets  of  input  bits,  each  of  the 

plurality  of  sets  comprising  a  first  bit  and  a  second  bit,  each  of  the  plurality  of  adder  cells  comprising: 
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a  first  input  terminal  for  receiving  the  first  bit  (A)  of  a  selected  one  of  the  plurality  of  sets; 
a  second  input  terminal  for  receiving  the  second  bit  (B)  of  the  selected  one  of  the  plurality  of  sets; 
a  third  input  terminal  for  receiving  a  third  bit  (CiN)  of  the  selected  one  of  the  plurality  of  sets; 
result  circuitry  (46,  48)  coupled  to  the  first,  second  and  third  input  terminals  for  generating  a  sum 

5  bit,  the  sum  bit  being  logically  equivalent  to  a  least  significant  bit  of  a  mathematical  sum  of  the  first, 
second  and  third  bits  of  the  selected  set;  and 

generate-propagate  circuitry  (42,  44)  coupled  to  each  of  the  first  and  second  input  terminals,  the 
generate-propagate  circuitry  generating  a  generate  signal  and  a  plurality  of  carry  bit  signals,  the 
generate  signal  coupled  to  the  third  terminal  of  a  selected  one  of  a  plurality  of  adder  cells,  each  of  the 

w  plurality  of  carry  bit  signals  coupled  to  the  third  terminal  of  a  selected  differing  one  of  the  remaining 
adder  cells  of  the  plurality  of  adder  cells. 

2.  A  one's  complement  adder  (18)  for  adding  a  first  operand,  A,  and  a  second  operand,  B,  the  first 
operand  and  second  operand  each  comprising  a  plurality  of  n  bits,  where  n  is  an  integer,  the  one's 

75  complement  adder  comprising: 
a  plurality  of  n  bit  means  (20  through  35),  each  of  the  plurality  of  n  bit  means  adding  a  selected  ith 

one  of  a  plurality  of  sets  of  received  bits,  where  i  is  an  integer  index  ranging  from  0  to  n-1  ,  the  selected 
ith  set  of  the  plurality  of  sets  of  received  bits  comprising  an  ith  one  of  the  first  operand  bits,  A,  and  an 
ith  one  of  the  second  operand  bits,  B,  a  selected  first  one  of  the  plurality  of  sets  of  received  bits 

20  comprising  a  generate  bit,  G",  the  remaining  ones  of  the  plurality  of  sets  of  received  bits  comprising  an 
ith  one  of  a  plurality  of  carry  bits,  C,  an  ith  one  of  the  plurality  of  n  bit  means  generating  an  ith  one  of  a 
plurality  of  sum  bits,  S,  an  ith  one  of  a  plurality  of  generate  bits,  G,  and  an  ith  one  of  a  plurality  of 
propagate  bits,  P,  wherein 

25  So  =  Ao  e  Bo  e  G"  for  i  =  0, 
S|  =  A  e  B|  e  d  for  i*0, 
G|  =  AjBi,  and  Pj  =  Aj  +  B|; 

a  group  generate  means  (50)  coupled  to  the  plurality  of  n  bit  means,  the  group  generate  means 
30  generating  the  group  generate  bit,  G",  wherein 

G I - G n - l + P n - l G n - 2 + P n - l P n - 2 G n - 3   +  P n - l P n - 2 P n - 3 G n - 4 + - +  

P_  iP-  oP_  o " - P , P o G , , +   P_  ,P_  ^P_  v P o P . G 1   + n- l   n - 2 x n - 3   l  41  3^2  T  ' n - l ' n - f n O   r 3 r 2 ^ 1  
P  P  P  --P  P  G  

n- l   ii-2  n-  3  F 2 F l ° 0  

35 

and 
40  a  plurality  of  n-1  carry  bit  means  (60,  68,  74)  respectively  coupled  to  (n-1)  ones  of  the  plurality  of  n 

bit  means,  an  ith  one  of  the  plurality  of  n-1  carry  bit  means  generating  the  ith  one  of  the  plurality  of 
carry  bits,  wherein 

Ci+1  =  G|  +  PjGi-!  +  PjPi-TGi-a  +-  +  PiPi-i...PoG"  for  0̂   i<  n-1. 
45 

3.  A  method  of  adding  a  first  operand,  A,  and  a  second  operand,  B,  in  one's  complement  representation, 
each  operand  comprising  n  bits,  where  n  is  an  integer,  the  method  comprising  the  steps  of: 

generating  a  plurality  of  sum  bits,  each  sum  bit  generated  by  a  selected  differing  one  of  a  plurality 
of  adder  cells,  each  one  of  the  plurality  of  sum  bits  logically  equivalent  to  a  least  significant  bit  of  a 

50  selected  one  of  a  plurality  of  mathematical  sums,  each  one  of  the  plurality  of  mathematical  sums  is  a 
sum  of:  (1)  a  selected  differing  one  of  a  plurality  of  first  operand  bits,  (2)  a  selected  differing  one  of  a 
plurality  of  second  operand  bits  and  (3)  a  selected  differing  one  of  a  plurality  of  third  bits;  and 

generating  the  plurality  of  third  bits  in  a  generate-propagate  circuit  coupled  to  the  plurality  of  adder 
cells  comprising  the  steps  of: 

55  generating  a  group  generate  signal; 
generating  a  plurality  of  carry  bits;  and 
providing  the  group  generate  signal  and  the  plurality  of  carry  bits  as  the  plurality  of  third  bits. 
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4.  The  method  of  claim  3  wherein  the  step  of  generating  a  plurality  of  sum  bits  further  comprises  the 
steps  of: 

generating  a  plurality  of  bit  generate  signals;  and 
generating  a  plurality  of  bit  propagate  signals. 

5 
5.  The  method  of  claim  4  wherein  the  step  of  generating  a  plurality  of  sum  bits  comprises  the  step  of 

generating  an  ith  sum  bit  of  the  plurality  of  sum  bits,  S,  where  i  is  an  integer  index  ranging  from  0  to  n- 
1,  according  to  the  following  expression: 

w  So  =  Ao  e  Bo  e  G"  for  i  =  0, 
S|  =  A|  e  B|  e  C-,  for  i*0;  and 

wherein  the  step  of  generating  a  plurality  of  third  bits  comprises  the  step  of  generating  the  plurality 
of  bit  generate  signals,  G,  the  plurality  of  bit  propagate  signals,  P,  the  plurality  of  carry  bits,  C,  and  the 

75  group  generate  signal,  G",  according  to  the  following  expressions: 

G,  =  A,B|, 
Pi  =  A|  +  Bi;  and 
Cm  =  G,  +  P|G|_i  +  P1P1-1G1-2  +  -  +  P1P1-1...P0G", 

20 
G ' ^ G ^   , + P ^   .G  O+P  .P  nG  - + P   .P  OP  _G  „+•••  + n-1  n-1  n -2   n-1  n-2  n-3  n-1  n-2   n-3  n - 4  

Pn  1Pn  OPn  ^ • • P A P ^ G O + P «   1P«  OP  , - P ^ G l   +  n-1  n-2  n-3  4  3  2  n-1  n-2  n-3  3  2  1 
25  pn  ipn  op«  V p - > P i G ^  n - l n - z n - o   2  1  0 
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