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(54)  Parallelized  magnitude  comparator  for  comparing  a  binary  number  to  a  fixed  value. 

(57)  A  magnitude  comparator  suitable  for  use  in  a 
FIFO  memory  is  modified  to  compare  the  mag- 
nitudes  between  any  binary  number  and  a  fixed 
value.  Bit  comparators  are  divided  into  groups 
which  generate  compare  output  signals  in  par- 
allel  to  one  another,  thereby  reducing  total 
magnitude  comparator  delay  and  resulting  in 
faster  operation.  These  compare  output  signals 
are  fed  into  a  control  element  which  determines 
which  compare  output  signal  is  allowed  to  pass 
through  as  the  final  compare  output  signal. 
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The  present  invention  relates  generally  to  inte- 
grated  circuits,  and  more  specifically  to  a  magnitude 
comparator  circuit. 

This  application  is  related  to  European  Patent  Ap- 
plication  No  933021  56.0,  the  contents  of  which  are  in- 
corporated  herein  by  this  cross  reference.  This  appli- 
cation  is  also  related  to  European  Patent  Application 
No  (Attorney's  reference 
72851  based  on  US  Serial  No  876959)  filed  contem- 
poraneously  with  this  application. 

Magnitude  comparator  circuits  are  used  when  it  is 
necessary  to  determine  the  relationship  between  the 
magnitude  of  two  numbers  -  whether  a  number  is 
equal  to,  less  than,  or  greater  than  another  number 
in  magnitude.  Such  circuits  find  a  wide  variety  of  uses 
in  the  electronics  industry.  For  example,  magnitude 
comparators  are  used  in  conjunction  with  subtractors 
to  generate  high  speed  flag  logic  for  FIFO  (First  In 
First  Out)  memories.  Magnitude  comparator  circuits 
are  also  used  in  arithmetic  logic  units  (ALU's)  found 
in  personal  computers  (PCs)  and  other  computers 
and  by  microprocessors  for  the  execution  of  certain 
instructions. 

Serial  magnitude  comparators  are  a  common 
form  of  comparator  circuits  in  the  prior  art.  They  have 
a  number  of  individual  bit  comparators  that  together 
serially  determine  the  magnitude  of  a  number  relative 
to  another  number.  First  the  least  significant  bits 
(LSBs)  of  the  two  numbers  are  compared  before  com- 
paring  the  next  bits,  the  LSB+1.  This  process  contin- 
ues  serially  until  the  most  significant  bits  (MSBs)  have 
been  compared.  The  serial  process  can  be  quite  con- 
suming;  at  least  16  gate  delays  will  be  incurred  for 
comparing  two  16  bit  words. 

The  bit  comparators  which  comprise  a  serial  mag- 
nitude  comparator  have  a  total  of  four  inputs:  an  input 
equal  to  a  bit  from  a  fixed  value,  an  input  equal  to  a 
bit  from  a  binary  number  being  compared  to  the  fixed 
value,  an  input  equal  to  the  complement  of  the  binary 
number  to  be  compared,  and  an  input  from  the  com- 
pare  output  of  the  previous  bit  comparator.  The  par- 
allel  magnitude  comparator  compares  the  binary 
number  input  to  the  fixed  value  input  to  determine  the 
magnitude  of  the  binary  number  relative  to  the  mag- 
nitude  to  the  fixed  value. 

The  compare  output  of  a  bit  comparator  is  input 
to  the  subsequent  bit  comparator  and  reflects  wheth- 
er  the  binary  value  is  equal  to,  less  than,  or  greater 
than  the  magnitude  of  the  fixed  value.  If  the  fixed  val- 
ue  input  is  greater  than  the  binary  value  input,  then 
the  compare  output  is  a  logic  high.  If,  however,  the 
fixed  value  input  is  less  than  or  equal  to  the  binary 
value  input,  then  the  compare  output  is  a  logic  low. 
This  comparison  process  starts  with  the  least  signif- 
icant  bit  (LSB)  comparator  and  continues  until  the 
most  significant  bit  (MSB)  comparator  finishes  its 
comparison  operation.  The  bit  comparator  with  the 
highest  order  bit  of  difference  determines  the  state  of 

the  final  compare  output. 
The  gate  delays  associated  with  serial  magnitude 

comparators  can  have  an  adverse  effect  on  overall 
system  performance.  In  FIFO  (First  In  First  Out)  mem- 

5  ory  applications,  a  magnitude  comparator  is  often 
used  in  conjunction  with  a  subtractor  circuit  to  gener- 
ate  FIFO  flag  logic.  In  magnitude  comparators  where 
a  binary  number  is  being  compared  to  a  fixed  value, 
the  fixed  value  often  serves  as  a  programming  value 

10  for  setting  the  FIFO  flag  to  a  certain  level.  A  FIFO  flag 
tells  the  user  how  full  the  FIFO  is.  Flag  logic,  which  is 
dependent  on  the  comparatorand  subtractor,  must  be 
generated  quickly.  If  the  magnitude  comparator  is 
slow,  it  will  have  an  adverse  affect  on  how  quickly  flag 

15  logic  may  be  generated  and  overall  FIFO  perfor- 
mance  will  suffer.  Afundamental  way  to  enhance  the 
speed  at  which  FIFO  flag  logic  is  generated  is  to  min- 
imize  propagation  and  gate  delays  associated  with 
serial  magnitude  comparators.  It  would  be  desirable 

20  to  accomplish  this  using  current  magnitude  compar- 
ator  design. 

A  magnitude  comparator  suitable  for  use  in  a 
FIFO  memory  is  modified  to  compare  the  magnitudes 
between  any  binary  number  and  a  fixed  value.  Bit 

25  comparators  are  divided  into  groups  which  generate 
compare  output  signals  in  parallel  to  one  another, 
thereby  reducing  total  magnitude  comparator  delay 
and  resulting  in  faster  operation.  These  compare  out- 
put  signals  are  fed  into  a  control  element  which  deter- 

30  mines  which  compare  output  signal  is  allowed  to  pass 
through  as  the  final  compare  output  signal. 

The  novel  features  believed  characteristic  of  the 
invention  are  setforth  in  the  appended  claims.  The  in- 
vention  itself  however,  as  well  as  a  preferred  mode  of 

35  use,  and  further  objects  and  advantages  thereof,  will 
best  be  understood  by  reference  to  the  following  de- 
tailed  description  of  an  illustrative  embodiment  when 
read  in  conjunction  with  the  accompanying  drawings, 
wherein: 

40  Figure  1  is  a  block  diagram  of  a  FIFO  flag  gen- 
eration  circuit  according  to  the  prior  art; 
Figure  2  is  a  schematic  diagram  of  a  serial  mag- 
nitude  comparator  for  com  paring  a  binary  number 
to  a  fixed  value,  as  utilized  in  the  prior  art; 

45  Figure  3  is  a  schematic  diagram  of  a  parallel 
magnitude  comparator  for  comparing  a  binary 
number  to  a  fixed  value,  according  to  the  present 
invention. 
Figure  4  is  a  schematic  diagram  of  a  tri-stateable 

so  gate  according  to  the  present  invention. 
A  FIFO  is  a  First  In  First  Out  memory  typically 

used  in  applications  between  machines  which  use 
data  at  different  rates  of  speed:  for  instance,  between 
a  computer  and  a  printer.  The  FIFO  memory  outputs 

55  its  status  through  the  use  of  a  flag.  Comparators  are 
frequently  used  in  FIFO  memory  circuits  in  conjunc- 
tion  with  subtractors  to  generate  FIFO  flags.  The  flag 
outputs  indicate  that  the  FIFO  is  full,  half  full,  and 
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empty,  for  instance.  In  order  to  determine  FIFO  sta- 
tus,  it  is  necessary  to  keep  track  of  how  many  bits 
have  been  written  in  and  how  many  bits  have  been 
read  out  of  the  FIFO.  Often  in  FIFO  flag  logic,  the  user  5 
can  set  the  flag  to  a  fixed  program  value.  It  is  neces- 
sary  to  know  how  the  magnitude  of  a  binary  number 
compares  to  the  magnitude  of  a  fixed  program  value. 
Comparing  the  magnitude  of  these  numbers  is  ac- 
complished  through  the  use  of  a  magnitude  compar-  10 
ator  circuit  inside  the  FIFO. 

Referring  to  Figure  1,  a  block  diagram  of  a  FIFO 
Flag  generation  circuit  according  to  the  prior  art  is 
shown.  The  FIFO  Flag  has  a  counter  block  1  0,  a  sub- 
tractor  block  1  2,  a  comparator  block  14,  and  a  deglitch  15 
block  16.  The  write  clock  18,  the  read  clock  20,  the 
write  reset  clock  22,  and  the  read  reset  clock  24  are 
input  signals  to  both  the  counter  block  1  0  and  the  de- 
glitch  block  16.  The  counter  block  10  takes  these  in- 
put  signals  and  generates  a  write  count  26  and  a  read  20 
count  28  which  are  input  to  the  subtractor  block  12 
which  in  turn  outputs  a  difference  signal  30.  This  dif- 
ference  signal  30  and  a  program  value  32  are  input  to 
the  comparator  block  14  which  compares  them  in  or- 
der  to  generate  an  output  compare  signal  34.  As  is  25 
well  known  in  the  art,  the  program  value  32  is  set  to 
different  values  depending  on  the  type  of  flag  signal 
36,  such  as  empty,  half  full,  or  full,  to  be  generated. 
Finally,  the  compare  signal  34  as  well  as  the  write 
clock  1  8,  the  read  clock  20,  the  write  reset  clock  22,  30 
and  the  read  reset  clock  24  are  input  to  the  deglitch 
block  36  which  generates  a  flag  output  signal  36. 

Figure  2  shows  a  schematic  diagram  of  a  serial 
magnitude  comparator  20  utilized  in  the  prior  art.  The 
magnitude  comparator20  is  responsible  for  determin-  35 
ing  the  relationship  between  the  magnitude  of  a  fixed 
value  and  a  binary  number.  The  magnitude  compar- 
ator  20  has  a  plurality  of  bit  comparators  22,  24,  26, 
and  28  which  determine  the  status  of  the  relative 
magnitude  of  the  binary  number  to  the  fixed  number.  40 
For  example,  the  magnitude  status  of  the  binary  bit  36 
is  compared  to  that  of  the  program  bit  34  to  determine 
if  the  binary  bit  36  is  equal  to,  less  than,  or  greater 
than  program  bit  34.  The  number  of  bit  comparators 
needed  is  a  function  of  the  number  of  bits  in  the  two  45 
numbers  being  compared. 

Every  bit  comparator  22,  24,  26  and  28  has  four 
inputs  and  one  output.  Compare  input  30  is  the  com- 
pare  output  from  the  previous  bit  comparator.  Pro- 
gram  bit  34  represents  the  fixed  program  value  50 
against  which  binary  bit  36  is  compared.  Binary  bit  36 
is  inverted  to  provide  binary  bit  38.  Binary  bit  38, 
which  is  simply  the  inverse  of  input  36,  could  easily  be 
generated  internal  to  the  bit  comparator,  in  which 
case  it  would  not  be  an  input  signal.  Program  bit  34  is  55 
analogous  to  program  value  32  shown  in  Figure  1.  In 
both  Figure  1  and  Figure  2,  a  binary  number  is  being 
compared  to  a  program  value. 

The  bit  comparators  of  Figure  2  detect  the  rela- 

tive  magnitude  of  the  two  numbers  being  compared. 
When  program  bit  34  is  equal  to  a  logic  low,  then  bi- 
nary  bit  36  is  equal  to  the  bit  of  the  binary  number  be- 
ing  compared.  However,  when  program  bit  34  is  equal 
to  a  logic  high,  then  binary  bit  36  is  equal  to  the  in- 
verse  of  the  bit  of  the  binary  number  being  compared. 
If  binary  bit  36  is  equal  to  a  logic  low,  then  compare 
output  32  is  equal  to  compare  input  30.  However,  if  bi- 
nary  bit  36  is  equal  to  a  logic  high,  then  compare  out- 
put  32  is  equal  to  program  bit  34.  Compare  output  32 
is  input  to  the  subsequent  bit  comparator  as  compare 
input  30.  The  table  below  shows  how  compare  output 
32  is  calculated: 

TABLE  I. 

INPUT  36  OUTPUT  32 

0  INPUT  30 

1  INPUT  34 

As  shown  in  Figure  2,  compare  input  30  of  the  ini- 
tial  bit  comparator  22  is  tied  to  a  fixed  value  which  can 
be  VK  or  ground  as  shown  in  Figure  2.  Thus,  if  pro- 
gram  bit  34  and  binary  bit  36  are  the  same,  then  a  log- 
ic  low  will  be  passed  out  to  compare  output  32  if  com- 
pare  input  30  is  tied  to  ground.  This  logic  low  compare 
output  32  will  be  input  to  the  subsequent  bit  compar- 
ator  24.  In  a  sixteen  bit  example,  if  all  sixteen  bits  of 
the  binary  number  are  equal  to  the  fixed  program  val- 
ue,  compare  output  32  of  the  last  bit  comparator  28 
will  also  be  equal  to  zero.  This  process  starts  with  the 
least  significant  bit  (LSB)  comparator  22  and  contin- 
ues  serially  until  the  most  significant  bit  (MSB)  com- 
parator  28  has  finished  its  compare  operation.  Only 
when  the  magnitudes  of  the  MSBs  have  been  com- 
pared  will  a  final  compare  output  32  be  generated. 
The  highest  order  bit  comparator  with  bit  difference 
determines  the  state  of  the  final  compare  output  32 
of  bit  comparator  28. 

Figure  2  shows  that  sixteen  bit  comparators  are 
needed  to  compare  two  sixteen  bit  numbers.  Since 
the  process  is  serial,  it  can  be  quite  time  consuming 
to  wait  for  a  final  compare  output.  For  a  sixteen  bit 
comparison,  at  least  sixteen  gate  delays  must  be  in- 
curred  before  a  final  compare  output  signal  is  forth- 
coming.  This  is  applicable  even  if  only  the  LSBs  differ 
or  if  all  sixteen  bits  being  compared  are  equal  in  mag- 
nitude.  It  is  desirable  to  speed  up  this  serial  compar- 
ison  process  since  many  comparator  applications  de- 
mand  high  speed  performance. 

Figure  3  shows  a  schematic  diagram  of  a  parallel 
magnitude  comparator  for  comparing  a  binary  num- 
ber  to  a  fixed  value,  according  to  the  present  inven- 
tion.  The  bit  comparators  have  the  same  inputs  and 
outputs  as  shown  in  Figure  2.  However,  the  present 
invention  differs  from  the  prior  art  in  that  the  bit  com- 
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parators  are  segmented  into  groups  which  operate  in- 
dependently  of  each  other  in  parallel.  Referring  to 
Figure  3,  the  bit  comparators  are  divided  into  com- 
parator  groups  50,  60,  70,  and  80.  The  inputs  and  out- 
puts  of  each  bit  comparator  are  equal  to  those  shown 
in  Figure  2.  Binary  bit  36  is  the  bit  of  the  binary  num- 
ber  being  compared  to  program  bit  34  of  the  fixed  pro- 
gram  value.  Binary  bit  38  is  the  inverse  of  binary  bit 
36,  and  could,  therefore,  be  generated  internal  to  the 
bit  comparator  and  need  not  be  an  input  at  all.  Com- 
pare  input  30  is  equal  to  compare  output  32  from  the 
previous  bit  comparator.  Compare  output  32,  as 
shown  in  Figure  2,  is  determined  by  comparing  bina- 
ry  bit  36  to  program  bit  34.  If  program  bit  34  is  greater 
than  binary  bit  36,  then  compare  output  32  is  equal 
to  a  logic  high  (1).  But,  if  program  bit  34  is  less  than 
binary  bit  36,  then  compare  output  32  is  equal  to  a  log- 
ic  low  (0).  However,  if  program  bit  34  is  equal  to  binary 
bit  36,  then  compare  output  32  is  equal  to  compare  in- 
put  30.  The  truth  table  shown  above  for  Figure  2  is 
also  applicable  to  Figure  3. 

In  a  sixteen  bit  example,  comparator  group  50 
compares  the  magnitude  of  the  four  least  significant 
bits  (LSBs)  of  two  numbers.  Comparator  groups  60 
and  70  compare  the  magnitude  of  bits  5-8  and  9-12, 
respectively,  while  comparator  group  80  compares 
the  magnitude  of  the  most  significant  bits  (MSBs),  13- 
16.  Comparison  of  these  bits  occurs  serially  within 
the  comparator  groups,  with  comparator  groups  50, 
60,  70,  and  80  operating  in  a  parallel  fashion  to  one 
another.  Therefore,  comparison  of  all  sixteen  bits  oc- 
curs  in  the  same  amount  of  time  required  to  compare 
four  bits  in  the  serial  magnitude  comparator  of  Figure 
2.  Clearly  this  means  an  increase  in  performance  for 
any  system  using  a  parallel  magnitude  comparator. 
One  skilled  in  the  magnitude  comparator  art  will  rec- 
ognize  that  breaking  the  bit  comparators  into  groups 
of  four  is  only  one  of  many  ways  to  group  the  bit  com- 
parators. 

The  compare  output  signals  59,  69,  79,  and  89  of 
each  comparator  group  are  inputs  to  the  control  ele- 
ment  90.  Only  one  of  these  compare  output  signals, 
selected  by  control  element  90,  will  be  passed 
through  the  control  element  to  the  final  compare  out- 
put  100.  Control  element  90  has  a  plurality  of  trans- 
mission  gates  92,  94,  96,and  98  each  of  which  corre- 
sponds  to  one  comparator  group:  50,  60,  70,  and  80, 
respectively.  Each  transmission  gate  has  as  inputs 
the  compare  output  from  the  corresponding  compar- 
ator  group  and  an  logic  input  determined  by  boolean 
equations.  Transmission  gate  92  has  as  its  inputs 
compare  output  59  of  comparator  group  50  and  logic 
input  93.  The  logic  inputs  93,  95,  97,  and  99  ensure 
that  only  the  compare  output  of  the  comparator  group 
having  the  highest  order  bits  with  magnitude  differ- 
ence  will  be  passed  out  of  control  element  90  as  final 
compare  output  100.  If  none  of  the  bits  are  different, 
then  compare  output  59  of  the  lowest  order  compar- 

ator  group  50  is  passed  through  control  element  90  as 
final  compare  output  100. 

Logic  inputs  93,  95,  97,  and  99  are  determined  by 
5  the  following  equation:  SN  =  XN  +  XN_  1  +  XN.2  +  XN_3, 

where  XN,  is  equal  to  the  highest  order  binary  bit  be- 
ing  compared  in  a  comparator  group  and  XN_3  is  equal 
to  the  lowest  order  binary  bit  being  compared  in  a 
comparator  group.  This  equation  assumes  that  pro- 

10  gram  bit  34  is  equal  to  a  logic  low  and  XN  is  equal  to 
the  corresponding  binary  bit  36.  If  program  bit  34  is 
equal  to  a  logic  high,  then  corresponding  binary  bit  36 
is  inverted  along  with  the  corresponding  XN.  Specif- 
ically,  the  logic  inputs  are  as  follows: 

15  Input  99  =  S16  =  X16  +  X15  +  X14  +  X13 
Input  97  =  S12  *  S16  =  (X12  +  Xn  +  X10  +  X9) 

_  
*  _?16 

Input  95  = §8  *  S12  *  Sis  -  (Xa  +  X7  +  Xg  + 
X5)  *  S12  *  Sig 

20  Input  93  =  S8  *  S12  *  S16 
When  one  of  the  logic  inputs  93,  95,  97,  or  99  is 

high,  its  corresponding  transmission  gate  allows  the 
corresponding  comparator  group  compare  output  59, 
69,  79,  or  89  to  pass  through  the  transmission  gate. 

25  If,  however,  the  logic  input  is  low,  its  corresponding 
transmission  gate  turns  off  and  does  not  allow  the 
corresponding  compare  output  signal  to  pass  through 
the  transmission  gate.  These  equations  guarantee 
that  the  compare  output  of  the  comparator  group  with 

30  the  highest  order  of  bit  difference  is  passed  out  as  fi- 
nal  compare  output  100.  For  instance,  if  the  binary 
number  and  the  fixed  program  value  have  unequal 
magnitudes  for  bit  14  and  also  for  bit  2,  the  logic  inputs 
ensure  that  compare  output  89  of  comparator  group 

35  80  will  be  passed  out  as  final  compare  output  100 
since  bit  14  is  more  significant  than  bit  2.  Determina- 
tion  of  logic  inputs  93,  95,  97,  and  99  occurs  at  the 
same  time  comparator  groups  50,  60,  70,  and  80  per- 
form  magnitude  compare  operations.  This  parallel  op- 

40  eration  allows  the  appropriate  compare  output  59,  69, 
79,  or  89  to  be  selected  by  control  element  90  and 
passed  out  as  final  compare  output  100  immediately 
after  the  comparator  groups  have  completed  compar- 
ison  operations.  Control  element  90  adds  no  delay  to 

45  the  parallel  magnitude  comparator  comparison  time, 
since  control  element  90  finishes  its  operations  prior 
to  or  at  the  same  time  group  compare  outputs  59,  69, 
79,  and  89  are  ready  to  be  passed  through  the  control 
element  90. 

50  The  present  invention  as  described  in  Figure  3, 
would  result  in  5  gate  delays:  one  gate  delay  for  each 
magnitude  comparator  operating  serially  in  a  compar- 
ator  group,  such  as  magnitude  comparators  52,  54, 
56,  and  58  in  comparator  group  50,  and  one  gate  de- 

55  lay  for  control  element  90.  The  invention  requires  no 
buffering  since  the  bit  comparators  are  split  into 
groups  of  four.  This  is  a  marked  improvement  overthe 
serial  magnitude  comparator  shown  in  Figure  2  which 
results  in  at  least  16  gate  delays,  one  for  each  bitcom- 

4 
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parator.  In  the  16  bit  example,  buffering  is  needed  to 
avoid  the  signal  degradation  which  would  occur  from 
propagation  through  16  serially  connected  bit  com- 
parators.  The  gate  delay  is  even  greater  when  buffer- 
ing  is  used  in  the  serial  magnitude  comparator.  If  an 
inverter  were  placed  after  every  fourth  bit  compara- 
tor,  four  extra  gate  delays  would  be  added  for  a  total 
of  20  gate  delays. 

An  alternative  embodiment  of  the  invention  using 
a  tri-stateable  gate  rather  than  a  transmission  gate  is 
shown  in  Figure  4.  Figure  4  shows  a  tri-stateable 
gate  110  with  three  inputs:  INPUT,  LOGIC  INPUT  and 
LOGIC  INPUT.  INPUT  is  the  compare  output  signal 
from  the  corresponding  comparator  group  and  is  ana- 
logous  to  group  compare  outputs  59,  69,  79,  and  89 
shown  in  Figure  3.  LOGIC  INPUT  is  analogous  to  log- 
ic  inputs  93,  95,  97,  and  99  of  Figure  3;  LOGIC  INPUT 
is  determined  by  the  same  SN  equations  shown 
above.  LOGIC  INPUT  is  simply  the  inverse  of  LOGIC 
INPUT.  The  OUTPUT  signal  is  determined  by  the 
state  of  the  LOGIC  INPUT  signal.  When  LOGIC  IN- 
PUT  is  a  logic  high,  LOGIC  INPUT  is  a  logic  low,  and 
the  LOGIC  INPUT  signal  is  passed  through  as  the 
OUTPUT.  When  LOGIC  INPUT  is  a  logic  low,  LOGIC 
INPUT  is  a  logic  high,  and  tri-stateable  gate  110  is  ef- 
fectively  in  a  high  impedance  state  and  shuts  off,  al- 
lowing  nothing  to  pass. 

Four  tri-stateable  gates  110  would  take  the  place 
of  the  four  transmission  gates  shown  in  Figure  3  and 
would  both  multiplex  and  buffer  in  the  same  stage. 
The  outputs  of  these  four  pass  gates  would  be  wired 
together  for  a  single  final  compare  output  100.  In  this 
case,  buffering  would  still  not  be  required  for  the  16 
bit  parallel  magnitude  comparator  shown  in  Figure  3. 

The  parallelized  magnitude  comparator  has  been 
described  in  relation  to  a  FIFO  flag  generation  circuit. 
The  magnitude  comparator  can  also  be  used  in  a  mul- 
titude  of  other  applications  such  as  in  arithmetic  logic 
units  (ALUs)  of  computers  where  it  is  necessary  to  de- 
termine  the  magnitude  of  one  number  relative  to  that 
of  a  second  number. 

While  the  invention  has  been  particularly  shown 
and  described  with  reference  to  two  preferred  em- 
bodiments,  it  will  be  understood  by  those  skilled  in  the 
art  that  various  changes  in  form  and  detail  may  be 
made  therein  without  departing  from  the  spirit  and 
scope  of  the  invention. 

Claims 

1.  A  magnitude  comparator,  comprising: 
a  plurality  of  bit  comparators,  divided  into 

comparator  groups  that  generate  an  output  sig- 
nal,  wherein  each  of  said  bit  comparators  com- 
pares  the  magnitude  between  a  first  bit  and  a 
second  bit  wherein  the  second  bit  is  equal  to  a 
fixed  value;  and 

a  control  element,  having  inputs  connect- 
ed  to  the  outputs  of  said  comparator  groups, 
which  selects  one  of  the  outputs  of  said  compar- 

5  ator  groups  to  be  output  from  said  control  ele- 
ment. 

2.  The  magnitude  comparator  of  claim  1,  wherein 
each  said  comparator  group  is  independent  from 

10  every  other  comparator  group. 

3.  The  comparator  group  of  claim  2,  wherein  said 
comparator  groups  compare  a  plurality  of  bits  si- 
multaneously. 

15 
4.  The  comparator  group  of  claim  2,  wherein  said 

comparator  groups  and  said  control  element  per- 
form  their  respective  functions  simultaneously. 

20  5.  The  magnitude  comparator  of  claim  1,  wherein 
each  said  bit  comparator  generates  a  compare 
output  which  is  input  to  the  subsequent  bit  com- 
parator. 

25  6.  The  magnitude  comparator  of  claim  5,  wherein 
the  initial  bit  comparator  has  as  its  compare  input 
a  signal  set  to  a  predetermined  level. 

7.  The  magnitude  comparator  of  claim  5,  wherein 
30  each  said  bit  comparator  has  a  first  value  input, 

a  second  value  input,  and  a  third  value  input. 

8.  The  magnitude  comparator  of  claim  7,  wherein 
said  first  value  input  is  a  bit  from  a  binary  number. 

35 
9.  The  magnitude  comparator  of  claim  8,  wherein 

said  second  value  input  is  equal  to  a  bit  from  a 
fixed  value. 

40  10.  The  magnitude  comparator  of  claim  9,  wherein 
when  said  second  value  input  is  equal  to  a  logic 
high,  said  first  value  input  is  equal  to  the  inverse 
of  the  bit  from  the  binary  number. 

45  11.  The  magnitude  comparator  of  claim  7,  wherein 
said  third  value  input  is  the  compare  output  signal 
generated  by  a  previous  bit  comparator. 

12.  The  magnitude  comparator  of  claim  1,  wherein 
so  said  control  element  determines  which  said  com- 

parator  group  contains  the  highest  order  bits 
which  do  not  match. 

13.  The  control  element  of  claim  12,  wherein  said 
55  control  element  has  a  plurality  of  gates  each  of 

which  corresponds  to  one  of  said  comparator 
groups. 

14.  The  control  element  of  claim  13,  wherein  said 

5 
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control  element  has  a  plurality  of  transmission 
gates  each  of  which  corresponds  to  one  of  said 
comparator  groups. 

15.  The  control  element  of  claim  13,  wherein  said 
control  element  has  a  plurality  of  tri-stateable 
gates  each  of  which  corresponds  to  one  of  said 
comparator  groups. 

1  6.  The  comparator  of  claim  1  3,  wherein  said  gate  re- 
ceives  a  first  and  a  second  value  input  which  de- 
termines  whether  said  gate  will  allowthefirstval- 
ue  input  to  be  output  from  said  gate. 

17.  The  gate  of  claim  16,  wherein  thefirstvalue  input 
is  the  output  from  the  corresponding  said  com- 
parator  group. 

10 

15 

which  are  input  to  said  control  element. 

25.  The  method  of  claim  23,  wherein  said  control  ele- 
ment  selects  only  one  of  said  compare  outputs  to 
be  output  from  said  control  element  as  a  final 
compare  output. 

26.  The  method  of  claim  23,  wherein  said  comparator 
groups  and  said  control  element  operate  inde- 
pendently  and  in  parallel  with  each  other. 

27.  The  method  of  claim  23,  wherein  comparison  of 
the  magnitude  between  said  first  value  input  and 
said  second  value  input  is  useful  to  generate  a 
flag  signal  suitable  for  a  FIFO. 

18.  The  gate  of  claim  17,  wherein  the  second  value 
input  is  determined  by  whetherthe  bits  compared 
in  the  current  said  comparator  group  or  higher  or- 
der  said  comparator  groups  match. 

20 

19.  The  gate  of  claim  16,  wherein  said  gate  is  capable 
of  not  allowing  said  first  value  input  of  said  gate 
to  be  output  from  said  gate. 

25 

20.  The  gate  of  claim  16,  wherein  onlyoneofthe  plur- 
ality  of  gates  may  allow  said  first  value  input  of 
said  gate  to  be  output  from  said  gate. 

30 

21.  The  control  element  of  claim  13,  wherein  there 
are  four  said  comparator  groups  each  of  which 
has  four  bit  comparators. 35 

22.  The  control  element  of  claim  21  ,  wherein  each  of 
four  said  comparator  groups  corresponds  to  one 
said  gate  for  a  sixteen  bit  FIFO  flag  generation 
circuit. 40 

23.  A  method  for  comparing  the  magnitude  between 
a  first  value  input  and  a  second  value  input,  com- 
prising  the  steps  of: 

comparing  the  magnitude  between  a  first  45 
value  input  and  a  second  value  input  by  grouping 
bit  comparators  into  comparator  groups  which 
generate  compare  outputs  which  are  input  to  a 
control  element,  wherein  the  second  value  input 
is  equal  to  a  fixed  value;  and  so 

generating  a  final  compare  output  from 
said  control  element  indicative  of  whether  the 
magnitude  of  said  first  value  input  is  equal  to,  less 
than,  or  greater  than  the  magnitude  of  said  sec- 
ond  value  input.  55 

24.  The  method  of  claim  23,  wherein  said  comparator 
groups,  which  operate  in  parallel  and  indepen- 
dently  of  each  other,  generate  compare  outputs 

6 
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