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Description 

The  present  invention  relates  to  digital  adaptive 
voting  for  fault-tolerant  digital  systems. 

The  adaptive  voting  technique  of  the  present 
invention  uses  dynamically  gathered  error  data  to 
differentiate  good  units  from  failing  units  in  a  re- 
dundant  electronic  system.  Adaptive  voting  pro- 
duces  statistically  more  correct  results  than  major- 
ity  voting  for  redundant  systems. 

Adaptive  voting  is  mathematically  demonstra- 
ble  to  be  a  superior  form  of  fault-tolerant  voting  for 
n  units  of  an  n-modular  redundant  system  in  the 
face  of  widespread  and  frequent  failures  within 
multiple  units  of  such  a  system.  In  other  words,  in 
the  face  of  very  serious  performance  degradations 
of  multiple  units  of  the  system,  adaptive  voting 
may  maintain  system  functionality  even  when  all 
units  of  the  system  are  suffering  from  intermittent 
faults.  This  is  particularly  advantageous  for  n-mod- 
ular  redundant  Very  Large  Scale  Integrated  (VLSI) 
circuit  technology. 

A  prior  art  treatise  on  adaptive  voting  is  con- 
tained  as  Chapter  IV,  Adaptive  Decision  Elements 
in  Failure-Tolerant  Computer  Design  by  William  H. 
Pierce  published  by  Academic  Press,  1965.  The 
adaptation  procedures  taught  therein  are  entirely 
analog  in  nature.  For  example,  the  simplest  adap- 
tion  procedure  is  a  procedure  in  which  the  error 
probability  of  the  output  of  a  circuit  is  inferred  from 
conditions  in  the  circuit,  such  as  bias  current.  The 
quantity  that  indicates  the  error  probability  of  the 
output  of  the  circuit  is  used  directly  to  set  the  vote- 
weight  of  the  output  in  all  later  vote-takers.  This  is 
an  open-loop  adaption  procedure,  so  it  is  stable 
and  requires  no  special  analysis.  Other  adaptation 
methods  include  linear-feedback  circuits,  linear 
low-pass  filters  and,  as  shown  in  pages  149-154  of 
the  book  entitled  "The  Theory  and  Practice  of 
Reliable  System  Design",  1982,  by  Daniel  P 
Siewiorek  and  Robert  S.  Swarz,  Digital  Equipment 
Corporation,  self-purging  redundancy. 

The  extent  of  protection  to  be  conferred  hereby 
is  to  be  determined  by  the  terms  of  the  appended 
claims,  interpreted  with  the  aid  of  the  following 
description  and  drawings,  which  disclose,  by  way 
of  example,  the  invention  which  is  characterised  in 
the  claims. 

Embodiments  illustrating  the  invention  by  way 
of  example  will  now  be  described  with  reference  to 
the  accompanying  drawings  in  which:- 

Fig.  1,  comprised  of  Figs.  1a  and  1b,  is  a  block 
diagram  of  a  first  embodiment, 
Fig.  2  is  an  alternate  embodiment, 
Fig.  3  illustrates  in  further  detail  the  operation  of 
a  correction  logic  circuit  as  shown  and  de- 
scribed  with  reference  to  Fig.  2,  and 

Fig.  4  illustrates  a  further  improvement  in  block 
schematic  form. 

Reference  will  now  be  made  to  the  drawings. 
Fig.  1  illustrates  the  manner  in  which  Figs.  1a 

5  and  1b  are  to  be  positioned  to  form  a  block  dia- 
gram  of  a  first  embodiment  of  the  present  inven- 
tion.  For  purposes  of  illustration  the  embodiment  of 
Fig.  1a  and  1b  are  implemented  with  four  redun- 
dant  input  data  devices  (not  shown).  The  four  re- 

io  dundant  hardware  devices  operate  on  data  sup- 
plied  from  a  data  source,  and  each  produces  a 
single  output  bit.  For  example,  the  input  signals  lo- 
b  are  each  representative  of  a  single  data  bit  from 
each  of  the  input  devices.  These  bits  are  stored  in 

15  latches  12  and  a  two-phase  clock  supply  14  is 
provided  so  that  the  stored  bits  in  the  latches  12 
are  coupled  out  on  the  lines  18,  20,  22,  24  upon 
the  occurrence  of  a  phase  one  clock  signal  on  the 
line  16.  The  signals  on  the  lines  18,  20,  22,  24  are 

20  used  as  select  signals  for  the  multiplexers  26,  28, 
30,  32  respectively.  Voting  weight  values  stored  in 
the  counters  34-40  are  selectively  coupled  through 
these  multiplexers  under  the  control  of  the  bits 
clocked  from  the  latches  12. 

25  The  values  stored  in  the  counters  34-40  are 
initialized  upon  the  occurrence  of  a  Master  Clear 
signal  on  the  line  42  which  is  coupled  to  the  LOAD 
terminals  of  the  counters  34-40.  The  values  stored 
in  the  counters  correspond  to  predetermined  maxi- 

30  mum  weight  value.  In  the  illustrated  embodiment  of 
the  weights  stored  on  all  of  the  counters  are  initially 
equal  after  the  occurrence  of  the  Master  Clear 
Signal.  However,  it  is  within  the  scope  of  the 
present  invention  to  provide  different  weights  for 

35  each  of  the  counters  in  accordance  with  the  fault- 
tolerance  conditions  that  are  to  be  implemented  in 
any  particular  installation. 

The  counters  34-40  are  up/down  counters 
which  have  both  Increment  (I)  and  Decrement  (D) 

40  input  terminals.  These  counters  provide  a  digital 
number  representative  of  the  stored  weight  value  in 
1's  complement  form  and  also  the  inverted  value  of 
the  1's  complement  number.  The  line  44,  labeled 
with  a  "  +  ",  is  coupled  from  the  counter  34  to  the 

45  multiplexer  26  and  represents  a  multiple  bit  bus. 
This  line  carries  a  positive  value  representation  of 
the  1's  compliment  number  that  represents  the 
weight  assigned  to  the  counter  34  upon  initializa- 
tion.  In  1's  compliment  number  notation  a  number 

50  is  positive  (or  zero)  if  its  most  significant  bit  is  "0". 
The  line  46  labeled  with  a  "-"  supplies  the  inverted 
value  of  the  1's  compliment  number  which  means 
that  all  of  the  logic  "1  "  values  of  the  number  are 
converted  to  logic  "0"  values,  and  all  of  the  logic 

55  "0"  values  supplied  on  the  bus  44  are  converted  to 
logic  "1  "  values.  Thus,  since  the  value  of  the 
numbers  applied  on  the  line  46  will  be  a  negative 
number,  the  most  significant  bit  of  this  number  is  a 
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logic  "1  ". 
In  the  description  of  this  invention  it  is  a  first 

assumed  that  the  switches  48-54  are  in  the  position 
shown  in  the  Fig.  1a  and  1b  wherein  the  contact 
blades,  such  as  the  blade  56  are  connected  be- 
tween  the  positive  voltage  terminal  58  and  the  input 
line  60  to  an  inverter  62.  The  application  of  a 
positive  voltage  to  the  input  of  the  inverter  62 
drives  the  output  of  the  inverter  on  the  line  64  to 
the  input  of  the  counter  66  to  a  LOW  state.  This 
disables  the  counter  66  from  changing  its  count, 
but  provides  a  constant  enabling  signal  on  the  line 
68  to  the  gate  70  so  that  the  gate  is  permanently 
open  when  the  switch  48  is  in  the  position  shown. 
A  comparator  72  is  provided  which  compares  a 
multi-bit  digital  signal  of  "m"  bits  on  the  bus  lines 
74  which  may  be  obtained  from  storage,  and  which 
signifies  the  initial  voting  weight  assigned  to  the 
device  coupled  to  input  line  239.  An  "m"  bit  signal 
is  also  supplied  on  the  bus  lines  76  from  the  1's 
compliment  output  of  the  counter  34  on  the  lines 
44.  When  the  two  signals  on  the  lines  74  and  76 
are  equal  the  gate  70  is  disabled  by  the  signal  on 
the  line  78.  When  they  are  unequal  a  signal  is 
supplied  by  the  gate  70  to  the  line  80  to  increment, 
or  I  input  terminal,  on  the  counter  34.  Thus  upon 
initialization  of  the  counters  with  the  Master  Clear 
signal  on  the  line  42,  further  incrementing  of  the 
counter  34  will  not  occur  until  after  the  counter  has 
first  been  decremented  when  the  switch  48  is 
open. 

In  describing  the  operation  of  the  embodiment 
depicted  in  Figs.  1a  and  1b  it  will  first  be  assumed 
that  the  input  signals  I0-I3  are  all  identical,  meaning 
that  all  of  the  redundant  hardware  devices  are 
producing  the  same  result  and,  thereby,  it  can  be 
presumed  they  are  all  operating  correctly  and  are 
not  subject  to  faults.  In  this  instance  all  of  the 
multiplexers  26-32  are  controlled  by  the  corre- 
sponding  select  signals  on  the  lines  18-24,  so  that 
they  transfer  the  count  stored  in  them  to  the  adder 
that  is  coupled  to  the  associated  multiplexer.  For 
example,  the  adder  82  is  connected  to  receive  an 
"m"  bit  wide  signal  from  the  multiplexer  26  on  bus 
84,  and  a  corresponding  signal  from  the  multiplexer 
28  on  bus  86.  The  adder  82  provides  a  1's  com- 
plement  addition  of  these  two  signals  and  provides 
an  "m"  bit  wide  signal  on  the  bus  88  to  another 
adder  90. 

In  a  corresponding  manner  the  multiplexers  30 
and  32  are  coupled  to  the  adder  92,  the  output  of 
which  is  coupled  to  the  adder  90.  If  the  signal  on 
the  lines  lo  is  in  a  logic  "1"  state,  the  1's  com- 
plement  a  number  on  the  lines  44  is  supplied  to 
the  associated  multiplexer  such  as  the  multiplexer 
26.  Assuming,  therefore  that  all  of  the  input  data 
signals  I0-I3  stored  in  the  latches  12  are  at  a  logic 
"1  "  level  all  of  the  multiplexers  26-32  will  supply  a 

positive  weight  value  to  the  adders  82  and  92. 
Therefore,  when  these  numbers  are  added  by  the 
adder  90,  they  will  provide  a  signal  at  the  output  of 
the  sign  detect  circuit  93  which  indicates  whether 

5  the  most  significant  bit  of  the  1's  compliment  num- 
ber  is  a  logic  "0"  or  a  logic  "1  "  and  inverting  it. 
The  sign  detect  circuit  93  feeds  back  this  logic  "1  " 
or  logic  "0"  signal  on  the  line  94  to  one  input  of 
each  of  the  exclusive-or  gate  96,  108,  110,  112. 

10  The  other  input  of  each  of  these  exclusive-or  gates 
96,  108,  110,112,  is  coupled  to  the  corresponding 
multiplexer  selection  lines,  such  as  the  line  18. 

Assuming  that  all  of  the  weights  of  the  counters 
34-40  are  set  to  the  same  initial  weight  value,  the 

15  sum  provided  by  the  adder  90  will  be  at  a  maxi- 
mum  value,  and  will  maintain  this  value,  as  long  as 
all  of  the  input  data  signals  I0-I3  continue  to  agree. 
If  any  of  the  input  signals  I0-I3  happen  to  be  at  a 
logic  "0"  level  instead  of  a  logic  "1  "  level,  the 

20  inverted  values  of  these  counters  will  be  sent  out 
on  the  bus  lines  46.  For  example,  assuming  that  all 
of  the  input  signals  I0-I3  are  at  a  logic  "0"  level,  the 
adders  82  and  92  will  then  supply  negative  weight 
values,  and  these  will  be  added  by  the  adder  90  to 

25  supply  a  negative  value,  or  logic  "0"  output  from 
the  sign  detect  circuit  93.  Since  both  of  the  inputs 
to  the  exclusive-or  gate  96  in  this  case  are  at  a 
logic  "0"  level,  the  exclusive-or  gate  96  will  not 
produce  an  output  to  the  output  line  98,  which  is 

30  coupled  to  the  decrement  (D)  input  terminal  of  the 
counter  34.  Thus  in  case  of  agreement,  when  the 
inputs  to  the  exclusive-or  gates  are  both  at  either  a 
"1  "  or  a  "0"  level,  the  associated  counter  will 
remain  at  its  previous  weight  value.  The  sign  detect 

35  circuit  93  is  also  coupled  on  the  line  100  to  a  latch 
102  which  is  supplied  a  phase  two  clock  pulse  on 
the  line  104  from  the  clock  circuit  14.  The  output  of 
the  latch  102  that  is  supplied  on  the  line  106  is 
designated  a  "Co"  signal.  This  one  bit  signal  will 

40  be  either  a  logic  "1  "  or  a  logic  "0"  in  accordance 
with  the  sign  detected  by  the  sign  detect  circuit  93, 
but  it  will  appear  one  clock  cycle  following  the 
latching  of  the  signal  into  the  latch  102. 

Assuming  that  line  lo  is  at  a  logic  "0"  level 
45  while  the  lines  I1  ,  I2  and  I3  are  on  a  logic  "1  "  level, 

the  inverted,  or  bit-by-bit  complemented,  value  of 
the  counter  34  that  is  supplied  on  the  line  46  and, 
via  the  multiplexer  26,  to  the  line  84  will  be  sub- 
tracted  from  the  positive  1  's  compliment  signal  that 

50  is  supplied  by  the  counter  36  on  the  line  45  and, 
via  the  multiplexer  28,  to  the  line  86.  The  1's 
compliment  signals  from  the  multiplexers  30  and 
32  and  the  counters  38  and  40  are  correspondingly 
sent  to  the  adder  92,  and  from  this  adder  to  the 

55  adder  90.  Since  the  counts  in  the  counters  34-40 
may  be  different,  there  is  a  summed  weight  value 
that  is  provided  by  the  adder  90  that  determines 
the  sign  of  the  final  value,  and  thus  whether  the 

3 
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value  is  negative  or  positive. 
It  is  possible  that  the  weights  of  three  counters, 

for  example  the  counters  36,  38  and  40,  may  all  be 
positive  but  of  a  lower  value  than  the  inverted 
negative  weight  value  stored  in  a  single  counter,  for 
example,  the  counter  34.  Even  though  there  are 
three  counters  that  indicate  a  positive  1's  com- 
pliment  signal  in  this  instance  the  inverted  value 
stored  in  the  counter  34  can  exceed  the  sum  of  the 
other  values,  and  the  sign  detect  circuit  93  would 
then  provide  a  negative  output  or  a  logic  "0"  output 
signal.  In  this  event  even  though  the  sign  detect 
circuit  93  provides  a  logic  "0"  output  on  the  line  94 
to  the  exclusive-or  gate  96  and  that  the  signal  on 
the  line  18  also  at  a  logic  "0"  level,  and  the 
exclusive-or  gate  96  still  will  not  provide  a  de- 
crement  count  to  the  counter  34.  However,  the 
other  corresponding  exclusive-or  gates  108,  110 
and  112  associated  with  the  counters  36,  38  and 
40  respectively,  would  provide  decrement  counts  to 
the  D  inputs  of  these  counters. 

In  a  similar  manner,  if  all  of  the  input  signals  lo- 
b  except  one  were  at  a  logic  "0"  level,  the  sum 
provided  by  the  adder  90  would  determine  whether 
or  not  the  addition  of  the  weights  resulted  in  a 
positive  or  a  negative  value,  and  an  appropriate 
signal  would  be  fed  back.  In  the  event  that  the 
number  of  "1  "  and  "0"  signals  on  the  inputs  were 
equal  and  the  weights  of  the  counters  were  all 
equal,  either  a  logic  "0"  or  a  logic  "1  "  signal  may 
be  provided  by  the  sign  detect  circuit  93  on  the 
line  94,  as  desired.  Usually  this  signal  is  assumed 
to  be  a  "1  "  for  ease  and  speed  of  decoding,  since 
a  zero  value  has  a  zero  most  significant  bit,  as  do 
positive  numbers. 

If  the  switches  48-54  are  switched  to  their 
opposite  positions,  or  their  closed  positions,  the 
operation  of  the  circuit  is  modified.  For  example,  if 
the  blade  on  56  of  the  switch  48  is  in  contact  with 
the  terminal  114,  the  output  from  the  exclusive-or 
gate  96  will  be  supplied  on  the  line  60  to  the  input 
inverter  62.  The  two-clock  phases  from  the  clock 
14  is  supplied  to  the  counter  66,  and  each  time 
that  a  signal  appears  on  the  line  60  the  signal  will 
be  clocked  into  the  counter,  and  when  the  counter 
66  is  full  a  signal  will  be  supplied  to  the  gate  on 
the  line  68.  The  gate  70  is  now  controlled  so  that  it 
is  opened  only  after  a  predetermined  number  of 
agreements  have  occurred  between  the  signal  sup- 
plied  on  the  line  94  by  the  sign  detect  circuit  93, 
(which  is  indicative  of  the  total  weight  of  the  coun- 
ters  summed  together),  and  the  data  signal  on  the 
corresponding  input  line  lo.  The  counter  34  will  not, 
therefore,  begin  to  increment  until  after  a  predeter- 
mined  number  of  agreements  have  occurred,  equal 
to  a  number  of  stages  in  the  counter  66.  This 
embodiment  allows  a  monitored  unit  to  regain  vo- 
ting  weight  once  it  has  begun  to  agree  with  the 

majority  of  the  voting  units.  The  setting  of  the 
switches  48-54  is  controlled  by  a  switch  control 
unit  116. 

Fig.  2.  is  an  alternate  embodiment  for  which  a 
5  number  of  correction  logic  circuits  200  are  em- 

ployed,  wherein  each  of  the  correction  logic  circuits 
is  constructed  in  a  manner  similar  to  that  described 
with  reference  to  Figs.  1a  and  1b.  In  this  embodi- 
ment,  however,  each  of  the  data  input  sources 

10  supplies  more  than  one  data  input.  For  example,  a 
single  data  input  source  supplies  the  lo,  Jo,  Ko,  and 
Udata  inputs.  Each  of  these  inputs  goes  to  a 
separate  correction  logic  circuit  and  the  output  of 
each  of  the  correction  logic  circuits  is  an  individual 

15  output  count  such  as  the  Co  count  on  the  line  202. 
Decrementing  signals  corresponding  to  those  found 
on  the  line  98  from  the  exclusive-or  gate  96  of  Fig. 
1a,  are  supplied  on  the  lines  204  to  a  multiplexer 
such  as  a  multiplexer  206,  which  provide  outputs 

20  that  are  4  bits  wide.  These  outputs  are  supplied 
either  on  the  line  207  or  on  the  line  208  in  accor- 
dance  with  the  setting  of  the  partition  register  210, 
and  under  the  control  of  the  partition  control  212 
via  the  control  line  213. 

25  If  a  fault  occurs,  and  the  line  207,  for  example, 
is  selected  to  be  active  by  the  partition  control  212 
the  signal  on  this  line  is  coupled  to  a  decrement 
counting  section,  consisting  of  four  separate  de- 
crement  counters  214  which  are  coupled  to  the  A 

30  weight  storage  control  section  216.  On  the  other 
hand,  if  the  line  208  is  selected  to  be  active,  the  B 
weight  section  218  which  is  controlled  by  the  de- 
crement  counters  220  is  employed.  In  this  manner, 
alternate  sets  of  weighted  values  may  be  selected 

35  by  multiplexers  such  as  the  multiplexer  206  as 
associated  with  individual  input  data  bits. 

In  the  illustrated  embodiment  of  Fig.  2  the 
weight  values  stored  in  the  weight  storage  sections 
216  and  220  each  comprise  four  sections  A0-A3 

40  and  B0-B3  that  are  6  bits  wide.  Therefore,  the 
output  value  signal  supplied  on  the  lines  222  and 
224  is  24  bits  wide.  The  A  weight  values  are 
supplied  on  the  lines  226  to  the  multiplexer  228 
while  the  B  weights  are  supplied  on  the  lines  230 

45  to  the  same  multiplexer.  The  output  of  the  mul- 
tiplexer  to  the  228  is  supplied  on  the  lines  232  to 
be  utilized  by  the  uppermost  correction  logic  circuit 
200  of  Fig.  2.  The  other  correction  logic  circuits 
and  multiplexers  are  connected  to  function  in  a 

50  similar  manner. 
Fig.  3  illustrates  in  further  detail  the  operation 

of  a  correction  logic  circuit  as  shown  and  described 
with  reference  to  Fig.  2.  For  example,  the  A  and  B 
weight  signals  supplied  to  the  multiplexer  228  are 

55  controlled  by  the  signal  on  the  selection  line  213 
and  the  outputs  of  the  multiplexer  228  are  coupled 
directly  on  input  lines,  such  as  the  line  234,  or 
through  an  inverter  such  as  an  inverter  236,  to  the 

4 
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multiplexer  238.  The  input  signals  I0-I3  on  the  lines 
239-245  control  the  selection  of  the  multiplexers  in 
the  manner  described  above  so  that  the  actual 
value  of  the  selected  weights,  such  as  the  weight 
Ao,  appears  on  the  line  234  and  the  inverted  value 
of  this  weight  appears  at  the  output  of  the  inverter 
236,  while  the  input  signals  select  the  appropriate 
input.  Thus,  if  the  signal  on  the  line  239  is  at  a 
logic  "1  "  level,  the  value  of  the  weight  Ao  will  be 
supplied  to  the  multiplexer  as  a  six  bit  signal  on  the 
lines  240  to  the  adder  242.  If  the  signal  on  the  line 
239  is  at  a  logic  "0"  level,  the  value  of  the  weight 
Bo  will  be  supplied  on  the  lines  240  to  the  added 
242. 

The  output  of  the  multiplexer  244  is  also  sup- 
plied  to  this  adder,  while  the  outputs  of  the  mul- 
tiplexers  246  and  248  are  supplied  to  the  adder 
250.  The  output  of  both  of  the  adders  242  and  250 
are  supplied  to  the  adder  252  and  a  six  bit  wide 
signal  is  sent  to  the  sign  detector  circuit  256.  Ths 
sign  detect  circuit  256  is  connected  to  a  series  of 
exclusive-or  gates  258-264  and  a  latch  266.  The 
output  of  the  latch  266  on  the  line  268  is  the  Co 
signal  while  the  outputs  of  the  exclusive-or  gates 
258-264  are  coupled  to  the  lines  204  or  Fig.  2. 

Fig.  4  illustrates  a  further  improvement  of  the 
present  invention,  in  which  all  possible  compari- 
sons  of  the  weight  counts  that  are  utilized  are 
precalculated  so  that  when  the  input  path  sources 
record  their  votes  the  result  of  the  weighted  vote 
comparison  will  be  immediately  accessible  at  the 
output  of  the  selection.  This  will  cause  a  feedback 
signal  indicating  agreement  or  disagreement  to  be 
sent  to  each  of  the  data  sources.  This  embodiment 
utilizes  a  number  of  different  weight  counts  and 
their  inverted  values,  for  example  the  weights  Ao, 
A1  ,  A2  and  A3  and  their  inverted,  or  bit-by-bit 
complemented  values  are  coupled  to  a  series  of 
adders  400.  The  first  series  of  adders  400  are 
coupled  in  turn  to  a  second  series  of  adders  402. 
Each  of  the  first  series  of  adders  400  has  two 
weighted  values  coupled  to  it  in  a  permuted  fash- 
ion.  The  six  adders  of  the  row  of  adders  400  are 
connected  so  that  each  of  the  seven  adders  of  the 
row  402  have  two  inputs.  The  combinations  that  are 
supplied  are  indicated  by  the  lettering  in  the  boxes 
of  each  of  the  adders  where  a  bar  above  the  input 
signal  indicates  the  complement  of  the  number. 
The  adders  402  all  have  sign  detection  circuits 
similar  to  the  sign  detection  circuits  of  Fig.  1b  and 
the  output  of  these  sign  detection  circuits  are  the 
outputs  of  the  adders  402. 

The  outputs  of  the  adders  402  are  each  sup- 
plied  both  on  a  direct  line  such  as  the  line  404  and 
through  an  inverter,  such  as  the  inverter  406,  to  the 
latches  408.  The  latches  408  are  clocked  by  clock 
phase  one  and  supply  their  outputs  to  a  one  of 
sixteen  selector  410.  For  example,  the  output  of  the 

inverter  406  on  the  line  412  is  supplied  by  the  latch 
408  as  an  input  to  the  selector  410  on  the  line  414. 
The  signal  on  the  line  414  is  a  selection  signal  that 
is  designated  as  "1110"  next  to  the  line  414  and  is 

5  developed  in  the  following  manner.  The  Ao  weight 
and  A1  weight  signals  are  coupled  to  the  adder  401 
which  supplies  a  signal  which  is  the  sum  of  the  Ao 
and  A1  weight  signals.  The  adders,  such  as  the 
adder  403  of  the  row  of  adders  402,  each  receive 

10  the  sum  of  two  different  adders  of  the  row  of 
adders  400  and  produce  a  summation  of  four  sepa- 
rate  weight  values.  The  adder  403,  in  addition  to 
being  an  adder  that  sums  the  weighted  values  Ao, 
A1  ,  A2  and  A3,  has  a  sign  detect  circuit  included  in 

15  it  which  is  similar  to  the  sign  detect  circuit  93  of 
Fig.  1b.  Thus,  the  output  of  the  adder  403  will  be  a 
logic  level  signal  that  will  be  supplied  as  a  logic 
level  signal  on  the  line  405,  or  as  the  inverse  of  this 
logic  level  signal  on  the  line  406.  All  of  the  other 

20  signals  are  developed  in  a  similar  manner  in  accor- 
dance  with  the  inputs  applied  and  the  additions 
performed,  as  indicated  by  Fig.  4. 

When  all  of  the  signals  I0-I3  are  at  a  high  or 
logic  "1"  level  a  "1111"  value  is  stored  in  the 

25  latches  418  and  in  this  instance  the  positive  voltage 
supply  connected  to  the  line  426  will  be  selected  in 
order  to  send  a  logic  -1"  level  signal  to  the  output 
line  420  regardless  of  the  values  of  the  weight 
signals  values  inputted  to  the  address  400.  When 

30  all  of  the  input  signals  I0-I3  are  at  a  "0"  logic  level, 
a  "0000"  value  is  represented  and  in  this  instance 
a  ground  level,  or  logic  "0"  signal  is  connected  to 
the  line  428,  by  the  selector  410,  regardless  of  the 
weighted  values. 

35  In  the  two  immediately  described  instances 
relating  to  the  selection  of  lines  426,  and  428  all  of 
the  input  signals  I0-I3  were  in  agreement.  When 
there  is  disagreement,  the  value  on  the  line  420 
from  the  selector  410  is  dependent  on  the  values 

40  bothered  from  the  adders  402. 
If  the  output  of  the  adder  403,  for  example, 

signifies  that  greater  than  the  sum  of  Ao  +  A1  + 
A2  +  A3  is  greater  than  zero,  and  then  the  line  404 
will  be  at  a  logic  "0"  level  and  the  line  412  will  be 

45  at  a  logic  "1  "  level  due  to  the  inversion  by  the 
inverter  406.  On  the  other  hand,  if  Ao  +  A1  +  A2 
+  A3  is  equal  to  or  less  than  zero,  the  output  of 
the  adder  403  will  be  a  logic  "1  "  level  and  the 
signal  on  the  line  412  will  be  at  a  "0"  logic  level 

50  while  the  signal  on  the  line  404  will  be  at  a  logic 
"1"  level. 

The  signals  I0-I3  supplied  to  the  latches  418 
determine  a  selection  signal  that  selects  one  of  the 
input  lines  to  the  selector  410  from  the  latches  408 

55  (for  example,  the  lines  414,  416,426,428).  When 
the  input  signals  lo,  I1  ,  l2  are  all  at  a  logic  "1'  level 
and  I3  is  at  a  logic  "0"  level,  for  example,  the  line 
414  is  selected.  The  signal  on  the  line  414  follows 

5 
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the  signal  on  the  line  404.  If  the  weight  values  Ao 
+  Ai  +  A2  +  A3  is  greater  than  zero,  the  signal 
on  the  line  404,  which  is  passed  on  the  line  414 
through  the  selector  410  to  the  line  420,  will  be  at  a 
logic  "1  "  level.  If  Ao  +  Ai  +  A2  +  A3  is  equal  to 
or  less  than  zero,  the  signal  on  the  line  404  will  be 
at  a  logic  "0"  level.  The  output  on  the  line  420  is 
fed  to  the  latch  422  and  supplied  as  the  Co  signal, 
at  the  "correct"  signal  on  the  line  424  back  to  the 
data  sources. 

Although  the  invention  has  been  described  with 
reference  to  particular  embodiments,  it  is  under- 
stood  that  numerous  other  embodiments  may  be 
readily  devised  by  those  skilled  in  the  art  by  utiliz- 
ing  the  teachings  of  the  present  invention.  The 
signal  on  line  416  is  represented  when  as  "0001" 
there  is  a  match  between  the  input  signals  h-U 
which  are  stored  in  the  latches  418,  that  are  cloc- 
ked  by  a  phase  one  clock  and  the  selected  binary 
value,  (for  example,  "0001",  when  line  416  is  ac- 
tivated,  or  "1110",  when  line  414  is  activated),  a 
logic  "1  "  input  signal  will  appear  on  the  line  420  to 
the  latch  422.  Otherwise,  in  the  absence  of  a  match 
line  420  will  be  at  a  logic  level  "0".  The  latch  422 
is  clocked  by  clock  phase  two  to  supply  its  Co 
signal  on  the  line  424,  which  may  be  utilized  by  the 
system  in  the  manner  previously  described,  such 
as  by  coupling  the  line  424  to  exclusive-or  gates 
96,  1  08,  1  1  0  and  1  1  2  of  Figs.  1  a  and  1  b  in  order  to 
increment  or  decrement  stored  weight  counts.  It 
will  also  be  recognized  that  the  employment  of 
alternate  A  and  B  weight  values  with  the  embodi- 
ment  of  Fig.  4  is  a  modification  that  is  intended  to 
be  included  within  the  scope  of  the  present  inven- 
tion. 

Claims 

1.  A  digital  system  employing  adaptive  voting 
and  comprising  input  means  (I0-I3)  for  sup- 
plying  an  input  data  bit  from  each  of  a  plurality 
of  input  devices,  weight  means  (34,  36,  38,  40) 
for  storing  an  initial  plurality  of  weight  values 
each  associated  with  one  of  said  input  devices, 
voting  means  (26-32,  82-93)  coupled  to  said 
input  means  and  to  said  weight  means  for 
utilizing  said  data  bits  and  said  weight  values 
for  determining  which  of  said  input  data  bits 
correspond  to  at  least  one  correct  data  output 
bit,  and  for  providing  said  data  output  bit  (14, 
102),  and  weight  adjustment  means  for  adjust- 
ing  said  stored  weight  values  by  selectivity 
increasing  (66,  70)  the  weight  values  asso- 
ciated  with  a  given  input  device  as  a  function 
of  matches  between  the  input  data  bit  from 
said  given  input  device  and  said  output  data 
bit  and  by  selectively  decreasing  (96,  108, 
110,  112)  the  weight  value  associated  with  a 

given  input  device  as  a  function  of  mismatches 
between  the  input  data  bit  from  said  given 
input  device  and  said  output  data  bit,  char- 
acterized  in  that  said  voting  means  comprises 

5  a  digital  up/down  counter  (34,  36,  38,  40),  the 
count  direction  of  which  is  controlled  by  the 
occurrence  of  either  a  match  or  a  mismatch 
between  the  associated  input  data  bit  and  the 
output  data  bit,  and  which  supplies  both  posi- 

10  tive  and  negative  weight  values,  and  digital 
multiplexing  means  (26,  28,  30,  32)  coupled  to 
select  either  said  positive  or  negative  weight 
values  in  accordance  with  the  value  of  the 
associated  input  data  bit,  and  in  that  the  sys- 

15  tern  further  includes  digital  means  (82,  90,  92) 
coupled  to  all  of  said  digital  multiplexing 
means  and  arranged  to  receive  said  positive 
and  negative  digital  weight  values  and  cal- 
culate  the  correct  output  data  bit  therefrom. 

20 
2.  A  digital  system  as  claimed  in  claim  1  wherein 

said  digital  weight  values  are  increased  as  a 
function  of  matches  and  are  decreased  as  a 
function  of  mismatches  at  different  rates. 

25 
3.  A  digital  system  as  claimed  in  claim  2  wherein 

each  increase  of  said  weight  values  requires  a 
greater  number  of  matches  than  each  de- 
crease  of  said  weight  values. 

30 
4.  A  digital  system  as  claimed  in  claim  3  wherein 

said  digital  weight  values  are  increased  only 
after  a  multiple  number  of  matches  occur  in  a 
row  while  said  weight  values  are  decreased 

35  upon  each  mismatch. 

5.  A  digital  system  as  claimed  in  any  one  of  the 
preceding  claims  wherein  said  system  further 
comprises  an  alternate  digital  weight  means  for 

40  storing  a  second  plurality  of  digital  weight  val- 
ues  and  a  digital  weight  value  control  means 
constructed  to  selectively  supply  either  said 
initial  plurality  of  weight  values  or  said  second 
plurality  of  weight  values  to  said  digital  voting 

45  means. 

6.  A  digital  system  as  claimed  in  claim  5  wherein 
said  digital  weight  values  are  increased  as  a 
function  of  matches  and  are  decreased  as  a 

50  function  of  mismatches  at  different  rates. 

7.  A  digital  system  as  claimed  in  claim  6  wherein 
each  increase  of  said  weight  values  requires  a 
greater  number  of  matches  than  each  de- 

55  crease  of  said  weight  values. 

8.  A  digital  system  as  claimed  in  claim  7  wherein 
said  weight  values  are  increased  only  after  a 

6 
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multiple  number  of  matches  occur  in  a  row 
while  said  weight  values  are  decreased  upon 
each  mismatch. 

9.  A  digital  system  as  claimed  in  claim  8  wherein 
said  digital  weight  values  are  increased  as  a 
function  of  matches  and  are  decreased  as  a 
function  of  mismatches  at  different  rates. 

Patentanspruche 

1.  Digitales  System  unter  Verwendung  adaptiver 
Auswahl,  mit  Eingabeeinrichtungen  (l0  -  b) 
zum  Zufuhren  eines  Eingangsdatenbits  von  je- 
der  von  mehreren  Eingabevorrichtungen;  Ge- 
wichtungseinrichtungen  (34,  36,  38,  40)  zum 
Abspeichern  mehrerer  Anfangs-Gewichtungs- 
werte,  von  denen  jeder  jeweils  einer  der  Einga- 
bevorrichtungen  zugeordnet  ist;  einer  Auswahl- 
einrichtung  (26  -  32,  82  -  93),  die  mit  den 
Eingabeeinrichtungen  und  den  Gewichtungs- 
einrichtungen  verbunden  ist,  urn  die  Datenbits 
und  die  Gewichtungswerte  bei  der  Bestim- 
mung  zu  verwenden,  welche  der  genannten 
Eingangsdatenbits  mindestens  einem  korrekten 
Datenausgangsbit  entsprechen,  und  urn  dieses 
Datenausgangsbit  (14,  102)  zu  erstellen;  und 
einer  Gewichtungseinstelleinrichtung  zum  Ein- 
stellen  der  abgespeicherten  Gewichtungswerte 
durch  selektives  Erhohen  (66,  70)  der  einer 
vorgegebenen  Eingabevorrichtung  zugeordne- 
ten  Gewichtungswerte  als  Funktion  von  Uber- 
einstimmungen  zwischen  dem  Eingangsdaten- 
bit  von  dieser  vorgegebenen  Eingabevorrich- 
tung  und  dem  Ausgabedatenbit,  und  durch  se- 
lektives  Erniedrigen  (96,  108,  110,  112)  des 
einer  vorgegebenen  Eingabeeinrichtung  zuge- 
ordneten  Gewichtungswerts  als  Funktion  feh- 
lender  Ubereinstimmungen  zwischen  dem  Ein- 
gangsdatenbit  von  dieser  vorgegebenen  Einga- 
bevorrichtung  und  dem  Ausgangsdatenbit;  da- 
durch  gekennzeichnet,  dal3  die  Auawahlein- 
richtung  einen  digitalen  Aufwarts/Abwarts-Zah- 
ler  (34,  36,  38,  40)  aufweist,  dessen  Zahlrich- 
tung  durch  das  Auftreten  entweder  einer  Uber- 
einstimmung  oder  einer  fehlenden  Uberein- 
stimmung  zwischen  einem  zugehorigen  Ein- 
gangsdatenbit  und  dem  Ausgangsdatenbit  ein- 
gestellt  wird,  und  der  sowohl  positive  als  auch 
negative  Gewichtungswerte  liefert;  und  dal3  da 
System  ferner  eine  digitale  Multiplexeinrich- 
tung  (26,  28,  30,  32)  aufweist,  die  so  ange- 
schlossen  ist,  dal3  sie  entweder  den  positiven 
oder  negativen  Gewichtungswert  abhangig 
vom  Wert  des  zugehorigen  Eingangsdatenbits 
auswahlt;  und  dal3  das  System  ferner  eine 
digitale  Einrichtung  (82,  90,  92)  aufweist,  die 
mit  alien  digitalen  Multiplexeinrichtungen  ver- 

bunden  ist  und  so  ausgebildet  ist,  dal3  sie  sie 
die  positiven  und  negativen  digitalen  Gewich- 
tungswerte  empfangt  und  daraus  das  korrekte 
Ausgangsdatenbit  berechnet. 

5 
2.  Digitales  System  nach  Anspruch  1,  bei  dem 

die  digitalen  Gewichtungswerte  mit  unter- 
schiedlichen  Raten  als  Funktion  von  Uberein- 
stimmungen  erhoht  und  als  Funktion  fehlender 

10  Ubereinstimmungen  verringert  werden. 

3.  Digitales  System  nach  Anspruch  2,  bei  dem 
jede  Erhohung  der  Gewichtungswerte  eine 
groBere  Anzahl  von  Ubereinstimmungen  erfor- 

15  dert  als  jede  Verringerung  von  Gewichtungs- 
werten. 

4.  Digitales  System  nach  Anspruch  3,  bei  dem 
die  digitalen  Gewichtungswerte  nur  erhoht  wer- 

20  den,  nachdem  eine  Anzahl  aufeinanderfolgen- 
der  Ubereinstimmungen  vorliegt,  wahrend  die 
Gewichtungswerte  auf  jede  fehlende  Uberein- 
stimmung  hin  verringert  werden. 

25  5.  Digitales  System  nach  einem  der  vorstehenden 
Anspruche,  wobei  das  System  ferner  eine  al- 
ternative  digitale  Gewichtungseinrichtung  zum 
Abspeichern  einer  zweiten  Mehrzahl  digitaler 
Gewichtungswerte  und  eine  digitale  Gewich- 

30  tungswertSteuereinrichtung  aufweist,  die  so 
aufgebaut  ist,  dal3  sie  der  digitalen  Auswahlein- 
richtung  wahlweise  entweder  die  Mehrzahl  An- 
fangs-Gewichtungswerte  oder  die  Mehrzahl 
zweiter  Gewichtungswerte  zufuhrt. 

35 
6.  Digitales  System  nach  Anspruch  5,  bei  dem 

die  digitalen  Gewichtungswerte  mit  verschiede- 
nen  Raten  als  Funktion  von  Ubereinstimmun- 
gen  erhoht  und  als  Funktion  fehlender  Uber- 

40  einstimmungen  verringert  werden. 

7.  Digitales  System  nach  Anspruch  6,  bei  dem 
jede  Erhohung  der  Gewichtungswerte  eine 
groBere  Anzahl  von  Ubereinstimmungen  erfor- 

45  dert  als  jede  Verringerung  der  Gewichtungs- 
werte. 

8.  Digitales  System  nach  Anspruch  7,  bei  dem 
die  Gewichtungswerte  nur  erhoht  werden, 

50  nachdem  eine  Anzahl  aufeinanderfolgender 
Ubereinstimmungen  aufgetreten  ist,  wahrend 
die  Gewichtungswerte  mit  jeder  fehlenden 
Ubereinstimmung  verringert  werden. 

55  9.  Digitales  System  nach  Anspruch  8,  bei  dem 
die  digitalen  Gewichtungswerte  mit  verschiede- 
nen  Raten  als  Funktion  von  Ubereinstimmun- 
gen  erhoht  und  als  Funktion  fehlender  Uber- 

7 
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einstimmungen  verringert  werden. 

Revendicatlons 

1.  Systeme  numerique  utilisant  le  vote  adaptatif 
et  comprenant  des  moyens  d'entree  (I0-I3)  des- 
tines  a  fournir  un  bit  de  donnee  d'entree  a 
partir  de  chacun  des  dispositifs  d'entree  d'une 
serie  de  dispositifs  d'entree,  des  moyens  de 
ponderation  (34,36,38,40)  destines  a  stacker 
une  serie  initiale  de  valeurs  de  poids,  chacune 
etant  associee  a  I'un  desdits  dispositifs  d'en- 
tree,  des  moyens  de  vote  (26-32,  82-93)  cou- 
ples  auxdits  moyens  d'entree  et  auxdits 
moyens  de  ponderation  et  destines  a  utiliser 
lesdits  bits  de  donnee  et  lesdites  valeurs  de 
poids  afin  de  determiner  lesquels  desdits  bits 
de  donnee  d'entree  correspondent  a  au  moins 
un  bit  de  donnee  de  sortie  correct,  et  afin  de 
fournir  ledit  bit  de  donnee  de  sortie  (14,102),  et 
des  moyens  d'ajustement  de  poids  destines  a 
ajuster  lesdites  valeurs  de  poids  stockees  en 
augmentant  de  fagon  selective  (66,70)  les  va- 
leurs  de  poids  associees  a  un  dispositif  d'en- 
tree  donne  en  fonction  du  nombre  de  concor- 
dances  entre  le  bit  de  donnee  d'entree  prove- 
nant  dudit  dispositif  d'entree  donne  et  ledit  bit 
de  donnee  de  sortie  et  en  diminuant  de  fagon 
selective  (96,108,110,112)  la  valeur  de  poids 
associee  a  un  dispositif  d'entree  donne  en 
fonction  du  nombre  de  non  concordances  en- 
tre  le  bit  de  donnee  d'entree  provenant  dudit 
dispositif  d'entree  donne  et  ledit  bit  de  donnee 
de  sortie,  caracterise  en  ce  que  ledit  moyen 
de  vote  comprend  un  compteur  numerique  bi- 
directionnel  (34,36,38,40)  dont  le  sens  de 
comptage  est  commande  par  I'occurrence,  soit 
d'une  concordance,  soit  d'une  non  concordan- 
ce  entre  le  bit  de  donnee  d'entree  associe  et 
le  bit  de  donnee  de  sortie  et  qui  fournit  des 
valeurs  de  poids  aussi  bien  positives  que  ne- 
gatives,  et  des  moyens  de  multiplexage  nume- 
rique  (26,28,30,32)  couples  de  maniere  a  se- 
lectionner  lesdites  valeurs  de  poids  soit  positi- 
ves,  soit  negatives  suivant  la  valeur  du  bit  de 
donnee  d'entree  associe,  et  en  ce  que  le  sys- 
teme  comporte  en  outre  des  moyens  numeri- 
ques  (82,90,92)  couples  a  tous  lesdits  moyens 
de  multiplexage  numerique  et  agences  de  ma- 
niere  a  recevoir  lesdites  valeurs  de  poids  nu- 
meriques  positives  et  negatives  et  a  calculer  a 
partir  de  ces  valeurs  le  bit  de  donnee  de  sortie 
correct. 

nombre  de  non  concordances  a  des  rythmes 
differents. 

3.  Systeme  numerique  selon  la  revendication  2, 
5  dans  lequel  chaque  augmentation  desdites  va- 

leurs  de  poids  requiert  un  plus  grand  nombre 
de  concordances  que  chaque  diminution  des- 
dites  valeurs  de  poids. 

10  4.  Systeme  numerique  selon  la  revendication  3, 
dans  lequel  lesdites  valeurs  de  poids  numeri- 
ques  ne  sont  augmentees  qu'apres  apparition 
d'un  certain  nombre  de  concordances  conse- 
cutives,  tandis  que  lesdites  valeurs  de  poids 

15  sont  diminuees  a  chaque  non  concordance. 

5.  Systeme  numerique  selon  I'une  quelconque 
des  revendications  precedentes,  comprenant 
en  outre  un  autre  moyen  numerique  de  ponde- 

20  ration  destine  a  stacker  une  seconde  serie  de 
valeurs  de  poids  numeriques  et  un  moyen  de 
commande  des  valeurs  de  poids  numeriques 
construit  pour  fournir  soit  ladite  serie  initiale  de 
valeurs  de  poids,  soit  la  seconde  serie  de 

25  valeurs  de  poids  audit  moyen  de  vote  numeri- 
que. 

6.  Systeme  numerique  selon  la  revendication  5, 
dans  lequel  lesdites  valeurs  de  poids  numeri- 

30  ques  sont  augmentees  en  fonction  du  nombre 
de  concordances  et  diminuees  en  fonction  du 
nombre  de  non  concordances  a  des  rythmes 
differents. 

35  7.  Systeme  numerique  selon  la  revendication  6, 
dans  lequel  chaque  augmentation  desdites  va- 
leurs  de  poids  requiert  un  plus  grand  nombre 
de  concordances  que  chaque  diminution  des- 
dites  valeurs  de  poids. 

40 
8.  Systeme  numerique  selon  la  revendication  7, 

dans  lequel  lesdites  valeurs  de  poids  ne  sont 
augmentees  qu'apres  apparition  d'un  certain 
nombre  de  concordances  consecutives,  tandis 

45  que  lesdites  valeurs  de  poids  sont  diminuees  a 
chaque  non  concordance. 

9.  Systeme  numerique  selon  la  revendication  8, 
dans  lequel  lesdites  valeurs  de  poids  numeri- 

50  ques  sont  augmentees  en  fonction  du  nombre 
de  concordances  et  diminuees  en  fonction  du 
nombre  de  non  concordance  a  des  rythmes 
differents. 

2.  Systeme  numerique  selon  la  revendication  1,  55 
dans  lequel  lesdites  valeurs  de  poids  numeri- 
ques  sont  augmentees  en  fonction  du  nombre 
de  concordances  et  diminuees  en  fonction  du 

8 
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