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©  A  flag  counter  circuit. 

©  The  circuit  counts  pre-amble  and  post-amble 
synchronisation  characters  in  a  serial  bit  stream 
transmitted  from  one  computer  to  another  in  a  local 
area  network  and  comprises:  a  detector  circuit  (2)  for 
detecting  the  synchronisation  characters  of  a  serial 
bit  stream  and  generating  a  synchronous  output 
pulse  for  each  synchronisation  character  detected;  a 
counter  circuit  (3)  for  counting  the  number  of  output 

pulses  generated  by  the  detector  circuit  (2)  and 
generating  a  terminal  count  output  signal  when  a 
predetermined  number  of  output  pulses  have  been 
counted;  and  an  interrupter  circuit  (4)  for  generating 
an  interrupt  request  signal  for  the  computer  transmit- 
ting  or  receiving  the  serial  bit  stream  on  receipt  of 
the  terminal  count  output  signal. 
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This  invention  relates  to  a  flag  counter  circuit 
for  counting  pre-amble  and  post-amble  synch- 
ronisation  characters  in  a  serial  bit  stream  transmit- 
ted  from  one  computer  to  another  in  a  local  area 
network  (LAN) 

Whenever  a  serial  bit  stream  is  to  be  transmit- 
ted  along  a  network  bus  from  one  computer  to 
another,  all  computers  connected  to  the  bus  must 
receive  a  synchronisation  character  before  the  re- 
mainder  of  the  serial  bit  stream  can  be  transmitted. 
For  this  reason,  the  synchronisation  field  of  the 
serial  bit  stream  may  comprise  40-60  characters 
and  thus  last  several  milliseconds  so  as  to  ensure 
that  all  computers  on  the  network  are  synchronis- 
ed.  The  more  computers  on  the  network  or  the 
longer  the  bus  between  them,  the  greater  the  num- 
ber  of  synchronisation  characters  that  must  be  pro- 
vided  to  ensure  that  all  parts  of  the  network  are 
synchronised  before  the  remainder  of  the  serial  bit 
stream  is  transmitted.  In  practice,  the  duration  of 
the  synchronisation  field  is  arranged  to  be  at  least 
twice  as  long  as  the  round  trip  delay  of  the  network 
bus. 

In  the  past,  local  area  networks  between  two  or 
more  computers  using  carrier  sense  multiple 
access/collision  detection  (CSMA/CD)  protocols,  or 
other  high  level  data  link  control  (HDLC)  protocols 
have  performed  the  task  of  waiting  for  transport 
layer  synchronisation  character  periods  to  com- 
plete  by  using  a  central  processor  unit  (CPU)  of  the 
computer  transmitting  or  receiving  a  serial  bit 
stream  signal  to  poll  cable  status  registers  when 
the  signal  is  being  received  or  to  time  transmission 
periods  when  the  signal  is  being  transmitted. 

An  alternative  technique,  during  transmit  oper- 
ations,  has  been  to  use  dedicated  hardware  timer 
peripheral  circuit  to  generate  an  interrupt  request  a 
pre-determined  time  after  the  start  of  the  signal  to 
allow  an  approximate  number  of  synchronisation 
characters  to  be  generated.  Thus,  in  a  transmission 
operation,  the  following  steps  occur: 

(1)  the  transmitter  waits  for  the  bus  to  become 
free 
(2)  the  transmitter  then  starts  a  continuous  trans- 
mission  of  sychronisation  characters 
(3)  a  timer  circuit  is  programmed  to  time  a  given 
period  t  =  number  of  synchronisation  charac- 
ters  to  be  transmitted  x  the  time  duration  of  one 
sychronisation  character 
(4)  after  time  t  has  elapsed,  an  interrupt  request 
signal  is  generated  by  the  timer  circuit 
(5)  in  response  to  the  interrupt  request  signal, 
the  transmitter  ceases  transmission  of  synch- 
ronisation  characters  and  begins  the  transmis- 
sion  of  packet  data. 
Against  a  background  of  increasing  demands 

on  CPU  bandwidth,  particularly  in  single  CPU  sys- 
tems  such  as  personal  computers  (PCs),  these 

known  techniques  have  resulted  in  high  usage  of 
CPU  time  and  resulted  in  inaccurate  numbers  of 
synchronisation  characters  being  generated  or  de- 
tected.  Such  inaccuracy  is  inherent  in  systems  that 

5  time  periods  rather  than  count  the  number  of  syn- 
chronisation  characters  due  to  rounding  errors  and 
the  accuracy  of  the  clock  signal  used.  The  round- 
ing  error  may,  for  instance,  be  plus  or  minus  one 
within  a  count  of  20  or  30  and  the  clock  signal  may 

io  be  innacurate  to  1-2%. 
According  to  the  present  invention,  there  is 

provided  a  flag  counter  circuit  for  counting  pre- 
amble  and  post-amble  synchronisation  characters 
in  a  serial  bit  stream  transmitted  from  one  com- 

75  puter  to  another  in  a  local  area  network,  the  circuit 
comprising:  detector  means  for  detecting  the  syn- 
chronisation  characters  of  a  serial  bit  stream  and 
generating  a  synchronous  output  pulse  for  each 
synchronisation  character  detected;  counter  means 

20  for  counting  the  number  of  output  pulses  generated 
by  the  detector  means  and  generating  a  terminal 
count  output  signal  when  a  predetermined  number 
of  output  pulses  have  been  counted;  and  inter- 
rupter  means  for  generating  an  interrupt  request 

25  signal  for  the  computer  transmitting  or  receiving 
the  serial  bit  stream  on  receipt  of  the  terminal 
count  output  signal. 

Preferred  features  of  the  invention  will  be  ap- 
parent  from  the  following  description  and  the  sub- 

30  sidiary  claims  of  the  specification. 
The  invention  will  now  be  further  described, 

merely  by  way  of  examples,  with  reference  to  the 
accompanying  drawings,  in  which:- 

Figure  1  is  a  block  level  schematic  diagram  of  a 
35  CSMA/CD  LAN  interface  incorporating  a  flag 

counter  circuit  according  to  an  embodiment  of 
the  invention;  and 
Figures  2,  3  and  4  are  more  detailed  schematic 
diagrams  of  the  three  main  functional  units  of 

40  the  flag  counter  circuit  shown  in  Figure  1  ,  name- 
ly  a  synchronisation  character  detection  circuit, 
a  programmable  counter  circuit  and  an  interrupt 
request  generator  circuit. 
The  flag  counter  circuit  1  illustrated  in  the 

45  drawings  detects  and  counts  a  programmable  num- 
ber  of  CSMA/CD  pre-amble  and  post-amble  synch- 
ronisation  characters  and  then  generates  a  system 
level  interrupt  request.  It  thus  counts  the  LAN  syn- 
chronisation  characters  without  involving  the  CPU 

50  of  the  computer  receiving  or  transmitting  the  signal 
in  this  overhead  task.  The  flag  counter  circuit  there- 
fore  removes  from  the  CPU  the  overhead  task  of 
waiting  for  synchronisation  characters  to  complete 
by  using  hardware  to  detect  and  count  the  synch- 

55  ronisation  characters  and  generate  a  real  time  in- 
terrupt  request  when  a  predetermined  number  of 
characters  have  been  detected.  This  is  done  for 
both  the  transmission  and  reception  of  synch- 
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ronisation  characters. 
Thus,  during  a  transmission  operation  the  steps 

(1)  and  (2)  described  above  occur,  then  the  steps: 
(3)  a  count  value  for  the  number  of  synch- 
ronisation  characters  to  be  generated  is  pro- 
grammed 
(4)  when  the  set  number  of  synchronisation 
characters  have  been  generated,  an  interrupt 
request  signal  is  generated. 
Step  (5)  then  occurs  as  described  above. 
The  three  main  functional  units  of  the  flag 

counter  circuit  1  are  shown  within  dashed  lines  in 
Figure  1.  The  circuit  comprises  a  synchronisation 
character  detection  circuit  2,  a  programmable 
counter  circuit  3  and  an  interrupt  request  circuit  4. 
The  flag  counter  circuit  1  is  connected  to  a  cable 
transceiver  5,  a  CSMA/CD  LAN  controller  6  and  a 
host  computer  interface/bus  7  as  shown  in  Figure 
1.  The  CSMA/CD  controller  6,  programmable  coun- 
ter  circuit  3,  interrupt  request  circuit  4  and  the 
interface/bus  7  are  linked  by  a  data  and  control  bus 
8.  The  host  computer  9  is  also  shown  in  Figure  1  . 

The  synchronisation  character  detection  circuit 
2  is  connected  to  the  cable  transceiver  5  to  receive 
serial  bit  streams  which  are  to  be  transmitted  from 
or  received  by  the  host  computer  8.  It  is  also 
connected  to  receive  a  clock  signal  from  the 
CSMA/CD  LAN  controller  6.  The  function  of  the 
synchronisation  character  detection  circuit  2  is  to 
generate  a  synchronous  output  pulse  for  each  syn- 
chronisation  character  detected  in  the  serial  bit 
stream. 

The  programmable  counter  circuit  3  is  con- 
nected  to  receive  the  output  pulses  from  the  syn- 
chronisation  character  detection  circuit  2  and  is 
also  connected  to  the  data  and  control  bus  8.  The 
function  of  the  programmable  counter  circuit  3  is  to 
count  the  number  of  output  pulses  generated  by 
the  synchronisation  character  detection  circuit  2 
and  to  generate  a  terminal  count  output  signal 
when  a  predetermined  number  of  output  pulses 
has  been  counted. 

The  interrupt  request  circuit  4  is  connected  to 
receive  output  signals  from  the  programmable 
counter  circuit  3  and  is  connected  to  the  data  and 
control  bus  8.  The  function  of  the  interrupt  request 
circuit  4  is  to  generate  an  interrupt  request  signal 
for  the  computer  which  is  to  transmit  or  receive  the 
serial  bit  stream  on  receipt  of  a  terminal  count 
output  signal  from  the  programmable  counter  cir- 
cuit  3. 

The  use  of  a  counter  circuit  rather  than  a  timer 
circuit,  helps  reduce  the  CPU  overhead  time  by 
eliminating  the  innaccuracies  referred  to  above 
which  are  inherent  in  a  system  which  times 
periods.  The  provision  of  a  counter  circuit  is  usu- 
ally  also  more  convenient,  simpler  and  less  expen- 
sive  than  a  timer  circuit  particularly  as  counters 

tend  to  be  provided  in  blocks  of  four.  The  counter 
circuit  may,  for  example,  be  conveniently  incor- 
porated  into  a  gate  array  used  for  other  purposes. 

Details  of  preferred  forms  of  the  synchronisa- 
5  tion  character  detection  circuit  2,  programmable 

counter  circuit  3  and  interrupt  request  circuit  4  will 
now  be  given  with  reference  to  Figures  2,  3  and  4, 
respectively. 

As  shown  in  Figure  2,  the  synchronisation  char- 
io  acter  detection  circuit  2  comprises  a  start  bit  detec- 

tor  circuit  10  connected  to  receive  the  serial  bit 
stream  from  the  cable  transceiver  5  and  a  clock 
signal  from  the  CSMA/CD  LAN  controller  6.  The 
start  bit  receiver  circuit  10  detects  the  start  bit  of  a 

is  series  of  synchronisation  characters  in  the  serial  bit 
stream.  When  a  start  bit  has  been  detected,  a 
character  assembler  circuit  1  1  assembles  the  syn- 
chronisation  characters  received  and  passes  this  to 
a  comparator  circuit  12.  The  comparator  circuit  12 

20  compares  the  synchronisation  character  received 
from  the  character  assembler  circuit  1  1  with  synch- 
ronisation  characters  stored  in  a  memory  13.  If  the 
synchronisation  character  received  from  the  char- 
acter  assemble  circuit  11  matches  one  of  those 

25  stored  in  the  memory  13,  the  comparator  circuit  12 
generates  a  synchronous  output  pulse  which  is 
passed  to  the  programmable  counter  circuit  1  1  . 

The  implementation  of  the  synchronisation 
character  detection  circuit  3  depends  upon  the 

30  protocol  and  the  specific  synchronisation  charac- 
ters  used  by  that  protocol.  This  circuit  may  be 
conveniently  implemented  in  a  standard  serial  data 
link  control  (SDLC)  controller  peripheral  integrated 
circuit  (IC),  such  as  a  Z-8530  serial  communication 

35  controller  (SCC). 
As  shown  in  Figure  3,  the  programmable  coun- 

ter  circuit  3  may  be  implemented  as  a  synchronous 
down-counter,  without  reload  or  wrap-around  on 
reaching  the  terminal  count.  The  circuit  comprises 

40  a  programmable  counter  14  connected  to  the  host 
computer  interface/bus  7,  to  receive  a  clock  signal 
and  to  receive  the  output  pulse  from  the  synch- 
ronisation  character  detection  circuit  2  via  an  AND 
gate  15.  The  other  input  of  the  AND  gate  15  is 

45  connected  to  the  output  of  the  programmable  coun- 
ter  14  via  a  NOR  gate  16.  The  programmable 
counter  14  is  loadable  with  a  count  value  under  the 
control  of  the  CPU  of  the  host  computer  9,  the 
count  value  determining  the  number  of  synch- 

50  ronisation  characters  that  will  be  counted  before 
the  terminal  count  output  signal  is  generated. 

The  programmable  counter  circuit  3  is  conve- 
niently  implemented  in  discrete  logic  or  as  part  of  a 
user  specified  integrated  circuit  (USIC). 

55  As  shown  in  Figure  4,  the  interrupt  request 
circuit  4  comprises  a  transition  detector  and  latch 
circuit  17  connected  to  receive  the  terminal  count 
output  signal  from  the  programmable  counter  cir- 

3 
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cuit  3,  an  interrupt  control  logic  circuit  18  con- 
nected  to  the  host  computer  interface/bus  7  and  an 
AND  gate  19  connected  to  outputs  of  these  circuits 
17  and  18.  When  the  terminal  count  output  signal 
is  received,  the  transition  detector  and  latch  circuit 
17  asserts  an  interrupt  request  signal  which  is 
latched  active.  The  signal  is  gated  by  the  interrupt 
control  logic  circuit  18.  In  response  to  the  interupt 
request  signal,  the  CPU  is  made  available  to  re- 
ceive  or  transmit  the  serial  bit  stream.  When  the 
request  signal  has  been  serviced,  a  service  register 
bit  is  asserted  by  the  logic  circuit  18  to  clear  the 
detector  and  latch  circuit  17. 

The  precise  manner  in  which  the  interrupt  cir- 
cuit  4  is  arranged  to  function  will  depend  on  wheth- 
er  the  circuit  is  to  be  used  in  an  edge  sensitive  or 
level  sensitive  interrupt  request  environment.  Either 
may  be  used. 

The  interrupt  request  circuit  4  is  again  conve- 
niently  implemented  in  discrete  logic  or  as  part  of  a 
USIC. 

The  type  of  flag  counter  circuit  described 
above  is  applicable  to  micro,  mini  and  mainframe 
computer  networks  using  HDLC  protocols  such  as 
CSMA/CD  and  CSMA/CA. 

The  main  improvements  over  past  techniques 
are: 

*  Reduced  CPU  overhead  in  the  task  of  detect- 
ing  or  generating  synchronisation  fields  in 
CSMA/CD  LAN  interfaces 

*  Potentially  reduced  LAN  cable  occupation  pe- 
riod  by  increased  accuracy  and  determinancy 
of  synchronisation  field  duration. 

*  Potentially  reduced  LAN  cable  occupation  pe- 
riod  by  improved  precision  in  the  number  of 
synchronisation  characters  generated. 

Claims 

use  with  a  local  area  network  using  a  carrier 
sense  multiple  access/collision  detection 
(CSMA/CD)  protocol. 

5  3.  A  flag  counter  circuit  as  claimed  in  claim  1  and 
2  in  which  the  detector  means  (2)  comprises  a 
start  bit  detector  (10)  for  detecting  the  start  bit 
of  a  synchronisation  character,  a  character  as- 
sembler  (11)  for  regenerating  the  synchronisa- 

io  tion  character  detected  and  comparator  means 
(12)  for  comparing  the  regenerated  synch- 
ronisation  character  with  synchronisation  char- 
acter  patterns  held  in  memory  (13)  and  provid- 
ing  the  synchronous  output  pulse  if  this  match- 

15  es  one  of  these  patterns. 

4.  A  flag  counter  circuit  as  claimed  in  claims  1  ,  2 
and  3  in  which  the  counter  means  (3)  com- 
prises  a  programmable,  synchronous  down- 

20  counter  (14)  arranged  to  generate  the  terminal 
count  output  signal  when  it  has  counted  down 
from  the  predetermined  number  to  zero. 

5.  A  flag  counter  circuit  as  claimed  in  any  pre- 
25  ceding  claim  in  which  the  interrupter  means  (4) 

comprises  a  transition  detector  and  latch  (17) 
arranged  to  assert  an  interrupt  request  signal 
on  receipt  of  the  terminal  count  output  signal. 

30 

1.  A  flag  counter  circuit  for  counting  pre-amble  40 
and  post-amble  synchronisation  characters  in  a 
serial  bit  stream  transmitted  from  one  com- 
puter  to  another  in  a  local  area  network,  the 
circuit  comprising:  detector  means  (2)  for  de- 
tecting  the  synchronisation  characters  of  a  45 
serial  bit  stream  and  generating  a  synchronous 
output  pulse  for  each  synchronisation  char- 
acter  detected;  counter  means  (3)  for  counting 
the  number  of  output  pulses  generated  by  the 
detector  means  (2)  and  generating  a  terminal  50 
count  output  signal  when  a  predetermined 
number  of  output  pulses  have  been  counted; 
and  interrupter  means  (4)  for  generating  an 
interrupt  request  signal  for  the  computer  trans- 
mitting  or  receiving  the  serial  bit  stream  on  55 
receipt  of  the  terminal  count  output  signal. 

2.  A  flag  counter  circuit  as  claimed  in  claim  1  for 

4 
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