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EP—  A—  0074672  and  GB—  A—  21  14858  disclose 
so-called  dual  ring  arrangements  in  which  a 
number  of  stations  are  connected  together  in 
series  by  a  pair  of  communication  channels  which 

5  enable  data  to  be  transmitted  in  opposite  direc- 
tions  between  the  stations.  Data  is  normally 
transmitted  in  one  direction  around  the  ring  along 
a  set  of  primary  channels.  If  a  fault  occurs  than 
any  one  of  the  stations  can  cause  data  to  transfer 

w  ■  from  a  primary  channel  to  an  auxiliary  channel  so 
that  a  sub-ring  can  be  built  up  allowing  the  fault  to 
be  bypassed.  Although  these  arrangements  allow 
the  integrity  of  the  ring  to  be  at  least  partially 
maintained  despite  the  development  of  a  fault 

15  they  do  not  provide  a  simple  method  for  allowing 
the  original  ring  to  be  reconfigured  once  the  fault 
has  been  cured. 

US—  A—  4390984  describes  a  data  transmission 
system  having  a  number  of  terminal  units  con- 

20  nected  in  first  and  second  looped  transmission 
lines.  Periodically,  each  unit  sends  out  a  check 
message  along  each  transmission  line  and  if  it 
fails  to  receive  the  check  message  which  it  sent 
out,  it  assumes  that  a  fault  or  abnormality  has 

25  arisen  and  causes  messages  to  be  transmitted  via 
a  bypass  transmission  line. 

In  accordance  with  one  aspect  of  the  present 
invention,  a  data  transmission  system  comprising 
a  plurality  of  reconfiguring  devices,  each  device 

30  having  a  plurality  of  input  and  output  data  links, 
the  devices  being  connected  in  a  ring  whereby  for 
each  reconfiguring  device  data  is  received  on  one 
data  input  link  and  transferred  to  one  data  output 
link  such  that  data  may  be  passed  between  all  the 

35  reconfiguring  devices  along  the  ring,  wherein 
each  device  includes  fault  recovery  means  for 
detecting  the  presence  of  a  fault  in  the  ring,  the 
fault  recovery  means  in  different  devices 
cooperating  to  attempt  to  cause  data  to  be  trans- 

40  mitted  around  a  sub-ring  when  a  fault  is  detected, 
the  sub-ring  being  constituted  at  least  partially  by 
one  or  more  of  the  previously  unused  data  links  to 
enable  a  number  of  the  devices  to  continue  to 
communicate;  and  merging  means  for  detecting 

45  that  a  new  reconfiguring  device  is  connected  to  at 
least  one  pair  of  previously  unused  data  input  and 
output  links  and  for  reconfiguring  the  ring  to 
include  the  new  device,  wherein  the  merging 
means  comprises  join  request  message  transmit- 

so  ting  means  for  transmitting  join  request 
messages  along  previously  unused  output  data 
links;  sensing  means  for  sensing  join  request 
messages  received  along  input  data  links;  join 
acknowledge  message  transmitted  means  for 

55  transmitting  a  joint  acknowledge  message  along 
a  selected  previously  unused  output  data  link 
when  a  previously  transmitted  join  request 
message  is  received;  and  merge  detection  means 
for  sensing  incoming  join  acknowledge  messages 

60  and  for  determining  from  the  sensed  join  acknow- 
ledge  messages  when  a  new  ring  has  been  found 
incorporating  both  the  new  reconfiguring  device 
and  the  devices  originally  connected  in  a  ring,  the 
merge  detection  means  being  arranged  to  trans- 

65  mit  a  merge  request  message  around  the  new 

Description 

Data  transmission  system  and  method 
The  invention  relates  to  a  data  transmission 

system  comprising  a  plurality  of  reconfiguring 
devices,  each  device  having  a  plurality  of  input 
and  output  data  links,  the  devices  being  con- 
nected  in  a  ring  whereby  for  each  reconfiguring 
device  data  is  received  on  one  data  input  link  and 
transferred  to  one  data  output  link  such  that  data 
may  be  passed  between  all  the  reconfiguring 
devices  along  the  ring.  The  invention  also  relates 
to  a  method  of  operating  a  reconfiguring  device 
forming  part  of  such  a  data  transmission  system. 

The  invention  is  particularly  applicable  to  local 
area  networks.  Local  area  networks  are  described 
in  an  article  entitled  "An  Introduction  to  Local 
Area  Networks"  by  David  Clark,  Kenneth  Pogran, 
and  David  Reed  in  Proceedings  of  the  IEEE, 
Volume  66,  No.  11,  pages  1497—1517.  These  data 
transmission  systems  enable  a  number  of  data 
processing  devices,  for  example  micro- 
processors,  to  communicate  with  each  other  at 
high  speeds  over  distances  typically  in  the  range 
10  to  10,000  metres.  The  system  may  include  both 
the  reconfiguring  devices  mentioned  above 
which  will  have  a  plurality  of  input  and  output 
data  links  and  one  or  more  non-reconfiguring 
devices  hereinafter  referred  to  as  "single  link 
pair"  devices  which  have  a  single  data  input  link 
and  a  single  data  output  link.  Each  of  the  devices 
may  provide  an  interface  between  the  associated 
data  processing  device  or  devices  and  the  ring  or 
provide  a  network  function.  It  should  be  under- 
stood  that  the  data  links  referred  to  allow  the 
devices  to  communicate  with  a  ring.  Additional 
links  are  provided  to  connect  each  device  to  one 
or  more  host  devices. 

One  advantage  of  a  ring  over  other  topologies 
is  that  the  protocols  which  organise  the  trans- 
mission  of  data  around  the  ring  can  be  of  a  fairly 
simple  nature.  By  comparison  with  packet  switch- 
ing  techniques  these  have  the  advantage  that  as 
data  arrives  at  each  device  it  is  not  necessary  to 
decide  to  where  it  must  be  routed  since  it  is 
simply  passed  from  the  one  data  input  link  to  the 
one  data  output  link.  The  only  decision,  during 
normal  use,  that  a  device  has  to  make  is  whether 
the  data  is  addressed  to  it  in  which  case  it  must  be 
read. 

One  of  the  problems  with  a  ring  topology  arise 
on  the  occurrence  of  a  fault  since  in  theory  this 
could  cause  complete  break  down  of  the  trans- 
mission  system.  Some  prior  proposals  have  been 
made  to  deal  with  this  problem. 

GB—  A—  1,570,923  discloses  a  transmission 
system  arranged  in  a  ring  topology  in  which  there 
are  additional  connections  between  some  of  the 
stations  in  the  ring  so  that  if  a  fault  should  occur  it 
can  easily  be  bypassed  using  the  second  connec- 
tion.  The  problem  with  this  arrangement  is  that 
these  special  stations  need  to  determine  the 
destination  of  data  since  there  will  be  a  choice  of 
paths  for  the  data  to  take  and  a  number  of  the 
other  stations  will  be  bypassed. 
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device  being  arranged  to  transmit  a  "fault  ack- 
nowledge"  message  to  the  first  device  along  the 
auxiliary  data  links  on  receiving  the  "fault  detect" 
message  from  the  first  device,  the  fault  recovery 

5  means  of  the  first  device  being  responsive  to  the 
receipt  of  a  "fault  acknowledge"  message  to 
cause  data  to  be  transmitted  between  the  first  and 
second  devices  along  the  primary  and  auxiliary 
links. 

10  The  adaption  of  the  fault  recovery  means  in  this 
way  ensures  that  the  occurrence  of  a  fault  can  be 
dealt  with  very  simply. 

Preferably,  a  fault  in  the  ring  is  sensed  by 
detecting  a  break  in  the  flow  of  data  around  the 

15  ring  or  a  protocol  violation.  In  some  cases,  a  fault 
may  be  detected  on  the  receipt  of  a  certain 
message  indicating  that  a  device  (Type  A  or  Type 
B)  has  itself  developed  a  fault. 

The  physical  form  of  the  messages  which  are 
20  transmitted  between  reconfiguring  devices 

depends  upon  the  choice  of  protocol  used  to 
transfer  information  around  the  ring.  Various 
protocols  have  been  proposed  to  achieved  this 
which  are  known  by  the  terms  daisy  chain,  control 

25  token,  message  slot,  and  register  insertion.  An 
example  of  a  slotted  ring  technique  is  that  used  in 
the  Cambridge  Network  in  which  the  entire  ring  is 
organised  as  a  large  shift  register  and  data  bits 
are  shifted  around  the  ring  at  speeds  of  approxi- 

30  mately  10M  Bits/s.  Another  method  by  which 
messages  may  be  transmitted  is  by  the  process  of 
"out  of  band  signalling".  In  this  sytem,  normally 
data  is  transmitted  aroung  the  ring  at  a  rate  of 
about  10MHz.  Messages  can  be  transmitted  at  for 

35  example  1MHz. 
A  particularly  useful  method  for  transmitting 

messages  and  data  is  the  token  ring  system  and 
particularly  a  modified  form  of  the  protocol  set 
out  in  the  proposed  IEEE  802.5  Local  Area  Net- 

40  work  Standard. 
A  simple  form  of  ring  is  known  as  a  dual  ring  in 

which  each  reconfiguring  device  is  connected  to 
its  immediately  neighboring  reconfiguring 
devices  by  both  primary  and  auxiliary  data  links, 

45  whereby  data  is  normally  transmitted  around  the 
ring  along  the  primary  data  links. 

When  a  single  fault  develops  in  a  dual  ring,  the 
ring  can  be  reconfigured  around  the  fault  so  that  a 
majority  of  the  devices  can  still  communicate. 

so  With  a  dual  ring  since  all  the  reconfiguring 
devices  have  primary  and  auxiliary  data  links  ax 
one  of  the  devices  can  cause  data  to  be  trans- 
ferred  within  it  from  a  primary  input  data  link  to 
an  auxiliary  output  data  link  so  that  the  original 

55  ring  is  turned  round  to  form  a  sub-ring. 
A  disadvantage  of  a  dual  ring  is  that  once  more 

than  one  fault  occurs  the  integrity  of  the  system 
can  no  longer  be  maintained. 

In  order  that  the  integrity  of  the  system  can  be 
60  maintained  even  in  the  presence  of  multiple 

faults,  it  is  preferable  to  configure  the  network  of 
links  in  a  more  complex  topology,  such  that  there 
are  a  number  of  additional,  normally  unused  links 
between  the  reconfiguring  devices.  In  normal  use, 

65  of  course,  only  a  single  pair  of  links  is  used  by 

ring  to  cause  the  reconfiguring  devices  thereafter 
to  transmit  data  around  the  new  ring. 

In  this  system,  each  reconfiguring  device  is 
provided  with  merging  means  so  that  the  need  for 
centralised  control  such  as  a  special  director 
device  (which  has  been  necessary  in  some  pre- 
vious  proposals)  is  not  required.  In  our  invention 
ring  control  is  decentralised  with  decision  taking 
being  distributed  around  the  ring  enabling  much 
quicker  reconfiguring  to  be  achieved  with  the 
reconfiguring  devices  cooperating  together  to 
enable  the  position  of  a  fault  to  be  determined. 
Merging  means  is  provided  to  enable  the  ring 
automatically  to  reconfigure  to  include  a  new 
device  and  one  of  the  particular  advantages  of  the 
invention  is  that  the  merging  means  enables  an 
original  ring  to  be  reconstituted  once  a  fault  has 
been  cleared. 

The  reconfiguring  devices  each  have  at  least 
two  pairs  of  data  input  and  output  links  and  in  the 
simplest  case  are  provided  with  primary  data 
input  and  output  links  and  auxiliary  data  and 
input  and  output  links.  Data  is  normally  transmit- 
ted  along  the  primary  links  and  the  auxiliary  links 
enable  the  reconfiguring  devices  to  have  the 
ability  to  reconfigure  the  ring  in  which  they  are 
positioned.  Commonly,  these  reconfiguring 
devices  are  called  Type  A  Nodes.  In  the  most 
general  case  such  nodes  are  Star  Points.  One 
particular  case  of  a  Type  A  Node  is  a  Wiring 
Concentrator  which  is  directly  attached  to  at  most 
two  other  Type  A  Nodes.  In  addition,  there  may 
be  a  number  of  single  link  pair  devices  which  are 
commonly  called  Type  B  Nodes  which  do  not 
have  the  ability  to  reconfigure  since  they  only 
have  a  single  data  input  link  and  a  single  data 
output  link.  These  may  be  positioned  between 
some  pairs  of  the  reconfiguring  devices  or  may  be 
attached  to  a  wiring  concentrator.  In  normal  use, 
data  passing  around  the  ring  will  also  pass 
through  the  Type  B  Nodes  and  if  a  fault  occurs  in 
a  section  of  the  ring  including  Type  B  Nodes  then 
the  resulting  reconfigured  sub-ring  will  exclude  at 
least  some  of  these  Type  B  Nodes.  This  is  not 
usually  significant  since  a  majority  of  the  original 
ring  can  still  operate. 

The  type  of  fault  which  can  be  detected  by  the 
fault  recovery  means  can  be  any  form  of  abnor- 
mality  in  the  ring  such  as  a  break  in  a  link  or  break 
down  of  a  device  or  simply  the  receipt  of  unrecog- 
nisable  data. 

Preferably,  the  system  includes  at  least  first  and 
second  reconfiguring  devices  each  having  prim- 
ary  and  auxiliary  output  and  input  data  links,  the 
primary  output  data  link  of  the  first  device  being 
connected  to  the  primary  input  data  link  of  the 
second  device  and  the  auxiliary  input  data  link  of 
the  first  device  being  connected  to  the  auxiliary 
output  data  link  of  the  second  device  whereby 
data  is  normally  transmitted  from  the  first  device 
to  the  second  device  along  the  primary  links,  the 
fault  recovery  means  of  the  first  device  being 
arranged  to  transmit  a  "fault  detect"  message 
long  the  primary  data  links  when  a  fault  in  the  ring 
is  sensed,  the  fault  recovery  means  of  the  second 
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when  a  new  reconfiguring  device  is  connected  to 
at  least  one  pair  of  previously  unused  data  input 
and  output  links  by  continuously  transmitting  join 
request  messages  along  all  previously  unused 

5  output  data  links;  sensing  for  the  receipt  of  a  join 
request  message;  transmitting  a  join  acknow- 
ledge  message  when  a  joint  request  message  is 
received;  sensing  for  the  receipt  of  a  join  acknow- 
ledge  message  transmitted  from  the  other  recon- 

10  figuring  device;  transmitting  a  merge  request 
message  when  a  join  acknowledge  message  has 
been  received;  and  thereafter  causing  data  to 
flow  between  the  two  devices. 

In  some  cases,  the  sub-ring  which  results  from 
15  detecting  faults  and  exchanging  fault  messages 

will  be  constituted  by  a  single  reconfiguring 
device. 

Preferably,  at  least  two  of  the  reconfiguring 
devices  are  dual  link  devices,  each  having  primary 

20  data  input  and  output  links  and  auxiliary  data 
input  and  output  links,  the  primary  output  and 
input  data  links  being  connected  together  and  the 
auxiliary  input  and  output  data  links  being  con- 
nected  together  respectively  whereby  data  is 

25  normally  transmitted  from  the  one  device  to  the 
other  device  along  the  primary  links,  the  method 
comprising  transmitting  a  fault  detect  message 
along  the  primary  output  link  when  a  fault  in  the 
ring  is  sensed;  transmitting  a  fault  acknowledge 

30  message  along  the  auxiliary  output  link  when  a 
fault  detect  message  is  received;  sensing  for  the 
receipt  of  a  fault  acknowledge  message;  and 

a)  assuming  the  status  of  a  Tail  device  if  only  a 
fault  detect  message  is  received, 

35  b)  assuming  the  status  of  a  Head  device  if  a  fault 
was  sensed  and  a  fault  acknowledge  message  is 
received,  or 

c)  assuming  the  status  of  an  Isolated  device  if  a 
fault  is  sensed  and  a  fault  acknowledge  message 

40  is  not  received. 
A  Head  device  is  configured  to  receive  data 

along  its  auxiliary  data  input  link  and  to  transmit 
data  along  its  primary  data  output  link.  Con- 
versely,  a  Tail  device  receives  data  along  its 

45  primary  input  link  and  transmits  data  along  its 
auxiliary  data  output  link. 

When  the  data  transmission  system  comprises 
at  least  three  dual  link  reconfiguring  devices,  a 
dual  link  reconfiguring  device  assumes  the  status 

so  of  Body  device  if  it  has  transmitted  a  fault  detect 
message  and  has  received  a  fault  acknowledge 
message. 

When  a  reconfiguring  device  constitutes  a  Body 
device  it  arranged  for  its  auxiliary  input  and 

55  output  links  and  its  primary  data  input  and  output 
links  respectively  to  be  connected  together  so  that 
data  is  passed  in  one  direction  through  the  Body 
device  along  the  primary  input  and  output  data 
links  and  in  the  other  direction  through  the  auxili- 

eo  ary  input  and  output  data  links. 
This  reconfiguration  after  a  fault  is  achieved 

much  more  quickly  than  in  prior  art  systems 
because  of  the  distributed  decision  taking  capabil- 
ity  of  our  invention. 

65  It  should  be  understood  that  the  definition  of  a 

each  reconfiguring  device  one  to  receive  data 
from  an  upstream  device  and  one  to  transmit  data 
to  a  downstream  device.  The  additional  links 
allow  the  reconfiguring  devices  to  choose  an 
alternative  data  path  if  a  fault  develops. 

In  operation,  the  merging  means  continuously 
attempts  to  modify  the  ring  by  transmitting  join 
request  messages  and  also  listens  for  the  receipt 
of  join  request  messages  indicating  that  a  new 
device  has  been  attached  to  it.  The  new  device 
may  itself  form  part  of  another  ring  so  that  the 
merging  means  enables  two  rings  to  be  merged 
together.  Alternatively,  the  new  device  could  be 
an  end  of  a  sub-ring  which  has  been  set  up  as  a 
result  of  the  development  of  a  fault  and  in  this 
way  the  original  ring  can  be  reconstituted  auto- 
matically  once  the  fault  has  been  repaired. 

Preferably,  the  merging  means  arranges  for  the 
other  devices  in  the  ring  to  be  temporarily  inhi- 
bited  from  merging  prior  to  the  transmission  of 
the  merged  request  message. 

Thus  the  routing  of  the  ring  is  only  changed 
when  it  is  determined  that  the  existing  ring 
cannot  be  used  because  of  fault  conditions. 
Because  the  routing  decisions  need  only  be  made 
on  detecting  fault  conditions  they  do  not  affect 
the  speed  of  data  transmission  around  the  ring. 
The  network  can  also  take  advantage  of  the 
known  benefits  of  rings  such  as  lack  of  buffering 
and  fast  positive  acknowledgement  of  data  and 
"deterministic"  access  to  the  network. 

The  fault  recovery  means  and/or  the  merging 
means  may  be  constituted  by  hardware  but  are 
conveniently  provided  at  least  partly  by  a  suitably 
programmed  micro-computer. 

The  physical  connection  between  the  reconfi- 
guring  devices  may  be  formed  by  any  convenient 
medium  such  as  coaxial  cable,  twisted  pair,  fibre 
optic  lines,  radio  links,  or  any  combinations  of 
these.  The  use  of  fibre  optic  lines  is  particularly 
advantageous  in  industrial  applications  since 
these  are  not  adversely  affected  by  electrical 
noise  and  similar  effects.  Each  link  may  be  pro- 
vided  by  individual,  unidirectional  lines  or  by  a 
common  line  if  different  wavelengths  are  used 
(e.g.  multi-mode  fibre  optic). 

In  accordance  with  a  second  aspect  of  the 
present  invention,  a  method  of  operating  each 
reconfiguring  device  of  a  data  transmission 
system  comprising  a  plurality  of  such  reconfigur- 
ing  devices,  each  device  having  a  plurality  of 
input  and  output  data  links,  the  devices  being 
connected  in  a  ring  whereby  for  each  reconfigur- 
ing  device  data  is  received  on  one  data  input  link 
and  transferred  to  one  data  output  link  such  that 
data  may  be  passed  between  all  the  reconfiguring 
devices  along  the  ring,  comprises  sensing  for  the 
presence  of  a  fault  in  the  ring  and  upon  sensing  a 
fault  exchanging  fault  messages  with  other  recon- 
figuring  devices  to  attempt  to  cause  data  to  be 
transmitted  around  a  sub-ring  when  a  fault  is 
detected,  the  sub-ring  being  constituted  at  least 
partially  by  one  or  more  of  the  previously  unused 
data  links  to  enable  a  number  of  the  reconfiguring 
devices  to  continue  to  communicate;  and  sensing 
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ing  as  outlined  above,  it  is  preferable  prior  to  the 
transmission  of  a  merge  request  message,  to 
inhibit  temporarily  the  other  devices  in  the  new 
ring  from  merging  while  the  merge  request 

5  message  is  transmitted  around  the  new  ring. 
As  may  be  realised,  the  reconfiguring  devices 

which  are  connected  together  by  previously 
unused  uni-directional  links  may  comprise  Head 
and  Tail  devices  of  a  sub-ring.  This  enables  a  sub- 

10  ring  which  has  been  formed  as  a  result  of  a  fault 
to  be  reconfigured  into  its  original  ring. 

In  accordance  with  a  third  aspect  of  the  present 
invention,  a  data  transmission  system  comprises 
a  plurality  of  reconfiguring  devices,  each  device 

is  having  two  pairs  of  primary  and  auxiliary  data 
links,  the  primary  and  auxiliary  data  links  of  each 
device  being  connected  to  respective  primary  and 
auxiliary  data  links  of  a  downstream  device  and 
an  upstream  device  whereby  data  is  normally 

20  transmitted  between  devices  along  the  primary 
links,  and  wherein  each  device  includes  fault 
recovery  means  for  detecting  the  presence  of  a 
fault  in  the  ring,  the  fault  recovery  means  in 
different  devices  cooperating  to  attempt  to  cause 

25  data  to  be  transmitted  around  a  sub-ring  when  a 
fault  is  detected,  the  sub-ring  being  constituted  at 
least  partially  by  one  or  more  of  the  previously 
unused  data  links  to  enable  a  number  of  the 
devices  to  continue  to  communicate,  the  fault 

30  recovery  means  of  each  device  being  arranged  to 
transmit  a  "fault  detect"  message  along  the  prim- 
ary  data  links  when  it  senses  a  fault  in  the  ring, 
and  to  transmit  a  "fault  acknowledge"  message 
along  the  auxiliary  data  links  after  receiving  a 

35  "fault  detect"  message  whereby 
i)  if  the  fault  recovery  means  of  a  device  which 

detects  a  fault  receives  a  "fault  acknowledge" 
message  on  an  auxiliary  link  it  assumes  the  status 
of  a  Head  device  and  causes  data  to  be  transmit- 

40  ted  along  said  auxiliary  link;  and, 
ii)  if  the  fault  recovery  means  of  a  device  which 

received  a  "fault  detect"  message  does  not 
receive  a  "fault  acknowledge"  message  after  a 
predetermined  period  it  assumes  the  status  of  a 

45  Tail  device  and  causes  data  to  be  transmitted 
along  the  auxiliary  link  connected  to  the  device 
from  which  it  received  the  "fault  detect" 
message. 

In  accordance  with  a  fourth  aspect  of  the 
so  present  invention,  a  method  of  operating  a  recon- 

figurating  device  forming  part  of  a  data  trans- 
mission  system  comprising  a  plurality  of  such 
reconfiguring  devices,  each  device  having  two 
pairs  of  primary  and  auxiliary  data  links,  the 

55  primary  and  auxiliary  data  links  of  each  device 
being  connected  to  respective  primary  and  auxili- 
ary  data  links  of  a  downstream  device  and  an 
upstream  device  whereby  data  is  normally  trans- 
mitted  between  devices  along  the  primary  links, 

60  comprises  detecting  the  presence  of  a  fault  in  the 
ring  and  transmitting  a  "fault  detect"  message 
along  the  primary  data  links,  and  transmitting  a 
"fault  acknowledge"  message  along  the  auxiliary 
data  links  after  receiving  a  "fault  detect" 

65  message,  and 

device  as  a  "reconfiguring  device"  relates  to  its 
ability  actively  to  participate  in  the  reconfiguring 
of  a  ring. 

Having  two  reconfiguring  devises  connected  to 
gether  by  a  pair  of  previously  unused  uni-direc- 
tional  data  links  represents  the  simplest  situation, 
and  reconfiguration  is  known  as  "Link  Pair  Merg- 
ing".  It  is  particularly  simple  and  easy  to  imple- 
ment  since  only  a  single  Medium  Access  Control 
(MAC)  layer  is  required  in  the  control  entity  of 
each  reconfiguring  device.  The  MAC  layer  is  that 
portion  of  the  device  which  controls  and  mediates 
the  access  to  the  ring.  Alternatively,  messages 
could  sent  via  RS232  interfaces  or  the  like. 

In  another  example,  a  method  for  operating 
reconfiguring  devices  one  of  which  is  connected 
by  respective  previously  unused  single  uni-direc- 
tional  links  with  a  pair  of  reconfiguring  devices 
connected  together  in  a  ring,  comprises  for  each 
device 

a)  transmitting  join  request  messages  along 
each  previously  unused  output  data  link; 

b)  sensing  for  the  receipt  of  join  request 
messages  and 

i)  if  a  received  join  request  message  has  not 
previously  been  received  broadcasting  the  join 
request  message  to  any  other  reconfiguring 
devices  within  the  same  ring,  the  join  request 
message  being  modified  to  indicate  that  it  has 
been  received  and  transmitted  by  the  transmitting 
device,  or 

ii)  if  the  received  joint  request  message  has 
prevously  been  received  then  transmitting  a  join 
acknowfedge  message  along  the  data  output  link 
along  which  the  previously  transmitted  join 
request  message  had  been  sent; 

c)  sensing  for  the  receipt  of  a  join  acknowledge 
message; 

d)  determining  whether  a  received  join  acknow- 
ledge  message  has  previously  been  received,  and 

i)  if  it  has  not  then  transmitting  the  received  join 
acknowledge  message  to  other  stations  in  the 
ring,  or, 

ii)  if  it  has  been  previously  received,  transmit- 
ting  a  merge  request  message  along  the  data 
output  link  which  has  previously  been  identified; 
and 

e)  causing  data  subsequently  to  be  transferred 
from  the  input  data  link  to  the  output  data  link 
along  which  the  merge  request  message  has 
travelled. 

This  method  known  as  "Single  Link  Merging" 
has  the  ability  to  merge  any  set  of  networks  that 
can  be  merged  unlike  the  link  pair  method  men- 
tioned  above.  In  some  cases,  however,  where 
there  are  link  faults  giving  rise  to  two  or  more 
mutually  exclusive  sub-rings  in  which  some 
devices  are  left  out  it  may  be  necessary,  in  order 
to  avoid  continuous  merging,  to  check  that  a 
merge  is  desirable  before  proceeding  with  step 
d)ii).  Single  link  merging  requires  more  intelli- 
gence  than  does  link  pair  merging  and  in  particu- 
lar  it  requires  a  MAC  layer  for  each  pair  of  data 
input  and  output  links. 

In  both  link  pair  merging  and  single  link  merg- 
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minology  used  in  802.5  the  devices  1  —  6  will 
hereinafter  be  referred  to  as  stations. 

The  control  portion  7  is  connected  by  four  lines 
to  a  cross  point  switch  8  which  is  connected  to  a 

5  primary  ring  Receive  (PRx)  link  9,  a  Secondary 
ring  Receive  (SRx)  link  10,  a  Primary  ring  Transmit 
(PTx)  link  11,  and  a  Secondary  ring  Transmit  (STx) 
link  12.  The  four  links  connecting  the  control 
portion  7  with  the  cross  point  switch  8  are  a  Data 

w  channel  Transmit  (DTx)  link  13,  a  Data  channel 
Receive  (DRx)  link  14,  an  Idle  Channel  Transmit 
(ITx)  link  15,  and  an  Idle  channel  Receive  (IRx)  link 
16.  The  cross  point  switch  8  provides  the  ability  to 
cross-connect  any  of  the  four  signal  sources  to 

15  any  of  the  four  signal  links.  Not  all  possible  switch 
settings  are  required  and  these  will  be  set  out  in 
due  course.  Each  of  the  links  9  —  12  is  connected 
via  respective  trunk  interface  units  17  to  the  lines 
connecting  adjacent  stations. 

20  The  connecting  lines  may  be  formed  from  any 
convenient  physical  medium  such  as  coaxial 
cable  or  fibre  optic. 

It  will  be  understood  from  the  above  descrip- 
tion  that  each  station  1  —  6  is  connected  to  its 

25  neighbours  by  two  uni-directional  rings.  Firstly  a 
primary  ring  comprising  the  primary  ring  receive 
links  9  and  the  primary  ring  transmit  links  1  1  each 
of  which  is  connected  to  the  corresponding  prim- 
ary  transmit  links  and  primary  receive  links 

30  respectively  of  the  adjacent  stations,  and  a 
secondary  ring  formed  by  the  secondary  receive 
and  transmit  links  10,  12  of  each  station.  The 
primary  ring  is  indicated  by  reference  numeral  18 
and  the  secondary  ring  by  reference  numeral  19 

35  in  Figure  1.  Normally  data  is  transmitted  in  one 
direction  between  the  stations  1  —  6  along  the 
primary  ring  18.  Thus,  during  normal  trans- 
mission,  data  will  pass  between  the  devices  in  the 
order  1-2-3-4-5-6-1.  If  data  is  transmitted  using  the 

40  token  method  as  set  out  in  802.5  then  when  a 
station  gains  access  to  the  token  it  can  enter  data 
into  a  Frame  which  includes  both  the  address  of 
the  station  in  question  (Source  Address)  and  the 
address  of  the  destination  station.  This  frame 

45  then  passes  along  the  primary  ring  18  until  it 
reaches  the  destination  station  where  the  infor- 
mation  is  copied  by  the  destination  station  but  the 
frame  continues  around  the  primary  ring  until  it 
returns  to  the  originating  station.  At  that  point, 

so  the  originating  station  removes  the  frame  from 
the  ring  and  passes  the  token  down  to  the  next 
station.  The  secondary  ring  19  allows  data  in 
certain  circumstances  to  be  transmitted  in  the 
other  direction. 

55  Some  or  all  of  the  stations  1  —  6  are  connected 
to  data  generating  devices  such  as  work  stations 
or  microcomputers  and  each  station  may  be 
connected  to  a  single  such  device  or  a  plurality  of 
such  devices.  For  example,  in  Figure  1  the 

60  stations  2,  4  are  each  connected  to  single  devices 
20  while  the  station  5  is  connected  to  a  pair  of 
such  devices. 

It  is  important  that  the  local  area  network 
shown  in  Figure  1  can  continue  to  be  active 

65  despite  the  occurrence  of  a  fault.  For  example,  it 

i)  assuming  the  status  of  a  Head  device  if  a  fault 
is  detected  and  a  "fault  acknowledge"  message  is 
received  on  an  auxiliary  link  so  as  to  cause  data  to 
be  transmitted  along  said  auxiliary  link;  and, 

ii)  assuming  the  status  of  a  Tail  device  if  a  "fault 
detect"  message  is  a  received  but  a  "fault  ack- 
nowledge"  message  is  not  received  after  a  pre- 
determined  period  so  as  to  cause  data  to  be 
transmitted  along  the  auxiliary  link  connected  to 
the  device  from  which  it  received  the  "fault 
detect"  message. 

Some  examples  of  data  transmission  systems 
and  methods  in  accordance  with  the  present 
invention  will  now  be  described  with  reference  to 
the  accompanying  drawings,  in  which:  — 

Figure  1  is  a  block  circuit  diagram  of  a  dual  ring; 
Figure  2  is  a  block  diagram  of  a  reconfiguring 

device  shown  in  Figure  1  ; 
Figure  3  is  a  block  diagram  of  the  dual  ring 

shown  in  Figure  1  after  reconfiguring; 
Figure  4  illustrates  the  merging  of  two  dual 

rings; 
Figure  5  illustrates  the  single  link  merging; 
Figure  6  is  a  block  diagram  of  a  wiring  concen- 

trator; 
Figure  7  is  a  block  diagram  of  a  bypass  switch 

of  the  wiring  concentrator  shown  in  Figure  6; 
Figure  8  illustrates  an  arbitrary  topology; 
Figure  9  is  a  standby  monitor  finite-state 

machine  diagram;  and. 
Figure  10  is  an  active  monitor  finite-state 

machine  diagram. 
The  invention  may  most  easily  be  understood 

by  considering  the  operation  of  a  dual  ring.  Such 
a  ring  is  illustrated  in  Figure  1  and  comprises  six 
reconfiguring  devices  1  —  6  connected  in  series  in 
a  ring.  Such  a  ring  may  conveniently  be  used  in 
the  form  of  a  local  area  network.  Each  device  1  —  6 
in  the  ring  has  a  similar  form  which  is  illustrated 
in  more  detail  in  Figure  2.  Each  device  has  a 
control  portion  7  which  can  be  divided  into  four 
sections.  Firstly,  a  physical  (PHY)  layer  which 
receives  and  transmits  data  in  bit  form  into  the 
ring  network.  Secondly,  a  medium  access  control 
(MAC)  sub-layer  which  controls  the  PHY  layer  to 
control  and  mediate  access  to  the  ring  by  the 
device.  Thirdly,  a  network  management  (NMT) 
portion  which  provides  the  conceptual  control 
element  of  the  device  and  which  interfaces  with 
all  the  layers  of  the  device  and  is  responsible  for 
the  setting  and  resetting  of  control  parameters, 
obtaining  reports  of  error  conditions,  and  deter- 
mining  if  the  device  should  be  connected  or 
disconnected  from  the  medium.  This  will 
commonly  be  constituted  by  a  microprocessor. 
Fourthly,  a  logical  link  control  (LLC)  layer  which 
supports  media  independent  data  link  functions 
and  uses  the  services  of  the  medium  access 
control  sub-layer  to  provide  services  to  the  net- 
work  layer.  These  sections  will  be  well  known  to 
persons  skilled  in  the  art.  An  example  of  the 
control  portion  is  illustrated  in  the  draft  IEEE 
Standard  802.5  which  is  hereinafter  referred  to  as 
802.5  and  is  incorporated  herein  by  reference. 

For  consistency  of  terminology  with  the  ter- 
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If  a  further  fault  arose  in  the  sub-ring  shown  in 

Figure  3  then  full  communication  between  all  six 
stations  would  not  be  possible  thereafter  but  the 
same  procedure  outlined  above  with  the  issue  and 
detection  of  Fault  Detect  frames  and  Fault  Acknow- 
ledge  frames  would  enable  at  least  some  of  the 
stations  to  reconfigure  into  further  sub-rings  so 
that  at  least  some  of  them  could  still  communicate. 
In  this  way,  quick  and  automatic  reconfiguration 
on  the  occurrence  of  faults  can  be  achieved. 

It  should  be  understood  that  when  secondary  or 
primary  links  are  not  used  for  data  communication 
they  will  be  connected  to  the  respective  idle 
channel  receive  and  transmit  links  15,  16  by  the 
cross  point  switch  8. 

It  will  beappreciated  from  Figure3that  the  Head 
station  2  now  has  a  pair  of  unused  links  9,  12 
corresponding  to  its  original  PRx  and  STx  links 
while  the  Tail  station  1  also  has  two  unused  links 
10,  1  1  corresponding  to  its  PTx,  and  STx  links.  The 
control  portion  7  in  each  of  these  stations  causes 
Join  Request  (JR)  frames  continuously  to  be 
transmitted  along  the  unused  transmit  links.  Thus, 
the  Head  station  2  will  transmit  JR  frames  along  its 
STx  12  and  the  Tail  station  1  will  transmit  JR 
frames  along  its  PTx  11.  If  communication  is 
reestablished  between  the  Head  and  Tail  stations 
1  ,  2  of  the  same  sub-ring  then  the  control  portion  7 
in  each  station  enables  the  normal  full  ring  shown 
n  Figure  1  to  be  reinitialised.  Reinitialisation  can 
either  be  achieved  by  the  Head  station  2  reconfi- 
guring  and  reinitialising  the  network  or  by  the 
Head  station  reconfiguring  and  some  other  system 
initialisation  protocol  bringing  the  ring  up. 

The  station  responsible  for  reinitialisation  of  a 
sub-ring  is  the  Active  Monitor.  The  active  monitor 
of  a  sub-ring  is  always  the  Head  station,  in  this  case 
the  station  2.  During  a  ring  initialisation  (lNIT) 
where  all  stations  are  in  their  normal  state,  conten- 
tion  is  used  to  obtain  a  unique  active  monitor 
which  can  be  any  of  the  stations  in  the  network. 

In  the  present  example  shown  in  Figure  3,  the 
Head  station  2  will  receive  a  JR  frame  from  the  Tail 
station  1  along  its  PRx  link  9.  In  response  to 
receiving  this  JRframe,  the  station  2  will  transmit  a 
Join  Acknowledge  frame  (JA)  along  its  STx  12.  If 
the  Tail  station  1  receives  a  JA  frame,  it  presumes 
the  links  between  the  two  stations  are  operable 
and  transmits  a  Merge  Request  (MR)  frame  along 
its  PTx  link  1  1  .  In  addition,  a  break  is  sent  along  the 
sub-ring  to  force  all  nodes  on  the  sub-ring  to  their 
Bypass  node  to  enable  the  new  (original)  ring  to  be 
reinitialised  as  one  ring.  In  this  way,  communica- 
tion  between  the  stations  1  —  6  returns  to  that 
shown  in  Figure  1. 

The  Appendix  at  the  end  of  this  description  sets 
out  the  modifications  which  need  to  be  made  to 
802.5  to  produce  a  token  ring  protocol  which  is 
able  to  carry  out  the  fault  recovery  and  merging 
steps  described  above.  The  steps  set  out  in  detail 
in  the  Appendix  may  be  summarised  as  follows: 

Bypass 
Initially  after  powerup  or  reset,  a  station  is  forced 

to  Bypass  (state  0  on  the  Standby  FSM  (Figure  9)). 

can  happen  that  the  links  between  a  pair  of  stations 
are  severed.  The  case  will  now  be  considered 
where  the  links  between  the  stations  1  and  2  are 
severed.  This  fault  will  be  detected  by  the  station  2 
which  will  detect  the  cessation  of  data  being 
received  along  the  primary  ring  18  and  in  particu- 
lar  along  its  primary  ring  receive  link  9.  The  control 
portion  7  in  response  to  detecting  this  fault  will 
cause  a  "Fault  Detect"  frame  to  be  transmitted 
along  its  PTx  link  1  1  .  This  will  be  received  along  the 
PRx  link  9  of  the  station  3  and  be  passed  to  the 
control  portion  7  of  the  station  3.  The  receipt  of  the 
Fault  Detect  frame  will  cause  the  control  portion  7 
of  the  station  3  to  transmit  a  Fault  Acknowledge 
frame  along  its  STx  12  back  to  the  station  2.  The 
Fault  Detect  frame  continues  to  pass  around  the 
primary  ring  18  and  thus  passes  through  the 
stations,  4,  5,  6  until  it  reaches  the  station  1  .  Each  of 
these  stations  when  it  receives  a  Fault  Detect 
frame  issues  a  Fault  Acknowledge  frame  along  its 
STx  link  12  in  a  similar  way  to  the  station  3. 

Each  station  then  considers  whether  it  has 
received  Fault  Detect  and/or  Fault  Acknowledge 
frames  and  in  this  way  the  original  ring  can  be 
reconfigured  so  that  the  six  stations  can  still 
communicate  with  each  other.  If  a  station  has 
received  a  Fault  Detect  frame  and  a  Fault  Acknow- 
ledge  frame  it  knows  that  it  has  to  be  in  the  body 
(middle)  of  a  sub-ring.  It  will  be  called  a  Body 
station  and  will  use  its  primary  links  PRx  and  PTx  9, 
1  1  for  data  transmission.  In  other  words,  the  cross 
point  switch  8  of  each  of  these  Body  stations  will 
connect  DRx  14  with  PRx  9  and  DTx  13  with  PTx  1  1 
as  in  the  normal  case. 

If  a  station  which  has  received  a  Fault  Detect 
frame  does  not  receive  a  Fault  Acknowledge  frame 
(after  a  suiitable  timeout)  it  assumes  the  status  of  a 
Tail  station  at  the  end  of  a  sub-ring.  A  Tail  station 
uses  its  PRx9  and  STx  1  2  links  forthe  data  channel, 
hence  turning  the  sub-ring  around.  That  is,  its  DRx 
14  is  connected  to  its  PRx  9  and  its  STx  12  is 
connected  to  its  DTx  13. 

If  a  station  that  detected  the  fault  receives  a  Fault 
Acknowledge  frame  it  assumes  the  status  of  a 
Head  station.  Head  stations  use  the  SRx  1  0  and  PTx 
11  for  the  data  channel  (i.e.  PTx  11  connected  to 
DTx  13  and  SRx  10)  connected  to  DRx  14)  and  are 
responsible  for  initialising  the  new  sub-ring  by 
performing  the  initialisation  protocols  required  for 
the  media  access  protocol  such  as  initialising  the 
slot  structure  (if  a  slotted  ring). 

If  a  node  that  detected  a  fault  does  not  receive  a 
Fault  Acknowledge  frame  (after  a  suitable  time- 
out),  it  assumes  the  status  of  an  isolated  station. 

Figure  3  illustrates  the  sub-ring  which  is  formed 
after  a  break  has  occurred  in  the  links  between  the 
stations  1,  2  in  the  ring  shown  in  Figure  1.  In  this 
example,  the  station  2  is  the  Head  station  and  the 
station  1  is  the  Tail  station  while  the  stations  3—6 
comprise  Body  stations.  The  route  of  data  around 
the  ring  is  thus  in  the  order  of  stations  2-3-4-5-6-1 
along  what  remains  of  the  primary  ring  18  and 
then  1-6-5-4-3-2  along  the  secondary  ring,  the 
stations  on  this  return  path  simply  acting  as 
repeaters. 
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one  Tail  station  this  additionally  does  transition 
s15d,  the  rest  are  Bodies  doing  transition  s15b. 

Initially,  the  same  steps  as  in  Case  2  occur 
except  that  in  TX  CL_TK  the  BRK_DET  will 
remain  active  for  the  station  just  below  the  break. 
This  station  which  will  become  the  Head  takes 
transition  s32  to  Tx  Beacon  where  it  transmits 
Beacon  frames  and  waits  for  Reconfiguration 
Acknowledge  frame  (FR_I_RA)  from  down- 
stream  before  taking  s54  and  becoming  the  Active 
monitor  and  initialising  the  ring. 

All  other  stations  downstream  of  the  break  are 
forced  by  the  Head  station  beaconing  to  Inserted 
where  stations  switch  to  Tail  or  Body  (see  transi- 
tion  s15  table).  The  received  beacons  cause 
l_RA's  to  be  transmitted  back  upstream  (s15a)  if 
these  are  received  by  an  upstream  station  it 
switches  to  Body  (s15B).  The  bottom  station  will 
not  get  a  F_I_R_A  and  switches  to  Tail  via 
transition  s15D.  The  Tail  and  Bodies  then  wait  for 
the  Head  stations  to  initialise  the  ring  before 
taking  s13,  s22  to  Standby. 

Merges 
While  a  sub-ring  is  operating  normally,  the 

Head  and  Tail  stations  use  their  idle  upstream  or 
downstream  links  to  attempt  merges. 

The  Tail  periodically  sends  Join  Request  frames 
(I_JR,  transition  s42L),  if  this  is  received  by  the 
Head  it  sends  a  Join  Acknowledge  back  to  the  Tail 
(I_JA,  transition  a01G).  If  the  Tail  receives  this  it 
presumes  the  links  are  operable  so  a  Merge 
Request  is  sent  and  a  break  is  sent  on  the  sub-ring 
(I_MR,  transition  s43).  The  Head  on  receiving  the 
I_MR  also  sends  a  break  via  transition  aO5.  All 
stations  on  both  sub-rings  are  forced  to  Bypass  by 
the  breaks  and  are  now  re-initialised  as  one  ring 
or  sub-ring  as  in  Cases  2  or  3. 

Isolated 
If  a  Head  station  in  case  3  above  finds  that  it 

gets  no  I_RA  it  takes  transition  s55  to  Isolated 
instead  of  s54.  In  this  state  it  uses  the  down- 
stream  idle  links  like  a  Tail  and  the  upstream  links 
like  a  Head  in  an  attempt  to  merge. 

As  a  tail  it  transmits  l_JR's,  listens  for  an  I_JA 
in  which  case  it  transmits  a  I_MA  and  reinitialises 
from  Bypass  (transistions  s61,  s62).  As  a  Head  if  it 
receives  a  l_JR's  it  transmits  an  I_JA  (transition 
s63),  if  it  receives  a  I_MR  it  also  reinitialises  from 
Bypass  (transition  s64). 

The  methods  used  to  merge  Head  and  Tail 
stations  of  a  sub-ring  can  be  extended  to  the  more 
general  cases  of  merging  previously  separate 
networks.  Two  such  situations  will  be  described 
in  detail. 

Figure  4  illustrates  two  dual  ring  arrangements, 
for  example  local  area  networks,  which  are  to  be 
merged.  One  dual  ring  network  has  four  reconfi- 
guring  stations  21  —  24  and  the  other  four  reconfi- 
guring  stations  25  —  28.  The  rings  are  to  be 
merged  via  the  stations  23,  28.  It  will  be  appreci- 
ated  that  at  least  the  stations  23,  28  are  slightly 
different  from  the  stations  illustrated  in  Figure  2 
since  each  of  these  stations  has  an  auxiliary  pair 

While  in  this  state,  it  may  get  an  "insert"  com- 
mand  from  its  management,  this  causes  the 
station  to  insert  itself  onto  the  ring,  synchronise 
its  clock  with  the  ring  data  and  reset  some  timers 
that  will  be  used  in  the  next  step.  This  event  5 
(INSERT)  and  these  resulting  actions  are  shown 
by  the  transition  marked  "01"  which  also  shows 
that  after  all  this  the  station  is  in  a  different  state 
called  Inserted  (state  1). 

10 
Case  1 

The  set  of  transitions  will  now  be  described, 
assuming  that  this  station  has  just  inserted  itself 
onto  a  correctly  operating  ring.  These  will  be 
transitions  s13  and  s22  (the  "s"  refers  to  the  15 
standby  FSM  Figure  9,  an  "a"  prefix  refers  to  the 
active  FSM—  Figure  10). 

Transition  s13  is  caused  by  receiving  an  AMP 
frame  (FR_AMP),  AMP's  are  periodically  trans- 
mitted  by  the  Active  Monitor  indicating  a  good  20 
ring.  This  station  queues  a  DAT  frame,  resets 
some  timers  and  goes  to  Initialise.  The  DAT  frame 
is  addressed  to  this  station  and  is  transmitted 
then  received  to  check  that  there  is  no  other 
station  on  the  ring  with  an  identical  address.  If  25 
there  is,  transition  s21  is  taken  and  the  station  is 
reset  to  Bypass.  Normally  however  transition  S22 
occurs  and  the  station  goes  to  Standby  where  it  is 
on  the  ring  and  can  transmit  and  receive  data 
frames.  30 

Case  2 
If  a  number  of  stations  are  INSERTed  onto  a 

previously  dead  but  intact  ring,  then  one  of  these 
will  become  an  Active  monitor  by  taking  transions  35 
s11,  s33,  a21,  and  a11.  The  reset  will  be  to 
Standby  monitors  after  taking  transitions  s13, 
s22,  ors11(s31,s13,  s22. 

Transistion  s11  occurs  because  the  ring  is  dead 
and  so  BRK_DET  is  active.  The  station  goes  to  40 
state  TX  CL_TK  where  it  continuously  transmits 
Claim  Token  frames  at  which  pofnt  BRK_DET 
goes  inactive.  Several  stations  could  be  doing  this 
at  once,  stations  which  receive  F_CL_TK's  with  a 
higher  address  are  forced  out  by  transition  s31.  45 
The  station  with  the  highest  address  will  be  left, 
this  will  become  the  active  monitor  after  receiving 
its  own  FR_CL_TK  and  taking  transition  s33  to  Tx 
Purge.  This  purges  the  ring  of  rubbish  then  takes 
transition  a21  to  Tx  Fill.  Finally  transition  all  puts  a  so 
token  and  an  AMP  frame  onto  the  ring  to  initialise 
it  and  the  station  goes  to  Active  where  it  is  on  the 
ring  and  can  transmit  and  receive  data  frames. 

Other  stations  which  have  been  inhibited  until 
now  by  the  FR_CL_TK,  see  AMP  and  continue  as  55 
for  the  first  case  via  s13,  s22. 

Case  3 
If  during  normal  operation,  a  break  occurs  on 

the  ring,  a  BK_DET  event  will  occur  causing  all  60 
stations  to  reset  to  Bypass.  In  this  case,  the 
stations  will  reconfigure  around  the  break,  one 
station  will  become  Head  (Active)  by  transitions 
sO1,  s11,  s32,  s54,  a21,  all.  Other  stations  become 
Standby  stations  via  sO1,  s13,  s22.  There  will  be  65 
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Each  station  now  broadcasts  a  "ring  reconfig- 

uration  request"  to  its  sub-ring.  This  informs  all 
stations  that  a  sub-ring  reconfiguration  is  going  to 
take  place.  It  also  inhibits  any  other  station  on  the 

5  sub-ring  from  initiating  a  similar  reconfiguration. 
At  this  point,  each  station  except  the  two 

stations  involved  23,  28  in  the  merger  will  leave 
their  connections  intact  and  await  the  syn- 
chronisation  pulses  to  cause  the  ring  communica- 

10  tion  to  reestablish  itself.  Station  23  then  connects 
its  PRx  with  the  STx  associated  with  the  line  34  to 
establish  a  relay  connection  while  the  line  33  is 
connected  to  a  SRx  which  in  turn  is  connected  to 
the  PTx.  Similarly,  the  station  28  establishes  a 

15  relay  between  the  link  34  and  the  link  to  the 
station  25  and  connects  its  PRx  with  the  STx 
connected  to  the  line  33. 

It  should  be  understood  that  JR  and  JA  frames 
are  simultaneously  transmitted  in  both  directions 

20  between  the  stations  23,  28  although  the  above 
description  has,  for  simplicity,  only  referred  to  the 
action  of  the  station  23  on  receiving  a  JA  frame. 
Similar  action  is  taken  by  the  station  28. 

The  communication  path  of  the  resultant 
25  merged  network  shown  in  Figure  4  is  as  follows: 

21  -22-23-28-25-26-27-28-23-24-21  . 

Link  pair  merging  is  simple  and  easy  to  imple- 
30  ment  since  only  a  single  MAC  layer  is  required  in 

the  control  entity  of  each  station  23,  28. 
A  more  generalized  merging  arrangement 

using  the  principles  outlined  above  is  known  as 
single  link  merging.  This  is  illustrated  in  Figure  5. 

35  Three  networks  are  illustrated  each  consisting  of 
two  reconfiguring  devices  or  stations  35,  36;  37, 
38;  and  39,  40  having  addresses  a  —  /respectively. 
Each  pair  of  stations  is  connected  via  uni-direc- 
tional  links  enabling  data  communication  in 

40  opposite  directions  41,  46. 
Once  again,  each  station  35-—  40  has  a  form 

similar  to  that  shown  in  Figure  2  but  with  an 
additional  pair  of  auxiliary  receive  and  transmit 
links.  In  this  example,  however,  the  station  37  will 

45  be  connected  via  its  auxiliary  transmit  link  along  a 
link  47  to  an  auxiliary  receive  link  of  the  station  35. 
Similarly,  the  station  36  will  be  connected  via  an 
auxiliary  transmit  link  along  a  line  48  to  an 
auxiliary  receive  link  of  the  station  38.  Similar 

so  connections  will  be  achieved  between  the 
stations  37  and  39  and  the  stations  40,  38  along 
uni-directional  links  49,  50. 

The  following  symmetrical  events  occur.  As  in 
the  previous  cases  JR  frames  are  continuously 

55  transmitted  along  each  unconnected  transmit  link 
including  the  auxiliary  transmit  links  described 
above.  These  JR  messages  initially  consist  only  of 
the  transmitting  stations  address  and  the  link 
number  of  the  auxiliary  link  concerned.  This  latter 

so  piece  of  information  is  important  since  any  par- 
ticular  station,  for  example  the  station  37,  may  be 
sending  JR  frames  down  several  auxiliary  links  at 
the  same  time. 

If  a  station  receives  a  JR  message  it  broadcasts 
65  the  received  message  to  each  other  station  within 

of  secondary  received  and  transmit  links.  This  will 
require  a  modified  form  of  cross  point  switch  8 
the  form  of  which  will  be  readily  determined  by  a 
person  skilled  in  the  art.  In  their  unconnected 
form,  each  dual  ring  transmits  data  amongst  its 
four  stations  in  a  serial  manner  similar  to  that 
shown  in  Figure  1  and  each  has  a  primary  ring  29, 
30  for  normally  transmitting  data  on  one  direction 
and  a  secondary  ring  31,  32  for  transmitting  data 
in  the  opposite  direction  if  a  fault  occurs. 

As  in  the  Figure  3  example,  all  stations  which 
have  unused  transmit  links  (including  the  stations 
23,  28)  continuously  transmit  JR  frames  along 
those  links.  When  communication  is  achieved 
between  the  stations  23,  28  along  lines  33,  34 
which  are  uni-directional  and  allow  communica- 
tion  in  opposite  directions,  the  station  23  will 
receive  JR  frames  from  the  station  28  and  the 
station  28  will  receive  JR  frames  from  the  station 
23  along  the  link  34. 

If  either  station  receives  a  JR  frame  their 
respective  control  portions  7  cause  a  JA  frame  to 
be  continuously  returned.  Thus,  when  the  station 
28  receives  the  JR  frame  from  the  station  23  it  will 
transmit  a  JA  frame  along  the  link  33  to  the 
station  23.  If  a  continuous  JA  frame  is  received, 
the  processor  or  control  entity  is  informed  that 
there  is  a  functional  auxiliary  link  to  another 
station.  The  control  entity  then  attaches  itself  to 
the  auxiliary  link  pair  connected  to  the  links  33,  34 
and  attempts  to  exchange  messages  in  order  to 
ascertain  the  address  of  the  other  station  (station 
28). 

Once  the  address  of  the  other  station  has  been 
ascertained,  the  control  entity  then  establishes 
that  station  is  not  on  its  own  ring.  This  can  most 
simply  be  achieved  by  attempting  to  transmit  a 
message  to  that  station  around  its  own  ring.  Thus, 
the  station  23  could  try  to  transmit  a  message  to 
the  station  28  around  its  primary  ring  29.  Clearly, 
this  will  not  succeed.  If  it  discovers  that  the  station 
is  on  its  own  ring  already  then  no  further  action  is 
taken.  Otherwise,  other  merges  are  temporarily 
inhibited  and  MR  frames  are  exchanged  between 
the  stations  23,  28.  It  is  necessary  to  determine  at 
this  stage  which  station  will  be  the  "left"  and 
which  the  "right"  of  the  sub-ring  merge.  This  can 
be  done  conveniently  by  having  the  one  with  the 
numerically  lowest  address  being  the  "left"  or 
alternatively,  by  having  any  other  boolean  func- 
tion  of  the  two  addresses  such  that  f(x,  y)=NOT 
f(y,  x),  or  by  designating  in  each  duplex  link  one 
channel  as  "preferred"  and  by  selecting  the  "left" 
station  as  the  station  which  was  transmitting 
down  the  preferred  channel  or  by  reference  to  the 
time  sequence  of  communication  above  or  by 
using  an  anti-symmetric  function  of  some  combi- 
nation  of  the  stations  address  and  a  random 
number  chosen  independently  by  each  station,  or 
by  some  of  other  means. 

It  is  convenient  that  the  two  stations  23,  28 
should  exchange  messages  asymmetrically  such 
as  for  example  one  station  sending  a  "sub-ring 
merge  Right"  frame  and  the  other  a  "sub-ring 
merge  Left"  frame. 



EP  0 1 4 0   712  B1 18 17 

veniently  by  choosing  a  particular  MR  sequence 
and  the  use  of  a  single  latency  buffer  on  each 
station.  The  MR  sequence  causes  the  station 
which  receives  it  to  use  this  as  its  data  source  and 

5  to  feed  this  onto  the  ring.  This  should  be  done 
through  a  latency  buffer  in  order  to  accommodate 
the  differing  frequencies  of  the  two  rings.  The  MR 
sequence  itself  should  cause  the  rings  to  be 
cleared  and  the  active  monitors  to  go  into  conten- 

10  tion  for  control  of  the  resulting  single  ring.  Once 
the  rings  are  synchronised  and  the  unique  active 
monitor  established,  the  latency  buffers  can  be 
removed  and  normal  data  transfer  can  continue. 

The  rings  described  so  far  have  all  involved 
15  stations  having  a  similar  form  and  the  ability  to 

reconfigure.  It  should  be  understood  that  there 
may  be  additional  non-reconfiguring  stations 
positioned  between  some  or  all  of  the  reconfigur- 
ing  stations  previously  described  in  the  form  of 

20  chains  in  a  known  manner.  These  non-reconfigur- 
ing  stations  (often  known  as  Type  B  stations)  have 
only  a  single  link  pair  for  receiving  and  transmit- 
ting  data  and  thus  are  incapable  of  any  reconfig- 
uration.  In  addition,  some  or  all  of  the  stations 

25  previously  described  could  comprise  wiring  con- 
centrators  which  have  one  or  more  non-reconfi- 
guring  stations  on  a  single  ring  spur.  An  example 
of  a  wiring  concentrator  is  illustrated  in  Figures  6 
and  7. 

30  The  wiring  concentrator  has  two  pairs  of  trans- 
mit  and  receive  links  51  —  54  the  connections 
between  which  are  controlled  by  a  cross  point 
switch  55.  The  cross  point  switch  55  is  controlled 
in  a  similar  way  to  the  switch  8  described  above  to 

35  switch  signals  to  a  primary  MAC  56  and  a 
secondary  MAC  57  which  together  form  the  con- 
trol  portion  7  in  Figure  2.  Thus,  the  components 
above  the  line  58  in  Figure  6  are  essentially 
identical  to  those  described  in  Figure  2. 

40  The  wiring  concentrator  has  three  sets  of  link 
pairs  59  —  61  to  enable  it  to  be  connected  to  non- 
reconfiguring  stations  62  —  64.  Each  of  the  link 
pairs  59  —  61  pass  through  respective  bypass 
switches  65  —  67  which  are  controlled  through 

45  switching  logic  68  in  such  a  way  that  each  bypass 
switch  can  be  in  one  of  two  modes  (see  Figure  7). 

In  an  INSERTED  mode,  an  input  line  69  is 
connected  to  the  output  line  of  the  pair  of  lines  59 
while  the  input  line  of  the  pair  of  lines  59  is 

so  connected  to  output  lines  70,  71. 
In  the  Bypassed  Mode,  the  input  line  69  is 

connected  to  the  output  line  70  while  an  input  line 
72  from  the  logic  68  is  connected  to  the  output 
line  of  the  pair  59,  the  input  line  of  the  pair  59 

55  being  connected  to  the  output  line  71. 
The  bypass  switch  65  is  controlled  by  a  signal 

on  a  line  73  from  the  logic  68,  the  line  73  being 
connected  to  a  pair  of  relays  74,  75. 

The  output  line  70  from  the  bypass  switch  75  is 
60  connected  to  the  bypass  switch  66  which  is  in  turn 

connected  to  the  bypass  switch  67  whose  output 
is  connected  to  the  primary  MAC  56. 

The  incoming  data  on  the  link  52  is  passed  via 
cross  point  switch  55  through  the  bypass  units 

65  65  —  67  and,  when  they  are  inserted,  along  their 

the  same  network  and  the  stations  address  is 
appended  to  each  JR  message  transmitted.  This 
builds  up  a  list  of  possible  address/link  paths 
within  the  networks.  If  a  station  gets  a  JR  frame 
and  finds  its  own  address  within  it,  it  does  not 
transmit  this  down  the  auxiliary  link  but  realises 
instead  that  this  station  is  on  a  mergable  path. 
The  link  number  identifies  the  auxiliary  transmit 
link  that  is  to  be  used  and  a  JA  frame  with  the 
address/link  path  is  sent  down  this  link.  There 
may  be  more  than  one  possible  merge  path  at  a 
station,  and  the  addresses  and/or  link  numbers 
can  conveniently  be  used  to  establish  the  priority 
merge  path. 

Received  JA  frames  are  broadcast  to  the  other 
stations  within  the  network.  A  station  which 
transmits  JA  frames  and  which  gets  a  matching 
JA  frame  from  the  other  network  knows  that  a 
merge  path  has  been  agreed. 

At  this  point,  other  stations  are  temporarily 
inhibited  from  merging  and  a  MR  frame  is  trans- 
mitted  down  the  auxiliary  transmit  link  on  the 
merge  path  causing  the  other  station  to  switch  the 
auxiliary  receive  link  along  which  it  has  just 
received  the  MR  frame  into  the  data  path  on  its 
network.  If  necessary,  a  merge  with  several  net- 
works  can  be  done  by  one  station  simultaneously. 
The  frames  transmitted  and  received  by  the 
stations  35,  40  at  various  steps  are  illustrated  in 
Figure  5.  In  Figure  5  there  are  two  contending 
networks  35,  36  and  39,  40  trying  to  merge  with 
the  network  37,  38.  Steps  1  and  2  show  the  JR 
frames  being  transmitted  along  each  auxiliary 
link.  These  are  broadcast  around  the  respective 
networks  35,  36;  39,  40  and  retransmitted  to  build 
up  the  merge  paths.  At  step  3,  the  stations  36,  40 
see  their  own  address  in  the  received  JR  frames 
and  thus  transmit  JA  frames.  The  station  37  has 
two  merge  paths  and  in  this  example  it  chooses 
the  da39  path  and  transmits  JA  frames  along  the 
link  49.  In  step  4,  the  stations  37,  40  have  now 
received  matching  JR  frames  and  merge  the  ring 
by  transmitting  MR  frames.  Once  this  merge  has 
been  completed  the  stations  35,  36  are  merged 
with  the  stations  37,  38  in  a  similar  way. 

Single  link  merging  has  the  ability  to  merge  any 
set  of  networks  that  can  be  merged,  unlike  the  link 
pair  method  described  above.  However,  there 
may  be  cases  where  there  are  link  faults  giving 
rise  to  two  or  more  mutually  exclusive  sets  of 
topologies  in  which  some  stations  are  left  out.  To 
avoid  continuous  merging  it  is  necessary  in  step  3 
above  to  check  that  a  merge  is  desirable  before 
proceeding  with  step  4.  Single  link  merging 
requires  more  intelligence  than  link  pair  merging 
and  in  particular  it  requires  a  MAC  layer  for  each 
auxiliary  link  pair. 

With  both  methods  of  merging  described 
above,  there  can  be  problems  with  the  tech- 
nicalities  of  actually  merging  two  rings  together, 
after  the  MR  frame  is  issued,  without  causing 
major  disruption  of  the  rings.  A  particular 
problem  is  the  synchronisation  of  the  two  ring 
clocks  and  the  forcing  off  the  ring  of  one  of  the 
two  active  monitors.  This  can  be  done  con- 

10 
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not  already  transmitted  a  SMP  (Standby  Monitor 
Present)  frame  will  send  one. 

iv)  Note  the  address  of  the  SMP  frame  received 
if  any,  and  if  one  is  received  and  there  is  another 

5  downstream  station  on  the  ring  (indicated  by  the 
A  bits  being  Set)  then  repeat  step  (iii)  above. 

Other  ring  protocols  will  normally  have  similar 
methods  of  determining  the  membership  of  the 
ring. 

10  Note  that  it  would  be  possible  to  have  some- 
what  similar  protocols  which  did  not  relay  on 
known  the  membership  of  dependent  rings,  as 
discussed  under  (d)  below, 

c.  When  all  the  dependent  ports  have  been 
15  tested  and  any  successful  ports  have  been  found 

then  the  control  logic  will  attempt  to  bring  up  the 
ring  with  those  ports  which  were  successful 
inserted  into  the  ring.  This  can  be  accomplished 
in  a  number  of  ways: 

20  i)  The  bypass  relays  for  the  successful  ports 
can  be  set  to  inserted.  This  will  cause  a  'glitch' 
on  the  ring,  bringing  it  down  and  then  starting  it 
up  in  accordance  with  the  802.5  protocols. 

ii)  The  ring  can  be  deliberately  broken,  the 
25  bypass  relays  for  the  successful  ports  can  be 

inserted,  and  then  the  ring  brought  up. 
iii)  As  above,  but  with  a  message  sent  first 

along  the  ring  informing  the  other  members  of 
the  ring  that  this  is  going  to  happen. 

30  iv)  Given  a  suitable  mechanism  in  the  logic  68 
and  in  the  latency  buffer  77  it  may  be  possible 
for  the  successful  ports  to  be  brought  into  a  state 
where  all  their  clocks  are  synchronised  and  then 
brought  smoothly  into  the  main  ring. 

35  All  these  alternatives  and  other  similar  ones 
are  essentially  equivalent.  Their  selection  in  a 
practical  design  would  be  based  on  engineering 
considerations  such  as: 

cl—  Reliability  of  the  switching  mechanism. 
40  ell—  The  desirability  of  ensuring  that  the  full 

ring  comes  up  cleanly  on  initialisation.  If  several 
of  these  wiring  concentrators  were  performing 
this  operation  simultaneously  then  there  would 
be  the  inconvenience  of  the  ring  being 

45  repeatedly  formed  and  reformed. 
clll—  The  importance  of  minimising  disruption 

to  the  ring. 
Conveniently  ell  can  be  met  by  having  a  time 

constant  in  the  control  logic  TC_DI  —  (Time 
so  Constant  Dependent  Initialise). 

When  the  initial  ring  is  brought  up  in  (a)  above 
a  timer  is  set  and  no  attempt  is  made  to  bring 
down  and  initialise  the  ring  until  this  timer 
reaches  TC_DI.  In  the  meantime  the  testing  logic 

55  continues  to  test  the  dependent  nodes.  TC_DI 
should  be  chosen  so  that  the  substantial  majority 
of  the  nodes  on  the  ring  will  have  had  time  to 
test  their  dependents  before  TC_DI  expires.  If  we 
then  required  that  any  nodes  that  have  not  corn- 

so  pleted  testing  their  dependents  wait  a  further 
TC_D1  before  attempting  to  bring  them  in,  we 
have  reduced  the  number  of  times  the  ring  is 
brought  down  to  the  smallest  integer  not  less 
then: 

65 

link  pairs  59  —  61  respectively,  through  the  prim- 
ary  MAC  56  and  thence  back  to  the  cross  point 
switch  55.  Under  normal  operation  the  data  is 
then  transmitted  out  along  the  link  51  to  the  next 
reconfiguring  device.  The  data  on  the  line  54  is 
normally  passed  directed  by  the  cross  point 
switch  55  to  the  link  53. 

The  switching  logic  68  is  able  to  pass  data  to 
and  from  the  secondary  MAC  57  and  is  con- 
trolled  by  master  control  logic  76. 

In  some  cases  it  may  also  be  convenient  to 
have  inserted  a  latency  buffer  77  in  the  internal 
ring  55,  65,  66,  67,  56,  55.  This  is  a  well  known 
device  which  enables  an  incoming  data  signal  to 
be  buffered  and  retransmitted  using  a  different 
clock  which  has  nominally  the  same  frequency 
but  is  not  necessarily  in  phase  with  or  at  quite 
the  same  frequency  of  the  incoming  clock.  The 
latency  buffer  7  allows  for  a  number  of  bits  to  be 
stored  to  compensate  for  the  fact  that  the 
number  of  bits  to  be  stored  to  compensate  for 
the  fact  that  the  number  of  bits  coming  in  is  not 
the  same  as  the  number  of  bits  that  have  been 
transmitted. 

The  wiring  concentrator  enables  one  or  more 
of  the  stations  62  —  64  to  be  switched  into  the 
overall  ring  so  that  the  ring  effectively  includes 
the  inserted  non-reconfiguring  stations. 

The  purpose  of  the  wiring  concentrator  is  to 
allow  the  non-reconfiguring  stations  62  —  64  to 
participate  in  a  reconfiguring  ring  and  to  bypass 
any  of  these  stations  which  appear  to  it  to  have 
failed.  As  far  as  the  other  stations  on  the  ring  are 
concerned  the  wiring  concentrator  behaves  as 
though  it  were  a  simple  reconfiguring  station 
with  two  link  pairs  as  previously  described. 

One  of  the  difficulties  with  a  wiring  concen- 
trator  is  that  when  it  is  switching  in  or  out  its 
dependents,  other  reconfiguring  devices  in  the 
ring  may  think  a  fault  has  developed  and  reconfi- 
gure  around  the  wiring  concentrator.  This 
problem  is  overcome  as  is  explained  in  the 
following  description  of  the  operation  of  the 
control  logic. 

a.  On  initialisation  it  first  sets  all  the  bypass 
relays  65—67  to  bypass  and  participates  in  bring- 
ing  up  the  ring  as  though  it  were  a  simple  Type  A 
node. 

b.  T  secondary  MAC  57  then  tests  each  of  the 
dependents  62  —  64  in  turn  by  attempting  to  bring 
up  a  ring  with  each  of  them.  It  notes  the  station 
address  of  any  nodes  which  it  can  talk  to  on  each 
dependent  port,  and  which  ports  were  successful 
(i.e.  had  some  nodes  with  which  a  ring  could  be 
brought  up). 

Note  that  in  the  embodiment  described  we 
need  to  keep  track  of  which  type  A  nodes  are 
connected  to  the  Auxiliary  Ports  51  —  54.  This  can 
conveniently  be  done  in  an  802.5  ring  as  follows: 

i)  Transmit  a  BCN  Beacon  frame  along  the 
dependent  ring  to  stop  any  beaconing  stations. 

ii)  Transmit  an  AMP  Active  Monitor  Present 
frame  which  will  push  the  next  node  into 
Standby  Monitor  State. 

iii)  Transmit  a  Token.  The  next  node  which  has 
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the  rest  of  the  ring  upstream  of  the  wiring  concen- 
trator.  In  the  first  instance  the  port  that  generates 
the  beacon  should  be  bypassed,  and  if  the  beacon 
persists  then  the  node  should  assume  that  the 

5  cause  of  the  beacon  lies  upstream  of  it  and 
reconfigure  as  in  (f)  below. 

dIV—  If  the  beacon  is  generated  by  the  main 
MAC  then  the  port  immediately  upstream  of  the 
main  MAC  will  be  bypassed. 

10  e.  By  the  means  described  above  it  will  be 
possible  to  generate  and  keep  a  working  ring  in 
the  presence  of  faults  or  disconnections.  It 
remains  to  describe  how  dependent  nodes  can  be 
added  to  the  ring  when  they  are  found  to  be 

15  functional. 
The  secondary  MAC  57  when  not  required  for 

other  work  (as  per  the  reconfiguration 
mechanisms  described  earlier)  will  cycle  through 
each  of  the  dependent  ports  that  are  bypassed, 

20  attempting  to  bring  up  a  ring  with  them.  If  it 
succeeds  then  the  ring  is  brought  down  and  the 
successful  port  inserted.  If  a  clock  signal  is  newly 
detected  from  a  port  then  the  secondary  MAC 
tries  that  port  first.  In  this  way  nodes  that  are 

25  newly  connected  to  the  wiring  concentrator  are 
tested  more  quickly. 

f.  If  the  ring  node  determines  that  a  full  ring 
reconfiguration  is  required,  then  there  are  two 
options: 

30  fl—  The  simplest  is  to  bypass  all  the  dependent 
nodes,  bring  up  the  ring  as  described  earlier,  and 
then  bring  in  the  dependent  ports  as  described  in 
(a)  above. 

fll  —  Alternatively,  it  can  attempt  to  keep  the 
35  nodes  which  are  inserted  in  the  new  ring,  and 

perform  the  reconfiguration  protocols  with  the 
dependent  nodes  inserted.  In  that  case  it  needs  to 
treat  beaconing  events  from  the  first  port  as 
indicating  problems  with  the  upstream  wiring 

40  concentrator. 
For  practical  reasons  fl  is  the  preferred  embodi- 

ment.  This  is  mainly  because  the  dependent 
nodes  may  act  in  unpredictable  ways  since  they 
may  not  be  designed  to  cooperate  with  the 

45  reconfiguring  nodes. 
In  other  modifications,  some  of  the  stations 

may  have  a  different  number  of  input  and  output 
secondary  links  but  in  all  these  cases  the  reconfi- 
guring  stations  will  continuously  transmit  joining 

so  path  frames  along  their  non-ringing  outputs  and 
listen  for  the  receipt  of  JR  frames  on  their  non- 
ringing  inputs  and  JA  frames  on  all  their  inputs. 

Two  forms  of  joining  path  have  been  described 
above  but  more  generally  a  joining  path  may  be 

55  considered  to  be  composed  principally  of  links 
which  are  not  members  of  active  sub-rings  but 
which  may  incoporated  one  step  backwards 
along  a  member  of  an  active  ring  between  any 
two  links  that  are  not  members  of  active  rings. 

60  It  is  possible  to  generalise  the  principles  of  the 
invention  to  enable  more  complex  topologies  to 
be  reconfigured.  An  example  of  such  a  topology 
is  illustrated  in  Figure  8  where  a  number  of 
stations  are  illustrated  with  the  connecting  lines 

65  representing  the  bi-directional  link  pairs.  Auxiliary 

Longest  time  for  any  node  to  test  all  its  depen- 
dents  TC_DI 

d.  If  a  node  or  link  fails  this  will  be  indicated  by 
its  downstream  neighbour  producing  a  beacon 
and/or  by  it  no  longer  transmitting  a  signal  with 
appropriate  physical  characteristics.  The  most 
salient  of  these  physical  characteristics  is  the 
clock.  Others  may  include  the  presence  of  static 
energising  signals  (as  in  the  presently  specified 
dual  twisted  pair  interface  in  802.5)  and  the 
absence  of  major  physical  coding  violations. 

The  switching  logic  68  conveniently  has  detec- 
tors  which  signal  to  the  control  logic  76  the 
presence  of  clock  and  other  appropriate  physical 
characteristics  on  any  of  the  lines.  This 
mechanism  can  equally  well  be  located  in  the 
Bypass  Units  65  —  67  with  appropriate  signals  to 
the  control  logic.  The  cases  of  a  beacon  and  of 
physical  characteristic  failure  can  be  considered 
separately: 

dl  —  If  a  Physical  Characteristic  Failure  is 
detected  from  any  dependent  then  this  dependent 
is  bypassed  by  means  of  the  bypass  unit.  The 
other  cases  below  only  apply  if  no  Physical 
Characteristic  failure  is  detected. 

Note  that  the  level  of  physical  characteristic 
checking  could  vary  in  different  embodiments  of 
the  invention.  In  particular  it  might  be  acceptable 
to  dispense  with  the  identification  of  faulty 
beaconing  stations  and  simply  use  physical 
characteristics,  with  a  drastic  mechanism  such  as 
removing  all  dependents  if  an  unidentified 
beacon  source  emerged. 

dll  —  If  a  beacon  is  broadcast  by  any  dependent 
other  than  the  first  one  (controlled  by  bypass  65) 
then  it  will  be  detected  by  the  main  MAC  56.  The 
control  unit  can  identify  which  port  is  responsive 
because  it  discovers  which  addresses  are  on 
which  ports  when  it  switched  them  in  (see  a 
above  and  e  below). 

There  remains  the  problem  in  some  networks 
of  nodes  being  added  to  dependent  rings  after 
they  have  been  initialised.  This  is  conveniently 
dealt  with  by: 

i)  Re-checking  any  dependent  ring  on  which 
even  transient  physical  disturbances  have  been 
identified. 

ii)  Periodically  discovering  the  contents  of  the 
dependent  rings,  for  example  in  802.5  by  discov- 
ering  the  UNA  (Upstream  Neighbour  Address)  of 
each  of  the  known  dependents,  and  if  it  differs 
from  that  expected  the  new  node's  UNA  etc. 

The  fault  probably  lies  in  the  node  upstream  of 
the  node  which  generated  the  beacon,  or  in  the 
beaconing  node  itself.  In  either  case  the  preferred 
embodiment  of  the  invention  is  to  bypass  the  port 
from  which  the  beacon  is  coming  and  if  the 
upstream  neighbour  of  that  node  is  on  a  different 
port  (i.e.  the  node  is  the  first  active  node  in  that 
port)  the  port  immediately  upstream.  The  port(s) 
disconnected  are  then  checked  (see  e  below)  and 
brought  back  into  the  ring  if  and  when  they  are 
functioning. 

dill  —  If  the  beacon  comes  from  the  first  active 
node  of  the  first  port  then  the  fault  may  lie  with 
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TS=Transmit 
TK(P=x,  M=y,  R=Z)=Token  with  P=x, 

M=y,  and  R=z 
FR  P=x,  M=y,  R=Z)=Frame  with  P=x, 

5  M=y,  and  R=z 
—  i=Boolean  NOT 
&=AND 
V=OR 
/=the  greater  of 

10 
3.3.7  Reconfigure  Acknowledge  Frame  (RA) 
(secondary  path) 

This  frame  is  transmitted  by  a  stand-by 
monitor.  It  shall  be  transmitted  when  ever  a  BCN 

is  frame  is  received.  Its  reception  indicates  that  a 
station  exists  downstream. 

The  RA  values  are  as  follows: 
Pm:  N/A 
FC:  00  000000 

20  DA:  All  stations,  this  ring 
VI:  X'OOOa  (Reconfigure  Acknowledge). 

3.3.8  Join  Request  Frame  (JR)  (secondary  path) 
This  frame  is  transmitted  by  a  TAIL  station  (or 

25  an  isolated  station).  It  shall  be  transmitted  on 
expiry  of  time  TIC  in  order  to  try  and  contact  the 
downstream  station. 

The  JR  values  are  as  follows: 
Pm:  N/A 

30  FC:  00  000000 
DA:  All  stations,  this  ring 
VI:  X'0009'  (Join  Request) 

3.3.9  Join  Acknowledge  Frame  (JA)  (secondary 
35  path) 

This  frame  is  transmitted  by  a  HEAD  station  (or 
an  isolated  station).  It  shall  be  transmitted  when- 
ever  a  JR  frame  is  correctly  received. 

The  JA  values  are  as  follows: 
40  Pm:  N/A  • 

FC:  00  000000 
DA:  All  stations,  this  ring 
VI:  X'0008'  (Join  Acknowledge) 

45  3.3.10  Merge  Request  Frame  (MR)  (secondary 
path) 

This  frame  is  transmitted  by  a  Tail  station  (or  an 
isolated  station).  It  shall  be  transmitted  whenever 
a  JA  frame  is  correctly  received.  It  signifies  that 

so  both  paths  between  adjacent  stations  are  func- 
tional. 

The  MR  values  are  as  follows: 
Pm:  N/A 
FC:  00  000000 

55  DA:  All  stations,  this  ring 
VI:  X'OOOB'  (Merge  Request) 

3.3.11  Check  Secondary  Path  Frame  (CHK) 
(secondary  path) 

eo  This  frame  is  transmitted  by  a  NORM  station  on 
expiry  of  a  timer  TIC.  The  reception  of  this  frame 
shall  reset  the  timer  TIE.  This  signifies  that  the 
(otherwise)  unused  path  between  two  adjacent 
stations  is  functional.  If  the  timer  TIE  expires,  then 

65  the  secondary  link  is  considered  to  have  failed. 

links  are  indicated  by  lines  which  are  not  joined  to 
the  boxes  representing  the  stations.  The  stations 
78—84  and  85—88  represent  two  backbone  rings 
which  are  connected  together  by  an  auxiliary  link 
pair  between  the  stations  81  and  86.  There  is  a 
redundant  link  between  the  stations  79  and  82. 
The  station  84  is  a  single  station  single  ring  spur 
connected  to  the  station  83  which  is  a  wiring 
concentrator.  Stations  89—91  are  on  a  multiple 
station,  single  ring  spur  connected  to  the  station 
79  which  is  also  a  wiring  concentrator.  By  making 
use  of  the  redundant  links  and  the  other  principles 
outlined  above,  reconfiguration  of  this  arbitrary 
network  can  be  achieved. 

Appendix 
This  Appendix  describes  modifications  which 

should  be  made  to  the  draft  IEEE  Standard  802.5 
to  achieve  a  dual  ring  protocol  enabling  our 
invention  to  be  performed. 

Sections  3.3.7—3.4.11  are  to  be  added  to  the 
Standard,  while  Sections  4.2.3.1—4.2.4.3  replace 
original  Sections  4.2.3.1—4.2.4.3.  Figures  8  and  9 
of  the  IEEE  Standard  are  placed  by  Figures  9  and 
10  of  this  application  respectively. 

Abbreviations  and  Mnemonics  (as  used  in  FSM 
description). 

A=Address  Recognized  Bit 
AMP=Active  Monitor  Present 
BCN  =  Beacon 
C=Frame  Copied  Bit 
CL=Claim 
DA=  Destination  Address 
DAT=Duplicate  Address  Test 
E=Error  Detected  Bit 
ED=Ending  Delimiter 
EFS=End  of  Frame  Sequence 
FR=  Frame 
FS=Frame  Status  (Field) 
l=lntermediate  Frame  Bit 
M=  Monitor  Bit 
MA=My  (Station's)  Address 
NMT=Network  Management 
P=  Priority  (of  the  AC) 
PDU=Protocol  Data  Unit 
PM=PDU  Priority 
Pr=Last  Priority  Value  Received 
PRG=  Purge 
R=  Reservation  (of  the  AC) 
Rr=Last  Reservation  Value  Received 
RUA=Received  Upstream  Neighbour's  Address 
SUA=Stored  Upstream  Neighbour's  Address 
SA=Source  Address 
SFS=Start  of  Frame  Sequence 
SMP=Standby  Monitor  Present 
Sr=Highest  Stacked  Received  Priority 
Sx=Highest  Stacked  Transmitted  Priority 
TAM=Timer,  Active  Monitor 
THT=Timer,  Holding  Token 
TK=Token 
TNT=Timer,  No  Token 
TQP=Timer,  Queue  PDU 
TRR=Timer,  Return  to  Repeat 
TSM=Timer,  Standby  Monitor 
TVX=Timer,  Valid  Transmission 
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The  CHK  values  are  as  follows: 
Pm:  N/A 
FC:  00  000000 
DA:  All  stations,  this  ring 
VI:  X'OOOC  (Check  Secondary  Path) 

4.2.3.3  STATE  1  INSERTED 
In  this  state  the  station  synchronises  its  receive 

clock  with  the  receive  signal  and  then,  having 
achieved  synchronisation,  awaits  the  receipt  of  an 

5  AMP  frame.  The  station  also  performs  the  ring 
reconfiguration  in  this  state  if  required. 

(11):  If  an  AMP  is  not  received  before  timer  TSM 
expires  or  if  the  BREAK  condition  exists  on  the 
ring,  it  is  assumed  that  there  is  no  active  monitor 

w  in  the  ring,  timer  TNT  and  TRR  are  reset,  NMT 
notified  and  transition  is  made  to  the  Claiming 
Token  state  (state  3).  Note  that  the  Break  condi- 
tion  is  tested  on  expiry  of  timer  TRR,  this  is  to 
allow  the  ring  data  decoder  to  be  synchronised  to 

m  the  ring  data  (if  any). 
(12):  (transition  removed) 
(13):  If  an  AMP  has  been  received  a  Duplicate 

Address  Test  (DAT)  PDU  is  enqueued,  timer  TSM 
and  TNT  is  reset  and  transition  made  to  Initialize 

20  State  (State  2) 
(14):  (no  transition) 
(15A):  If  a  BCN  is  received  the  station  known 

that  the  ring  is  not  complete  and  so  must  be 
reconfigured  into  sub-rings.  The  timer  TWT  is 

25  reset  (which  will  determine  if  this  station  is  at  the 
tail  of  the  sub-ring),  the  switch  is  set  to  NORM 
which  then  allows  the  station  to  transmit  a  Recon- 
figuration  Acknowledge  (RA)  frame. 

(15B):  If  a  Reconfiguration  Acknowledge  is 
30  received,  then  this  station  cannot  become  the  tail 

of  a  sub-ring.  The  switch  is  changed  into  BODY. 
(15C):  If  a  Claim  Token  is  received,  the  reconfig- 

uration  is  aborted.  The  switch  is  returned  to  the 
BODY  state. 

35  (1  5D):  When  TWT  expires,  the  station  can  deter- 
mine  if  it  is  in  the  body  or  if  it  is  the  TAIL  of  the 
sub-ring  by  examining  the  current  switch  setting. 
If  the  switch  is  at  NORM,  then  no  RA  has  been 
received  so  the  station  is  now  at  the  TAIL  of  the 

40  sub-ring  —  it  switches  into  TAIL.  This  switch  action 
will  close  the  ring. 

4.2.3.4  STATE  2  INITIALISE 
This  state  exists  to  detect  the  existence  of  a 

45  duplicate  station  address  on  the  ring.  This 
enhances  the  validity  of  later  checks  within  the 
FSMs  for  SA=MA,  etc.  This  is  particularly  useful 
in  environments  in  which  the  station  address 
assignments  are  not  rigidly  controlled. 

so  (21):  If  the  DAT  MAC  frame  that  was  not 
transmitted  by  the  station  is  not  received  before 
timer  TSM  has  expired  or  if  a  DAT  MAC  frame 
which  the  station  originated  (DA=MA)  is  received 
with  the  Address  Recognised  bits  not  set  to  zero 

55  (A~=0)  the  stations  network  management  (NMT) 
is  notified  and  the  station  returned  to  the  Bypass 
state  (State  0). 

(Note:  NMT  may  determined  if  the  station 
should  retry  insertion  into  the  ring). 

60  (22):  However,  if  the  DAT  MAC  frame  is 
returned  indicating  that  there  is  not  another 
station  on  the  ring  with  the  same  address  (A=0), 
an  SMP  protocol  data  unit  (PDU)  is  enqueued, 
timers  TNT,  TSM,  TIE  and  TIC  are  reset,  and 

65  transition  is  made  to  Standby  state  (State  4). 

3.4.8  Timer,  Idle  Check  (TIC) 
Each  station  shall  have  a  timer  TIC,  called  an 

Idle  Check  timer.  It  is  used  by  each  station  to 
assure  the  integrity  of  the  secondary  data  path, 
and  when  the  station  is  not  in  the  body  of  a  ring,  it 
is  used  to  re-establish  communication  between 
two  sub-rings. 

3.4.9  Timer,  Idle  Check  Expired  (TIE) 
Each  station  shall  have  a  timer  TIE,  called  an 

Idle  check  Expired  timer.  It  is  used  by  each  station 
to  assure  the  integrity  of  the  secondary  data  path, 
and  when  the  station  is  not  in  the  body  of  a  ring,  it 
is  used  to  re-establish  communication  between 
two  sub-rings. 

3.4.10  Timer,  Wait  for  Tail  (TWT) 
Each  station  shall  have  a  timer  TWT,  called  a 

Wait  for  Tail  timer.  It  is  used  by  each  station 
during  reconfiguration  to  determine  if  the  station 
immediately  downstream  is  active  and  if  both 
links  are  operational.  If  the  timer  expires  during 
reconfiguration  before  a  RA  frame  is  received, 
then  the  station  becomes  a  Tail  station. 

3.4.1  1  Timer,  Wait  a  Bit  (TWB) 
Each  station  shall  have  a  timer  TWB,  called  a 

Wait  a  Bit  timer.  It  is  used  by  the  station  that  is 
about  to  become  the  head  during  reconfiguration. 
It  is  used  to  ensure  that  a  reasonable  number  of 
Beacons  are  transmitted  in  the  TX  BEACON  state 
before  transition  54  takes  place. 

4.2.3.1  Master  RESET 
If  the  station  is  reset,  NMT  will  be  notified  and 

transition  will  be  made  from  its  current  state  to 
Bypass  state  (State  0). 

4.2.3.1  a  BREAK  DETECT 
If  the  station  detects  the  break  condition  on  the 

Data  channel,  then  the  effect  shall  the  same  as 
MASTER  RESET. 

4.2.3.1  b  BEACON  RECEPTION 
If  the  station  receives  a  BCN  frame  whose 

Source  Address  is  not  equal  to  My  Address,  then 
NMT  is  notified,  timers  TSM  and  TRR  are  reset, 
the  latency  buffer  is  removed  and  the  switch  set 
to  BODY.  An  immediate  transition  is  made  to 
Inserted  State  (State  1  ).  This  event  indicates  that  a 
ring  reconfiguration  is  required  and  so  this  gets 
all  the  stations  on  the  ring  into  a  known  state. 

4.2.3.2  STATE  0:  BYPASS 
In  this  state  the  station  is  not  inserted  on  the 

ring. 
(01):  Upon  activation  of  the  insertion  logic  (see 

MA_CONTROL.request),  timers  TSM  and  TRR  are 
reset  and  the  station  is  entered  onto  the  ring. 

14 
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(42H,  K,  L):  If  timer  TIC  expires,  then  action  is 

taken  on  the  state  of  the  switch.  If  the  switch  is  in 
NORM  (42H)  then  a  Check  Secondary  frame  is 
enqueued  and  timer  TIC  reset.  If  the  switch  is  in 

5  state  BODY  (42K)  then  the  event  is  ignored.  If  the 
switch  is  in  state  TAIL  (42L)  then  a  Join  Request 
(JR)  frame  is  transmitted  to  the  downstream 
station  and  timer  TIC  is  reset. 

(42I,  K,  M):  If  timer  TIE  expires,  then  action  is 
10  taken  on  the  state  of  the  switch.  If  the  switch  is  in 

NORM  (42I)  then  no  Check  Secondary  has  been 
received  for  some  time  and  so  the  NMT  is  notified 
that  the  secondary  link  is  broken  and  then  timer 
TIE  is  reset.  If  the  switch  is  in  state  BODY  (42K) 

is  then  the  event  is  ignored.  If  the  switch  is  in  state 
TAIL  (42M)  then  the  event  is  also  ignored. 

(43):  If  a  Join  Acknowledge  frame  is  received  on 
the  secondary  channel,  the  station  transmits  a 
Merge  Request,  then  sends  a  short  period  of 

20  BREAK  round  the  ring  and  performs  a  transition 
to  the  Bypass  state  (State  0). 

4.2.3.  7  STATE  5  TX  BCN  (Transmit  Beacon) 
This  state  is  entered  when  a  serious  ring  failure 

25  has  occurred.  MAC  supervisory  Beacon  Frames 
will  continue  to  be  transmitted  until  Beacon  MAC 
frames  or  Reconfiguration  Acknowledge  frames 
are  received  at  which  time: 

(51):  (transition  removed) 
30  (52):  If  a  Beacon  frame  is  received  with  SA 

equal  to  MA,  then  transition  shall  be  made  to 
Claiming  Token  state  (State  3)  after  resetting 
timer  TNT. 

(53):  (transition  removed) 
35  (54):  If  a  Reconfiguration  Acknowledge  is 

received  and  timer  TWB  has  expired,  then  the 
switch  is  set  into  HEAD  state  and  a  transition 
made  to  ACTIVE  MONITOR  TX  Purge  (active 
monitor  State  2). 

40  (55):  If  the  timer  TSM  expires,  then  the  station 
knows  that  is  isolated. 

This  is  reported  to  the  NMT  and  a  transition  is 
made  to  Isolated  state  (State  6). 

45  4.2.3.8  STATE  6:  ISOLATED 
The  station  is  in  this  state  when  neither  a 

complete  ring  or  sub-ring  can  be  established.  This 
means  that  the  station  has  neither  an  upstream 
neighbour  nor  a  downstream  neighbour.  In  this 

so  state  the  station  transmits  Join  Requests  towards 
the  downstream  station.  It  also  listens  for  Join 
Requests  on  the  upstream  channel. 

(61):  When  timer  TIC  expires,  a  Join  Request 
PDU  is  enqueued  downstream  and  timer  TIC  is 

55  reset. 
(62):  When  a  Join  Acknowledge  PDU  is 

received,  a  Merge  Request  PDU  is  transmitted 
downstream  followed  by  the  BREAK  signal.  The 
NMT  is  notified  and  transition  is  made  to  Bypass 

60  state  (State  0). 
(63):  When  a  Joint  Request  PDU  is  received,  a 

Join  Acknowledge  PDU  is  transmitted  upstream. 
(64):  When  a  Merge  Request  PDU  is  received, 

then  the  BREAK  signal  is  sent,  the  NMT  notified 
65  and  transition  is  made  to  Bypass  state  (State  0). 

(23):  When  TNT  expires,  the  station  will  retrans- 
mit  the  DAT  PDU  and  reset  the  timer  TNT.  This 
transition  is  to  solve  startup  problems  when 
frames  can  be  discarded  or  lost. 

4.2.3.5  STATE  3:  TX  CLAIM  TOKEN 
In  this  state,  Claim  Token  MAC  frames  are 

continuously  transmitted. 
(31):  If  a  Claim  Token  MAC  frame  is  received  in 

which  the  source  address  is  greater  than  the 
station's  address  or  a  purge  frame  received, 
transition  is  made  to  Inserted  state  (State  (1)  after 
resetting  the  timer  TSM  and  changing  the  switch 
to  BODY. 

(32):  However,  if  timer  TNT  expires  or  there  is  a 
break  on  the  ring  when  timer  TRR  expires  timers 
TSM  and  TWB  are  reset  and  transition  made  to 
the  Beaconing  state  (State  5). 

(33):  Or,  if  the  station  receives  a  Claim  Token 
with  a  source  address  equal  to  the  station's 
address  and  Received  Upstream  Neighbour's 
Address  (RUA)  equal  to  the  Stored  Upstream 
Neighbour's  Address  (SUA),  the  bid  for  the  active 
monitor  has  been  won.  The  latency  buffer  shall  be 
inserted  into  the  ring,  timer  TNT  reset,  switch  set 
to  NORM  (complete  ring  exists)  and  transition 
made  to  ACTIVE  MONITOR  Purge  state  (State  (2). 

4.2.3.6  STATE  4:  STANDBY 
In  this  state  the  monitor  is  in  standby  mode, 

monitoring  the  ring  to  ascertain  that  there  is  a 
properly  operating  active  monitor  on  the  ring.  It 
does  so  by  observing  the  tokens  and  AMP  frames 
as  they  are  repeated  on  the  ring.  If  tokens  and 
AMP  frames  are  not  periodically  detected  the 
standby  monitor  will  timeout  and  initiate  claiming 
token.  If  the  station  is  the  TAIL  of  a  sub-ring,  then 
it  periodically  tries  to  initiate  a  sub-ring  merge. 
The  state  of  the  secondary  link  is  also  monitored  if 
the  station  is  a  member  of  a  complete  sub-ring. 

(41):  If  timers  TNT  or  TSM  expire,  timers  TNT 
and  TRR  are  reset  and  transition  made  to  Claim- 
ing  Token  state  (State  3). 

(42A):  (transition  removed) 
(42B):  If  a  Claiming  Token  frame,  a  Purge  frame 

or  a  Token  is  received,  timer  TNT  is  reset. 
(42C):  If  a  Standby  Monitor  Present  (SMP) 

frame  whose  A  and  C  bits  equal  0  is  received, 
timer  TQP  shall  be  reset. 

(42D):  If  an  Active  Monitor  Present  (AMP)  frame 
whose  A  and  C  bits  equal  0  is  received,  timers 
TQP  and  TSM  shall  be  reset. 

(42E):  If  an  Active  Monitor  Present  (AMP)  frame 
whose  A  and  C  bits  do  not  equal  0  is  received, 
timer  TSM  shall  be  reset. 

(42F):  If  timer  TQP  expires,  an  SMP  PDU  shall 
be  enqueued  for  transmission. 

(42  G,  J):  If  a  Check  Secondary  frame  is 
received,  then  the  state  of  the  switch  is  examined 
to  determine  the  action  taken.  If  the  switch  is  in 
NORM  (42G)  then  the  station  is  in  a  complete  ring 
and  timer  TIE  is  reset.  If  the  switch  is  in  BODY 
(42J)  then  the  station  was  mistaken  in  believing 
that  the  ring  had  been  reconfigured,  so  the  switch 
is  set  to  NORM  and  timers  TIE  and  TIC  are  reset. 
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4.2.4.2  STATE  1  :  TX  FILL  (Transmit  Fill) 

This  state  exists  to  assure  that  all  Purge  frames 
have  been  stripped  from  the  ring  before  transmit- 
ting  a  new  token. 

(11):  When  timer  TRR  expires  a  token  is  trans- 
mitted  with  M  and  R  equal  to  zero.  Timers  TVX, 
TAM,  TIC  and  TIE  are  reset  and  transition  is  made 
to  Active  state  (State  0).  The  latency  buffer  is  reset 
to  the  mid  point. 

4.2.4.3  STATE  2:  TX  PURGE  (Transmit  Purge) 
In  this  state  Purge  MAC  frames  are  con- 

tinuously  transmitted  to  purge  the  ring  before 
transmitting  a  new  token. 

(21):  If  the  station  receives  a  Purge  frame 
whose  source  address  equals  the  station's 
address  and  the  subvector  equal  to  UNA,  timer 
TRR  is  reset  and  transition  is  made  to  Transmit  FilJ 
state  (State  1). 

(22):  If  timer  TNT  expires  while  waiting  for 
receipt  of  the  station's  source  address,  the  latency 
buffer  shall  be  deleted,  timers  TNT  and  TRR  reset, 
and  transition  made  to  STANDBY  MONITOR 
Transmit  Claim  Token  state  (State  3). 

Claims 

1.  A  data  transmission  system  comprising  a 
plurality  of  reconfiguring  devices  (1  —  6),  each 
device  having  a  plurality  of  input  and  output  data 
links  (9—12),  the  devices  being  connected  in  a 
ring  whereby  for  each  reconfiguring  device  data 
is  received  on  one  data  input  link  (9)  and  trans- 
ferred  to  one  data  output  link  (11)  such  that  data 
may  be  passed  between  all  the  reconfiguring 
devices  along  the  ring,  wherein  each  device  (1  —  6) 
includes  fault  recovery  means  (7)  for  detecting  the 
presence  of  a  fault  in  the  ring,  the  fault  recovery 
means  in  different  devices  cooperating  to  attempt 
to  cause  data  to  be  transmitted  around  a  sub-ring 
when  a  fault  is  detected,  the  sub-ring  being 
constituted  at  least  partially  by  one  or  more  of  the 
previously  unused  data  links  (10,  12)  to  enable  a 
number  of  the  devices  to  continue  to  communi- 
cate;  and  merging  means  (7)  for  detecting  that  a 
new  reconfiguring  device  (28)  is  connected  to  at 
least  one  pair  of  previously  unused  data  input  and 
output  links  and  for  reconfiguring  the  ring  to 
include  the  new  device,  wherein  the  merging 
means  (7)  comprises  join  request  message  trans- 
mitting  means  for  transmitting  join  request 
messages  along  previously  unused  output  data 
links  (12);  sensing  means  for  sensing  join  request 
messages  received  along  input  data  links  (9,  10); 
join  acknowledge  message  transmitting  means 
for  transmitting  a  join  acknowledge  message 
along  a  selected  previously  unused  output  data 
link  when  a  previously  transmitted  join  request 
message  is  received;  and  merge  detection  means 
for  sensing  incoming  join  acknowledge  messages 
and  for  determining  from  the  sensed  join  acknow- 
ledge  messages  when  a  new  ring  has  been  found 
incorporating  both  the  new  reconfiguring  device 
(28)  and  the  devices  originally  connected  in  a  ring, 
the  merge  detection  means  being  arranged  to 

4.2.4  Active  Monitor  Finite  State  Machine 
The  function  of  the  active  monitor  is  to  recover 

from  various  error  situations  such  as  absence  of 
validly-formed  frames  or  tokens  on  the  ring,  a 
persistently  circulating  priority  token,  or  a  persis-  5 
tently  circulating  frame.  It  normal  operation  there 
is  only  one  active  monitor  in  a  ring  at  any  point  in 
time.  Timers  TVX,  TNT,  TAM  and  TRR  are  used  by 
the  active  monitor. 

The  active  monitor  shall  utilize  its  own  10 
oscillator  to  provide  timing  for  all  symbols 
repeated  or  transmitted  on  the  ring.  The  active 
monitor  also  supplies  the  latency  buffer  for  the 
ring. 

The  operation  of  the  active  monitor  is  explained  15 
as  follows: 

4.2.4.1  STATE  0  ACTIVE 
The  active  monitor  is  in  this  state  when  the  ring 

is  operating  normally.  20 
(01  A):  The  M  bit  is  set  to  one  on  a  token  whose 

M  bit  is  zero  and  whose  priority  is  greater  than 
zero  or  a  frame  whose  M  bit  is  zero,  and  timer 
TVX  is  reset. 

(01  B):  Receipt  of  a  token  whose  M  bit  and  25 
priority  are  zero  will  cause  timer  TVX  to  be  reset. 

(01C):  If  timer  TAM  expires  a  Active  Monitor 
Present  PDU  is  enqueued  and  timer  TAM  reset 
without  changing  state. 

(01D):  If  a  Check  Secondary  frame  is  received  30 
and  the  switch  is  set  to  NORM,  then  the  timer  TIE 
is  reset. 

(01  E):  If  timer  TIC  expires  and  the  switch  is  set 
to  NORM,  then  a  Check  Secondary  frame  is 
enqueued  and  the  timer  TIC  is  reset.  3s 

(01  F):  If  timer  TIE  expires  and  the  switch  is  set 
to  NORM,  then  the  NMT  is  notified  that  the 
secondary  link  is  broken  and  the  timer  TIE  is  reset. 

(01G):  If  a  Join  Request  frame  is  received  and 
this  station  is  part  of  a  sub-ring  (i.e.  switch  is  set  40 
to  HEAD),  then  a  Join  Acknowledge  frame  is 
queued.  This  is  part  of  the  three  way  handshake 
to  merge  two  sub-rings. 

(02):  If  a  frame  or  token  which  is  being  repeated 
has  its  M  bit  equal  to  1,  the  frame  or  token  is  45 
aborted,  timer  TNT  is  reset  and  transition  made  to 
Transmit  Purge  state  (State  2). 

(03):  If  timer  TVX  expires,  timer  TNT  is  reset, 
and  transition  made  to  Transmit  Purge  state 
(State  2).  so 

(04):  If  the  monitor  station  receives  a  Active 
Monitor  Present  frame  with  a  source  address  that 
does  not  equal  the  station's  address,  a  Purge 
frame,  a  Claim  Token  frame,  or  a  Beacon  frame, 
the  latency  buffer  shall  be  deleted,  timers  TRR  55 
and  TSM  reset,  and  transition  made  to  STANDBY 
MONITOR  Inserted  state  (State  1). 

(05):  If  a  Merge  Request  frame  is  received,  the 
latency  buffer  shall  be  deleted,  the  BREAK  signal 
sent  and  a  transition  made  to  the  STANDBY  so 
MONITOR  Bypass  state  (State  0).  This  means  that 
the  three  way  handshake  to  merge  two  sub-rings 
has  been  completed  and  that  the  merge  is  now 
starting. 

65 
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received;  sensing  for  the  receipt  of  a  join  ack- 
nowledge  message  transmitted  from  the  other 
reconfiguring  device;  transmitting  a  merge 
request  message  when  a  join  acknowledge 

5  message  has  been  received;  and  thereafter  caus- 
ing  data  to  flow  between  the  two  devices. 

6.  A  method  according  to  claim  5,  wherein  at 
least  two  of  the  reconfiguring  devices  (1,  2)  are 
dual  link  devices,  each  having  primary  data  input 

10  and  output  links  and  auxiliary  data  input  and 
output  links,  the  primary  output  and  input  data 
links  being  connected  together  and  the  auxiliary 
input  and  output  data  links  being  connected 
together  respectively  whereby  data  is  normally 

15  transmitted  from  the  one  device  to  the  other 
device  along  the  primary  links,  the  method  com- 
prising  transmitting  a  fault  detect  message  along 
the  primary  output  link  when  a  fault  in  the  ring  is 
sensed;  transmitting  a  fault  acknowledge 

20  message  along  the  auxiliary  output  link  when  a 
fault  detect  message  is  received;  sensing  for  the 
receipt  of  a  fault  acknowledge  message;  and 

a)  assuming  the  status  of  a  Tail  device  (1)  if 
only  a  fault  detect  message  is  received, 

25  b)  assuming  the  status  of  a  Head  device  (2)  if  a 
fault  was  sensed  and  a  fault  acknowledge 
message  is  received,  or 

c)  assuming  the  status  of  an  Isolated  device  if  a 
fault  is  sensed  and  a  fault  acknowledge  message 

30  is  not  received. 
7.  A  method  according  to  claim  6,  in  which  the 

data  transmission  system  comprises  at  least 
three  dual  link  reconfiguring  devices,  a  dual  link 
reconfiguring  device  assuming  the  status  of  a 

35  Body  device  (3  —  6)  if  it  has  transmitted  a  fault 
detect  message  and  has  received  a  fault  acknow- 
ledge  message. 

8.  A  method  according  to  any  of  claims  5  to  7 
for  operating  reconfiguring  devices  one  of  which 

40  is  connected  by  respective  previously  unused 
single  uni-directional  links  with  a  pair  of  reconfi- 
guring  devices  connected  together  in  a  ring,  the 
method  comprising  for  each  device 

a)  transmitting  join  request  messages  along 
45  each  previously  unused  output  data  link; 

b)  sensing  for  the  receipt  of  join  request 
messages  and 

i)  if  a  received  join  request  message  has  not 
previously  been  received  broadcasting  the  join 

so  request  message  to  any  other  reconfiguring 
devices  within  the  same  ring,  the  join  request 
message  being  modified  to  indicate  that  it  has 
been  received  and  transmitted  by  the  transmit- 
ting  device,  or 

55  ii)  if  the  received  join  request  message  has 
previously  been  received  then  transmitting  a  join 
acknowledge  message  along  the  data  output  link 
along  which  the  previously  transmitted  join 
request  message  had  been  sent; 

60  c)  sensing  for  the  receipt  of  a  join  acknowledge 
message; 

d)  determining  whether  a  received  join  ack- 
nowledge  message  has  previously  been  received 
and, 

65  i)  if  it  has  not  then  transmitting  the  received 

transmit  a  merge  request  message  around  the 
new  ring  to  cause  the  reconfiguring  devices 
thereafter  to  transmit  data  around  the  new  ring. 

2.  A  system  according  to  claim  1,  including  at 
least  first  and  second  reconfiguring  devices  (1,  2) 
each  having  primary  and  auxiliary  output  and 
input  data  links  (9,  12),  the  primary  output  data 
link  (11)  of  the  first  device  being  connected  to  the 
primary  input  data  link  (9)  of  the  second  device 
and  the  auxiliary  input  data  link  (10)  of  the  first 
device  being  connected  to  the  auxiliary  output 
data  link  (12)  of  the  second  device  whereby  data 
is  normally  transmitted  from  the  first  device  to 
the  second  device  along  the  primary  links,  the 
fault  recovery  means  of  the  first  device  being 
arranged  to  transmit  a  "fault  detect"  message 
along  the  primary  data  links  when  a  fault  in  the 
ring  is  sensed,  the  fault  recovery  means  of  the 
second  device  being  arranged  to  transmit  a 
"fault  acknowledge"  message  to  the  first  device 
along  the  auxiliary  data  links  on  receiving  the 
"fault  detect"  message  from  the  first  device,  the 
fault  recovery  means  of  the  first  device  being 
responsive  to  the  receipt  of  a  "fault  acknow- 
ledge"  message  to  cause  data  to  be  transmitted 
between  the  first  and  second  devices  along  the 
primary  and  auxiliary  links. 

3.  A  system  according  to  claim  2,  wherein  one 
or  more  third  reconfiguring  devices  (3—6)  are 
connected  by  the  auxiliary  and  primary  links 
between  the  first  and  second  reconfiguring 
devices.. 

4.  A  dual  ring  comprising  the  features  of  any  of 
the  preceding  claims,  wherein  each  reconfigur- 
ing  device  (1—6)  is  connected  to  its  immediately 
neighbouring  reconfiguring  devices  by  both 
primary  and  auxiliary  data  links  (9—12),  whereby 
data  is  normally  transmitted  around  the  ring 
along  the  primary  data  links. 

5.  A  method  of  operating  each  reconfiguring 
device  of  a  data  transmission  system  comprising 
a  plurality  of  such  reconfiguring  devices  (1  —  6), 
each  device  having  a  plurality  of  input  and  out- 
put  data  links  (9—12),  the  devices  being  con- 
nected  in  a  ring  whereby  for  each  reconfiguring 
device  data  is  received  on  one  data  input  link  (9) 
and  transferred  to  one  data  output  link  (11)  such 
that  data  may  be  passed  between  all  the  reconfi- 
guring  devices  along  the  ring,  the  method  com- 
prising  sensing  for  the  presence  of  a  fault  in  the 
ring  and  upon  sensing  a  fault  exchanging  fault 
messages  with  other  reconfiguring  devices  to 
attempt  to  cause  data  to  be  transmitted  around  a 
sub-ring  when  a  fault  is  detected,  the  sub-ring 
being  constituted  at  least  partially  by  one  or 
more  of  the  previously  unused  data  links  to 
enable  a  number  of  the  reconfiguring  devices  to 
continue  to  communicate;  and  sensing  when  a 
new  reconfiguring  device  is  connected  to  at  least 
one  pair  of  previously  unused  data  input  and 
output  links  by  continuously  transmitting  join 
request  messages  along  all  previously  unused 
output  data  links;  sensing  for  the  receipt  of  a  join 
request  message;  transmitting  a  join  acknow- 
ledge  message  when  a  join  request  message  is 
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ary  and  auxiliary  data  links  of  each  device  being 
connected  to  respective  primary  and  auxiliary 
data  links  of  a  downstream  device  and  an 
upstream  device  whereby  data  is  normally  trans- 
mitted  between  devices  along  the  primary  links, 
the  method  comprising  detecting  the  presence  of 
a  fault  in  the  ring  and  transmitting  a  "fault  detect" 
message  along  the  primary  data  links,  and  trans- 
mitting  a  "fault  acknowledge"  message  along  the 
auxiliary  data  links  after  receiving  a  "fault  detect" 
message,  and 

i)  assuming  the  status  of  a  Head  device  if  a  fault 
is  detected  and  a  "fault  acknowledge"  message  is 
received  on  an  auxiliary  link  so  as  to  cause  data  to 
be  transmitted  along  said  auxiliary  link;  and, 

ii)  assuming  the  status  of  a  Tail  device  if  a  "fault 
detect"  message  is  received  but  a  "fault  acknow- 
ledge"  message  is  not  received  after  a  predeter- 
mined  period  so  as  to  cause  data  to  be  transmit- 
ted  along  the  auxiliary  link  connected  to  the 
device  from  which  it  received  the  "fault  detect" 
message. 

Patentanspriiche 

1.  Dateniibertragungssystem,  umfassend  eine 
Anzahl  von  Rekonfigurationseinheiten  (1  —  6),  die 
jeweils  eine  Anzahl  von  Eingangs-  und  Ausgangs- 
daten-Verbindungen  (9  —  12)  aufweisen  und  die  in 
einer  Ringschaltung  verbunden  sind,  wodurch  fur 
jede  Rekonfigurationseinheit  Daten  auf  einer  Ein- 
gangsdaten-Verbindung  (9)  empfangen  und  an 
eine  Ausgangsdaten-Verbindung  (11)  so  ubertra- 
gen  werden,  daft  die  Daten  zwischen  alien  Rekon- 
figurationseinheiten  entlang  der  Richtschaltung 
passieren  konnen,  worin  jede  Einheit  (1  —  6)  zum 
Ermitteln  des  Vorhandenseins  eines  Fehlers  in 
der  Ringschaltung  Fehlerheilungsmittel  (7) 
umfalSt,  die  in  verschiedenen  Einheiten  zusam- 
menwirken,  um  zu  versuchen,  dalS  Daten  fiber 
eine  Hilfs-,  Oder  Neben-Ringschaltung  ubertragen 
werden,  wenn  ein  Fehler  ermittelt  (entdeckt)  wird, 
wobei  die  Neben-Ringschaltung  wenigstens  teil- 
weise  durch  eine  oder  mehrere  der  vorher  unbe- 
nutzten  Datenverbindungen  (10,  12)  gebildet 
wird,  um  eine  Anzahl  von  Einheiten  weiter  kom- 
munizieren  zu  lassen;  und  Verschmelzungsmittel 
(7)  zur  Ermittelung,  date  eine  neue  Rekonfigura- 
tionseinheit  (28)  mit  mindestens  einem  Paar  vor- 
her  unbenutzter  Eingangs-  und  Ausgangsdaten- 
Verbindungen  geschaltet  ist,  sowie  zum  Rekonfi- 
gurieren  der  Ringschaltung,  um  die  neue  Einheit 
zu  umfassen,  wobei  die  Verschmelzungsmittel  (7) 
Verbindungsaufforderungsnachricht-Ubertra- 
gungsmittel  zur  Obertragung  von  Verbindungs- 
aufforderungsnachrichten  iiber  vorher  unbe- 
nutzte  Ausgangsdaten-Verbindungen  (12); 
Abfrage-  oder  Abtastmittel  zum  Abfragen  von 
Verschmelzungsaufforderungsnachrichten,  die 
entlang  Eingangsdaten-Verbindungen  (9,  10) 
empfangen  werden;  Verbindungsbestatigungs- 
nachricht-Obertragungsmittel  zum  Ubertragen 
einer  Verbindungsbestatigungsnachricht  entlang 
emer  ausgewahlten,  vorher  unbenutzten  Aus- 
gangsdaten-Verbindung,  wenn  einer  vorher  uber- 

join  acknowledge  message  to  other  stations  in  the 
ring,  or, 

ii)  if  it  has  been  previously  received,  transmit- 
ting  a  merge  request  message  along  the  data 
output  link  which  has  previously  been  identified;  5 
and 

e)  causing  data  subsequently  to  be  transferred 
from  the  input  data  link  to  the  output  data  link 
along  which  the  merge  request  message  has 
travelled.  10 

9.  A  method  according  to  any  of  claims  5  to  8, 
wherein  each  join  request  message  transmitted 
by  a  reconfiguring  device  contains  information 
indicating  the  address  of  the  transmitting  device. 

10.  A  method  according  to  any  of  claims  5  to  9,  15 
wherein  at  least  some  of  the  reconfiguring 
devices  have  more  than  two  data  output  links,  the 
join  request  message  containing  information  indi- 
cating  the  data  output  link  along  which  it  is 
transmitted.  20 

1  1  .  A  method  according  to  any  of  claims  5  to  1  0, 
wherein  the  reconfiguring  devices  connected 
together  by  previously  unused  data  links  com- 
prise  Head  (2)  and  Tail  (1)  devices  of  a  sub-ring. 

12.  A  data  transmission  system  comprising  a  25 
plurality  of  reconfiguring  devices  (1  —  6),  each 
device  having  two  pairs  of  primary  and  auxiliary 
data  links  (9  —  12),  the  primary  and  auxiliary  data 
links  of  each  device  being  connected  to  respective 
primary  and  auxiliary  data  links  of  a  downstream  30 
device  and  an  upstream  device  whereby  data  is 
normally  transmitted  between  devices  along  the 
primary  links,  and  wherein  each  device  includes 
fault  recovery  means  (7)  for  detecting  the  pre- 
sence  of  a  fault  in  the  ring,  the  fault  recovery  35 
means  in  different  devices  cooperating  to  attempt 
to  cause  data  to  be  transmitted  around  a  sub-ring 
when  a  fault  is  detected,  the  sub-ring  being 
constituted  at  least  partially  by  one  or  more  of  the 
previously  unused  data  links  to  enable  a  number  40 
of  the  devices  to  continue  to  communicate,  the 
fault  recovery  means  of  each  device  being 
arranged  to  transmit  a  "fault  detect"  message 
along  the  primary  data  links  when  it  senses  a  fault 
in  the  ring,  and  to  transmit  a  "fault  acknowledge"  45 
message  along  the  auxiliary  data  links  after 
receiving  a  "fault  detect"  message  whereby 

i)  if  the  fault  recovery  means  of  a  device  which 
detects  a  fault  receives  a  "fault  acknowledge" 
message  on  an  auxiliary  link  it  assumes  the  status  so 
of  a  Head  device  and  causes  data  to  be  transmit- 
ted  along  said  auxiliary  link;  and, 

ii)  if  the  fault  recovery  means  of  a  device  which 
received  a  "fault  detect"  message  does  not 
receive  a  "fault  acknowledge"  message  after  a  55 
predetermined  period  it  assumes  the  status  of  a 
Tail  device  and  causes  data  to  be  transmitted 
along  the  auxiliary  link  connected  to  the  device 
from  which  it  received  the  "fault  detect" 
message.  so 

13.  A  method  of  operating  a  reconfiguring 
device  forming  part  of  a  data  transmission  system 
comprising  a  plurality  of  such  reconfiguring 
devices  (1  —  6),  each  device  having  two  pairs  of 
primary  and  auxiliary  data  links  (9  —  12),  the  prim-  65 
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dung  (9)  empfangen  und  an  eine  Ausgangsdaten-  • 
Verbindung  (11)  so  ubertragen  werden,  dalS  die 
Daten  zwischen  alien  Rekonfigurationseinheiten 
entlang  der  Ringschaltung  passieren  konnen, 

5  wobei  das  Verfahren  umfalSt  das  Abtasten  (Abfra- 
gen)  des  Vorhandenseins  eines  Fehlers  (einer 
Storung)  in  der  Ringschaltung  und  nach  Abtasten 
eines  Fehlers  das  Austauschen  von  Fehlernach- 
richten  mit  anderen  Rekonfigurationseinheiten, 

w  um  zu  versuchen,  daB  Daten  uber  einer  Hilfs-  oder 
Neben-Ringschaltung  ubertragen  werden,  wenn 
ein  Fehler  ermittelt  wird,  wobei  die  Neben-Ring- 
schaltung  wenigstens  teilweise  durch  eine  oder 
mehrere  der  vorher  unbenutzten  Datenverbin- 

15  dungen  gebildet  wird,  um  eine  Anzahl  von  Einhei- 
ten  weiter  kommunizieren  zu  lassen;  und  Abta- 
sten,  wenn  eine  neue  Rekonfigurationseinheit  mit 
mindestens  einem  Paar  vorher  unbenutzter 
Daten-Eingangs-  und  Ausgangs-Verbindungen 

20  geschaltet  ist,  durch  kontinuierliche  Qbertragung 
von  Verbindungsaufforderungsnachrichten  ent- 
lang  aller  vorher  unbenutzter  Ausgangsdaten- 
Verbindungen;  Abtasten  nach  dem  Empfang 
einer  Verbindungsaufforderungsnachricht;  Uber- 

25  tragen  einer  Verbindungsbestatigungsnachricht, 
wenn  eine  Verbindungsaufforderungsnachricht 
empfangen  wird;  Abtasten  nach  dem  Empfang 
einer  von  der  anderen  Rekonfigurationseinheit 
ubertragenen  Verbindungsbestatigungsnachricht 

30  Ubertragen  einer  Verschmelzungsaufforderungs- 
nachricht,  wenn  eine  Verbindungsbestatigungs- 
nachricht  empfangen  wurde;  und  danach  Veran- 
lassen,  dafS  Daten  zwischen  den  beiden  Einheiten 
flieBen. 

35  6.  Verfahren  nach  Anspruch  5,  worin  minde- 
stens  zwei  der  Rekonfigurationseinheiten  (1,  2) 
Doppel-Verbindungseinheiten  sind,  die  jede  Pri- 
mar-Eingangs-  und  Ausgangsdaten-Verbindun- 
gen  sowie  Hilfs-Eingangs-  und  Ausgangsdaten- 

40  Verbindungen  aufweisen,  wobei  die  Primar-Ein- 
gangs-  und  Ausgangsdaten-Verbindungen  bzw. 
die  Hilfs-Eingangs-  und  Ausgangsdaten-Verbin- 
dungen  jeweils  zusammengeschaltet  sind, 
wodurch  die  Daten  iiblicherweise  von  der  einen 

45  Einheit  auf  die  andere  uber  die  Prima  r-Verbindun- 
gen  ubertragen  werden,  wobei  das  Verfahren 
umfalSt  das  Ubertragen  einer  Fehlerermittelung- 
nachricht  uber  die  Primar-Ausgangsverbindung, 
wenn  ein  Fehler  in  der  Ringschaltung  abgetastet 

so  wird;  das  Ubertragen  einer  Fehlerbestatigungs- 
nachricht  uber  die  Hilfs-Ausgangsverbindung, 
wenn  eine  Fehlerermittelungnachricht  empfan- 
gen  wird;  das  Abtasten  nach  dem  Empfang  einer 
Fehlerbestatigungsnachricht;  und  das 

55  a)  Annehmen  des  Zustandes  einer  Endeinheit 
(1),  wenn  nur  einer  Fehlerermittelungnachricht 
empfangen  wird, 

b)  Annehmen  des  Zustandes  einer  Kopf-Einheit 
(2),  wenn  ein  Fehler  abgetastst  wurde  und  eine 

60  Fehlerbestatigungsnachricht  empfangen  wird, 
oder 

c)  Annehmen  des  Zustandes  einer  abgesonder- 
ten  Einheit,  wenn  ein  Fehler  abgetastet  wird  und 
eine  Fehlerbestatigungsnachricht  nicht  empfan- 

65  gen  wird. 

tragene  Verbindungsaufforderungsnachtricht 
empfangen  wird;  und  Verschmelzungsermittel- 
ungsmittel  zum  Abtasten  (Abfragen)  einkommen- 
der  Verbindungsbestatigungsnachricht  und 
Bestimmen  der  abgetasteten  Bestatigsungsnach- 
richt,  wenn  eine  neue  Richtschaltung  gefunden 
wurde,  die  sowohl  die  neue  Rekonfigurationsein- 
heit  (28)  als  auch  die  ursprunglich  in  einer  Richt- 
schaltung  geschalteten  Einheiten  beinhaltet, 
wobei  die  Verschmelzungsubermittelungsmittel 
eingerichtet  sind,  eine  Verbindungsaufforde- 
rungsnachricht  uber  die  neue  Ringschaltung  zu 
ubertragen,  um  die  Rekonfigurationseinheiten  zu 
veranlassen,  danach  Daten  uber  die  neue  Ring- 
schaltung  zu  ubertragen. 

2.  System  nach  Anspruch  1,  umfassend  minde- 
stens  erste  und  zweite  Rekonfigurationseinheiten 
(1,  2),  die  jeweils  jede  Primar-  und  Hilfs-Aus- 
gangs-  und  Eingangsdaten-Verbindungen  (9,  12) 
aufweisen,  wobei  die  Primar-Ausgangsdaten-Ver- 
bindung  (11)  der  ersten  Einheit  mit  der  Primar- 
Eingangsdaten-Verbindung  (9)  der  zweiten  Ein- 
heit  und  die  Hilfs-Eingangsdaten-Verbindung  (10) 
der  ersten  Einheit  mit  der  Hilfs-Ausgangsdaten- 
Verbindung  (12)  der  zweiten  Einhert  geschaltet  ist, 
wodurch  Daten  ublicherweise  von  der  ersten 
Einheit  uber  die  Primar-Verbindungen  auf  die 
zweite  Einheit  ubertragen  werden,  wobei  die  Feh- 
lerheilungsmittel  der  ersten  Einheit  angeordnet 
sind,  um  eine  "Fehlerermittelung"-Nachricht  iiber 
die  Primar-Datenverbindungen  zu  ubermitteln, 
wenn  ein  Fehler  (eine  Storung)  in  der  Ringschal- 
tung  abgetastet  wird,  die  Fehlerheilungsmittel  der 
zweiten  Einehit  angeordnet  sind,  um  eine  "Fehler- 
bestatigung"-Nachricht  an  die  erste  Einheit  iiber 
die'  Hilfs-Datenverbindunden  bei  Empfang  der 
"Fehlerermittelung"-Nachricht  von  der  ersten 
Einheit  eingerichtet  sind,  und  die  Fehlerheilungs- 
mittel  der  ersten  Einheit  auf  den  Empfang  einer 
"Fehlerbestatigung"-Nachricht  ansprechen,  um 
zu  veranlassen,  dalS  Daten  zwischen  den  ersten 
und  zweiten  Einheiten  uber  die  Primar-  und  Hiifs- 
Verbindungen  ubertragen  werden. 

3.  System  nach  Anspruch  2,  worin  eine  oder 
mehrere  dritte  Rekonfigurationseinheiten  (3  —  6) 
durch  die  Hilfs-  und  Primar-Verbindungen 
zwischen  den  ersten  und  zweiten  Rekonfigura- 
tionseinheiten  geschaltet  sind. 

4.  Doppel-Ringschaltung,  umfassend  die  Merk- 
male  einers  der  vorhergehenden  Anspruche, 
worin  jede  Rekonfigurationseinheit  (1  —  6)  mit 
ihren  unmittelbar  benachbarten  Rekonfigura- 
tionseinheiten  durch  sowohl  Primar-  als  auch 
Hilfs-Datenverbindungen  (9—12)  geschaltet  sind, 
wodurch  Daten  ublicherweise  durch  die  Ring- 
schaltung  uber  die  Primar-Datenverbindungen 
ubertragen  werden. 

5.  Verfahren  zum  Betreiben  jeder  Rekonfigura- 
tionseinheit  eines  Datenubertragungssystems, 
umfassend  eine  Anzahl  solcher  Rekonfigurations- 
einheiten  (1  —  6),  die  jeweils  eines  Anzahl  von 
Eingangs-  und  Ausgangsdaten-Verbindungen 
(9—12)  aufweisen  und  die  in  einer  Ringschaltung 
verbunden  sind,  wobei  fur  jede  Rekonfigurations- 
einheit  Daten  auf  einer  Eingangsdaten-Verbin- 
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10,  worin  die  durch  vorher  nicht  benutzte  Daten- 
verbindungen  miteinander  geschalteten  Rekonfi- 
gurationseinheiten  Kopf(2)-  und  End(1)-Einheiten 
einer  Neben-Ringschaltung  umfassen. 

5  12.  Daten-Ubertragungssystem,  umfassend 
eine  Mehrzahl  von  Rekonfigurationseinheiten  (1 
bis  6),  die  jede  zwei  Paare  Primar-  und  Hilfs- 
Datenverbindungen  (9  —  12)  aufweisen,  wobei  die 
Primar-  und  Hilfs-Datenverbindungen  jeder  Ein- 

w  heit  mit  den  entsprechenden  Primar-  und  Hilfs- 
Datenverbindungen  einer  nachfolgenden  Einheit 
und  einer  vorausgehenden  Einheit  geschaltet 
sind,  wodurch  die  Daten  iiblicherweise  zwischen 
Einheiten  uber  die  Primarverbindungen  iibertra- 

15  gen  werden,  und  wobei  jede  Einheit  zum  Ermit- 
teln  des  Vorhandenseins  eines  Fehlers  in  der 
Ringschaltung  Fehlerheilungsmittel  (7)  enthalt, 
die  in  den  verschiedenen  Einheiten  zusammenwir- 
ken,  um  zu  versuchen,  Daten  uber  eine  Neben- 

20  Ringschaltung  ubertragen  zu  lassen,  wenn  ein 
Fehlerermitteltwird,  wobei  die  Neben-Ringschal- 
tung  wenigstens  teilweise  durch  eine  oder  meh- 
rere  der  vorher  unbenutzten  Datenverbindungen 
gebildet  ist,  um  zu  ermoglichen,  dalS  eine  Anzahl 

25  Einheiten  weiter  kommunizieren  kann,  und  wobei 
die  Fehlerheilungsmittel  jeder  Einheit  angeordnet 
sind,  um  eine  "Fehlerermittelung"-Nachricht  uber 
die  Primar-Datenverbindungen  zu  ubertragen, 
wenn  sie  einen  Fehler  in  der  Ringsschaltung 

30  abtasten,  und  um  eine  "Fehlerbestatigung"- 
Nachricht  uber  die  Hilfs-Datenverbindungen  nach 
Erhalt  einer  "Fehlerermitteiung"-Nachricht  zu 
ubertragen,  wodurch, 

i)  wenn  die  Fehlerheilungsmittel  einer  Einheit, 
35  die  einen  Fehler  ermittelt,  eine  "Fehlerbestati- 

gung"-Nachricht  auf  einer  Hilfsverbindung  erhalt, 
die  Fehlerheilungsmittel  den  Zustand  einer  Kopf- 
Einheit  annehmen  und  veranlassen,  dalS  Daten 
uber  diese  Hilfsverbindung  ubertragen  werden; 

40  und 
ii)  wenn  die  Fehlerheilungsmittel  einer  Einheit, 

die  eine  "Fehlerermittelung"-Nachricht  erhalten 
hat,  nach  einer  vorbestimmten  Zeit  keine  "Fehler- 
bestatigung"-Nachricht  empfangen  hat,  die  Feh- 

45  lerheilungsmitel  den  Zustand  einer  End-Einheit 
annehmen  und  veranlassen,  daft  Daten  uber  die 
Hilfsverbindung  ubertragen  werden,  die  mit  der 
Einheit  geschaltet  ist,  von  der  sie  die  "Fehlerer- 
mittelung"-Nachricht  empfing. 

so  13.  Verfahren  zum  Betreiben  einer  Rekonfigura- 
tionseinheit,  die  Teil  eines  Daten-Ubertragungs- 
systems  bildet,  umfassend  eine  Anzahl  solcher 
Rekonfigurationseinheiten  (1  —  6),  die  zwei  Paare 
Primar-  und  Hilfs-Datenverbindungen  (9—12)  auf- 

55  weisen,  wobei  die  Primar-  un  Hilfs-Datenverbin- 
dungen  jeder  Einheit  mit  entsprechenden  Primar- 
und  Hilfs-Datenverbindungen  einer  nachfolgen- 
den  Einheit  und  einer  vorausgehenden  Einheit 
geschaitet  sind,  wodurch  Daten  iiblicherweise 

60  zwischen  den  Einheiten  uber  die  Primar-Verbin- 
dungen  ubertragen  werden,  wobei  das  Verfahren 
umfaBt  das  Ermitteln  des  Vorhandenseins  eines 
Fehlers  in  der  Ringschaltung  und  das  Ubertragen 
einer  "Fehlerermittelung"-Nachricht  uber  die  Pri- 

65  mar-Datenverbindungen  und  das  Ubertragen 

7.  Verfahren  nach  Anspruch  6,  in  dem  das 
Daten-Obertragungssystem  mindestens  3  Dop- 
pel-Rekonfigurationseinheiten  umfalSt,  wobei 
eine  Doppel-Rekonfigurationseinheit  den  Zustand 
einer  Haupt-Einheit  (3—6)  annimmt,  wenn  sie 
eine  Fehlerermittelungnachricht  ubertragen  und 
eine  Fehlerbestatigungsnachricht  empfangen  hat. 

8.  Verfahren  nach  einem  der  Anspruche  5  bis  7 
zum  Betreiben  der  Rekonfigurationseinheiten, 
von  denen  eine  durch  entsprechende,  vorher 
nicht  benutzte  einzelne,  unidirektionale  Verbin- 
dungen  mit  einem  Paar  Rekonfigurationseinhei- 
ten  geschaltet  ist,  die  ihrerseits  in  einer  Ringschal- 
tung  zusammengeschaltet  sind,  wobei  das  Ver- 
fahren  fur  jede  Einheit  umfafct  das 

a)  Ubertragen  von  Verbindungsaufforderungs- 
nachrichten  uber  jede  vorher  unbenutzte  Aus- 
gangsdaten-Verbindung; 

b)  Abtasten  nach  dem  Empfang  von  Verbin- 
dungsaufforderungsnachrichten  und, 

i)  falls  eine  empfangene  Verbindungsaufforde- 
rungsnachricht  vorher  nicht  empfangen  wurde, 
das  Senden  der  Verbindungsaufforderungsnach- 
richt  an  irgendwelche  anderen  Rekonfigurations- 
einheiten  in  der  gleichen  Ringschaltung,  wobei 
die  Verbindungsaufforderungsnachricht  modifi- 
ziert  wird,  um  anzuzeigen,  daS  sie  empfangen 
und  durch  die  Ubertragungseinheit  ubertragen 
wurde,  oder, 

ii)  falls  die  erhaltene  Verschmelzungsaufforde- 
rungsnachricht  vorher  empfangen  wurde,  dann 
das  Ubertragen  einer  Verbindungsbestatigungs- 
nachricht  uber  die  Daten-Ausgangsverbindung, 
uber  die  die  vorher  ubertragene  Verschmelzungs- 
aufforderungsnachricht  geschickt  wurde; 

c)  Abtasten  nach  dem  Erhalt  einer  Verbindungs- 
bestatigungsnachricht; 

d)  Bestimmen,  ob  eine  erhaltene  Verbindungs- 
bestatigungsnachricht  vorher  empfangen  wurde 
und, 

i)  falls  nicht,  dann  das  Ubertragen  der  empfan- 
genen  Verbindungsbestatigungsnachricht  an 
andere  Stationen  in  der  Ringschaltung,  oder, 

ii)  falls  es  vorher  empfangen  wurde,  Ubertra- 
gen  einer  Verschmelzungsaufforderungsnach- 
richt  uber  die  Ausgangsdaten-Verbindung,  die 
vorher  identifiziert  wurde;  und 

e)  Veranlassen,  daS  die  Daten  nachfolgend  von 
der  Eingangsdaten-Verbindung  an  die  Ausgangs- 
daten-Verbindung  ubertragen  werden,  uber  die 
die  Verschmelzungsaufforderungsnachricht  ge- 
laufen  ist. 

9.  Verfahren  nach  einem  der  Anspruche  5  bis  8, 
worin  jede  durch  eine  Rekonfigurationseinheit 
ubermittelte  Verschmelzungsaufforderungsnach- 
richt  Information  enthalt,  die  die  Adresse  der 
Ubertragungseinheit  angibt. 

10.  Verfahren  nach  einem  der  Anspruche  5  bis 
9,  worin  mindestens  einige  der  Rekonfigurations- 
einheiten  mehr  als  zwei  Ausgangsdaten-Verbin- 
dungen  aufweisen,  wobei  die  Verschmelzungs- 
aufforderungsnachricht  Information  enthalt,  die 
die  Ausgangsdaten-Verbindung  angibt,  uber  die 
die  Nachricht  ubertragen  wird. 

11.  Verfahren  nach  einem  der  Anspruche  5  bis 
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determiner  a  partir  des  messages  d'acquittement 
d'inclusion  detectes,  le  moment  auquel  a  ete 
trouve  un  nouvel  anneau  comprenant  a  la  fois  le 
nouveau  dispositif  de  reconfiguration  (28)  et  les 
dispositifs  qui  etaient  connectes  a  I'origine  en  un 
anneau,  les  moyens  de  detection  de  fusion  etant 
congus  de  fagon  a  emettre  un  message  de 
demande  de  fusion  sur  le  nouvel  anneau,  pour 
que  les  dispositfs  de  reconfiguration  emettant 
ensuite  des  donnees  sur  le  nouvel  anneau. 

2.  Un  systeme  selon  la  revendication  1,  compre- 
nant  au  moins  des  premier  et  second  dispositifs 
de  reconfiguration  (1,2)  ayant  chacun  des  liaisons 
de  donnees  de  sortie  et  d'entree  principales  et 
auxiliaires  (9,  12),  la  liaison  de  donnees  de  sortie 
principale  (11)  du  premier  dispositif  etant  connec- 
tee  a  la  liaison  de  donnees  d'entree  principale  (9) 
du  second  dispositif,  et  la  liaison  de  donnees 
d'entree  auxiliaire  (10)  du  premier  dispositif  etant 
connectee  a  la  liaison  de  donnees  de  sortie 
auxiliaire  (12)  du  second  dispositif,  grace  a  quoi 
des  donnees  sont  normalement  emises  par  le 
premier  dispositif  vers  le  second  dispositif  sur  les 
liaisons  principales,  les  moyens  de  reprise  sur 
defaut  du  premier  dispositif  etant  congus  de  fagon 
a  emettre  un  message  "detection  de  defaut"  sur 
les  liaisons  de  donnees  principales  lorsqu'un 
defaut  est  detectee  dans  I'anneau,  les  moyens  de 
reprise  sur  defaut  du  second  dispositif  etant 
congus  de  fagon  a  emettre  un  message  "acquitte- 
ment  de  defaut"  vers  le  premier  dispositif,  sur  les 
liaisons  de  donnees  auxiliaires,  a  la  reception  du 
message  "detection  de  defaut"  provenant  du 
premier  dispositif,  et  les  moyens  de  reprise  sur 
defaut  du  premier  dispositif  reagissant  a  la  recep- 
tion  d'un  message  "acquittement  de  defaut"  en 
commandant  la  transmission  de  donnees  entre 
les  premier  et  second  dispositifs  sur  les  liaisons 
principales  et  auxiliaires. 

3.  Un  systeme  selon  la  revendication  2,  dans 
lequel  un  ou  plusieurs  troisiemes  dispositifs  de 
reconfiguration  (3—6)  sont  connectes  par  les 
liaisons  auxiliaires  et  principales  entre  les  premier 
et  second  dispositifs  de  reconfiguration.. 

4.  Un  anneau  double  comprenant  les  caracteris- 
tiques  de  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  chaque  dispositif  de 
reconfiguration  (1  —  6)  est  connecte  aux  disposi- 
tifs  de  reconfiguration  qui  sont  ses  voisins  imme- 
diats  a  la  fois  par  des  liaisons  de  donnees  princi- 
pales  et  auxiliaires  (9—12),  dans  une  configura- 
tion  teile  que  des  donnees  sont  normalement 
transmises  dans  I'anneau  sur  les  liaisons  de 
donnees  principales. 

5.  Un  procede  pour  faire  fonctionner  chaque 
dispositifs  de  reconfiguration  d'un  systeme  de 
transmission  de  donnees  comprenant  un  ensem- 
ble  de  tels  dispositifs  de  reconfiguration  (1—6), 
chaque  dispositif  comprenant  un  ensemble  de 
liaisons  de  donnees  d'entree  et  de  sortie  (9—12), 
les  dispositifs  etant  connectes  en  un  anneau, 
grace  a  quoi  chaque  dispositif  de  reconfiguration 
regoit  des  donnees  sur  une  liaison  d'entree  de 
donnees  (9)  et  transfere  ces  donnees  vers  une 
liaison  de  sortie  de  donnees  (11),  de  fagon  que 

einer  "Fehlerbestatigung"-Nachricht  uber  die 
Hilfs-Datenverbindungen  nach  Empfang  einer 
"Fehlerermittelung"-Nachricht  und  das 

i)  Annehmen  des  Zustandes  einer  Kopf-Einheit, 
wenn  ein  Fehlerermitteltwurde  und  eine  "Fehler- 
bestatigung"-Nachricht  auf  einer  Hilfs-Verbin- 
dung  empfangen  wird,  urn  zu  veranlassen,  daB 
Daten  uber  diese  Hilfs-Verbindung  ubertragen 
werden;  und 

ii)  Annehmen  des  Zustandes  einer  End-Einheit, 
wenn  eine  "Fehlerermittelung"-Nachricht,  aber 
keine  "Fehlerbestatigung"-Nachricht  nach  einer 
vorbestimmten  Zeit  empfangen  wird,  urn  zu  ver- 
anlassen,  daS  Daten  uber  die  Hilfs-Verbindung 
ubertragen  werden,  die  mit  der  Einheit  geschaltet 
ist,  von  der  die  "Fehlerermittelung"-Nachricht 
empfangen  wurde. 

Revendications 

1.  Un  systeme  de  transmission  de  donnees 
comprenant  un  ensemble  de  dispositifs  de  recon- 
figuration  (1  —  6),  chaque  dispositif  comprenant 
un  ensemble  de  liaisons  de  donnees  d'entree  et 
de  sortie  (9—12),  et  les  dispositifs  etant  connectes 
en  un  anneau,  grace  a  quoi  chaque  dispositif  de 
reconfiguration  regoit  des  donnees  sur  une  liai- 
son  d'entree  de  donnees  (9)  et  transfere  les 
donnees  vers  une  liaison  de  sortie  de  donnees 
(11),  de  fagon  que  des  donnees  puissent  etre 
transmises  entre  tous  les  dispositifs  de  reconfigu- 
ration  le  long  de  I'anneau,  dans  lequel  chaque 
dispositif  (1—6)  comprend  des  moyens  de  reprise 
sur  defaut  (7)  destines  a  detecter  la  presence  d'un 
defaut  dans  I'anneau,  les  moyens  de  reprise  sur 
defaut  dans  differents  dispositifs  cooperant  pour 
tenter  de  transmettre  des  donnees  dans  un  sous- 
anneau  lorsqu'un  defaut  est  detecte,  le  sous- 
anneau  etant  constitue  au  moins  partiellement 
par  une  ou  plusieurs  des  liaisons  de  donnees  qui 
etaient  precedemment  inutilisees  (10,  12),  pour 
permettre  a  un  certain  nombre  des  dispositifs  de 
continuer  a  communiquer;  et  des  moyens  de 
fusion  (7)  destines  a  detecter  qu'un  nouveau 
dispositif  de  reconfiguration  (28)  est  connecte  a 
au  moins  une  paire  de  liaison  d'entree  et  de  sortie 
de  donnees  qui  etaient  precedemment  inutilisees, 
et  a  reconfigurer  I'anneau  pour  inclure  le  nouveau 
dispositif,  dans  lequel  les  moyens  de  fusion  (7) 
comprennent  des  moyens  d'emission  de  mes- 
sage  de  demande  d'inclusion,  destines  a  emettre 
des  messages  de  demande  d'inclusion  sur  des 
liaisons  de  donnees  de  sortie  qui  etaient  prece- 
demment  inutilisees  (12);  des  moyens  de  detec- 
tion  destines  a  detecteur  des  messages  de 
demande  d'inclusion  qui  sont  regus  sur  des  liai- 
sons  de  donnees  d'entre  (9,  10);  des  moyens 
d'emission  de  message  d'acquittement  d'inclu- 
sion  destines  a  emettre  un  message  d'acquitte- 
ment  d'inclusion  sur  ne  liaison  de  donnees  de 
sortie  selectionnee  qui  etait  precedemment  uniti- 
lisee,  lorsqu'un  message  de  demande  d'inclusion 
emis  precedemment  est  regu;  et  des  moyens  de 
detection  de  fusion  destines  a  detecter  des  mes- 
sages  d'acquittement  d'inclusion  entrants  et  a 
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d'un  dispositif  de  Corps  (3  —  6)  s'il  a  emis  un 
message  de  detection  de  defaut  et  s'il  a  regu  un 
message  d'acquittement  de  defaut. 

8.  Un  procede  selon  Tune  quelconque  des 
5  revendications  5  a  7  pour  faire  fonctionner  des 

dispositifs  de  reconfigurations  dont  I'un  est  con- 
necte  par  des  liaisons  unidirectionnelles  uniques 
respectives  qui  etaient  precedemment  inutilisees, 
a  une  paire  de  dispositifs  de  reconfiguration 

10  connectes  ensemble  en  un  anneau,  le  procede 
comprenant  les  operations  suivantes,  pour  cha- 
que  dispositif: 

a)  on  emet  des  messages  de  demande  d'inclu- 
sion  sur  chaque  liaison  de  donnees  de  sortie  qui 

15  etait  precedemment  inutilisee; 
b)  on  detecte  la  reception  de  messages  de 

demande  d'inclusion,  et 
i)  si  un  message  de  demande  d'inclusion  regu 

n'a  pas  ete  regu  precedemment,  on  diffuse  le 
20  message  de  demande  d'inclusion  vers  tous  les 

autres  dispositifs  de  reconfiguration  qui  se  trou- 
vent  dans  le  meme  anneau,  le  message  de 
demande  d'inclusion  etant  modifie  pour  indiquer 
qu'il  a  ete  regu  et  emis  par  le  dispositifs  emetteur, 

25  OU 
ii)  si  le  message  de  demande  d'inclusion  regu  a 

ete  regu  precedemment,  on  emet  un  message 
d'acquittement  d'inclusion  sur  la  liaison  de  don- 
nees  de  sortie  sur  laquelle  le  message  de 

30  demande  d'inclusion  emis  precedemment  a  ete 
emis; 

c)  on  detecte  la  reception  d'un  message  d'ac- 
quittement  d'inclusion; 

d)  on  determine  si  un  message  d'acquittement 
35  d'inclusion  regu  a  ete  regu  precedemment,  et 

i)  s'il  n'a  pas  ete  regu  precedemment,  on  emet 
le  message  d'acquittement  d'inclusion  regu  vers 
d'autres  stations  dans  i'anneau,  ou 

ii)  s'il  a  ete  regu  precedemment,  on  emet  un 
40  message  de  demande  de  fusion  sur  la  liaison  de 

sortie  de  donnees  qui  a  ete  identified  precedem- 
ment;  et 

e)  on  transfere  ensuite  des  donnees  de  la 
liaison  de  donnees  d'entre  vers  la  liaison  de 

45  donnees  de  sortie  sur  laquelle  le  message  de 
demande  de  fusion  a  ete  transmis. 

9.  Un  procede  selon  I'une  quelconque  des 
revendications  5  a  8,  dans  lequel  chaque  message 
de  demande  d'inclusion  qui  est  emis  par  un 

so  dispositif  de  reconfiguration  contient  une  infor- 
mation  indiquant  I'adresse  du  dispositif  emetteur. 

10.  Un  procede  selon  I'une  quelconque  des 
revendications  5  a  9,  dans  lequel  certains  au 
moins  des  dispositifs  de  reconfiguration  compor- 

55  tent  plus  de  deux  liaisons  de  sortie  de  donnees,  et 
le  message  de  demande  d'inclusion  contient  une 
information  qui  indique  la  liaison  de  sortie  de 
donnees  sur  laquelle  il  est  emis. 

11.  Un  procede  selon  I'une  quelconque  des 
60  revendications  5  a  10,  dans  lequel  les  dispositifs 

de  reconfiguration  qui  sont  connectes  ensemble 
par  des  liaisons  de  donnees  qui  etaient  prece- 
demment  inutilisees  comprennent  des  dispositifs 
de  Tete  (2)  et  de  Queue  (1)  d'un  sous-anneau. 

65  12.  Un  systeme  de  transmission  de  donnees 

des  donnees  puissent  etre  transmies  entre  tous 
les  dispositifs  de  reconfiguration  le  long  de  I'an- 
neau,  le  procede  comprenant  les  operations  sui- 
vantes:  on  detecte  la  presence  d'un  defaut  dans 
I'anneau  et  sous  I'effet  de  la  detection  d'un 
defaut,  on  echange  de  messages  de  defaut  avec 
d'autres  dispositifs  de  reconfiguration  pour  tenter 
de  transmettre  des  donnees  sur  un  sous-anneau 
lorsqu'un  defaut  est  detecte,  le  sous-anneau  etant 
constitue  au  moins  partiellement  par  une  ou 
plusieurs  des  liaisons  de  donnees  qui  etaient 
precedemment  inutilisees,  pour  permettre  a  un 
certain  nombre  des  dispositifs  de  reconfiguration 
de  conitnuer  a  communiquer;  et  on  detecte  le 
moment  auquel  un  nouveau  dispositif  de  reconfi- 
guration  est  connecte  a  au  moins  une  paire  de 
liaisons  d'entree  et  de  sortie  de  donnees  qui 
etaient  precedemment  inutilisees,  en  emettant 
continuellement  des  messages  de  demande  d'in- 
clusion  sur  toutes  les  liaisons  de  donnees  de 
sortie  qui  etaient  precedemment  inutilisees;  on 
detecte  la  reception  d'un  message  de  demande 
d'inclusion;  on  emet  un  message  d'acquittement 
d'inclusion  lorsqu'un  message  de  demande  d'in- 
clusion  est  regu;  on  detecte  la  reception  d'un 
message  d'acquittement  d'inclusion  qui  est  emis 
par  I'autre  dispositif  de  reconfiguration;  on  emet 
un  message  de  demande  de  fusion  lorsqu'un 
message  d'acquittement  d'inclusion  a  ete  regu;  et 
on  fait  ensuite  circuler  des  donnees  entre  les  deux 
dispositifs. 

6.  Un  procede  selon  la  revendication  5,  dans 
lequel  deux  au  moins  des  dispositifs  de  reconfi- 
guration  (1,  2)  sont  des  dispositifs  a  liaisons 
doubles,  ayant  chacun  des  liaisons  d'entree  et  de 
sortie  de  donnees  principales  et  des  liaisons 
d'entree  et  de  sortie  de  donnees  auxiliaires,  les 
liaisons  de  donnees  de  sortie  et  d'entree  princi- 
pales  etant  connectees  ensemble  et  les  liaisons 
de  donnees  d'entree  et  de  sortie  auxiliaires  etant 
respectivement  connectees  ensemble,  grace  a 
quoi  des  donnees  sont  normalement  transmises 
d'un  dispositif  vers  I'autre  dispositif  sur  les  liai- 
sons  principales,  le  procede  comprenant  les  ope- 
rations  suivantes:  on  emet  un  message  de  detec- 
tion  de  defaut  sur  la  liaison  de  sortie  principale  en 
cas  de  detection  d'un  defaut  dans  I'anneau;  on 
emet  un  message  d'acquittement  de  defaut  sur  la 
liaison  de  sortie  auxiliaire  lorsqu'un  message  de 
detection  de  defaut  est  regu;  on  detecte  la  recep- 
tion  d'un  message  d'acquittement  de  defaut;  et 

a)  on  donne  au  dispositif  I'etat  d'un  dispositif  de 
Queue  (1)  si  on  ne  regoit  qu'un  message  de 
detection  de  defaut, 

b)  on  donne  auf  dispositif  w'etat  d'un  dispositif 
de  Tete  (2)  si  un  defaut  a  ete  detecte  et  si  on  regoit 
un  message  d'acquittement  de  defaut,  ou 

c)  on  donne  au  dispositif  I'etat  d'un  dispositif 
Isole  si  un  defaut  a  ete  detecte  et  si  on  ne  regoit 
pas  un  message  d'acquittement  de  defaut. 

7.  Un  procede  selon  la  revendication  6,  dans 
iequel  le  systeme  de  transmission  de  donnees 
comprend  au  moins  trois  dispositifs  de  reconfigu- 
ration  a  liaisons  doubles,  et  un  dispositif  de 
reconfiguration  a  liaisons  doubles  prend  I'etat 
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nee,  ils  donnent  au  dispositif  I'etat  d'un  dispositif 
de  Queue,  et  ils  emettent  des  donnees  sur  la 
liaison  auxiliaire  qui  est  connectee  au  dispositif  a 
partir  duquel  ils  ont  regu  le  message  "detection 
de  defaut". 

13.  Un  procede  pourfairefonctionnerun  dispo- 
sitif  de  reconfiguration  qui  fait  partie  d'un  sys- 
temme  de  transmission  de  donnees  comprenant 
un  ensemble  detels  dispositifs  de  reconfiguration 
(1—6),  chaque  dispositif  comportant  deux  paires 
de  liaisons  de  donnees  principales  et  auxiliaires 
(g  —  12),  les  liaisons  de  donnees  principales  et 
auxiliaires  de  chaque  dispositif  etant  connectees 
a  des  liaisons  de  donnees  principales  et  auxi- 
liaires  respectives  d'un  dispositif  aval  et  d'un 
dispositif  amont,  avec  une  configuration  dans 
laquelle  des  donnees  sont  normalement  trans- 
mises  entre  des  dispositifs  sur  les  liaisons  princi- 
pales,  le  procede  comprenant  les  operations  sui- 
vantes:  on  detecte  la  presence  d'un  defaut  dans 
I'anneau  et  on  emet  un  message  "detection  de 
defaut"  sur  les  liaisons  de  donnees  principales,  et 
on  emet  un  message  "acquittement  de  defaut" 
sur  les  liaisons  de  donnees  auxiliaires  apres  la 
reception  d'un  message  "detection  de  defaut",  et 

i)  on  donne  au  dispositif  L'etat  d'un  dispositif  de 
Tete  si  un  defaut  est  detecte  et  si  un  message 
"acquittement  de  defaut"  est  regu  sur  une  liaison 
auxiliaire,  afin  d'emettre  des  donnees  sur  cette 
liaison  auxiliaire;  et 

ii)  on  donne  au  dispositif  I'etat  d'un  dispositif  de 
Queue  si  un  message  "detection  de  defaut"  est 
regu  mais  un  message  "acquittement  de  defaut" 
n'est  pas  recu  au  bout  d'une  duree  predetermi- 
nee,  de  fagon  a  emettre  des  donnees  sur  la  liaison 
auxiliaire  qui  est  connectee  au  dispositif  a  partir 
duquel  le  message  "detection  de  defaut"  a  ete 
regu. 

comprenant  un  ensemble  de  dispositifs  de  recon- 
figuration  (1—6),  chaque  dispositif  comportant 
deux  paires  de  liaisons  de  donnees  principales  et 
auxiliaires  (9—12),  les  liaisons  de  donnees  princi- 
pales  et  auxiliaires  de  chaque  dispositif  etant 
connectees  a  des  liaisons  de  donnees  principales 
et  auxiliaires  respectives  d'un  dispositif  aval  et 
d'un  dispositif  amont,  dans  une  configuration 
dans  laquelle  des  donnees  sont  normalement 
transmises  entre  des  dispositifs  sur  les  liaisons 
principales,  et  dans  lequel  chaque  dispositif  com- 
prend  des  moyens  de  reprise  sur  defaut  (7)  qui 
sont  destines  a  detecter  la  presence  d'un  defaut 
dans  I'anneau,  les  moyens  de  reprise  sur  defaut 
dans  differents  dispositifs  cooperant  pour  tenter 
de  transmettre  des  donnees  sur  un  sous-anneau 
lorsqu'un  defaut  est  detecte,  le  sous-anneau  etant 
constitue  au  moins  partiellement  par  une  ou 
plusieurs  des  liaisons  de  donnees  qui  etaient 
precedemment  inutiilisees,  pour  permettre  a  un 
certain  nombre  des  dispositifs  de  continuer  a 
communiquer,  les  moyens  de  reprise  sur  defaut 
de  chaque  dispositif  etant  congus  de  fagon  a 
emettre  un  message  "detection  de  defaut"  sur  les 
liaisons  de  donnees  principales  lorsqu'ils  detec- 
tent  un  defaut  dans  I'anneau,  et  a  emettre  un 
message  "acquittement  de  defaut"  sur  les  liai- 
sons  de  donnees  auxiliaires  apres  avoir  regu  un 
message  "detection  de  defaut",  grace  a  quoi: 

i)  si  les  moyens  de  reprise  sur  defaut  d'un 
dispositif  qui  detectent  un  defaut  regoivent  un 
message  "acquittement  de  defaut"  sur  une  liai- 
son  auxiliaire  ils  donnent  au  dispositif  I'etat  d'un 
dispositif  de  Tete,  et  ils  commandent  remission 
de  donnees  sur  la  liaison  auxiliaire;  et 

ii)  si  les  moyens  de  reprise  sur  defaut  d'un 
dispositif  qui  ont  regu  un  message  "detection  de 
defaut"  ne  regoivent  pas  un  message  "acquitte- 
ment  de  defaut"  au  bot  d'une  duree  predetermi- 
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