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terminal  or  computer  manufacturers  or  stan- 
dards  bodies  (e.g.  HDLC,  BISYNC,  DDCMP). 

These  synchronous  protocols  are  generally 
much  more  complex  and  therefore  more  expen- 
sive  to  support  than  the  simple  asynchronous 
protocols.  The  principal  advantages  in  using 
synchronous  transmission  are  higher  trans- 
mission  rates  and  better  performance  (e.g. 
lower  error  rates).  Synchronous  modems  are 
transparent  to  the  particular  protocol  being 
used.  They  transmit  the  synchronous  bit  stream 
without  knowing  any  details  of  the  protocol. 
Because  they  operate  at  higher  rates,  syn- 
chronous  modems  are  generally  more  expen- 
sive  than  asynchronous  modems. 

In  addition  to  modems  and  terminal  equip- 
ment  being  classed  as  either  synchronous  or 
asynchronous,  they  can  be  classed  as  either 
half-  or  full-duplex.  Half-duplex  operation 
involves  transmission  in  one  direction  at  a  time 
from  device  A  to  device  B;  then  the  communica- 
tion  line  is  "turned  around"  for  transmission 
from  device  B  to  device  A.  This  allows  better 
utilization  of  the  channel  bandwidth  for  com- 
munication  in  one  direction  at  a  time. 

Full-duplex  operation  allows  both  devices  on 
the  communication  link  to  transmit  to  the  other 
simultaneously.  For  analog  channels,  full-duplex 
generally  reduces  the  bit  rate  in  each  direction. 

In  order  to  control  analog  modems,  interface 
standards  such  as  RS232C  evolved.  This  stan- 
dard  of  the  Electronic  industries  Association,  as 
well  as  others,  provides  a  multiwire  (25  lead) 
interface  definition  between  data  terminal  equip- 
ment  and  modems.  Interface  leads  were  defined 
for  data  and  timing,  as  well  as  multiple  control 
leads  to  control  the  state  of  the  modem  and  the 
direction  of  transmission  (for  half-duplex  mod- 
ems).  The  state  on  one  modem  is  often  trans- 
ferred  indirectly  to  the  modem  at  the  other  end 
of  the  connection  to  affect  the  state  of  the  other 
modem.  For  example,  a  Request-to-Send  control 
lead  from  a  terminal  to  a  half-duplex  modem 
causes  the  modem  to  begin  sending  a  carrier 
signal  to  the  receiving  modem.  The  receiving 
modem,  upon  detection  of  the  carrier,  will  set 
its  Carrier  Detect  control  lead  true  (active).  An 
analog  modem  pair,  therefore,  transmits  data, 
timing,  and  control  information  between  two 
pieces  of  data  equipment  (terminals  or  com- 
puters). 

FR  —  A  —  2  472  319  concerns  a  multiservice 
subscriber  station  in  which  a  plurality  of  tele- 
communication  service  are  utilized.  Information 
is  transmitted  in  packets. 

EP—  A—  0  036  622  discloses  a  digital  com- 
munication  system  that  relates  to  a  data/speech 
interface  with  time  multiplexed  frames  contain- 
ing  I  and  S  fields. 

In  summary<  the  present  day  data  communi- 
cation  environment  contains  different  types  of 
data  terminal  equipment  using  a  variety  of 
transmission  rates,  formats,  protocols,  and  con- 
trol  strategies.  Thus,  even  though  present  day 
switching  systems  can  be  equipped  to  serve 

Description 

This  invention  relates  to  a  method  for  oper- 
ating  a  data  communication  interface  connected 
by  data  leads  and  control  leads  to  a  data  device.  5 

Background  of  the  invention 
Present  day  customer  premises  data  com- 

munication  systems  must  be  capable  of  provid- 
ing  service  for  work  stations  having  diverse  w 
types  of  terminal  equipments  and  differing  ser- 
vice  needs.  These  systems  must,  for  example, 
serve  work  stations  having  digital  telephones, 
analog  telephones,  and  various  types  of  data 
terminal  equipment.  The  data  terminal  equip-  15 
ment  can  operate  with  a  variety  of  interfaces, 
transmission  rates,  and  transmission  protocols. 
Interconnection  must  be  provided  between 
these  various  data  terminal  types  and  host  com- 
puters  or  transmission  facilities  when  they  are  20 
interconnected  by  communication  switching 
facilities. 

In  prior  art  arrangements,  a  switching  system 
could  provide  both  voice  and/or  data  service 
only  by  the  provision  of  customized  equipment  25 
preselected  for  each  type  of  device.  The  tele- 
phone  service  was  customarily  provided  by  a 
dedicated  tip  and  ring.  The  data  service  was 
provided  by  the  use  of  a  second  tip  and  ring 
pair  together  with  an  appropriate  modem  for  30 
digital  to  analog  conversion. 

Data  terminals  operate  at  different  trans- 
mission  rates  and  formats  as  determined  by  the 
needs  of  each  customer  and  the  characteristics 
of  the  available  communication  channels.  When  35 
only  analog  channels  are  available,  the  types  of 
modems  available  fell  into  two  general 
classes  —  asynchronous  or  synchronous. 

Asynchronous  modems  support  data  trans- 
mission  at  relatively  low  rates  (generally  <1200  40 
bits  per  second).  Asynchronous  data  trans- 
mission  is  characterized  by  character  by  charac- 
ter  operation,  with  each  character  framed  by 
start  and  stop  bits.  The  asynchronous  modem, 
while  not  providing  particularly  .  high  trans-  45 
mission  rates,  is  inexpensive  to  implement  and 
the  individual  character  framing  allows  simple 
terminal  interface  protocols. 

Synchronous  data  transmission  is  charac- 
terized  by  a  continuous  data  stream  together  so 
with  a  bit  synchronized  clock.  Synchronous 
modems  take  advantage  of  the  bit  to  bit  coher- 
ence  of  the  transmitted  data  stream  to  operate 
at  relatively  higher  rates  (generally  <9600  bits 
per  second).  Since  there  is  no  character  framing  55 
inherent  in  the  synchronous  data  transmission 
strategy,  mechanisms  have  been  developed  to 
frame  blocks  of  characters  and  provide  data 
transparency.  Transparency  means  that  the 
transmitted  data  patterns  are  not  constrained  by  so 
the  communication  strategy.  These  framing 
mechanisms,  together  with  strategies  for  error 
and  flow  control,  link  initialization,  etc.,  make  up 
what  are  generally  known  as  link  level  pro- 
tocols.  Many  have  been  developed  by  different  65 
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stations  having  phones  and/or  terminals,  the  pro- 
vision  of  this  service  requires  customized  equip- 
ment  at  each  station  to  serve  the  specific  charac- 
teristics  of  that  equipment  and  the  communica- 
tion  channels  available.  s 

It  is  therefore  a  problem  for  present  day  com- 
munication  switching  systems  to  provide  voice 
plus  data  service  with  the  use  of  universal  station 
interface  equipment  that  is  ubiquitously  adapted 
to  service  a  wide  spectrum  of  station  equipments.  10 

Summary  of  the  invention 
The  present  invention  as  set  out  in  the  claims 

overcomes  the  disadvantages  of  the  prior  art  by 
providing  a  digital  transmission  mechanism  to  is 
and  through  a  switching  system  that  can  provide 
voice  plus  data  service  for  a  wide  range  of 
terminals  with  the  use  of  standardized  station 
interface  equipment.  This  interface  equipment 
need  not  be  customized  in  advance  for  the  20 
specific  combinations  of  equipments  at  each 
station  since  it  can  serve  different  types  of  ter- 
minals  having  different  protocols  and  different 
transmission  rates.  In  addition,  it  extends  the 
range  of  transmission  rates  available  to  the  ter-  25 
minal  or  computer  equipment  being  used. 

The  described  embodiment  of  the  invention 
uses  two  pairs  of  conductors  (one  pair  in  each 
direction)  to  interconnect  each  station  with  asso- 
ciated  ports  of  the  switching  system.  Information  30 
including  voice  information,  data,  and  control 
signals  is  exchanged  between  the  stations  and 
the  switching  system  by  the  use  of  time 
multiplexed  cyclically  reoccurring  frames  in  the 
Digital  Communication  Protocol  (DCP).  Each  DCP  35 
frame  has  an  Information  (I)  field  for  each  differ- 
ent  device  at  a  station  plus  a  Signalling  (S)  field 
and  a  Framing  (F)  field.  The  signalling  field  is  used 
for  exchanging  control  messages  between  the 
station  and  the  switching  system  control  com-  40 
plex.  Examples  of  such  messages  are  to  signal 
station  on-hook/off-hook,  dialling,  lamp  and  push  " 
button  control,  and  control  of  alphanumeric  dis- 
plays  on  the  station. 

The  I  fields  are  used  to  exchange  information  45 
between  the  switching  system  and  the  telephones 
and/or  terminals  of  a  station  on  each  call  involv- 
ing  the  station.  On  a  given  call  connection,  the  I 
field  information  is  sent  from  a  transmitting 
station,  over  associated  conductor  pairs  to  an  so 
associated  port  of  the  switching  system,  through 
the  switch  of  the  system,  to  the  port  serving  the 
other  station  on  the  call.  The  I  field  information  is 
further  extended  over  associated  conductor  pairs 
to  the  other  station.  In  the  exemplary  disclosed  55 
embodiment,  I  field  information  comprises  8  bit 
fields  transmitted  at  a  repetition  rate  of  8000 
times  a  second  for  a  bit  transmission  rate  of  64 
Kbits  per  second. 

The  disclosed  system  can  serve  call  connec-  60 
tions  between  various  types  of  equipment.  The 
use  of  the  I  field  of  the  DCP  frame  differs  depend- 
ing  upon  the  equipment  connected  on  each  call.. 
For  voice  or  bulk  data  transmission,  the  I  field  is 
used  in  what  is  termed  Mode  0.  In  this  mode,  64  55 

Kbps  of  digitized  voice  or  data  can  be  exchanged 
between  the  two  stations  connected  on  a  call. 
Transmission  is  restricted  to  synchronous,  full- 
duplex  operation.  Digitized  PCM  voice  is  carried 
in  this  mode. 

The  I  field  can  also  be  used  for  what  is  termed 
Mode  1  in  which  data  is  transmitted  at  a  56  Kbps 
rate.  Data  is  restricted  to  full-duplex  synchronous 
transmission  and  is  identical  to  the  format  used  in 
the  Digital  Data  System  network  of  the  American 
Telephone  and  Telegraph  Company. 

In  Mode  1,  each  byte  in  an  I  field  frame  is 
divided  into  two  fields.  There  are  a  7  bit  field  and  a 
1  bit  field.  The  7  bit  field  contains  either  customer 
data  or  a  control  state  code,  depending  on  the 
state  of  the  1  bitfield.  If  the  single  bitfield  is  a  "1", 
the  7  bit  field  is  customer  data.  If  a  "0",  the  7  bit 
field  is  control  information  transmitted  between 
the  endpoints  in  the  connection. 

The  I  field  can  also  be  used  in  what  is  termed 
Mode  2.  For  this  mode  the  I  field  serves  data 
equipment,  such  as  a  terminal,  at  each  end  of  the 
connection  by  providing  transport  of  data  or 
control  information  between  them.  The  maxi- 
mum  data  rates  in  each  direction  is  limited  to 
approximately  50  Kbps.  In  this  mode,  the  equip- 
ment  interfacing  the  data  equipment  at  each  end 
exchanges  data  or  control  messages  via  the  same 
block  delineation  strategy  as  employed  in  HDLC. 
That  is,  data  or  control  messages  are  transmitted 
as  frames  of  variable  length  which  are  delineated 
by  a  special  bit  pattern  (01111110)  known  as  a 
flag.  In  the  absence  of  data  or  control  information 
to  be  sent,  the  interfacing  equipment  sends  con- 
secutive  flags.  The  ability  to  transmit  data  or 
control  messages  containing  the  same  bit  pattern 
as  a  flag  is  preserved  by  the  zero  insertion/ 
deletion  mechanism  defined  in  HDLC. 

The  terminal  interfacing  equipment  at  each 
station,  for  Mode  2,  generates  a  continuous 
stream  of  flags  on  the  DCP  I  field  when  no  data  or 
control  information  is  being  generated  by  a  ter- 
minal.  When  data  information  or  a  control  state 
change  is  generated  by  the  data  terminal  equip- 
ment,  the  presence  of  the  generated  information 
is  recognized  by  the  interfacing  equipment  and  is 
formed  into  a  DCP  Mode  2  message  frame  that 
includes  a  header  field,  data  or  control  field,  and 
an  error  checking  field. 

.The  header  field  is  8  bits  long  and  contains  one 
bit  (D/C)  which  determines  whether  the  message 
is  transporting  data  or  control  information.  If  the 
D/C  bit  equals  "1",  the  message  is  carrying 
customer  data.  If  a  "0",  the  message  is  carrying 
"end-to-end"  signalling  or  control  information. 

The  data  or  control  field  contains  the  customer 
data  or  "end-to-end"  signalling  information.  This 
field  is  variable  length. 

The  error  checking  field  is  a  16  bit  long  Cyclic 
Redundancy  Check  (CRC)  sequence  as  defined  in 
the  HDLC  standard.  It  is  used  to  verify  the 
accurate  transmission  of  the  data  or  control 
message. 

The  generated  data  or  control  message  is  fur- 
ther  processed  and  subdivided  into  8  bit  bytes." 
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new  RS232C  control  lead  state  is  received  by  the 
interfacing  equipment,  the  new  state  is  applied  to 
the  RS232C  interface  connected  to  the  associated 
data  equipment.  A  change  in  control  lead  state  on 
one  side  of  the  connection  is  therefore  applied  to 
the  RS232C  interface  at  the  other  side  of  the 
connection. 

In  summary,  an  information  transport 
mechanism  provided  in  accordance  with  this 
invention  accommodates  terminals  operating 
with  synchronous  data  or  asynchronous  data,  as 
well  as  different  baud  rates  and  protocols.  The 
associated  interface  equipment  is  flexible  in  its 
operation  and  eliminates  the  need  for  different 
interface  equipment  for  each  type  of  data  equip- 
ment,  transmission  rate,  or  format.  A  data  ter- 
minal  user  need  only  set-up  the  interfacing  equip- 
ment  to  the  transmission  parameters  needed- 
—  baud  rate,  synchronous/asynchronous,  etc.  In 
addition,  the  interfacing  equipment  and  transport 
mechanisms  extend  the  data  rates  available 
beyond  what  is  presently  available  in  analog  baud 
switching  systems. 

The  system  of  the  present  invention  is  trans- 
parent  to  the  terminal  data.  In  other  words,  the 
connected  terminals  may  generate  synchronous/ 
asynchronous  data  with  any  protocol  for  com- 
munication  with  one  another  without  the  equip- 
ment  of  the  present  invention  being  concerned. 
Data  or  control  information  generated  by  a  ter- 
minal  or  data  device  is  collected  by  the  interfacing 
equipment  described  in  this  invention  and  refor- 
matted  into  one  of  the  three  modes  depending  on 
the  bit  rate  of  the  data—  Mode  0  for  64  Kbps; 
Mode  1  for  56  Kbps;  and  Mode  2  for  50  Kbps  or 
less.  This  reformatted  data  or  control  information 
is  transmitted  through  the  system  to  the  interface 
equipment  at  the  other  end  of  the  switch  connec- 
tion.  The  interfacing  equipment  at  this  end  unfor- 
mats  the  data  or  control  and  presents  it  to  its 
associated  data  equipment  appropriately. 

Brief  description  of  the  drawings 
This  invention  may  be  better  understood  by  a 

reading  of  the  following  detailed  description  with 
reference  to  the  accompanying  drawings 
wherein: 

Fig.  1  discloses  a  system  embodying  the  inven- 
tion; 

Fig.  2  illustrates  the  DCP  frame  format; 
Fig.  3  illustrates  the  HDLC  frame  format; 
Fig.  4  illustrates  the  DCP  mode  2  I  field  format; 
Fig.  5  illustrates  details  of  a  data  module  109; 
Figs.  6,  7  and  8  illustrate  details  of  the  data 

character  512  converter  and  the  data  formatter 
502;  and 

Fig.  9  illustrates  the  manner  in  which  Figs.  6,  7 
and  8  should  be  arranged. 

Detailed  description 
Fig.  1  discloses  a  switching  system  embodying 

the  invention.  The  elements,  of  the  system  include 
a  switch  101  and  a  common  control  102.  Common 
control  may  include  a  processor  and  memory 
which  together  control  the  operation  of  switch 

Each  byte  is  inserted  into  the  I  field  of  a  transmit- 
ted  DCP  frame.  In  this  manner,  a  data  or  control 
message  is  transmitted  to  the  interfacing  equip- 
ment  serving  the  other  terminal  involved  on  the 
call  connection  by  inserting  the  plurality  of  8  bit  5 
bytes  comprising  the  message  into  the  I  field  of 
successively  generated  DCP  frames. 

A  DCP  Mode  2  data  message  contains  the  data 
to  be  transported  between  the  interconnected 
data  terminal  equipment.  Asynchronous  data  10 
from  a  data  device  is  received  by  the  interfacing 
hardware  where  the  start  and  stop  bits  are 
removed  from  each  character.  One  or  more 
characters  are  put  into  the  data  field  of  the  DCP 
Mode  2  frame  before  transmission  across  the  is 
switching  system  to  the  receiving  interface  equip- 
ment.  The  receiving  interface  equipment  receives 
the  Mode  2  frame,  removes  the  data  characters, 
and  reinserts  the  start-stop  bits  for  transmission 
to  the  receiving  data  equipment.  20 

Synchronous  data  from  a  data  device  is  put  into 
the  data  field  of  the  Mode  2  frame  transparently. 
The  interfacing  hardware  receives  bits  at  a  rate 
determined  by  the  clock  signal  at  the  interface  to 
the  data  device.  The  interfacing  hardware  simply  25 
puts  several  consecutive  bits  into  the  data  field 
and  transmits  the  Mode  2  data  message.  While 
this  message  is  being  transmitted,  the  next 
several  bits  are  being  stored.  They  can  be  trans- 
mitted  in  the  subsequent  data  message.  30 

The  receiving  interface  equipment  transmits 
the  consecutively  received  data  bits  out  to  the 
receiving  data  equipment  at  the  rate  determined 
by  a  clock  associated  with  the  interface  between 
the  interfacing  hardware  and  the  data  device.  35 

The  present  invention,  using  DCP  Mode  2,  also 
provides  a  terminal  control  lead  signalling  func- 
tion  across  the  switch  connection  that  enables  the 
connected  data  terminal  equipment  to  exchange 
control  signals.  This  "end-to-end"  signalling  func-  40 
tion  simulates  the  capabilities  of  an  analog 
modem  to  control  the  state  of  the  modem  at  the 
other  end  of  the  connection  as  described  pre- 
viously.  It  goes  farther  than  that  however.  The 
"end-to-end"  signalling  mechanism  allows  the  45 
complete  state  of  the  RS232C  control  leads  from 
one  terminal  device  to  be  transferred  to  the 
equipment  at  the  other  side  of  the  connection. 
This  capability  allows  the  operation  of  equipment 
geographically  separated  and  connected  through  50 
a  switching  system  to  appear  as  though  they  are 
directly  connected. 

This  capability  is  accomplished  by  the  provision 
of  interfacing  equipment  that  scans  control  con- 
ductors  of  a  piece  of  data  terminal  equipment  55 
cyclically  to  detect  any  changes  of  state  of  the 
control  conductor.  The  detection  of  each  change 
of  state  generates  an  appropriate  control 
message  which  is  inserted  into  the  I  field,  after 
being  formatted  into  a  Mode  2  control  message,  60 
byte  by  byte,  and  transmitted  to  interfacing  equip- 
ment  connected  to  the  other  data  terminal  equip- 
ment.  Each  Mode  2  control  message  is  unique  to 
a  unique  combination  of  control  conductor  poten- 
tials.  When  the  control  message  containing  the  65 
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101  which  advantageously  is  of  the  digital  type. 
Switch  101  includes  ports  103-0  through  103-n  on 
its  left  side  and  ports  104-0  through  104-n  on  its 
right  side.  Ports  103  are  connected  via  paths  113 
to  equipment  at  the  station  served  by  each  port. 
The  specifics  of  the  provided  equipment  at  each 
station  is  dependent  upon  the  service  to  be 
provided  by  the  station.  Thus,  path  113-0  is 
connected  to  data  module  109-0  and  in  turn,  to 
terminal  111-0  through  an  RS232C  interface.  A 
data  module  provides  an  interface  between  the 
DCP  information  transport  mechanism  described 
in  this  invention  and  standard  industry  data 
equipment.  Path  113-1  is  connected  to  data 
module  109-1  and  to  digital  telephone  112-1.  Data 
module  109-1  is  connected  to  terminal  1  11-1.  Path 
113-2  is  connected  directly  to  an  analog  telephone 
112-2.  Path  113-n  is  connected  to  equipment 
similar  to  that  of  path  113-0.  Ports  104-0  through 
104-3  are  connected  over  paths  114  to  various 
types  of  equipment.  Paths  114-0  and  114-1  are 
connected  to  data  modules  110-0  and  110-1  and, 
in  turn,  to  a  host  computer  116.  Paths  114-2  and 
114-3  connect  to  data  module  110-2  and  an 
analog  modem  111,  respectively.  Path  115  is  an 
analog  central  office  trunk.  The  service  provided 
by  data  module  110-2,  modem  111,  and  trunk  104- 
n,  is  a  pooled  modem  resource  where  data  ter- 
minals  served  by  digital  switching  system  100  can 
utilize  -analog  transmission  facilities.  The  data 
module/modem  pair  provide  digital  to  analog 
conversion  equipment. 

The  data/voice  switching  system  100  of  Fig.  1 
connects  to  diverse  types  of  equipment  and  must 
therefore  be  capable  of  providing  the  required  call 
service  for  these  equipments.  The  switching 
system  100  is  of  the  digital  type  and  it  exchanges 
information  between  the  switch  101  and  the  data 
modules  109  and  110  in  a  time  multiplexed  frame 
format  of  the  type  shown  in  Fig.  2.  Each  DCP 
frame  comprises  20  bits  which  are  subdivided 
into  a  3  bit  F  (Framing)  field,  a  1  bit  S  (Signalling) 
field  and  two  8  bit  I  (Information)  fields.  The  F  field 
carries  the  framing  information  required  to  syn- 
chronize  the  receiving  facilities  with  the  infor- 
mation  in  the  rest  of  the  frame.  The  S  field  is  used 
to  transmit  signalling  messages  in  the  HDLC 
protocol  in  each  direction  between  the  processor 
of  common  control  102  and  the  stations  data 
modules  109  and  110  or  digital  telephone  112. 
These  signalling  messages,  when  transmitted  to 
the  station,  specify  various  station  control  oper- 
ations  initiated  by  common  control  102.  These 
messages  also  contain  station  request  and  status 
information  on  transmissions  from  the  stations  to 
common  control  102. 

The  two  I  fields  independently  transmit  infor- 
mation  comprising  the  subject  matter  of  a  call 
connection  between  stations.  The  ln  field  on  path 
113-1  may,  for  example,  transmit  call  information 
to  and  from  digital  telephone  112-1;  the  l2  field  of 
path  113-1  may  transmit  call  information  to  and 
from  data  terminal  111-1.  Digital  telephone  112-1 
and  terminal  111-1  can  concurrently  be  connected 
to  different  called  stations  via  their  respective  I 

fields.  Switching  system  100  is  responsible  for 
connecting  the  I  fields  to  the  required  destination. 
The  S  field  is  used  to  set-up  (and  take  down)  the 
switch  connection  which  allows  transmission  of 

5  an  I  field  between  two  stations. 
Fig.  3  discloses  the  HDLC  frame  format  used  on 

the  S  field  messages.  The  S  field  messages  are 
generated  as  parallel  multibyte  messages  at  the 
transmitting  end,  such  as,  for  example,  at  station 

w  data  module  1  09-1  .  They  are  they  converted  from 
parallel  to  serial,  encoded  into  the  HDLC  frame 
format  of  Fig.  3,  and  transmitted  serially  over  path 
113-1  from  the  data  module  109-1  to  the  receiving 
end,  such  as,  for  example,  to  data  module  110-0. 

15  Prior  to  this  transmission,  the  flag  bytes  of  Fig.  3 
are  inserted  to  separate  each  message.  Also, 
when  no  S  field  messages  are  being  transmitted, 
the  transmission  circuitry  generates  and  trans- 
mits  continuous  flag  characters. 

20  Each  HDLC  frame  comprises,  in  addition  to  a 
flag  character,  one  8  bit  byte  as  an  address 
character,  one  8  bit  byte  as  a  control  character, 
and  a  variable  number  (0  through  16)  of  8  bit 
bytes  of  signal  information  comprising  the  actual 

25  S  field  signalling  messages  transmitted  from  the 
station  to  common  control  or  vice  versa.  The 
remainder  of  the  frame  includes  a  2  byte  check 
sequence  which  is  inserted  for  error  detection 
purposes.  The  right-hand  flag  character  on  Fig.  3 

30  separates  the  message  from  any  subsequent 
message.  The  transmission  circuitry  at  each  end 
and  the  associated  receiving  circuitry  also  per- 
form  the  conventional  HDLC  zero  insertion  and 
deletion  functions  to  provide  transparency  of 

35  message  information.  That  is,  no  bit  pattern 
within  a  message  can  be  the  same  as  that  of  a  flag 
character. 

The  DCP  frames  of  Fig.  2  are  received,  as  well  as 
generated,  continuously  by  each  digital  port.  The 

40  two  I  fields  contain  the  call  information  that  is  to 
be  transmitted  to  the  other  port  or  ports  involved 
on  a  call.  The  information  received  in  these  fields 
is  applied  by  the  digital  port  103  to  the  switching 
network  (not  shown)  of  switch  101.  The  network 

45  may  be,  for  example,  a  time  slot  interchanger  that 
functions  to  connect  one  port  with  another  port 
during  an  assigned  time  slot.  The  network  per- 
forms  a  time  slot  interchange  function  which 
transfers  the  information  received  from  a  time 

so  slot  of  the  first  port  to  the  time  slot  assigned  to  the 
other  port.  Each  !  field  in  the  DCP  frame  received 
by  the  port  is  applied  to  an  independent  time  slot 
in  the  switch.  Thus,  each  I  field  can  be  indepen- 
dently  connected  to  any  destination.  When  a  port 

55  receives  I  field  information  through  its  associated 
switch  time  slot,  it  transmits  it  over  the  associated 
communication  path  113  to  its  customer  station. 
Switch  101  and  the  manner  in  which  the  I  field 
information  is  received  by  one  port  and  transmit- 

60  ted  to  another  port  comprises  no  part  of  the 
present  invention  and  therefore  are  not  discussed 
in  further  detail. 

The  system  of  Fig.  1  serves  different  types  of 
call  connections  that  requires  different  types  of 

65  service.  The  interconnection  of  digital  port  103-0 
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would  be  used  if  64  Kbps  synchronous  data 
transmission  were  required.  Mode  1  would  be 
used  if  56  Kbps  synchronous  data  transmission 
were  required.  Mode  2  would  be  used  if  syn- 
chronous  or  asynchronous  data  transmission 
below  50  Kbps  were  needed. 

Path  118,  which  establishes  a  connection 
between  telephone  112-1  and  analog  telephone 
112-2,  may  be  of  the  DCP  Mode  0  type  since  the 
required  function  of  this  connection  is  to  transmit 
encoded  voice  signals  at  a  64  Kbps  rate  between 
the  two  telephones.  Analog  port  103-n  makes  the 
analog  to  digital  and  the  digital  to  analog  conver- 
sions.  required  on  the  call.  Path  107  interconnects 
terminal  111-n  with  a  terminal  or  computer 
served  by  the  public  switching  network,  would  be 
of  the  Mode  2  type.  This  is  because  all  analog 
modems  operate  at  less  than  50  Kbps.  Path  108  in 
the  same  service  would  be  operating  in  Mode  0 
because  it  is  carrying  analog  information  from  the 
analog  modem  to  the  analog  trunk. 

The  serving  of  this  Mode  2  call  connection 
requires  the  system  to  exchange  both  data  as  well 
as  control  information  within  the  I  field  used  on 
the  call.  Terminal  111-n  is  connected  to  its  asso- 
ciated  data  module  by  a  plurality  of  conductors 
using  a  suitable  format  such  as  RS232C.  As  such, 
these  connections  include  data  conductors  as 
well  as  a  plurality  of  control  conductors  for 
control  signalling  purposes.  The  data  received  on 
the  data  conductor  from  the  terminal  by  the 
associated  data  module  is  inserted  into  a  data 
message  frame  of  the  type  shown  in  Fig.  4  and 
transmitted  to  the  other  end  in  successive  I  fields 
of  the  DCP  frame.  The  plurality  of  control  and 
signalling  conductors  extending  between  the  ter- 
minal  and  its  data  module  are  scanned  con- 
tinuously  by  the  data  module.  When  a  change  of 
state  of  a  control  conductor  occurs,  the  data 
module  generates  the  appropriate  control  infor- 
mation,  inserts  it  into  the  information  field  of  the 
Fig.  4  Control  Message  Frame  and  inserts  the 
message  frame,  8  bits  at  a  time,  into  the  I  field  of 
successive  DCP  frames.  The  receiving  data  mod- 
ule  receives  this  control  message,  strips  off  the 
protocol  support  fields  and  converts  the  received 
control  information  message  contained  in  the 
information  field  into  appropriate  control  poten- 
tials  which  are  applied  to  the  control  conductors 
of  the  modem.  This  mechanism  permits  the  two 
connected  data  devices  to  exchange  data  and 
control  information  with  each  other  to  the  same 
extent  as  if  they  were  interconnected  by  hard 
wiring. 

The  data  modules  109  and  110  are  shown  in 
further  detail  on  Fig.  5.  The  data  module  com- 
prises  a  data  character  converter  512,  a  data 
formatter  502,  a  digital  line  interface  503,  and  a 
control  microprocessor  505.  The  data  module  is 
an  interface  between  a  data  device  (terminal, 
computer,  modem,  etc.)  and  a  digital  port.  Its 
function  is  to  facilitate  an  interchange  of  data  and 
control  signals  in  the  DCP  format  between  the 
data  device  and  its  associated  port  103  or  104. 

Data  module  109  operates  in  different  modes 

with  digital  port  104-0  via  path  105  permits  ter- 
minal  111-0  to  exchange  inforamtion  with  host 
computer  116.  Path  106  similarly  permits  terminal 
111-1  to  access  the  host  computer  116.  Path  118 
establishes  a  call  connection  between  digital  tele-  5 
phone  112-1  and  analog  telephone  112-2.  Paths 
107  and  108  enable  terminal  111-n  to  establish  a 
connection  through  modem  pooling  facilities  110- 
2  and  111  to  CO  trunk  115  which  extends  the 
connection  to  another  terminal  or  a  computer  via  10 
analog  transmission  facilities. 

It  can  be  seen  from  the  various  types  of  connec- 
tions  served  by  switching  system  100  that  the 
services  required  on  each  connection  are  diverse 
and  dependent  upon  the  requirements  of  the  is 
interconnected  station  devices.  The  system  of  the 
present  invention  transmits  fnformation  between 
interconnected  station  devices  by  three  different 
formats  which  are  herein  defined  as  being  DCP 
Mode  0,  DCP  Mode  1,  and  DCP  Mode  2.  DCP  20 
Mode  0  is  a  64  Kbps  transmission  and  involves 
the  exchange  of  bulk  data  or  digitalized  voice 
between  the  connected  station  devices.  All  8  bits 
of  the  I  field  are  used  to  carry  the  data  or  voice. 
The  connection  may  be  served  by  either  the  I-,  or  25 
the  l2  field  of  the  DCP  frame  as  shown  in  Fig.  2. 
Mode  1  is  similar  to  Mode  0  except  that  1  of  the  8 
bits  of  the  I  field  is  used  to  signify  whether  the 
remaining  7  bits  of  the  I  field  contain  data  or 
control  information.  The  data  rate  provided  by  •  30 
DCP  Mode  1  is  56  Kbps. 

DCP  Mode  2  provides  data  and  control  infor- 
mation  transported  on  DCP  I  fields  via  the  format 
shown  in  Fig.  4.  The  data  or  control  information  is 
combined  with  a  header  field  and  an  error  check  35 
field,  then  transmitted  as  a  message  via  the  same 
block  delineation  strategy  as  employed  in  HDLC. 
That  is,  data  or  control  messages  are  transmitted 
as  frames  of  variable  length  which  are  delineated 
by  a  special  bit  pattern  (01111110)  known  as  a  40 
flag.  In  the  absence  of  data  or  control  messages, 
flags  are  consecutively  sent.  As  indicated  in  Fig.  4, 
the  DCP  Mode  2  information  is  broken  up  into  8 
bit  chunks  and  transmitted  within  consecutive 
DCP  frames  within  an  I  field.  No  synchronization  45 
is  assumed  between  a  DCP  I  field  and  the  Mode  2 
message.  That  is,  the  flag  characters,  header  field, 
data  or  control  or  error  check  field,  do  not  have  to 
start  at  the  first  bit  of  an  I  field.  A  flag  could  be 
divided  between  two  consecutive  DCP  frames.  so 
DCP  Mode  2  provides  data  transport  mechanisms 
for  a  wide  variety  of  data  formats  and  protocols 
for  data  rates  up  to  50  Kbps.  It  also  provides  a 
robust  "end-to-end"  control  transport 
mechanism.  55 

The  connections  shown  within  switch  101  on 
Fig.  1  illustrates  the  use  of  the  different  DCP 
modes.  Connection  105  may  involve  either  Mode 
0,  1  or  2  transmission  depending  upon  the  data 
rates  required  between  terminal  111-0  and  the  60 
host  computer  116.  If  Mode  0  or  1  are  used, 
however,  the  physical  interface  between  the.  data 
equipment  and  data  module  would  likely  be 
different  from  RS232C,  perhaps  RS449r  a  similar 
but  higher  speed  standard  interface.  Mode  0  65 
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depending  on  whether  a  connection  through 
switching  system  100  is  set-up  or  not.  Prior  to  a 
connection  being  set-up,  the  data  and  control 
signals  of  the  RS232C  interface  are  routed  by  the 
data  module  to  the  DCP  S  field.  This  allows  the 
terminal  to  communicate  with  the  switch 
common  control  102  to  set-up  a  connection. 
When  the  call  set-up  phase  is  completed,  the  data 
module  routes  the  data  and  control  signals  to  one 
of  the  DCP  I  fields.  The  I  field  information  is 
connected  to  the  appropriate  destination  through 
switch  101  to  allow  the  data  transfer  session  to 
occur. 

The  data  character  converter  512  exchanges 
data  with  its  associated  data  device  via  paths  552 
and  553  and  associated  EIA  interface  devices  510 
and  511.  Similarly,  over  paths  550  and  551  as  well 
as  interface  devices  520  and  521,  the  data  charac- 
ter  converter  exchanges  multiple  control  signals 
with  its  associated  data  device.  The  function  of 
the  data  converter  with  respect  to  the  data  device 
on  path  552  is  to  receive  the  data,  convert  it  from 
serial  to  parallel,  and  transmit  it  in  8  bit  segments 
termed  bytes  to  the  data  formatter  502  or  to 
microprocessor  505.  When  sent  to  the  data  for- 
matter  502,  the  data  is  routed  to  the  I  field.  When 
sent  to  microprocessor  505,  the  data  is  routed  to 
the  DCP  S  field.  Converter  512  performs  the 
reciprocal  function  in  the  reverse  direction  in 
which  data  is  received  from  the  formatter  502  or 
microprocessor  505  for  transmission  to  the  data 
device. 

The  function  of  converter  512  with  respect  to 
the  control  signals  on  path  550  is  to  scan  these 
signals  periodically,  and  when  each  change  of 
state  is  detected  to  generate  an  appropriate 
message  for  transmission  to  microprocessor  505. 
Microprocessor  505  is  responsible  for  sending  the 
control  lead  information  to  the  data  formatter  502 
and  eventually  to  the  DCP  I  field  or  to  I/O  device 
504  and  eventually  to  the  DCP  S  field.  In  the  other 
direction,  converter  512  receives  control  lead 
state  information  from  microprocessor  505  over 
path  544.  It  applies  this  information  to  path  551. 
Microprocessor  505  receives  the  control  lead 
state  information  from  either  the  DCP  I  field  or  S 
field  depending  on  the  state  of  the  call. 

The  purpose  of  formatter  502  is  to  receive  the 
data  or  control  information  from  converter  512 
and  to  reformat  this  information  into  the  DCP 
Mode  2  message  format  of  Fig.  4  for  transmission 
over  the  I  field  to  the  other  data  module  con- 
nected  on  the  call.  This  is  the  case  for  Mode  2 
only.  For  Modes  0  and  1  the  only  function  of  the 
formatter  502  is  to  pass  the  received  information 
to  the  digital  line  interface  503  which  inserts  it  into 
the  I  field.  The  formatter  502  performs  the  recipro- 
cal  function  in  the  reverse  direction  in  which  I  field 
information  is  received  and  applied  to  the  data 
character  converter  512. 

The  function  of  the  digital  line  interface  503  on 
data  transmitted  from  a  data  device  to  a  port  is  to 
receive  the   ̂ information  from  the  associated 
digital  telephone,  if  provided  at  the  station, 
receive  the  l2  information  from  the  associated 

data  device  via  converter  512  and  formatter  502, 
receive  the  S  field  information  from  micro- 
processor  505,  and  assemble  this  information  for 
transmission  on  each  DCP  frame  to  the  associated 

5  port  circuit. 
The  manner  in  which  data  is  received  from  a 

terminal  and  formatted  for  transmission  to  a  port 
over  the  I  field  is  described  in  detail  in  connection 
with  the  subsequent  description  of  Figs.  6,  7  and 

10  8.  In  addition  to  this  I  field  function,  the  data 
module  of  Fig.  5  is  capable  of  formatting  terminal 
data  or  control  lead  status  into  control  messages 
to  be  transmitted  to  the  switching  system  control 
processor  via  the  DCP  S  field.  The  S  field  carries 

15  signalling  information  between  the  station  and 
the  control  processor  via  an  HDLC  protocol.  This 
protocol  is  transported  between  the  port  and 
station  by  1  bit  in  each  DCP  frame,  as  shown  in 
Fig.  2.  The  data  device  or  terminal  data  carried  in 

20  the  S  field  is  used  to  provide  a  call  set-up  function 
when  the  terminal  first  becomes  active.  For 
example,  terminal  dialling  of  the  called  station 
number  can  be  accomplished  in  this  manner 
without  the  use  of  an  accompanying  telephone  or 

25  touch  tone  pad  at  the  terminal.  The  operation  of 
the  data  module  in  supporting  this  capability  will 
be  described  in  the  following  paragraphs. 

The  data  module  is  controlled  in  its  operation 
by  microprocessor  505  which  extends  via  path 

30  544  to  converter  512  and  data  formatter  502,  and 
to  interface  503  via  I/O  device  504.  The  data 
devices  served  by  the  data  module  generate 
RS232C  control  signals,  data  signals  and  timing 
signals.  These  signals  are  converted  by  interface 

35  devices  51  0,  51  1  ,  520  and  521  from  RS232C  signal 
levels  to  signal  levels  appropriate  for  the  oper- 
ation  of  the  data  module.  Devices  510  and  511  are 
a  part  of  the  circuitry  by  means  of  which  data 
signals  from  the  terminal  are  exchanged  between 

40  the  terminal  and  data  character  converter  512. 
Devices  520  and  521  perform  the  same  function 
with  respect  to  the  RS232C  control  leads  of  the 
terminal.  Converter  512  provides  control  signal 
and  data  signal  storage  functions.  The  control 

45  signal  storage  circuitry  includes  registers  to  store 
the  present  state  of  the  various  EIA  control  leads 
comprising  path  550  from  the  terminal.  Converter 
512  also  includes  the  necessary  synchronous  data 
interface  registers,  asynchronous  data  interface 

so  circuitry  (termed  Universal  Asynchronous 
Receive  Transmitter  or  UART),  and  buffering 
which  perform  a  serial  to  parallel  conversion  of 
the  data  and  stores  the  received  data  before  it  is 
applied  to  the  formatter  502  or  the  micro- 

55  processor  505. 
Microprocessor  505  periodically  scans  the  con- 

trol  signal  storage  registers  in  converter  512  via 
path  544  to  detect  any  changes  of  state  of  the 
RS232C  control  leads  of  path  550  extending  from 

60  the  data  device  to  converter  512.  When  a  change 
of  state  is  detected  during  the  call  set-up  phase, 
the  microprocessor  505  generates  a  control 
message  that  eventually  can  be  transmitted 
through  the  S  field  to  the  system  control  102. 

65  Microprocessor  505  applies  this  generated  con- 
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and  the  I  field  control  messages  are  transmitted  to 
the  other  terminal  involved  on  the  call,  once  the 
call  connection  is  established,  is  described  in 
detail  in  connection  with'  Figs.  6,  7  and  8.  How- 
ever,  the  general  function  of  the  formatter  502 
and  the  digital  line  interface  503  operation  is 
described  in  the  following  paragraphs. 

Microprocessor  505  continues  to  scan  the  ter- 
minal  control  leads  for  changes  of  state  in  the 
same  manner  as  already  described  in  connection 
with  S  field  messages.  When  each  change  of  state 
is  detected,  the  microprocessor  generates  a  con- 
trol  message  in  the  DCP  Mode  2  format  which  is 
applied  to  the  formatter  502  for  transmission  via 
the  DCP  I  field  to  the  other  terminal  on  the  call. 
Formatter  502  generates  idle  flags  for  insertion 
into  the  DCP  I  field  when  no  data  is  being  received 
from  its  associated  terminal.  These  idle  flags  are 
periodically  received  by  the  digital  line  interface 
503  and  transmitted  over  port  103  via  the  I  field  to 
the  associated  port.  However,  once  a  terminal 
begins  generating  data  characters,  formatter  502 
formats  the  received  data  into  the  message  for- 
mat  shown  in  Fig.  4.  From  there,  it  is  applied  in  8 
bit  increments  to  the  interface  503  which  inserts 
it,  8  bits  at  a  time,  into  the  I  field  of  successive  DCP 
frames. 

Digital  line  interface  503  interconnects  the  data 
module  with  the  associated  port  over  path  113. 
The  interface  503  is  controlled  in  its  timing  by  a 
circuit  within  the  RCV  circuit  535  which  recovers 
the  clock  signals  from  the  DCP  frames  serially 
transmitted  by  port  103  to  the  data  module  109 
over  path  113.  These  clock  signals  are  used  by  the 
interface  503  both  to  receive  DCP  frames  from  the 
port  and  to  generate  DCP  frames  for  serial  trans- 
mission  to  port  103.  The  S  channel  messages  in 
the  format  of  Fig.  3  are  extended  to  transmit 
formatter  532  from  I/O  device  504.  Each  DCP  field 
is  generated  by  multiplexor  533  which  receives 
the  1  bit  S  field  information  from  transmit  format- 
ter  532  and  receives  the  two  8  bit  I  fields  from  the 
transmit  interface  device  531.  Device  531  receives 
the  l2  field  of  8  bits  per  frame  from  formatter  502 
and  receives  the  I,  field  from  the  associated 
digital  phone  at  the  station,  if  it  is  provided.  The  F 
field  bits  are  applied  by  device  547.  Thus,  path  548 
of  the  interface  503  contains  ail  fields  of  a  DCP 
frame  and  this  information  is  extended  through 
transmitter  534  for  transmission  over  the  path  113 
to  the  port  103. 

The  DCP  frames  (Fig.  2)  transmitted  to  data 
module  109  by  a  port  103  are  received  and 
decoded  in  reciprocal  fashion  in  interface  503. 
The  DCP  information  is  received  at  element  535, 
extended  over  path  549  to  demultiplexer  536 
which  separates  the  received  information  into  the 
appropriate  l1r  l2,  S,  and  F  fields. 

The  S  field  information  is  applied  over  path  560 
to  receive  formatter  538  which  extends  it  via  I/O 
device  504  to  microprocessor  505.  Micro- 
processor  505  reads  the  S  field  control  message 
received  from  I/O  device  504  in  8  bit  increments 
and  interprets  each  message.  If  the  message 
requires  that  the  digital  terminal  control  lead  state 

trol  message,  1  byte  at  a  time,  over  path  544  into  I/ 
O  device  504  which  latches  each  byte.  The 
message  is  then  applied  from  device  504  to  the 
digital  line  interface  503  for  transmission  via  the  S 
channel  of  successive  DCP  frames  as  sub-  5 
sequently  described.  Similarly,  the  micro- 
processor  can  receive  S  channel  messages  con- 
taining  RS232C  control  lead  information  from 
interface  503  through  I/O  device  504.  Micro- 
processor  505  will  then  update  control  storage  w 
registers  in  converter  512  to  contain  the  new 
information.  From  there,  they  are  applied  via  the 
control  leads  551  to  the  terminal.  Also,  for  ter- 
minal  dialling  and  other  purposes,  the  data  infor- 
mation  generated  at  a  terminal  and  applied  over  is 
path  552  to  the  converter  512  may  be  extended 
via  path  544  to  the  microprocessor  505.  From 
there,  the  processor  generates  the  appropriate  S 
field  message  by  converting  the  information  into 
a  format  of  the  type  shown  in  Fig.  3  and  transmit-  20 
ted  via  the  S  field  to  system  control  102.  After  the 
call  is  set-up,  the  operation  is  the  same  except 
that  the  control  signal  messages  are  sent  via  the  I 
field  to  the  other  data  device. 

In  summary,  the  data  module  109  may  generate  25 
S  channel  messages  from  either  the  received  data 
information  or  the  received  control  lead  infor- 
mation  prior  to  the  establishment  of  a  call.  This 
information  is  extended  from  converter  512,  over 
path  544  to  the  microprocessor  505  which  takes  30 
the  received  information  and  inserts  it  into  the 
HDLC  format  of  Fig.  3  and  then  applies  it  as  an 
HDLC  message  to  interface  device  503  for  trans- 
mission  via  the  S  field  to  the  associated  port 
circuit.  The  associated  port  receives  this  infor-  35 
mation  and  extends  it  to  the  system  control  102. 
Each  multibyte  S  field  message  is  transmitted  1 
bit  at  a  time  in  the  S  field  of  successive  DCP 
frames  to  the  associated  port.  The  port  receives 
the  S  bit  of  successive  DCP  frames,  converts  them  40 
from  serial  to  parallel  and  then  transmits  the 
HDLC  message  to  system  control  102. 

The  data  module  can  also  generate  "end-to- 
end"  control  messages  using  Mode  2  which,  after 
a  call  connection  is  established,  are  exchanged  45 
between  the  two  data  modules  connected  on  the 
call.  One  application  of  these  "end-to-end"  con- 
trol  messages  is  to  signal  the  state  of  RS232C 
control  leads  across  the  connection.  As  a  periodic 
update  or  when  a  change  of  state  of  the  control  so 
leads  occurs,  it  is  sensed  by  converter  51  2,  sent  to 
microprocessor  505,  and  an  appropriate  control 
message  is  generated  by  the  microprocessor  505, 
applied  over  path  544  to  the  data  formatter  502 
and  from  there  extended  via  the  digital  line  ss 
interface  503  for  insertion  into  the  I  field  of  the 
DCP  frame  transmitted  to  the  associated  port 
circuit  103  or  104.  These  control  messages  advise 
each  data  module  on  the  connection  of  any  new 
change  of  state  of  the  control  leads  of  the  other  so 
data  module  and  thus  permit  the  two  data  devices 
to  communicate  with  each  other  to  the  same 
extent  as  if  they  were  connected  via  a  25  wire 
RS232C  cable. 

The  manner  in  which  the  I  field  data  message  es 
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be  changed,  microprocessor  505  loads  the  infor- 
mation  into  the  control  register  in  data  character 
converter  512  which  extends  the  message  via 
control  leads  551  to  the  terminal. 

I  field  messages  are  extended  from  demulti-  5 
plexor  536  to  receiver  interface  537  which  sends 
the  l-i  information  to  the  digital  telephone,  if 
present,  and  l2  information  to  data  formatter  502 
on  path  546.  Data  formatter  502  receives  each  8 
bit  I  field  byte  from  receive  interface  537  and  10 
transmits  this  information  through  converter  512 
to  the  terminal  on  path  553  if  the  information 
represents  data  to  be  displayed  at  the  terminal.  If 
the  I  field  information  represents  a  control 
message  containing  RS232C  control  leads  state  15 
information,  this  is  detected  by  the  first  bit  of  the 
header  field  of  Fig.  4  by  formatter  502  and  the 
information  portion  of  the  field  is  then  applied  to 
microprocessor  505.  The  microprocessor  inter- 
prets  the  message  and  then  modifies  the  control  20 
register  in  converter  512  which  contains  the 
RS232C  control  lead  state.  This  new  control  lead 
state  extends  to  the  terminal  over  path  551. 

Figures  6,  7  and  8,  when  arranged  as  shown  in 
Figure  9,  disclose  further  details  of  data  character  25 
converter  512  and  data  character  formatter  502. 
The  data  character  converter  is  connected  to  the 
data  device  or  terminal  it  serves  via  the  plurality 
of  leads  shown  on  the  left  side  of  Figures  6  and  8. 
The  data  formatter  is  connected  via  paths  559  and  30 
546  to  digital  line  interface  503  as  shown  on  the 
right  side  of  Fig.  7. 

Data  character  converter  512  exchanges  data 
signals  with  its  terminal  over  leads  552  and  553 
and  elements  510  and  511.  Converter  512  also  35 
exchanges  control  signals  with  its  terminal  via 
leads  550  and  551  and  elements  520  and  521.  It 
also  receives  clock  signals  from  the  terminal  via 
path  644  and  element  621  or  sends  clock  signals 
to  the  terminal  via  path  645  and  element  646  40 
which  is  not  shown  in  Figure  5.  Data  conductors 
552  and  553  carry  the  data  signals  that  are 
exchanged  between  the  terminal  and  the  con- 
verter  512.  The  control  signals  on  paths  550  and 
551  carry  RS232C  control  lead  information.  The  45 
data  signals  on  path  552  are  received  and  stored 
by  the  converter  512  and  eventually  are  applied, 
after  the  call  connection  is  established,  by  the 
data  formatter  502  to  the  I  fields  of  DCP  path  559 
extending  to  digital  line  interface  503,  as  50 
described  later.  Before  the  call  is  established,  the 
signals  are  applied  to  the  microprocessor  505 
when  the  system  sends  an  S  channel  message  to 
common  control  102. 

The  following  paragraphs  describe  how  con-  55 
verter  512  and  formatter  502  are  used  to  generate 
DCP  control  messages  which  carry  control  lead 
status  from  one  data  device  to  another  after  the 
call  connection  is  established.  The  control  leads 
550  are  of  the  RS232C  type  and  they  are  applied  to  60 
and  latched  by  input  register  801  where  they  are 
available  for  access  by  the  microprocessor  505. 
This  register  is  read  periodically  by  the  micro- 
processor  505  via  interface  804  and  path  626.  The 
microprocessor  analyzes  the  register  contents  on  65 

each  scan  to  determine  if  the  presently  scanned 
information  represents  a  change  of  state  from  the 
previous  scan.  If  the  information  has  changed,  the 
microprocessor  formats  a  DCP  control  message 
of  the  type  shown  in  Figure  4  and  causes  it  to  be 
sent  out  over  the  DCP  I  field  as  subsequently 
described.  The  purpose  of  this  message  is  to 
advise  the  receiving  end  terminal  of  the  present 
state  of  the  control  leads  of  the  transmitting 
terminal  in  the  same  manner  as  if  the  control 
leads  of  the  two  terminals  were  directly  con- 
nected.  The  RS232C  control  leads  are  therefore 
part  of  an  "end-to-end"  control  mechanism 
whose  status  is  sent  out  over  the  I  field  to  the 
receiving  terminal. 

The  microprocessor  505  outputs  the  control 
message  information  it  generates  into  the  data 
formatter  502.  Specifically,  the  generated 
message  is  applied  by  microprocessor  505 
through  interface  804  to  bus  626.  From  there,  it  is 
extended  to  the  lower  input  of  multiplexor  702. 
The  multiplexor  is  controlled  by  path  642  so  that 
its  lower  input  is  now  connected  to  its  output  on 
path  718. 

This  multiplexor  can  either  receive  terminal 
data  from  path  628  or  control  messages  from 
microprocessor  505  on  path  626.  The  micro- 
processor  periodically  enters  information  into 
register  803  to  control  the  position  of  the 
multiplexors  on  Figures  6  through  8.  At  this  time, 
the  information  in  register  803  causes  the  poten- 
tial  on  paths  642  to  be  such  that  the  input  626  of 
multiplexor  702  is  active  and  connected  to  the 
multiplexor  output  on  path  718.  Thus,  path  642 
performs  a  data/control  function  of  multiplexor 
702. 

The  formatted  message  from  microprocessor 
505  via  multiplexor  702  on  path  718  is  applied  to 
shift  register  704  which  outputs  the  information 
serially  to  multiplexor  705  via  path  721  and  to  the 
CRC  generator  703  via  path  719.  The  serialized 
message  is  applied  to  path  721.  The  cyclically 
redundant  code  from  generator  703  is  applied  to 
the  transmit  multiplexor  705  over  path  720.  The 
flag  and  header  generator  701  applies  the  approp- 
riate  flags  and  headers  to  multiplexor  705  over 
path  717.  Element  701  is  controlled  via  path  735 
by  Transmit  Controller  708.  The  multiplexor  705  is 
controlled  in  its  operation  by  path  724  so  that  its 
output  path  722  contains  the  control  message 
generated  by  microprocessor  505  together  with 
the  protocol  support  fields  of  Fig.  4. 

This  information  from  element  705  is  then 
applied  to  zero  insertion  element  706  which  per- 
forms  an  HDLC-like  zero  insertion  function  and 
causes  the  resultant  frames  as  shown  on  Fig.  4  to 
be  applied  over  path  723  to  the  lower  input  of 
multiplexor  707.  Formatter  502  and  character 
converter  512  are  assumed  to  be  operating  in 
Mode  2  and,  therefore,  by  virtue  of  the  signals  on 
path  633,  input  723  of  multiplexor  707  is  presently 
connected  to  its  output  on  path  559  which 
extends  to  interface  503.  Interface  503  takes  this 
message  frame  and,  as  described,  inserts  it  into 
the  DCP  l2  field  serving  the  terminal.  The  message 
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is  received  on  path  546,  extended  through 
multiplexor  716  to  path  726  and,  from  there,  to 
receive  unformatter  711.  This  data  goes  through 
the  same  operations  with  elements  713,  714  and 
715  that  the  priorily  described  control  message 
did.  Thus,  the  output  of  the  unformatter  711  on 
path  730  represents  the  data  contained  in  the 
information  field  of  the  received  Fig.  4  type  frame. 
This  information  is  applied  to  shift  register  710 
which  does  a  serial  to  parallel  conversion.  The 
output  of  the  shift  register  is  extended  over  path 
731,  through  multiplexor  709  to  path  732.  From 
there  it  is  extended  to  the  receive  FIFO  618.  The 
input  of  multiplexor  709  is  connected  to  its  data 
output  732  at  this  time  since  the  flag/header 
detect  element  713  determines  that  the  received 
information  represents  data  and  applies  a  signal 
to  path  733  which  causes  multiplexor  709  to 
activate  its  output  732.. 

In  general,  a  plurality  of  characters  may  be 
received  in  rapid  order  during  a  Mode  2  data 
frame.  These  characters  are  stored  up  in  the  FIFO 
618  since  they  are  received  at  a  faster  rate  than 
the  terminal  can  accept  them. 

The  output  of  FIFO  618  goes  to  multiplexor  617. 
From  there  the  data  is  routed  either  to  the  output 
of  the  multiplexor  on  path  639  for  synchronous 
data  or  to  the  output  of  the  multiplexor  on  path 
640  for  asynchronous  data.  The  difference  is  that 
asynchronous  data  is  routed  via  multiplexor  616 
and  through  UART  element  614.  Thus,  assuming 
the  information  to  be  of  the  asynchronous  type, 
the  data  received  by  multiplexor  617  is  applied 
over  path  640,  through  multiplexor  616  and  then 
over  path  637  to  UART  element  614.  The  UART 
element  does  a  parallel  to  serial  conversion  on 
the  data  which  is  received  character  by  character. 
It  also  adds  the  necessary  start  and  stop  bits  to 
frame  each  character  as  is  standard  asyn- 
chronous  character  protocol. 

Each  character  comes  out  of  UART  transmitter 
614  on  path  636  framed  with  start  and  stop  bits. 
From  there  it  is  extended  through  multiplexor 
612,  over  path  630,  through  multiplexor  611,  over 
path  541,  through  element  511,  and  over  path  553 
for  transmission  to  the  terminal.  The  UART  is 
double  buffered  to  accept  two  characters  at  a  time 
because  of  the  way  it  is  implemented.  However,  if 
desired  it  can  be  adapted  to  accept  as  many 
characters  as  may  be  desired.  It  transmits  out  one 
character  at  a  time  at  a  rate  that  is  set  by  the 
customer  and  the  baud  rate  generator  615.  This 
rate  may  be  anywhere  from  110  bits  per  second 
up  to  38.4  Kbps.  The  baud  rate  of  the  UART  is  set 
by  the  baud  rate  generator  615  under  control  of 
microprocessor  505.  The  baud  rate  that  the  data 
module  can  be  operated  at  can  be  set-up 
manually  with  internal  switches  connected  to 
input  register  801  or  via  an  S  field  message  from 
common  control  102.  Microprocessor  505  periodi- 
cally  scans  the  state  of  the  switches  or  is  updated 
by  common  control  102  as  to  the  correct  baud 
rate.  Information  from  the  common  control  102 
overrides  the  switches  if  there  is  a  discrepancy. 

Microprocessor  505  controls  the  synchronous/ 

frame  is  transmitted  in  the  l2  field  to  the  other 
terminal  on  the  call  connection. 

The  following  paragraphs  describe  how  format- 
ter  502  and  converter  512  receive  l2  field  control 
message  frames  from  the  other  terminal  or  data  5 
device,  pass  them  to  microprocessor  505,  which 
outputs  the  information  to  the  data  device  or 
terminal  connected  to  converter  512.  Micro- 
processor  505  outputs  the  control  lead  states  to 
the  terminal  via  output  register  802  and  path  551  w 
in  response  to  the  received  message. 

An  l2  field  control  message  comes  into  format- 
ter  502  on  path  546  serially  and  is  extended 
through  multiplexor  716  to  its  output  726,  over 
which  the  message  is  applied  to  the  receive  is 
unformatter  711.  This  element  together  with  CRC 
element  715,  zero  delete  element  714  and  the  flag/ 
header  detector  element  713  perform  their  indi- 
cated  functions  to  remove  the  message  framing 
elements  and  determine  whether  the  received  20 
information  is  valid.  Element  713  analyzes  the 
header  to  determine  whether  the  received  infor- 
mation  represents  terminal  data  or  a  control 
message.  It  is  assumed  that  the  information  now 
received  represents  a  control  message  and  there-  25 
fore  the  output  of  element  713  on  path  733 
controls  multiplexor  709  so  that  its  input  731  is 
connected  to  its  output  626.  The  information  field 
portion  of  the  received  message  frame  is  applied 
from  the  receive  unformatter  71  1  over  path  730  to  30 
shift  register  710  which  converts  the  information 
from  serial  to  parallel  and  extends  it  over  path  731 
through  multiplexor  709  to  path  626.  From  there  it 
is  extended  through  interface  804  to  the  micro- 
processor  505.  35 

The  message  now  received  by  the  micro- 
processor  represents  a  newly  detected  change  of 
state  of  the  control  leads  of  the  terminal  at  the 
other  end  of  the  connection.  The  microprocessor 
analyzes  this  information  and  outputs  the  approp-  40 
riate  state  information  into  register  802.  From 
there  the  control  lead  state  is  applied  over  path 
543,  elements  521  and  path  551  to  the  control 
leads  of  the  terminal. 

In  general,  the  control  messages  received  by  45 
microprocessor  505  may  be  passed  to  register 
802  and  the  terminal  without  modification.  How- 
ever,  the  microprocessor  has  the  capability  of 
analyzing  and  modifying  the  received  messages 
before  forwarding  them  to  the  terminal  through  50 
register  802.  This  might  be  necessary  if  the 
connection  between  data  devices  is  meant  to 
emulate  a  "null-modem"  connection;  that  is,  a 
connection  which  replaces  two  analog  modems. 

The  following  paragraphs  describe  the  oper-  55 
ation  of  the  converter  512  and  the  formatter  502  in 
response  to  the  reception  of  terminal  data  from  a 
terminal  or  data  device  at  the  other  end  of  the 
connection.  This  data  is  received  as  data  message 
frames  having  the  format  of  Fig.  4.  In  this  case  60 
however,  the  data/control  bit  of  the  header  field 
contains  a  bit  indicating  that  the  information 
represents  terminal  data  rather  than  a  control 
message. 

The  received  frame  of  the  type  shown  in  Fig.  4  65 
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flags  before  and  after  the  message.  It  further 
includes  a  CRC  check  at  the  end  of  the  message 
with  the  zero  insertion  mechanism  being  used 
within  the  message  for  transparency.  Thus,  the 
signal  on  path  559  is  a  64  Kbps  bit  stream  which  is 
put  into  the  l2  field  for  transmission  via  the  switch 
to  the  other  connected  terminal. 

The  position  of  multiplexor  702  is  controlled  by 
microprocessor  505  and  at  this  time  the  628  input 
of  the  multiplexor  is  active  since  the  circuit  is 
processing  terminal  data  rather  than  a  control 
message.  Multiplexor  705  is  controlled  by  trans- 
mit  control  circuitry  708  which  receives  clock 
signals  from  the  receive  unformatter  711. 

The  following  paragraphs  describe  the  oper- 
ation  of  converter  51  2  and  the  formatter  502  when 
asynchronous  type  data  is  received  from  the 
terminal.  Under  such  conditions,  microprocessor 
505  controls  register  803  and,  in  turn,  the  poten- 
tial  on  path  634  so  that  multiplexors  604,  612,  609, 
and  617  are  in  their  asynchronous  mode. 

Asynchronous  data  is  received  on  path  552, 
extended  through  element  510  and  multiplexors 
603  and  604,  and  is  applied  over  path  620  to  UART 
receiver  607.  The  UART  receiver  takes  this  serial 
information,  strips  off  the  start  and  stop  bits  and 
applies  the  resultant  characters  over  path  624, 
through  multiplexor  608,  path  625,  multiplexor 
609,  and  path  627  to  the  input  of  FIFO  610.  The 
FIFO  receives  and  stores  this  character  infor- 
mation  and  applies  it  out  over  path  628,  through 
multiplexor  702  and  path  718  to  shift  register  704. 
From  there  the  information  is  processed  in  the 
same  manner  as  already  described  by  elements 
701,  703,  705  and  706,  and  applied  as  a  Fig.  4  type 
frame  over  path  723  and  multiplexor  707  for 
transmission  to  the  interface  503  over  path  559. 
From  there  it  is  extended  in  the  I  field  of  the  DCP 
frame  to  the  other  terminal. 

Asynchronous  characters  received  by  converter 
512  may,  at  the  beginning  of  a  terminal  logon  and 
before  the  call  connection  is  established,  be  trans- 
mitted  to  microprocessor  505  for  terminal  dialling 
and  other  system  control  purposes,  if  desired.  In 
this  case  the  data  characters  received  by  UART 
receiver  607  are  extended  over  path  624,  through 
multiplexor  608,  to  bus  626,  for  transmission  to 
the  microprocessor  505  through  interface  804.  In 
a  similar  manner,  the  microprocessor  may  extend 
characters  to  be  displayed  on  the  terminal 
through  interface  804,  over  path  626,  through 
multiplexor  616  and  path  637,  extending  to  UART 
transmitter  614.  From  there,  the  characters  are 
extended  in  the  same  manner  as  already 
described  through  the  remainder  of  the  circuitry 
shown  on  Fig.  6  for  transmission  to  the  terminal. 

The  following  paragraphs  describe  how  the 
terminal  and  the  circuitry  of  Figs.  6,  7  and  8  may 
be  operated  in  either  Mode  0,  Mode  1  or  Mode  2. 
Microprocessor  505,  under  control  of  information 
received  from  either  internal  switches  or  from 
common  control  102  via  the  S  field,  determines 
the  mode  of  operation  of  the  circuits  of  Figs.  6,  7 
and  8.  This  information  is  stored  in  register  803 
which,  in  turn,  applies  the  appropriate  control 

asynchronous  status  of  multiplexors  609,  617, 
604,  and  61  1  via  paths  634  and  register  803.  The 
microprocessor  is  advised  by  the  synchronous/ 
asynchronous  switch  on  register  801  or  S  field 
messages  whether  it  should  operate  in  the  syn-  5 
chronous  or  asynchronous  mode. 

The  preceding  paragraphs  describe  how  con- 
verter  512  operates  in  the  asynchronous  data 
mode.  The  following  paragraph  describes  the 
operation  of  the  converter  for  the  synchronous  w 
mode.  In  this  case,  the  information  in  FIFO  618  is 
extended  through  multiplexor  617  over  path  639 
to  the  input  of  shift  register  613.  This  register  does 
a  parallel  to  serial  conversion  and  shifts  out  the 
data  through  multiplexor  612,  over  path  630,  15 
through  multiplexor  611,  path  541,  element  511, 
and  path  553  to  the  terminal. 

As  previously  discussed,  synchronous  data 
implies  an  associated  clock  signal.  This  clock 
signal  can  be  supplied  by  either  the  terminal  or  20 
data  module  109.  Path  644,  element  621  and  path 
622  apply  timing  signals  from  the  terminal  to  shift 
register  605  and  613  to  control  the  timing  of  their 
operation.  An  alternate'  synchronous  data  clock- 
ing  scheme  allows  transmit  synchronous  data  25 
clock  on  path  645  to  go  from  the  baud  rate 
generator  645  to  the  terminal  via  element  646. 
Clock  select  multiplexor  648  is  used  to  select 
which  clock  scheme  is  used  to  supply  clock 
signals  to  shift  register  605  and  613.  Multiplexor  30 
648  is  under  control  of  microprocessor  505 
through  register  803  and  path  647. 

The  following  paragraphs  describe  the  oper- 
ation  of  converter  512  and  formatter  502  when 
data  is  received  from  the  terminal  connected  to  35 
converter  512.  The  data  is  received  on  path  552, 
extended  through  element  510  and  further 
extended  through  multiplexor  603  and 
multiplexor  604.  From  there,  for  synchronous 
data,  the  data  is  extended  to  the  output  619  of  40 
multiplexor  604  and  applied  to  the  input  of  shift 
register  605  which  does  a  serial  to  parallel  conver- 
sion  of  the  data  under  control  of  the  clock  signals 
on  path  622.  The  output  of  the  shift  register  is  8  bit 
parallel  information  which  is  extended  through  45 
multiplexor  609,  over  path  627  to  transmit  FIFO 
610  where  several  8  bit  quantities  may  be  stored 
consecutively.  The  output  of  FIFO  610  extends 
over  paths  628,  through  multiplexor  702,  over 
paths  718  to  shift  register  704.  50 

Multiplexor  702  is  now  in  the  data  mode  with  its 
input  628  active  since  converter  512  is  now 
processing  terminal  data  rather  than  a  control 
message  from  microprocessor  505.  Shift  register 
704  performs  a  parallel  to  serial  conversion  and  55 
outputs  the  serial  information  over  path  721  to 
multiplexor  705.  This  multiplexor  together  with 
elements  703  and  701  incorporates  the  data  into  a 
Fig.  4  type  frame  as  priorily  described  and  outputs 
the  resultant  frame  over  path  723,  through  60 
multiplexor  707  to  path  559.  From  path  559  the 
frame  is  extended  to  the  interface  503  which 
inserts  it  into  the  l2  field  for  transmission  via  the 
switch  to  the  other  terminal  connected  on  the  call. 

The  transmitted  message,  per  Fig.  4,  consists  of  65 
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fields  including  an  I  (Information)  field,  f)  trans- 
mitting  said  time  multiplexed  frames  over  a  com- 
munication  path  from  the  interface  to  another 
data  device,  characterised  in  that  the  method 

5  comprises  the  additional  steps  of  g)  applying  the 
control  lead  signals  to  an  input  register  (504)  for 
temporary  storage  of  said  signals,  h)  operating  a 
microprocessor  (505)  in  the  interface  to  generate 
the  control  message  in  response  to  each  detected 

10  change  of  state,  i)  applying  the  data  messages 
through  a  first  input  of  a  multiplexor  (533)  to  an 
output  path,  j)  momentarily  inhibiting  the  first 
input  in  response  to  the  generation  of  a  control 
message  and  applying  the  generated  control 

15  message  through  a  second  input  of  the 
multiplexor  to  the  output  path,  and  k)  inserting 
the  control  and  data  messages  received  by  the 
output  path  into  the  I  field  of  successive  ones  of 
the  cyclically  reoccurring  time  multiplexed  frames 

20  byte  by  byte  for  transmission  to  the  other  data 
device. 

2.  The  method  of  claim  1  in  combination  with 
the  additional  steps  of:  a)  applying  the  transmit- 
ted  frames  to  an  interface  serving  the  other  data 

25  device  having  corresponding  data  and  control 
leads,  b)  applying  signals  contained  in  a  transmit- 
ted  data  message  to  the  data  leads  of  the  other 
device,  and  c)  applying  signals  contained  in  a 
transmitted  control  message  to  the  control  leads 

30  of  the  other  device. 
3.  The  method  of  claim  2  in  combination  with 

the  additional  steps  of:  a)  receiving  time 
multiplexed  frames  containing  I  field  messages 
over  the  path  from  the  device,  b)  determining 

35  from  a  bit  in  each  received  message  whether  the 
message  represents  a  data  message  or  a  control 
message,  c)  applying  signals  contained  in  a 
received  message  to  the  data  conductors  when  it 
is  determined  that  the  message  is  a  data 

40  message,  and  d)  applying  signals  contained  in  a 
received  message  to  the  control  conductors  when 
it  is  determined  that  the  message  is  a  control 
message. 

4.  The  method  of  claim  2  wherein  the  data 
45  signals  may  represent  synchronous  or  asyn- 

chronous  data. 
5.  The  method  of  claim  4  in  combination  with 

the  additional  steps  of:  a)  removing  the  start  and 
stop  bits  associated  with  each  character  of  asyn- 

50  chronous  data  received  over  the  data  leads  from 
the  device  prior  to  transmitting  the  data  contain- 
ing  each  character  and  b)  adding  a  start  and  stop 
bit  to  each  character  of  asynchronous  data  in  a 
received  I  field  before  applying  the  character  over 

55  the  data  leads  to  a  data  device. 
6.  A  data  communication  interface  (109,  110) 

connected  by  data  leads  and  control  leads 
(551  —  553)  to  a  data  device  (111-)  and  connected 
by  a  communication  path  (1  13-)  to  a  stored 

60  parogram  controlled  switching  system  (101),  said 
data  interface  (109,  110)  comprising:  a  control 
microprocessor  (505);  a  data  converter  (512)  for 
applying  signals  received  by  the  interface  (109) 
from  the  device  (111-)  over  the  data  and  control 

65  leads  (551—553)  to  the  microprocessor  (505) 

potentials  via  path  633  to  control  the  state  of 
multiplexors  603,  611,  716,  and  707.  This  signal 
causes  each  of  these  multiplexors  to  operate  in 
either  their  Mode  0,  Mode  1  or  Mode  2  state.  The 
operation  of  these  multiplexors  and  the  rest  of  the 
circuitry  of  Figs.  6,  7  and  8  has  already  been 
described  in  detail  for  Mode  2. 

Mode  0  serves  a  64  Kbps  bit  stream  when  voice 
or  bulk  data  is  to  be  exchanged  on  the  connection. 
For  this  mode,  the  data  received  by  converter  512 
from  the  terminal  is  routed  through  multiplexor 
603  to  path  601  and  extended  over  this  path, 
through  multiplexor  707,  to  path  559,  which 
extends  to  the  interface  503.  Interface  503  inserts 
this  information  directly  into  the  l2  field  of  the  DCP 
frame. 

For  Mode  1  operation,  the  received  information 
is  extended  through  multiplexor  603,  over  path 
602,  to  the  Mode  1  formatter  606  which  takes  the 
56  Kbps  information  and  breaks  it  into  7  bit 
quantities.  A  D/C  bit  equal.  to  1  is  added  to  each  7 
bit  quantity  to  bring  the  overall  data  rate  to  64 
Kbps  —  the  raw  bit  rate  of  the  I  field.  The  call  can 
be  put  into  control  mode  by  microprocessor  505 
through  path  626  to  the  M1  formatter.  This  allows 
control  states  to  be  transmitted  from  one  data 
module  to  another.  When  this  occurs,  the  D/C  bit 
equals  0.  The  64  Kbps  stream  is  then  extended 
over  path  643,  through  multiplexor  707  and  path 
559  to  interface  503  for  insertion  into  the  I,  field. 

Character  converter  512  and  the  formatter  502 
operate  in  a  similar  manner  in  response  to  infor- 
mation  received  on  Modes  0,  1  and  2.  The  oper- 
ation  of  these  circuits  for  Mode  2  has  already 
been  described.  For  Mode  0,  the  received  infor- 
mation  on  path  546  is  extended  through 
multiplexor  716,  further  extended  over  path  632, 
through  multiplexor  611,  and  then  over  path  541, 
element  511  and  path  553,  to  the  associated 
terminal.  For  Mode  I/the  received  information  is 
applied  via  multiplexor  716  to  path  734  and 
applied  to  unformatter  712  which  deletes  the 
extra  bit  added  by  the  element  at  the  other  end 
corresponding  to  formatter  606.  The  resultant  56 
Kbps  bit  stream  is  then  extended  over  path  631, 
through  multiplexor  611,  over  path  541,  elements 
51  1  and  path  553  to  the  associated  terminal. 

Claims 

1.  A  method  of  operating  a  data  communication 
interface  connected  by  data  leads  and  control 
leads  to  a  data  device,  the  method  comprising  the 
steps  of:  a)  receiving  data  signals  from  the  device 
over  said  data  leads,  b)  forming  a  data  message 
to  include  the  data  signals  and  protocol  support 
fields,  c)  scanning  said  control  leads  to  detect  a 
change  of  state  of  the  signals  applied  by  the 
device  to  the  control  leads  wherein  each  change 
of  state  represents  the  receipt  of  a  control  signal 
from  the  device,  d)  generating  in  response  to  each 
detected  change  of  state  a  control  message  which 
includes  control  signals  and  protocol  support 
fields,  e)  generating  cyclically  reoccurring  time 
multiplexed  frames  each  having  a  plurality  of 
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when  the  interface  is  operated  in  a  first  mode;  a 
digital  line  interface  (503)  which  comprises  a 
transmit  formatter  (532)  for  generating  an  S  field 
message  identifying  the  received  signals  in 
response  to  each  reception  of  the  signals  by  the  5 
microprocessor,  circuitry  (533)  for  generating  cyc- 
lically  reoccurring  time  multiplexed  frames  each 
having  a  plurality  of  fields  including  an  I  (infor- 
mation)  field  and  an  S  (signalling)  field  and  for 
inserting  each  S  field  message  into  the  S  fields  of  10 
successive  time  multiplexed  frame,  and  means 
(534)  for  transmitting  the  time  multiplexed  frames 
over  the  communication  path  to  the  switching 
system  (101);  characterised  in  that  the  data  com- 
munication  interface  further  comprises:  —  means  w 
for  extending  each  S  field  message  received  by  a 
port  (103-)  of  the  switching  system  (101)  to  a 
system  processor  (102);  and  a  data  formatter 
(502)  for  generating  a  data  message  in  response 
to  the  data  information  received  from  the  data  20 
converter  (512)  when  operating  the  interface  in  a 
second  mode  (DCP  Mode  2)  the  data  formatter 
(502)  being  connected  to  said  data  converter 
(512),  the  microprocessor  (505)  and  the  digital  line 
interface  (503);  and  in  that  the  microprocessor  25 
(505)  is  adapted  to  generate  a  control  message 
and  to  apply  it  to  the  data  formatter  (502)  when  a 
change  of  state  of  the  control  leads  (550),  which  is 
sensed  by  the  converter  (512),  occurs;  the  data 
formatter  (502)  is  adapted  to  receive  the  control  30 
information  from  the  data  converter  (512)  and  to 
reformat  this  information  when  the  interface  is 
operating  in  said  second  mode;  the  circuitry  (533) 
is  arranged  to  insert  the  data  and  control  message 
received  from  the  data  formatter  (502),  byte  by  35 
byte,  into  the  I  fields  of  successive  time 
multiplexed  frames  for  transmission  through  the 
switching  system  (101)  to  another  data  device. 

7.  The  interface  in  accordance  with  claim  6 
characterised  in  that  the  data  converter  (512)  is  40 
arranged  to  apply  the  control  lead  signals  to  an 
input  register  (504)  for  temporary  storage  of  the 
signals,  and  by  means  (531  )  for  applying  the  data 
messages  through  a  first  input  of  a  multiplexor 
(533)  to  an  output  path  (1  13-),  means  for  45 
momentarily  inhibiting  the  first  input  in  response 
to  the  generation  of  a  control  message  and 
applying  the  generated  control  message  through 
a  second  input  of  the  multiplexor  to  the  output 
path,  and  means  for  inserting  the  control  and  data  so 
messages  received  by  the  output  path  into  the  I 
field  of  successive  ones  of  the  cyclically  reoccur- 
ring  time  multiplexed  frames  for  transmission  to 
the  other  data  device. 

8.  The  interface  in  accordance  with  claim  7  55 
wherein  the  switching  system  applies  the  trans- 
mitted  frames  to  another  interface  serving  the 
other  data  device  having  corresponding  data  and 
control  leads,  characterised  in  that  the  interface 
(109)  is  arranged  to  apply  signals  contained  in  a  60 
transmitted  data  message  to  the  data  leads  of  the 
other  device,  and  the  interface  (109)  is  arranged  to 
apply  signals  contained  in  a  transmitted  control 
message  to  the  control  leads  of  the  other  device. 

9.  The  interface  in  accordance  with  claim  8  65 

characterised  in  that  the  digital  line  interface  (503) 
is  arranged  to  receive  time  multiplexed  frames 
containing  I  field  messages  over  the  path  from  the 
device;  means  are  provided  for  determining  from 
a  bit  in  each  received  message  whether  the 
message  represents  a  data  message  or  a  control 
message,  the  data  converter  (512)  is  arranged  to 
apply  signals  contained  in  a  received  message  to 
the  data  conductors  (552,  553)  when  it  is  deter- 
mined  that  the  message  is  a  data  message,  and 
the  data  converter  (512)  is  arranged  to  apply 
signals  contained  in  a  received  message  to  the 
control  conductors  (550,  551)  when  it  is  deter- 
mined  that  the  message  is  a  control  message. 

10.  The  interface  in  accordance  with  claim  9 
characterised  in  that  the  interface  is  adapted  to 
receive  data  signals  which  may  represent  syn- 
chronous  or  asynchronous  data. 

11.  The  interface  in  accordance  with  claim  10 
characterised  by  means  for  removing  the  start 
and  stop  bits  associated  with  each  character  of 
asynchronous  data  received  over  the  data  leads 
from  the  device  prior  to  transmitting  the  data 
containing  each  character;  and  means  for  adding 
a  start  and  stop  bit  to  each  character  of  asyn- 
chronous  data  in  a  received  I  field  before  applying 
the  character  over  the  data  leads  to  the  data 
device. 

Patentanspriiche 

1.  Verfahren  zum  Betreiben  einer  Datenubertra- 
gungsschnittstelle,  die  iiber  Daten-  und  Steuera- 
dern  mit  einem  Datengerat  verbunden  ist,  mit  den 
Verfahrensschritten: 

a)  Empfangen  von  Datensignalen  vom  Daten- 
gerat  iiber  die  Datenadern; 

b)  Bilden  einer  Daten  nachricht,  die  die  Datensi- 
gnale  und  Protokollaufnahmefelder  enthalt; 

c)  Abtasten  der  Steueradern  zur  Feststellung 
einer  Zustandsanderung  der  vom  Datengerat  an 
die  Steueradern  angelegten  Signale,  wobei  jede 
Zustandsanderung  den  Empfang  eines  Steuersi- 
gnals  vom  Datengerat  angibt; 

d)  Erzeugen  einer  Steuernachricht  unter 
Ansprechen  auf  jede  festgestellte  Zustandsande- 
rung,  wobei  die  Steuernachricht  Steuersignale 
und  Protokollaufnahmefelder  enthalt; 

e)  Erzeugen  zyklisch  wiederkehrender  Zeitmul- 
tiplexrahmen,  die  je  eine  Vielzahl  von  Feldern 
einschlielSlich  eines  I-  (Informations-)-Feldes  auf- 
weisen; 

f)  Ubertragen  der  Zeitmultiplexrahmen  uber 
einen  Nachrichtenweg  von  der  Schnittstelle  zu 
einem  anderen  Datengerat;  dadurch  gekenn- 
zeichnet,  dalS  das  Verfahren  die  weiteren  Schritte 
aufweist: 

g)  Anlegen  der  Steueradersignale  an  ein  Ein- 
gangsregister  (504)  zur  zeitweiligen  Speicherung 
dieser  Signale; 

h)  Ansprechen  eines  Mikroprozessors  (505)  in 
der  Schnittstelle  zur  Erzeugung  der  Steuernach- 
richt  unter  Ansprechen  auf  jede  festgestellte 
Zustandsanderung; 

i)  Anlegen  der  Daten  nachricht  uber  einen  ersten 
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Schnittstelle  (109)  von  dem  Datengerat  (111-) 
iiber  die  Daten-  und  Steueradern  (551—553)  emp- 
fangt,  an  den  Mikroprozessor  (505),  wenn  die 
Schnittstelle  in  einer  ersten  Betriebsweise  betrie- 

5  ben  wird, 
eine  digitale  Leitungsschnittstelle  (503),  die 

einen  Sendeformatierer  (532)  zur  Erzeugung  einer 
S-Feldnachricht  enthalt,  welche  die  empfangenen 
Signale  unter  Ansprechen  auf  jedem  Empfang  der 

10  Signale  durch  den  Mikroprozessor  identifiziert, 
Schaltungen  (533)  zur  Erzeugung  zyklisch  wie- 

derkehrender  Zeitmultiplexrahmen,  die  je  eine 
Vielzahl  von  Feldern  einschlielSlich  eines  l-(lnfor- 
mations)-Feldes  und  eines  S-(Signalgabe)-Feldes 

15  aufweisen,  und  zur  Einfiigung  jeder  S-Feldnach- 
richt  in  die  S-Felder  aufeinander  folgender  Zeit- 
multiplexrahmen,  und 

eine  Einrichtung  (534)  zur  Ubertragung  der 
Zeitmultiplexrahmen  fiber  den  Nachrichtenweg 

20  zu  der  Vermittlungsanlage  (101),  dadurch  gekenn- 
zeichnet, 

dalS  die  Datenubertragungsschnittstelle  ferner 
aufweist: 

eine  Einrichtung  zur  Weiterleitung  jeder  an 
25  einem  AnschlulS  (103-)  der  Vermittlungsanlage 

(101)  empfangenen  S-Feldnachricht  an  einen 
Anlagenprozessor  (102)  und  einen  Datennforma- 
tierer  (502)  zur  Erzeugung  einer  Datennachricht 
unter  Ansprechen  der  von  dem  Datenwandler 

30  (512)  empfangenen  Dateriinformation,  wenn  die 
Schnittstelle  in  einer  zweiten  Betriebsweise  (DCP 
Mode  2)  betrieben  wird,  wobei  der  Datenforma- 
tierer  (502)  mit  dem  Datenwandler  (512)  dem 
Mikroprozessor  (505)  und  der  digitalen  Leitungs- 

35  schnittstelle  (503)  verbunden  ist, 
dalS  der  Mikroprozessor  (505)  so  ausgelegt  ist, 

dalS  er  eine  Steuernachricht  erzeugt  und  an  den 
Datenformatierer  (502)  anlegt,  wenn  eine  durch 
den  Wandler  (512)  festgestellte  Zustandsande- 

40  rung  der  Steueradern  (550)  auftritt, 
dalS  der  Datenformatierer  (502)  so  ausgelegt  ist, 

dalS  er  die  Steuerinformation  von  dem  Daten- 
wandler  (512)  aufnimmt  und  diese  Information 
neu  formatiert,  wenn  die  Schnittstelle  in  der 

45  zweiten  Betriebsweise  betrieben  wird,  und 
dalS  die  Schaltungen  (533)  so  ausgelegt  sind, 

dalS  sie  die  von  dem  Datenformatierer  (502)  emp- 
fangene  Daten-  und 

Steuernachricht  Byte  fur  Byte  in  die  I-Felder 
so  aufeinander  folgender  Zeitmultiplexrahmen 

zwecks  Ubertragung  uber  die  Vermittlungsanlage 
(101)  zu  einem  anderen  Datengerat  einfiigt. 

7.  Schnittsteile  nach  Anspruch  6,  dadurch 
gekennzeichnet,  dalS  der  Datenwandler  (512)  so 

55  ausgelegt  ist,  dalS  er  die  Steueradersignale  an  ein 
Eingangsregister  (504)  zur  zeitweiligen  Speiche- 
rung  der  Signale  anlegt,  und  dalS  eine  Einrichtung 
(531)  zum  Anlegen  der  Datennachrichten  uber 
einen  ersten  Eingang  eines  Multiplexers  (533)  an 

60  einen  Ausgangsweg  (11  3-)  vorgesehen  ist,  sowie 
eine  Einrichtung  zur  kurzzeitigen  Sperrung  des 
ersten  Eingangs  unter  Ansprechen  auf  die  Erzeu- 
gung  einer  Steuernachricht  und  zum  Anlegen  der 
erzeugten  Steuernachricht  uber  einen  zweiten 

65  Eingang  des  Multiplexers  an  den  Ausgangsweg, 

Eingang  eines  Multiplexers  (533)  an  einen  Aus- 
gangsweg; 

j)  kurzzeitiges  Sperren  des  ersten  Eingangs 
unter  Ansprechen  auf  die  Erzeugung  einer  Steuer- 
nachricht  und  Anlegen  der  erzeugten  Steuernach- 
richt  uber  einen  zweiten  Eingang  des  Multiplexers 
an  den  Ausgangsweg; 

k)  Einfiigen  der  durch  den  Ausgangsweg  emp- 
fangenen  Steuer-  und  Datennachrichten  Byte  fur 
Byte  in  das  I-Feld  aufeinander  folgender  Rahmen 
der  zyklisch  wiederkehrenden  Zeitmultiplexrah- 
men  zwecks  Ubertragung  zu  dem  anderen  Daten- 
gerat. 

2.  Verfahren  nach  Anspruch  1  in  Verbindung 
mit  den  weiteren  Verfahrensschritten: 

a)  Anlegen  der  ubertragenen  Rahmen  an  eine 
Schnittstelle,  die  das  weitere  Datengerat  mit  ent- 
sprechenden  Daten-  und  Steueradern  bedient; 

b)  Anlegen  der  in  einer  ubertragenen  Daten- 
nachricht  enthaltenen  Signale  an  die  Datenadern 
des  anderen  Datengerates; 

c)  Anlegen  der  in  einer  ubertragenen  Steuer- 
nachricht  enthaltenen  Signal  an  die  Steueradern 
des  anderen  Datengerates. 

3.  Verfahren  nach  Anspruch  2  in  Verbindung 
mit  den  weiteren  Verfahrensschritten: 

a)  Empfangen  von  Zeitmultiplexrahmen,  die  I- 
Feld-Nachrichten"  enthalten,  iiber  den  Weg  von 
dem  Datengerat; 

b)  Feststellen  anhand  eines  in  jeder  empfange- 
nen  Nachricht  enthaltenen  Bit,  ob  die  Nachricht 
eine  Datennachricht  oder  eine  Steuernachricht 
darstellt; 

c)  Anlegen  der  in  einer  empfangenen  Nachricht 
enthaltenen  Signale  an  die  Datenadern,  wenn 
festgestellt  wird,  dalS  die  Nachricht  eine  Daten- 
nachricht  ist; 

d)  Anlegen  der  in  einer  empfangenen  Nachricht 
enthaltenen  Signale  an  die  Steueradern,  wenn 
festgestellt  wird,  dalS  die  Nachricht  eine  Steuer- 
nachricht  ist. 

4.  Verfahren  nach  Anspruch  2,  bei  dem  die 
Datensignale  synchrone  oder  asynchrone  Daten 
darstellen  konnen. 

5.  Verfahren  nach  Anspruch  4  in  Verbindung 
mit  den  weiteren  Verfahrertsschritten: 

a)  Entfernen  der  Start-  und  Stoppbits,  die  jedem 
Zeichen  asynchroner,  uber  die  Datenadern  von 
dem  Datengerat  empfangener  Daten  zugeordnet 
sind,  bevor  die  ein  Zeichen  enthaltenden  Daten 
ubertragen  werden; 

b)  Hinzufiigen  eines  Start-  und  Stoppbits  zu 
jedem  Zeichen  asynchroner  Daten  in  einem  emp- 
fangenen  I-Feld,  bevor  das  Zeichen  uber  die 
Datenadern  zu  einem  Datengerat  ubertragen 
wird. 

6.  Datenubertragungsschnittstelle  (109,  110), 
die  uber  Daten-  und  Steueradern  (551  —  553)  mit 
einem  Datengerat  (1  1  1  -)  und  iiber  einen  Nachrich- 
tenweg  (1  13-)  mit  einer  iiber  ein  Speicherpro- 
gramm  gesteuerten  Vermittlungsanlage  (101) 
verbunden  ist,  wobei  die  Datenubertragungs- 
schnittstelle  (109,  110)  aufweist: 

einen  Steuermikroprozessor  (505),  einen  Daten- 
wandler  (512)  zum  Anlegen  von  Signalen,  die  die 
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applique  aux  conducteurs  de  commande,  chaque 
changement  d'etat  representant  la  reception  d'un 
signal  de  commande  a  partir  du  dispositif,  d)  en 
reponse  a  chaque  changement  d'etat  detecte,  on 
genere  un  message  de  commande  qui  comprend 
des  signaux  de  commande  et  des  champs  assu- 
rant  la  conformite  a  un  protocole,  e)  on  genere 
des  trames  en  multiplex  temporel  a  recurrence 
cyclique,  chacune  d'elles  comportant  un  ensem- 
ble  de  champs  comprenant  un  champ  I  (Informa- 
tion),  f)  on  emet  ces  trames  en  multiplex  temporel 
sur  une  liaison  de  transmission,  ce  I'interface  vers 
un  autre  dispositif  de  donnees,  caracterise  en  ce 
que  le  procede  comprend  les  etapes  supplemen- 
taires  suivantes:  g)  on  applique  les  signaux  des 
conducteurs  de  commande  a  un  registre  d'entree 
(504),  pour  enregistrer  temporairement  ces 
signaux,  h)  on  fait  fonctionner  un  microproces- 
seur  (505)  dans  I'interface  pour  generer  le  mes- 
sage  de  commande  en  reponse  a  chaque  change- 
ment  d'etat  detecte,  i)  on  applique  les  messages 
de  donnees  a  un  liaison  de  sortie,  par  I'interme- 
diaire  d'une  premiere  entree  d'un  multiplexeur 
(533),  j)  on  invalide  momentanement  la  premiere 
entree  sous  I'effet  de  la  generation  d'un  message 
de  commande,  et  on  applique  le  message  de 
commande  genere  a  la  liaison  de  sortie  par 
I'intermediaire  de  la  seconde  entree  du  multi- 
plexeur,  et  k)  on  insere  les  messages  de  com- 
mande  et  de  donnees  regus  par  la  liaison  de 
sortie,  dans  le  champ  I  de  trames  successives 
parmi  les  trames  en  multiplex  temporel  a  recur- 
rence  cyclique,  multiplet  par  multiplet,  pour 
1'emission  vers  I'autre  dispositif  de  donnees. 

2.  Le  procede  de  la  revendication  1,  en  combi- 
naison  avec  les  etapes  supplementaires  sui- 
vantes:  a)  on  applique  les  trames  emises  a  une 
interface  desservant  I'autre  dispositif  de  donnees, 
qui  comporte  des  conducteurs  de  donnees  et  de 
commande  correspondants,  b)  on  applique  aux 
conducteurs  de  donnees  de  I'autre  dispositif  des 
signaux  contenus  dans  un  message  de  donnees 
emis,  et  c)  on  applique  aux  conducteurs  de 
commande  de  I'autre  dispositif  des  signaux 
contenus  dans  un  message  de  commande  emis. 

3.  Le  procede  de  la  revendication  2,  en  combi- 
naison  avec  les  etapes  supplementaires  sui- 
vantes:  a)  on  regoit  sur  la  liaison,  a  partir  du 
dispositif,  des  trames  en  multiplex  temporel 
contenant  des  messages  du  champ  I,  b)  on  deter- 
mine  a  partir  d'un  bit  contenu  dans  chaque 
message  regu  si  le  message  represente  un  mes- 
sage  de  donnees  ou  un  message  de  commande, 
c)  on  applique  aux  conducteurs  de  donnees  les 
signaux  contenus  dans  un  message  regu  lors- 
qu'on  determine  que  le  message  est  un  message 
de  donnees,  et  d)  on  applique  aux  conducteurs  de 
commande  les  signaux  contenus  dans  un  mes- 
sage  regu,  lorsqu'on  determine  que  le  message 
est  un  message  de  commande. 

4.  Le  procede  de  la  revendication  2,  dans  lequel 
les  signaux  de  donnees  peuvent  representer  des 
donnees  synchrones  ou  asynchrones. 

5.  Le  procede  de  la  revendication  4,  en  combi- 
naison  avec  les  etapes  supplementaires  sui- 

und  eine  Einrichtung  zum  Einfugen  der  vom 
Ausgangsweg  empfangenen  Steuer-  und  Daten- 
nachrichten  in  das  I-Feld  aufeinander  folgender 
Rahmen  der  zyklisch  wiederkehrenden  Zeitmulti- 
plexrahmen  zwecks  Ubertragung  zu  dem  anderen  5 
Datengerat. 

8.  Schnittstelle  nach  Anspruch  7,  bei  der  die 
Vermittlungsanlage  die  ubertragenen  Rahmen  an 
eine  andere  Schnittstelle  anlegt,  die  das  andere 
Datengerat  mit  entsprechenden  Daten-  und  to 
Steueradem  bedient,  dadurch  gekennzeichnet, 
dalS  die  Schnittstelle  (109)  so  ausgelegt  ist,  date 
sie  die  in  einer  ubertragenen  Datennachricht 
enthaltenen  Signale  an  die  Datenadern  des  ande- 
ren  Datengerates  und  die  in  einer  ubertragenen  15 
Steuernachricht  enthaltenen  Signale  an  die 
Steueradem  des  anderen  Datengerates  anlegt. 

9.  Schnittstelle  nach  Anspruch  8,  dadurch 
gekennzeichnet,  dalS  die  digitale  Leitungsschnitt- 
stelle  (503)  so  ausgelegt  ist,  daft  sie  Zeitmultiplex-  20 
rahmen,  die  die  I-Feldnachrichten  enthalten,  uber 
den  Weg  von  dem  Datengerat  empfa  ngt,  dalS  eine 
Einrichtung  vorgesehen  ist,  um  anhand  eines  Bits 
in  jeder  empfangenen  Nachricht  festzustellen,  ob 
die  Nachricht  eine  Datennachricht  oder  eine  Steu-  25 
ernachricht  darstellt,  und  daS  der  Datenwandler 
(512)  so  ausgelegt  ist,  dafS  er  die  in  einer  empfan- 
genen  Nachricht  enthaltenen  Signale  an  die  Date- 
nadern  (552,  553)  anlegt,  wenn  festgestellt  wird, 
da(5  die  Nachricht  eine  Datennachricht  ist,  und  die  30 
in  einer  empfangenen  Nachricht  enthaltenen 
Signale  an  die  Steueradem  (550,  551)  anlegt, 
wenn  festgestellt  wird,  dali  die  Nachricht  eine 
Steuernachricht  ist. 

10.  Schnittstelle  nach  Anspruch  9,  dadurch  35 
gekennzeichnet,  dalS  die  Schnittstelle  fur  den 
Empfang  von  Datensignalen  ausgelegt  ist,  die 
synchrone  oder  asynchrone  Daten  darstellen  kon- 
nen. 

11.  Schnittstelle  nach  Anspruch  10,  gekenn-  40 
zeichnet  durch  eine  Einrichtung,  die  die  Start-  und 
Stoppbits  entfernt,  welche  jedem  Zeichen  asyn- 
chroner,  uber  die  Datenadern  von  dem  Datenge- 
rat  empfangenen  Daten  zugeordnet  sind,  bevor 
die  ein  Zeichen  enthaltenden  Daten  iibertragen  45 
werden,  und  eine  Einrichtung  zlim  Hinzufiigen 
eines  Start-  und  Stoppbits  zu  jedem  Zeichen 
asynchroner  Daten  in  einem  empfangenen  I-Feld, 
bevor  das  Zeichen  iiber  die  Datenadern  zu  dem 
Datengerat  ubertragen  wird.  so 

Revendications 

1.  Un  procede  d'exploitation  d'une  interface  de 
transmission  de  donnees  connectee  par  des  55 
conducteurs  de  donnees  et  des  conducteurs  de 
commande  a  un  dispositif  de  donnees,  ce  pro- 
cede  comprenant  les  etapes  suivantes:  a)  on 
regoit  des  signaux  de  donnees  a  partir  du  disposi- 
tif,  sur  les  conducteurs  de  donnees,  b)  on  forme  60 
un  message  de  donnees  qui  comprend  les 
signaux  de  donnees  et  des  champs  assurant  la 
conformite  a  un  protocole,  c)  on  scrute  les 
conducteurs  de  commande  pour  detecter  un 
changement  d'etat  des  signaux  que  le  dispositif  es 
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inserer  le  message  de  donnees  et  de  commande 
regu  a  partir  du  dispositif  de  definition  de  format 
de  donnees  (502),  multiplet  par  multiplet,  dans  les 
champs  I  de  trames  en  multiplex  temporel  suc- 
cessives,  pour  I'emission  vers  un  autre  dispositif 
de  donnees,  par  I'intermediaire  du  systeme  de 
commutation  (101). 

7.  L'interface  selon  la  revendication  6,  caracte- 
risee  en  ce  que  le  convertisseur  de  donnees  (512) 
est  congu  de  fagon  a  appliquer  les  signaux  des 
conducteurs  de  commande  a  un  registre  d'entree 
(504),  pour  I'enregistrement  temporaire  des 
signaux,  et  par  des  moyens  (531)  destines  a 
appliquer  les  messages  de  donnees  a  une  liaison 
de  sortie  (1  13-)  par  I'intermediaire  d'une  premiere 
entree  d'un  multiplexeur  (533),  des  moyens  des- 
tines  a  invalider  temporairement  la  premiere 
entree  sous  I'effet  de  la  generation  d'un  message 
de  commande,  et  a  appliquer  le  message  de 
commande  genere  a  -la  liaison  de  sortie,  par 
I'intermediaire  d'une  seconde  entree  du  multi- 
plexeur,  et  des  moyens  destines  a  inserer  les 
messages  de  commande  et  de  donnees  regus  par 
la  liaison  de  sortie,  dans  le  champ  I  de  trames 
successives  parmi  les  trames  en  multiplex  tempo- 
rel  a  recurrence  cyclique,  pour  remission  vers 
I'autre  dispositif  de  donnees. 

8.  L'interface  selon  la  revendication  7,  dans 
laquelle  le  systeme  de  commutation  applique  les 
trames  emises  a  une  autre  interface  desservant 
I'autre  dispositif  de  donnees  qui  comporte  des 
conducteurs  de  donnees  et  de  commande  corres- 
pondants,  caracterisee  en  ce  que  l'interface  (109) 
est  congue  de  fagon  a  appliquer  aux  conducteurs 
de  donnees  de  I'autre  dispositif  les  signaux  conte- 
nus  dans  un  message  de  donnees  emis,  et  l'inter- 
face  (109)  est  congue  de  fagon  a  appliquer  aux 
conducteurs  de  commande  de  I'autre  dispositif 
les  signaux  contenus  dans  un  message  de  com- 
mande  emis. 

9.  L'interface  selon  la  revendication  8,  caracte- 
risee  en  ce  que  l'interface  de  ligne  numerique 
(503)  est  congue  de  fagon  a  recevoir  par  la  liaison 
provenant  du  dispositif  des  trames  en  multiplex 
temporel  contenant  des  messages  de  champ  I;  il 
existe  des  moyens  prevus  pour  determiner  a 
partir  d'un  bit  contenu  dans  chaque  message  regu 
si  le  message  represente  un  message  de  donnees 
ou  un  message  de  commande,  le  convertisseur 
de  donnees  (512)  est  congu  de  fagon  a  appliquer 
aux  conducteurs  de  donnees  (552,  553)  les 
signaux  contenus  dans  un  message  regu,  lorsque 
la  determination  faite  indique  que  le  message  est 
un  message  de  donnees,  et  le  convertisseur  de 
donnees  (512)  est  congu  de  fagon  a  appliquer  aux 
conducteurs  de  commande  (550,  551)  les  signaux 
contenus  dans  un  message  regu,  lorsque  la  deter- 
mination  faite  indique  que  le  message  est  un 
message  de  commande. 

10.  L'interface  selon  la  revendication  9,  caracte- 
risee  en  ce  que  l'interface  est  congue  de  fagon  a 
recevoir  des  signaux  de  donnees  qui  peuvent 
representer  des  donnees  synchrones  ou  asyn- 
ch  rones. 

11.  L'interface  selon  la  revendication  10, 

vantes:  a)  on  supprime  les  bits  de  depart  et 
d'arret  associes  a  chaque  caractere  de  donnees 
asynchrones  regu  sur  les  conducteurs  de  don- 
nees,  a  partir  du  dispositif,  avant  remission  des 
donnees  contenant  chaque  caractere,  et  b)  on  5 
ajoute  un  bit  de  depart  et  un  bit  d'arret  a  chaque 
caractere  de  donnees  asynchrones  dans  un 
champ  I  regu,  avant  d'appliquer  le  caractere  a  un 
dispositif  de  donnees,  par  les  conducteurs  de 
donnees.  10 

6.  Une  interface  de  transmission  de  donnees 
(109,  110)  connectee  par  des  conducteurs  de 
donnees  et  des  conducteurs  de  commande 
(551—553)  a  un  dispositif  de  donnees  (111-)  et 
connectee  par  une  liaison  de  transmission  (113-)  a  is 
un  systeme  de  commutation  commande  par  pro- 
gramme  enregistre  (101),  cette  interface  de  don- 
nees  (109,  110)  comprenant:  un  microprocesseur 
de  commande  (505);  un  convertisseur  de  don- 
nees  (512)  destine  a  appliquer  au  microproces-  20 
seur  (505)  des  signaux  regus  par  l'interface  (109)  a 
partir  du  dispositif  (111-)  sur  les  conducteurs  de 
donnees  et  de  commande  (551  —  553),  lorsque 
l'interface  fonctionne  dans  un  premier  mode;  une 
interface  de  ligne  numerique  (503)  qui  comprend  25 
un  dispositif  de  definition  de  format  d'emission 
(532)  destine  a  generer  un  message  de  champ  S 
identifiant  les  signaux  regus,  sous  I'effet  de  cha- 
que  reception  des  signaux  par  le  microproces- 
seur,  un  circuit  (533)  destine  a  generer  des  trames  30 
en  multiplex  temporel  a  recurrence  cyclique, 
comportant  chacune  un  ensemble  de  champs 
comprenant  un  champ  I  (Information)  et  un 
champ  S  (Signalisation),  et  a  inserer  chaque 
message  de  champ  S  dans  les  champs  S  de  35 
trames  en  multiplex  temporel  successives,  et  des 
moyens  (534)  pour  emettre  les  trames  en  multi- 
plex  temporel  sur  la  liaison  de  transmission,  vers 
le  systeme  de  commutation  (101);  caracterisee  en 
ce  que  l'interface  de  transmission  de  donnees  40 
comprend  en  outre:  des  moyens  destines  a  trans- 
mettre  vers  un  processeur  de  systeme  (102)  cha- 
que  message  de  champ  S  regu  par  un  acces  (103-) 
du  systeme  de  commutation  (101);  et  un  disposi- 
tif  de  definition  de  format  de  donnees  (502)  45 
destine  a  generer  un  message  de  donnees  en 
reponse  a  I'information  de  donnees  regue  a  partir 
du  convertisseur  de  donnees  (512),  lorsque  l'in- 
terface  fonctionne  dans  un  second  mode  (Mode 
DCP  2),  le  dispositif  de  definition  de  format  de  so 
donnees  (502)  etant  connecte  au  convertisseur  de 
donnees  (512),  au  microprocesseur  (505)  et  a 
l'interface  de  ligne  numerique  (503);  et  en  ce  que 
le  processeur  (505)  est  congu  de  fagon  a  generer 
un  message  de  commande  et  a  I'appliquer  au  55 
dispositif  de  definition  de  format  de  donnees 
(502)  lorsqu'il  se  produit  un  changement  d'etat 
des  conducteurs  de  commande  (550),  qui  est 
detecte  par  le  convertisseur  (512);  le  dispositif  de 
definition  de  format  de  donnees  (502)  est  congu  60 
de  fagon  a  recevoir  I'information  de  commande 
provenant  du  convertisseur  de  donnees  (512)  et  a 
placer  cette  information  sous  un  nouveau  format 
lorsque  l'interface  fonctionne  dans  le  second 
mode;  et  le  circuit  (533)  est  congu  de  fagon  a  65 
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caracterisee  par  des  moyens  destines  a  suppri-  caractere;  et  des  moyens  destines  a  ajouter  un  bit 
mer  les  bits  de  depart  et  d'arret  associes  a  chaque  de  depart  et  un  bit  d'arret  a  chaque  caractere  de 
caractere  de  donnees  asynchrones  regu  sur  les  donnees  asynchrones  dans  un  champ  I  regu, 
conducteurs  de  donnees,  a  partir  du  dispositif,  avant  d'appliquer  le  caractere  au  dispositif  de 
avant  d'emettre  les  donnees  contenant  chaque  s  donnees  par  les  conducteurs  de  donnees. 
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