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Description 

Field  of  the  Invention 

This  invention  is  an  interface  arrangement 
which  interconnects  a  business  communication 
system  with  a  telephone  station  set.  This  interface 
circuit  is  implemented  by  a  personal  computer 
which  serves  to  control  the  operation  of  the  asso- 
ciated  telephone  station  set  and  provide  business 
communication  services. 

Background  of  the  Invention 

Stored  program  controlled  telephone  switching 
systems  are  used  to  interconnect  telephone  station 
sets  as  well  as  digital  terminals,  personal  comput- 
ers  and  large  mainframe  computers.  The  telephone 
switching  system  establishes  data  communication 
connections  between  computer  facilities  in  a  man- 
ner  analogous  to  voice  communication  connections 
between  subscribers  using  analog  telephone  sta- 
tion  sets.  Each  of  the  computer  facilities  are  con- 
nected  to  an  associated  communication  pair  of  the 
telephone  switching  system  by  a  modem.  A  stan- 
dard  telephone  station  set  is  also  connected  to  the 
communication  pair  and  is  used  to  originate  a  call 
to  a  destination  computer  facility.  As  a  result  of  the 
call  origination,  a  communication  connection  is  es- 
tablished  through  the  telephone  switching  network 
from  the  originating  telephone  station  set  to  the 
destination  computer  facility.  The  user  then  switch- 
es  the  modem  on  line  and  the  modem  converts  the 
digital  signals  output  by  the  computer  facility  to 
analog  signals  which  are  transmitted  by  the  switch- 
ing  network  to  a  modem  associated  with  the  des- 
tination  computer  facility.  The  destination  modem 
converts  the  received  analog  signals  to  digital  sig- 
nals  for  use  by  the  destination  computer  facility. 
Thus,  the  telephone  station  set  is  used  for  call 
origination  purposes  so  that  the  computer  at  the 
originating  location  can  be  connected  to  the  tele- 
phone  lines. 

An  alternative  arrangement  is  where  the  com- 
puter  facility  is  directly  connected  to  the  commu- 
nication  pair  through  an  interface  circuit  and  the 
computer  facility  emulates  the  functions  of  the  tele- 
phone  station  set.  In  this  case,  the  originating  com- 
puter  usually  displays  the  telephone  station  set 
buttons  and  key  pad  on  the  screen  of  the  video 
display  terminal  (VDT)  associated  with  the  com- 
puter  facility.  The  user  can  use  the  cursor  on  the 
VDT  to  select  various  telephone  station  set  buttons 
displayed  on  the  VDT  so  that  the  associated  tele- 
phone  function  can  be  activated.  The  computer 
responds  to  the  cursor  movement  by  emulating  the 
telephone  station  set  function  identified  by  the 
user.  In  this  fashion,  the  digital  telephone  station 

set  is  no  longer  needed  for  call  origination  pur- 
poses.  The  computer  facility  can  perform  all  the 
functions  previously  associated  with  the  adjunct 
telephone  station  set. 

5  Neither  of  these  prior  art  arrangements  provide 
communication  services  on  the  computer  system 
for  the  associated  telephone  station  set.  The  tele- 
phone  and  computer  functions  are  independent 
and  mutually  exclusive. 

70 
Summary  of  the  Invention 

The  interface  arrangement  of  the  subject  inven- 
tion  interconnects  a  business  communication  sys- 

75  tern  with  a  telephone  station  set  and  provides  com- 
munication  services  for  the  telephone  station  set  on 
an  associated  personal  computer.  An  interface 
board  is  plugged  into  an  expansion  slot  on  a  per- 
sonal  computer  and  is  also  connected  to  any  digital 

20  telephone  station  set  as  well  as  the  communication 
leads  from  the  business  communication  system. 
This  interface  board  interpose  the  personal  com- 
puter  between  the  business  communication  system 
and  the  digital  telephone  station  set.  All  signaling 

25  from  the  business  communication  system  is  re- 
ceived  by  the  personal  computer,  interpreted,  and 
appropriate  control  signals  are  then  forwarded  un- 
der  control  of  the  software  resident  on  the  personal 
computer  to  activate  the  digital  telephone  station 

30  set.  The  signals  from  the  digital  telephone  station 
set  are  intercepted  by  the  personal  computer,  inter- 
preted,  modified  and  appropriate  control  messages 
and  signaling  are  then  forwarded  by  the  personal 
computer  to  the  business  communication  system. 

35  This  arrangement  enables  a  user  to  create 
software  on  the  personal  computer  to  control  the 
operation  of  the  telephone  station  set  associated 
with  the  personal  computer.  The  user  can  imple- 
ment  new  features  and  services  independent  of  the 

40  operation  of  the  business  communication  system. 
In  addition,  the  interface  board  can  be  used  in 

a  stand-alone  mode  to  function  as  a  data  module 
or  a  repeater  in  the  case  where  the  telephone 
station  set  is  located  a  significant  distance  from  the 

45  business  communication  system.  The  interface 
board  replicates  the  received  voice  signals  and 
transmits  the  new  signals  to  the  telephone  station 
set. 

50  Brief  Description  of  the  Drawing 

FIG.  1  illustrates  the  subject  business  commu- 
nication  system  and  the  various  devices  con- 
nected  thereto  in  block  diagram  form; 

55  FIG.  2  illustrates  the  interface  apparatus  of  the 
subject  invention  in  block  diagram  form; 
FIG.  3  illustrates  a  detailed  schematic  diagram 
of  the  subject  interface  apparatus; 
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FIGS.  4  through  6  depict  the  details  of  the 
business  communication  system  port  circuit; 
FIG.  7  illustrates  the  method  of  arranging  FIGS. 
4  through  6; 
FIG.  8  depicts  the  details  of  the  DCP  signaling 
protocol; 
FIG.  9  depicts  the  details  of  the  HDLC  message 
frame;  and 
FIG.  10  depicts  the  three  different  modes  of 
connectivity  between  the  device  driver,  commu- 
nication  management  application  and  the  DCP 
interface  card. 

Detailed  Description 

The  business  communication  system  of  this 
invention  is  illustrated  in  FIG.  1.  This  system  in- 
cludes  a  plurality  of  terminal  equipment  T11-T58 
each  of  which  is  associated  with  a  respective  one 
of  port  circuits  111-158.  This  terminal  equipment 
includes  telephone  station  sets  as  well  as  digital 
terminal  devices  and  computer  facilities.  A  switch- 
ing  network  101,  which  comprises  a  time  slot  inter- 
change  circuit  of  the  type  illustrated  in  U.  S.  Patent 
No.  4,112,258,  issued  to  H.  G.  Alles,  September  5, 
1978,  is  connected  to  a  number  of  port  data/control 
interface  circuits  171-175.  Each  port  data/control 
interface  circuit  (eg.  171)  shown  in  FIG.  1  serves 
eight  port  circuits  (111-118)  and  functions  to  inter- 
face  these  port  circuits  with  switching  network  101 
as  well  as  system  processor  100.  Switching  net- 
work  101  operates  under  control  of  system  proces- 
sor  100  and  establishes  communication  connec- 
tions  among  the  terminal  equipment  by  intercon- 
necting  the  associated  port  circuits  111-158. 

The  terminal  equipment  connected  to  port  cir- 
cuit  151  consists  of  the  subject  interface  arrange- 
ment  embodied  in  personal  computer  PC51  which 
is  equipped  with  a  DCP  interface  card  and  a  digital 
telephone  station  set  T51  .  Personal  computer  PC51 
is  interposed  between  port  circuit  151  and  digital 
telephone  station  set  T51  and  serves  to  provide 
communication  services  to  digital  telephone  station 
set  T51.  This  is  accomplished  by  the  use  of  DCP 
interface  card  201  shown  in  block  diagram  form  in 
FIG.  2. 

DCP  Interface  Card 

DCP  interface  card  201  is  plugged  into  one  of 
the  expansion  slots  of  personal  computer  PC51, 
where  personal  computer  PC51  can  be,  for  exam- 
ple,  an  AT&T  PC6300  computer.  DCP  interface 
card  201  consists  of  two  interface  devices,  tele- 
phone  station  set  interface  202  and  business  com- 
munication  system  interface  206,  which  intercon- 
nect  personal  computer  PC51  to  digital  telephone 
station  set  T51  and  port  circuit  151  respectively. 

Leads  203  and  205  connect  telephone  station  set 
interface  202  and  business  communication  system 
interface  206  respectively  to  bus  communication 
controller  204. 

5  DCP  interface  card  201  receives  all  transmis- 
sions  from  port  circuit  151  in  business  communica- 
tion  system  interface  206  via  communication  leads 
TR51.  Bus  communication  controller  204  receives 
an  interrupt  signal  from  business  communication 

io  system  interface  206  via  leads  205  and  reads  the 
transmissions  from  port  circuit  151  stored  in  busi- 
ness  communication  system  interface  206.  Bus 
communication  controller  204  responds  to  these 
transmissions  by  generating  an  interrupt  signal  on 

15  PC  BUS  207  to  personal  computer  PC51  .  Personal 
computer  PC51  serves  the  interrupt  by  reading  the 
transmission  stored  in  bus  communication  control- 
ler  204  via  PC  BUS  207,  and  storing  the  transmis- 
sion  in  memory  208.  Personal  computer  PC51  con- 

20  tains  communication  management  application  210 
to  process  the  received  transmission  from  port 
circuit  151.  Device  drivers  211  interfaces  commu- 
nication  management  application  210  with  DCP  in- 
terface  card  201.  Device  drivers  211  contains  two 

25  basic  components:  interrupt  service  routine  212 
and  application  interface  process  213.  The  func- 
tions  of  device  drivers  211  are:  process  interrupts 
from  DCP  interface  card  201;  buffer  and  transfer 
data  between  DCP  interface  card  201  and  commu- 

30  nication  management  application  210;  provide  a 
simple  interface  to  communication  management 
application  210  for  basic  call  setup  and  data  trans- 
fer  handle  data  call  setup  procedures  with  the 
business  communication  system  as  will  be  dis- 

35  cussed  below. 
If  the  processing  of  the  received  transmission 

requires  a  change  in  the  status  of  digital  telephone 
station  set  T51,  processor  209  transmits  control 
signals  to  bus  communication  controller  204  via  PC 

40  BUS  207.  These  control  signals  are  forwarded  by 
bus  communication  controller  204  to  digital  tele- 
phone  station  set  T51  via  leads  203  and  telephone 
station  set  interface  202. 

Transmissions  from  digital  telephone  station 
45  set  T51  to  port  circuit  151  are  handled  in  similar 

fashion,  with  the  above  described  process  being 
reversed.  The  operation  of  DCP  interface  card  201 
and  communication  management  application  210  is 
described  in  further  detail  below  in  the  description 

50  of  FIG.  3.  To  provide  an  explanation  of  the  DCP 
signaling  protocol,  the  following  description  dis- 
cusses  a  typical  port  circuit  and  the  functions  per- 
formed  therein. 

55  Terminal  Equipment 

The  standard  digital  terminal  T1  1  generates  an 
RS232  signal  output  which  has  a  very  limited  trans- 
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mission  range.  A  digital  terminal  interface  module 
(e.g.-DT11)  is  used  to  convert  the  RS232  signals 
output  by  digital  terminal  T11  to  alternate  bipolar 
modulated  code  signals  which  can  be  transmitted  a 
significant  distance  over  communication  leads 
TR1  1  to  the  port  circuits  1  1  1  of  the  business  com- 
munication  system.  The  digital  terminal  interface 
module  DT1  1  is  either  an  integral  part  of  the  digital 
terminal  or  connected  between  the  existing  digital 
terminal  T11  and  the  associated  communication 
leads  TR11.  This  digital  terminal  interface  module 
is  disclosed  in  detail  in  U.S.  Patent  No.  4,535,198 
issued  August  13,  1985,  to  G.  N.  Squicciarini. 

In  addition  to  this  signal  conversion,  digital 
terminal  interface  module  DT11  uses  a  particular 
message  frame  format  (DCP)  to  effect  data  trans- 
mission  between  port  circuits  such  as  1  1  1  and  their 
associated  digital  terminals  such  as  T1  1  .  This  DCP 
format  consists  of  a  framing  bit  and  three  fields:  an 
S  field  that  conveys  control  signaling  data,  and  two 
I  fields  that  convey  information  data  (FIG.  8).  This 
is  a  well-known  data  transmission  format  as  de- 
scribed  in  the  article  by  N.  Accarino  et  al  entitled, 
"Frame-Mode  Customer  Access  to  Local  Integrated 
Voice  and  Data  Digital  Network"  published  in  the 
Conference  Report  of  the  IEEE  1979  International 
Conference  on  Communications.  In  this  DCP  data 
transmission  format,  one  of  the  I  fields  can  be  used 
for  the  transmission  of  PCM-encoded  voice  in- 
formation  while  the  other  one  (or  both  I  fields)  can 
be  used  for  the  transmission  of  either  bulk  or 
interactive  data. 

Message  Format 

The  terminal  equipment  served  by  the  busi- 
ness  communication  system  may  be  various  types 
of  equipment  and  the  terminal  equipment  illustrated 
in  FIG.  1  has  concurrent  voice  and  data  transmis- 
sion  capability.  In  this  system,  all  the  terminal 
equipment  which  receive  voice  transmissions  from 
the  user  convert  the  received  analog  voice  signals 
into  a  set  of  digital  data  segments,  each  compris- 
ing  an  eight  bit  PCM-encoded  voice  sample.  The 
terminal  equipment  which  generates  digital  trans- 
missions  (such  as  keyboards)  receive  and  originate 
digital  data  messages  which  are  generally  of  length 
greater  than  eight  bits.  A  typical  format  (HDLC)  of 
these  data  messages  is  illustrated  in  FIG.  9, 
wherein  each  data  message  includes  flag  char- 
acters  at  the  beginning  and  end  of  the  data  mes- 
sage;  data,  control  and  address  fields;  and  a  cyclic 
redundancy  check  field  for  error  checking  pur- 
poses. 

Signaling  Channels 

This  business  communication  system  is 

equipped  with  two  signaling  channels  which  reflect 
the  basic  DCP  message  frame  format  used  by  the 
port  circuits.  In  particular,  a  control  signaling  chan- 
nel  (S  channel)  conveys  control  messages  (S  field 

5  bits)  between  system  processor  100  and  digital 
terminals  T11-T58.  The  S  channel  extends  from 
each  digital  terminal  (such  as  T11)  through  asso- 
ciated  digital  terminal  interface  module  (DTIM) 
DT1  1  ,  communication  leads  TR1  1  ,  port  circuit  111, 

io  leads  P11  and  thence  through  port  data/control 
interface  circuit  171  to  system  processor  100  via 
I/O  BUS.  The  business  communication  system  is 
also  equipped  with  an  information  channel  (I  chan- 
nel)  which  conveys  information  data  (I  field  seg- 

15  ments)  such  as  the  eight-bit  PCM-encoded  voice 
signals  or  bulk  data  (in  eight-bit  bytes)  between 
switching  network  101  and  digital  terminals  T11- 
T58.  The  I  channel  extends  from  each  digital  termi- 
nal  (such  as  T11)  through  associated  digital  termi- 

20  nal  interface  module  (DTIM)  DT11,  communication 
leads  TR1  1  ,  port  circuit  111,  leads  P1  1  and  thence 
through  port  data/control  interface  circuit  171  to 
switching  network  101  via  leads  PA1. 

Thus,  the  digital  terminal  and  its  associated 
25  digital  terminal  interface  module  multiplex  the  ac- 

tual  data  transmissions  (voice  and  data)  with  the 
control  signals.  This  multiplexed  signal  is  then 
transmitted  over  the  communication  leads  to  the 
associated  port  circuit  where  it  is  demultiplexed. 

30  The  actual  data  transmission  is  switched  in  tradi- 
tional  fashion  by  switching  network  101  to  the 
designated  destination  and  the  control  signals  are 
forwarded  to  system  processor  100.  Again,  these 
control  signals  are  the  standard  on-hook/off-hook 

35  status,  button  operation,  lamp  lighting,  and  ringing 
signals  common  to  all  telephone  switching  sys- 
tems.  To  effectively  illustrate  the  structure  and  op- 
eration  of  the  subject  interface  arrangement,  the 
details  of  the  existing  port  circuit  and  especially  the 

40  S  channel  must  first  be  explored. 

I  Channel  Realization 

System  processor  100,  in  the  course  of  con- 
45  necting  a  calling  digital  terminal  (T11)  to  a  called 

digital  terminal  (T58),  assigns  a  time  slot  in  switch- 
ing  network  101  for  the  interconnection  of  digital 
terminals  T11  and  T58.  Switching  network  101  con- 
trols  the  data  (I  channel)  transmissions  between 

50  digital  terminals  T11-T58.  In  particular,  switching 
network  101  transmits  each  eight  bit  data  segment 
received  from  digital  terminal  T58  to  port  circuit 
111  via  port  data/control  interface  circuit  175.  Port 
circuit  111  transmits  each  data  segment  so  re- 

55  ceived  to  digital  terminal  T11  via  digital  terminal 
interface  module  (DTIM)  DT11  and  also  receives  a 
reply  data  segment  from  digital  terminal  T11  via 
DTIM  DT11  for  transmission  to  digital  terminal  T58. 

4 
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Port  circuit  111  transmits  the  reply  data  segment 
received  from  DTIM  DT11  to  switching  network  101 
via  port  data/control  interface  circuit  171.  Switching 
network  101  stores  the  received  data  segment,  and 
interchanges  the  data  segments  received  from  digi- 
tal  terminal  T1  1  and  digital  terminal  T58  during  the 
time  slot  assigned  for  this  call.  This  action  intercon- 
nects  these  digital  terminals. 

S  Channel  Realization 

The  control  or  S  channel  transmissions  are 
controlled  by  system  processor  100.  System  pro- 
cessor  100  periodically  scans  each  port,  trunk  and 
service  circuit  connected  to  switching  network  101 
to  find  if  there  is  a  control  message  for  system 
processor  100.  During  each  such  scan  cycle,  sys- 
tem  processor  100  transmits  timing,  address  and 
control  information  to  port  data/control  interface  cir- 
cuits  171-175  via  I/O  BUS.  Each  port  data/control 
interface  circuit  (ex.  171)  has  a  multiplexer  which 
interprets  the  signals  received  on  I/O  BUS  during 
each  scan  cycle  and  determines  whether  the  ad- 
dress  signals  transmitted  thereon  identify  one  of 
the  port  circuits  (e.g.  111)  served  by  that  port 
data/control  interface  circuit  (171).  If  such  a  match 
occurs  during  a  scan  cycle,  port  data/control  inter- 
face  circuit  171  enables  the  identified  port  circuit 
1  1  1  to  read  the  control  message  transmitted  to  port 
data/control  interface  circuit  171  by  system  proces- 
sor  100. 

Port  circuit  111  reads  the  control  message 
written  into  port/data  control  interface  circuit  171  by 
system  processor  100  and  places  the  control  mes- 
sage  into  a  control  message  register  (not  shown)  in 
port  circuit  111.  Port  circuit  1  1  1  transmits  this  con- 
trol  message  one  bit  at  a  time  from  the  control 
message  register  to  digital  terminal  interface  mod- 
ule  DT11.  Digital  terminal  interface  module  DT11 
assembles  these  serial  bits  into  commands  for 
digital  terminal  T11.  Digital  terminal  T11  responds 
to  these  commands  by  performing  the  indicated 
operation,  such  as  lighting  a  lamp,  producing  an 
audible  ring  signal,  etc. 

If  digital  terminal  T11  has  no  reply  or  other 
control  message  to  send  back  to  system  processor 
100,  digital  terminal  interface  module  DT11  trans- 
mits  idle  bits  back  to  port  circuit  111.  If  digital 
terminal  T11  has  a  control  message  to  send  to 
system  processor  100,  it  is  written  into  the  control 
message  register  of  port  circuit  111  one  bit  at  a 
time.  Port  circuit  111  sets  a  data-ready  bit  in  its 
status  register  (not  shown)  to  indicate  to  system 
processor  100  that  a  control  message  has  arrived 
from  digital  terminal  T11.  System  processor  100 
periodically  scans  the  port  circuit  status  registers 
via  I/O  BUS  and  port  data/control  interface  circuit 
171  for  a  set  data-ready  bit.  When  one  is  found, 

system  processor  100  reads  the  control  message 
stored  in  the  control  message  register  of  port  cir- 
cuit  1  1  1  and  resets  the  data-ready  bit  in  the  status 
register. 

5 
Port  Circuit,  FIGS.  4-6 

FIGS.  4,  5  and  6,  when  arranged  shown  in  FIG. 
7  disclose  details  of  the  port  circuit  with  emphasis 

io  upon  the  port  circuitry  associated  with  the  recep- 
tion  and  generation  of  S  bit  signaling  messages  in 
the  DCP  frame  format  shown  in  FIG.  8.  Addition- 
ally,  details  of  this  circuit  are  disclosed  in  U.S. 
Patent  No.  4,534,023,  issued  August  6,  1985,  to  S. 

75  R.  Peck  et  al. 
The  communication  leads  TR18  comprises  a 

160  kilobit  per  second  data  link  to  the  associated 
terminal  equipment,  computer  T18.  The  160  kilobit 
rate  results  from  the  fact  that  message  segments 

20  of  20  bits  (as  shown  in  FIG.  8)  are  transmitted 
between  computer  T18  and  port  circuit  118  at  an  8 
Khz  rate.  Alternate  bipolar  modulation  is  used  to 
transmit  the  data  signals. 

25  Receiver 

The  operation  of  the  receiving  portion  of  port 
circuit  118  is  first  described.  Message  segments 
from  computer  T18  are  received  in  the  DCP  frame 

30  format  and  applied  over  communication  leads 
TR18  to  line  receiver  401.  Line  receiver  401  de- 
rives  its  synchronization  from  the  framing  bits  of 
each  received  message  segment  and  passes  the 
remaining  fields  (the  S  field  and  the  two  I  fields)  in 

35  serial  form  to  frame  demultiplexer  404  over  lead 
402.  The  synchronization  circuitry  of  line  receiver 
401  generates  a  receive  clock  signal  and  applies  it 
over  lead  403  to  the  control  portion  of  demul- 
tiplexer  404  as  well  as  to  receive  formatter  407  and 

40  clock  detector  408. 
Line  receiver  401  separates  the  received  signal 

from  the  noisy  environment  of  the  communication 
leads  TR18  and  transforms  it  into  a  logic  level 
signal  that  is  applied  to  the  input  of  demultiplexer 

45  404.  Demultiplexer  404  demultiplexes  the  S  field 
and  the  two  I  fields.  The  information  in  the  two  I 
fields  comprises  the  data  transmission  from  com- 
puter  T18.  This  data  transmission  is  extended  over 
leads  Rli  and  Rb  to  multiplexer  405  which  multi- 

50  plexes  the  signals  together  and  places  them  on 
time  multiplexed  bus  PCM.  Each  I  field  occupies  a 
different  time  slot  on  time  multiplexed  bus  PCM 
and  thus  the  information  in  each  I  field  is  transmit- 
ted  out  sequentially  during  each  occurrence  of  its 

55  associated  time  slot.  This  information  is  applied  to 
the  time  slot  interchange  facilities  of  the  system 
which  performs  a  conventional  time  slot  inter- 
change  function  and  interconnects  each  I  field  with 

5 
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the  port  to  which  the  call  is  directed.  The  interface 
from  the  switch  multiplexer  405  to  the  bus  PCM 
contains  both  data  and  clock  signals  to  control  the 
switch  multiplexer  405  and  the  switch  demultiplexer 
448. 

The  S  field  information  comprises  one  bit  of 
the  message  segment  of  FIG.  8  and  is  applied  over 
lead  460  to  the  receive  formatter  407.  Lead  460 
comprises  an  eight  kilobit  per  second  serial  chan- 
nel  carrying  the  S  field  information.  Receive  format- 
ter  407  performs  the  customary  flag  detection  op- 
eration  on  this  signal.  That  is,  it  looks  for  a  pattern 
of  a  0,  followed  by  six  1's  and  a  0,  as  shown  on 
FIG.  9,  and  synchronizes  to  that  pattern  as  long  as 
the  flags  appear  on  lead  460.  As  soon  as  receive 
formatter  407  detects  a  nonflag  sequence,  as  is  the 
case  when  a  signaling  message  character  is  re- 
ceived,  it  begins  to  perform  a  serial  to  parallel 
conversion  on  each  nonflag  byte.  During  the  time 
when  nonflag  characters  are  being  received,  re- 
ceive  formatter  407  performs  a  conventional  zero 
delete  function  whenever  it  detects  a  sequence  of 
five  1  's  followed  by  a  0.  It  does  this  in  accordance 
with  the  HDLC  protocol  in  order  to  prevent  a  mes- 
sage  character  from  being  construed  as  the  recep- 
tion  of  a  flag  character.  Receive  formatter  407, 
while  it  is  performing  this  serial  to  parallel  conver- 
sion  on  nonflag  characters,  also  detects  the  recep- 
tion  of  a  flag  character  at  the  end  of  each  mes- 
sage.  It  then  generates  a  signal  that  is  applied  to 
lead  412  to  specify  the  end  of  message  for  the 
received  character.  This  path  is  also  termed 
RCVEOM  (Receive  End  Of  Message).  Receive  for- 
matter  407  applies  each  character  after  it  is  formed 
into  a  parallel  format  to  leads  41  1  and  from  there  to 
the  receiver  FIFO  414.  Receiver  formatter  407  also 
generates  a  signal  that  is  applied  to  lead  413  to 
control  the  strobing  of  information  into  FIFO  414. 
The  signal  on  lead  413  appears  concurrently  with 
the  signals  on  leads  411  and  412  so  that  they  then 
can  be  strobed  into  FIFO  414. 

Receive  FIFO  414  is  organized  as  a  48  word, 
nine  bit  per  word  FIFO.  The  nine  bits  in  each  word 
are  the  eight  bits  representing  the  received  char- 
acter  on  leads  411  and  a  one  bit  "end  of  message" 
signal  on  lead  412  indicating  whether  or  not  each 
receive  character  does  or  does  not  represent  the 
last  character  of  a  message.  The  characters  that 
are  applied  to  the  input  of  receive  FIFO  414  pass 
through  in  the  conventional  manner  to  the  output  of 
receive  FIFO  414.  These  eight  bits  are  applied  over 
leads  416  to  tri-state  gates  417.  The  end  of  mes- 
sage  signal  associated  with  each  character  is  ap- 
plied  over  lead  419  to  counter  421.  The  end  of 
message  signal  is  present  only  when  the  character 
is  indeed  the  last  character  of  a  message  and,  at 
that  time,  the  end  of  message  signal  increments 
counter  421  by  a  count  of  one. 

Tri-state  gates  417  are  enabled  by  a  read 
register  signal  on  lead  420.  This  signal  is  gen- 
erated  by  system  processor  100  and  applied  to 
port  circuit  111  over  I/O  BUS  via  port  data/control 

5  interface  circuit  171  and  leads  DATA  when  system 
processor  100  wishes  to  read  the  contents  of  FIFO 
414.  System  processor  100  effects  this  operation 
by  applying  a  unique  address  signal  over  the 
above  described  path  to  address  decoder  433  to 

io  cause  it  to  generate  an  output  on  lead  420  extend- 
ing  to  FIFO  414  and  gates  417.  Each  port  circuit, 
including  port  circuit  111  shown  on  FIGS.  4,  5  and 
6,  is  assigned  a  plurality  of  I/O  BUS  addresses. 
The  various  addresses  represent  the  various  func- 

15  tions  of  which  the  port  circuit  is  capable.  A  particu- 
lar  function  is  initiated  by  the  application  of  the 
associated  I/O  BUS  address  to  address  decoder 
433.  Accordingly,  in  order  to  read  out  a  character 
from  FIFO  414,  system  processor  100  applies  the 

20  port  address  associated  with  lead  420  to  address 
decoder  433  via  the  DATA  leads.  Address  decoder 
433  responds  to  this  address,  drives  lead  420  to 
cause  the  character  at  the  output  of  FIFO  414  to  be 
extended  over  leads  416  and  through  gates  417  to 

25  leads  DATA.  This  character  is  then  passed  through 
port  data/control  interface  circuit  171  and  over  I/O 
BUS  to  system  processor  100  which  stores  it  and 
every  other  received  character  until  a  complete 
message  is  formed. 

30  The  read  register  lead  420  also  extends  to  the 
OUTSTB  terminal  of  FIFO  414.  FIFO  414  responds 
to  the  trailing  edge  of  this  signal  and  advances  the 
next  character  stored  within  FIFO  414  to  the  output 
of  FIFO  414  so  that  it  can  be  read  on  the  next  read 

35  register  operation.  Thus,  the  read  register  signal  on 
lead  420  performs  two  functions.  The  first  is  to 
enable  gates  417  to  pass  the  character  currently  on 
FIFO  414  output  over  leads  416,  through  gates  417 
to  DATA  leads.  The  trailing  edge  of  the  read  regis- 

40  ter  signal  on  lead  420  advances  the  next  character 
within  FIFO  414  to  the  output  of  FIFO  414. 

The  ninth  bit  in  FIFO  414  is  the  END  OF 
MESSAGE  bit  on  lead  419.  This  signal  performs 
two  functions.  The  first  function  is  to  provide  a 

45  READ  END  OF  MESSAGE  signal  to  the  input  of 
the  status  gate  426.  Status  gate  426  can  be  read 
by  system  processor  100  when  it  performs  a  READ 
STATUS  REGISTER  function  on  port  circuit  111. 
Status  gate  426  has  a  unique  address  and  when 

50  system  processor  100  applies  this  address  to  I/O 
BUS,  the  address  is  decoded  by  address  decoder 
433  which  applies  an  enable  signal  over  lead  429 
to  activate  status  gate  426.  Status  gate  426  applies 
the  signal  present  on  lead  419,  to  DATA  leads  for 

55  transmission  to  system  processor  100.  The  en- 
abling  of  lead  429  enables  all  of  the  status  register 
gates  424  through  428. 

The  second  function  of  the  READ  END  OF 

6 
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MESSAGE  signal  bit  on  lead  419  is  to  decrement 
receive  message  counter  421.  Counter  421  at  any 
time  has  a  count  in  it  that  indicates  the  number  of 
messages  currently  stored  within  FIFO  414.  Coun- 
ter  421  is  incremented  by  a  RECEIVE  END  OF 
MESSAGE  signal  on  lead  412  and  is  decremented 
when  a  READ  END  OF  MESSAGE  signal  is  read 
out  of  FIFO  414  on  lead  419.  Thus,  the  current 
count  of  counter  421  represents  the  number  of 
complete  messages  currently  stored  within  FIFO 
414.  The  output  of  counter  421  on  lead  DR  is  the 
signal  which  permits  a  DATA  READY  indication  to 
be  read  by  system  processor  100  as  it  scans 
status  gates  424-428.  The  DR  signal  is  extended 
through  gate  458  when  lead  422  carries  an  enables 
signal  and  from  there  the  signal  extends  over  lead 
406  to  the  input  of  the  scan  register  gate  423  and 
to  gate  425. 

System  processor  100  can  read  either  scan 
register  gate  423  or  FIFO  414  by  applying  the 
appropriate  addresses  to  I/O  BUS.  The  address  for 
either  of  these  is  decoded  by  address  decoder 
433.  The  appropriate  output  of  address  decoder 
433  is  enabled  to  activate  the  appropriate  tri-state 
gate,  such  as  423  or  417,  to  allow  data  to  be 
applied  to  DATA  leads. 

Transmit 

System  processor  100  can  generate  and  write 
messages  into  port  circuit  118  of  FIGS.  4,  5  and  6 
for  transmission  to  computer  T18.  It  does  this  by 
utilizing  the  write  portion  of  port  circuit  118.  The 
first  step  system  processor  100  performs  on  a  port 
write  operation  is  to  determine  whether  transmit 
FIFO  440  is  full  and  is  able  to  accept  the  message. 
If  FIFO  440  is  not  full,  system  processor  100  writes 
the  first  byte  of  the  message  into  port  circuit  118. 
System  processor  100  performs  this  function  by 
first  applying  the  appropriate  address  signal  to  I/O 
BUS.  The  signal  that  is  applied  is  that  which  is 
associated  with  the  write  portion  of  port  circuit  118. 
Address  decoder  433  decodes  this  address  and 
generates  the  WREG  signal  on  lead  435.  This 
signal  enables  tri-state  gate  434  which  allows  the 
message  information  now  on  I/O  BUS  to  be  ex- 
tended  through  gate  434  and  over  lead  457  to  the 
input  of  FIFO  440.  This  signal  on  lead  435  is  also 
applied  to  the  INSTB  input  of  FIFO  440  to  strobe 
the  message  information  currently  on  lead  457  into 
FIFO  440. 

Also  strobed  into  FIFO  440  at  this  time  is  the 
ninth  bit,  a  WRITE  END  OF  MESSAGE  bit,  which 
is  applied  to  FIFO  440  over  lead  436.  This  signal 
indicates  that  the  character  associated  with  this  bit 
is  the  last  character  of  a  transmitted  message. 
System  processor  100  sequentially  writes  each 
character  of  a  message  into  FIFO  440.  Just  before 

the  last  character  of  the  message  is  to  be  input  into 
FIFO  440,  system  processor  100  writes  into  control 
register  431  via  gate  432  and  lead  459  to  generate 
a  WRITE  END  OF  MESSAGE  signal  on  lead  436. 

5  This  signal  is  strobed  into  FIFO  440  at  the  same 
time  the  last  byte  of  the  message  is  strobed  via  the 
WREG  signal  on  lead  435.  The  signal  on  lead  436 
is  automatically  reset  after  the  last  byte  is  written 
into  FIFO  440  by  the  trailing  edge  of  the  WREG 

io  signal  on  lead  435. 
Transmit  FIFO  440  is  organized  as  a  48  word 

by  nine  bits  per  word  FIFO.  Eight  of  the  nine  bits 
represent  the  character  information;  the  ninth  bit  of 
each  word  represents  the  absence  or  presence  of  a 

75  WRITE  END  OF  MESSAGE  signal.  Transmit  FIFO 
440  has  a  WRITE  BUFFER  FULL  output  termed 
WBF.  When  all  48  words  in  FIFO  440  are  filled,  the 
WBF  signal  is  extended  over  lead  430  to  status 
register  gate  427.  This  gate  is  periodically  read  by 

20  system  processor  100  prior  to  writing  FIFO  440. 
When  FIFO  440  is  full,  the  output  of  gate  427 
advises  system  processor  100  that  FIFO  440  can 
accept  no  more  bytes  for  the  time  being.  If  FIFO 
440  is  detected  to  be  full  in  the  middle  of  writing  a 

25  message,  system  processor  100  will  queue  the 
remainder  of  the  message  and  throttle  the  load 
until  a  previously  loaded  message  is  transmitted 
and  FIFO  440  becomes  sufficiently  empty  to  ac- 
cept  at  least  one  more  byte. 

30  The  outputs  of  FIFO  440  are  applied  to  lead 
441  and  442.  Lead  442  carries  eight  bits  represent- 
ing  character  information  and  lead  441  carries  an 
END  OF  MESSAGE  bit.  FIFO  440  receives  a 
strobe  signal  from  transmit  formatter  445  over  lead 

35  443.  The  character  information  on  lead  442  and  the 
END  OF  MESSAGE  signal  on  lead  441  are  applied 
to  the  input  of  transmit  formatter  445.  Transmit 
formatter  445  normally  continuously  generates  and 
sends  out  flag  characters  on  the  channel  to  the 

40  associated  customer  station  as  long  as  there  are  no 
messages  in  FIFO  440.  At  such  times,  transmit 
formatter  445  sequentially  generates  a  flag  char- 
acter  of  0,  six  1's  and  a  0.  Whenever  FIFO  440  is 
not  empty,  transmit  formatter  445  begins  the  pro- 

45  cess  of  unloading  the  characters  from  FIFO  440 
and  transmitting  them  out  over  the  S  channel.  It 
does  this  by  performing  a  parallel  to  serial  conver- 
sion  on  the  received  characters  and  the  zero  inser- 
tion  function  required  for  transparency.  Thus,  trans- 

50  mit  formatter  445  first  sends  out  flag  characters 
when  it  determines  from  transmit  FIFO  440  over 
lead  439  that  FIFO  440  is  not  empty,  then,  at  the 
end  of  transmission  of  the  flag  character,  transmit 
formatter  445  generates  a  strobe  signal  that  is 

55  applied  over  lead  443  to  FIFO  440.  This  signal  is 
used  internally  by  transmit  formatter  445  to  load 
the  character  information  on  lead  442  and  any  END 
OF  MESSAGE  signal  on  lead  441  into  transmit 

7 
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formatter  445.  The  trailing  edge  of  this  strobe  sig- 
nal  is  also  used  to  advance  FIFO  440  to  bring  the 
next  character  in  FIFO  440  to  the  FIFO  output. 

Transmit  formatter  445  performs  a  parallel  to 
serial  conversion  on  the  received  information.  It 
also  performs  a  zero  insertion  function  when  it  is 
sending  non-flag  characters  out  over  lead  446.  That 
is,  if  the  transmitted  bit  stream  of  the  message  has 
five  consecutive  1's,  transmit  formatter  445  inserts 
a  0  between  the  fifth-1  and  the  next  bit  transmitted. 
Thus,  transmit  formatter  445  transmits  out  each 
character  it  receives  and  it  checks  the  END  OF 
MESSAGE  bit  associated  with  each  character. 
When  the  last  character  in  a  message  is  received 
from  FIFO  440,  lead  441  is  set  to  a  1.  This  tells 
transmit  formatter  445  that  this  character  is  the  end 
of  a  message  and  causes  transmit  formatter  445  to 
insert  a  flag  after  this  character.  Transmit  formatter 
445  does  this  and  then  checks  for  a  transmit  empty 
signal  on  lead  444.  If  the  empty  signal  is  present, 
transmit  formatter  445  continues  to  generate  and 
transmit  flags.  If  the  empty  signal  is  not  present, 
transmit  formatter  445  then  reads  the  next  char- 
acter  out  of  FIFO  440.  This  new  signal  is  a  first 
character  of  a  subsequent  message.  Transmit  for- 
matter  445  processes  any  such  first  characters  of 
the  subsequent  message,  and  all  other  characters 
of  that  subsequent  message,  in  a  manner  similar  to 
that  already  described. 

System  processor  100  can  write  an  initialize  bit 
into  control  register  431.  This  bit  causes  FIFOs  414 
and  440  to  be  cleared  as  well  as  the  message 
counters  421  and  438.  This  effectively  removes  all 
information  from  port  circuit  118. 

Lead  409  interconnects  clock  detector  408  with 
status  register  gate  424.  Clock  detector  408  nor- 
mally  receives  clock  pulses  on  lead  403  from  line 
receiver  401.  At  such  times,  clock  detector  408 
applies  a  0  over  lead  409  to  register  gate  424.  This 
permits  system  processor  100,  when  reading  regis- 
ter  gates  424-428,  to  determine  that  clock  pulses 
derived  from  the  received  data  stream  are  being 
received  over  communication  leads  TR18  by  line 
receiver  401  and  applied  over  lead  403  to  clock 
detector  408.  This  is  the  normal  operable  state  of 
the  system.  If,  for  any  reason,  line  receiver  401 
fails  to  receive  a  data  stream,  clock  detector  408 
receives  no  clock  pulses  and  sets  lead  409  equal 
to  a  1  to  permit  system  processor  100  to  read  gate 
424  and  determine  this  condition.  This  condition 
could  exist  for  example  when  the  associated  digital 
terminal  T11  is  disconnected  from  communication 
leads  TR1  1  . 

Lead  422  interconnects  the  lower  input  of  AND 
gate  458  with  control  register  431.  This  path  is 
normally  held  in  an  enabled  state  by  control  regis- 
ter.  This  enables  gate  458  and  permits  the  DR 
output  of  counter  421  to  be  extended  over  lead  406 

to  scan  register  gate  423.  This  DATA  READY  sig- 
nal  is  used  to  advise  system  processor  100  that  at 
least  a  single  message  is  currently  contained  within 
receive  FIFO  414. 

5  Address  decoder  433  contains  flip-flops  so  that 
when  an  address  is  applied  to  the  I/O  BUS  together 
with  appropriate  control  signal  by  system  proces- 
sor  100,  these  control  signals  latch  the  address  into 
the  decoder  flip-flops.  The  output  of  these  flip-flops 

io  extends  to  circuitry  which  decode  the  address  and 
give  output  signals  unique  to  each  different  ad- 
dress.  One  of  these  output  signals  extends  to  lead 
459.  This  signal  is  active  at  the  time  that  data 
appears  on  I/O  BUS  and  is  used  to  strobe  the  data 

is  into  latches  in  control  register  431.  That  data  is 
persistent  because  it  is  latched  into  control  register 
431.  Control  register  431  contains  flip-flops  which 
store  the  state  of  port  circuit  111  as  controlled  by 
system  processor  100,  as  subsequently  described. 

20  Transmit  message  counter  438  functions  simi- 
larly  to  receive  message  counter  421  to  indicate 
whether  FIFO  440  currently  contains  a  complete 
message.  Transmit  message  counter  438  is  incre- 
mented  over  lead  436  when  a  message  is  entered 

25  into  FIFO  440.  Transmit  message  counter  438  is 
decremented  over  lead  441  when  a  message  is 
read  out  of  FIFO  440. 

The  output  of  transmit  formatter  445  extends 
over  lead  456  to  the  frame  multiplexer  449.  Switch 

30  demultiplexer  448  receives  PCM  time  slot  signals 
on  bus  PCM,  separates  out  the  11  and  12  field 
signals  for  use  by  port  circuit  118  from  their  as- 
signed  time  slots  and  applies  them  to  leads  453 
and  454.  An  output  of  transmit  message  counter 

35  438  extends  to  transmit  formatter  445  on  lead  439 
which  indicates  when  the  contents  of  transmit  mes- 
sage  counter  438  is  0.  This  implies  that  no  mes- 
sages  are  contained  in  FIFO  440  and  that  transmit 
formatter  445  should  generate  flag  characters. 

40  The  11,  12  signals  are  received  by  frame  mul- 
tiplexer  449  together  with  the  serialized  S  channel 
bits  on  lead  456.  Once  each  frame,  frame  mul- 
tiplexer  449  inserts  the  eight  bit  11  field,  the  eight 
bit  12  field  and  the  one  bit  S  field  into  a  framing 

45  signal  and  applies  it  over  lead  452  to  the  lane 
transmitter  450  which  adds  the  F  field  bits.  From 
there,  resultant  twenty  bit  frame  of  FIG.  8  is  ex- 
tended  over  communication  leads  TR18  to  com- 
puter  T18. 

50  Line  transmitter  450  and  frame  multiplexer  449 
operate  under  control  of  the  output  signals  from 
clock  generator  455.  Switch  demultiplexer  448  re- 
ceives  its  control  signals  from  bus  PCM. 

55  Details  of  DCP  Interface  Card 

DCP  interface  card  201  is  a  processor  con- 
trolled  circuit  which  functions  as  a  message  han- 
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dler  and  protocol  converter.  DCP  interface  card  201 
converts  the  DCP  signals  of  port  circuit  151  and 
digital  telephone  station  set  T51  to  data  for  PC 
BUS  207  and  vice  versa.  The  physical  and  link 
layer  protocols  are  handled  by  the  devices  which 
comprise  DCP  interface  card  201.  DCP  interface 
card  201  provides  personal  computer  PC51  with 
access  to  and  control  of  data  and  signaling  both  to 
and  from  the  business  communication  system. 
DCP  interface  card  201  looks  to  the  business  com- 
munication  system  like  a  digital  phone  with  data 
and  display  modules  while  DCP  interface  card  201 
looks  to  the  digital  telephone  station  set  like  a 
digital  port  board  of  the  business  communication 
system.  Information  from  both  the  business  com- 
munication  system  and  the  digital  telephone  station 
set  associated  with  personal  computer  PC51  is 
transferred  to  personal  computer  PC51  over  a  sin- 
gle  multiplexed  data  channel.  With  access  to  and 
control  of  the  signaling  channel  to  the  business 
communication  system  personal  computer  PC51 
can  implement  advanced  voice  and  data  features  in 
cooperation  with  the  operation  of  the  existing  voice 
and  data  features  on  the  business  communication 
system. 

FIG.  3  is  a  detailed  block  diagram  schematic  of 
DCP  interface  card  201.  The  major  functional 
pieces  of  DCP  interface  card  201  as  described 
above  are  illustrated  in  further  detail  in  FIG.  3. 
These  major  component  parts  include  telephone 
station  set  interface  202,  bus  communication  con- 
troller  204  and  business  communication  system 
interface  206.  In  addition  to  these  major  compo- 
nents  FIG.  3  illustrates  bypass  switches  301  which 
function  to  directly  connect  the  digital  telephone 
station  set  to  the  communication  leads  TR51  in  the 
case  where  personal  computer  PC51  is  turned  off 
or  there  is  a  power  failure.  External  interface  302  is 
a  connection  shown  to  DCP  interface  card  201 
which  can  be  used  for  additional  equipment  such 
as  a  speaker  phone,  as  will  be  described  below. 
Digital  signal  processor  303  is  a  wired  logic  device 
which  functions  to  perform  call  progress  tone  and 
Touch-Tone  detection  and  Touch-Tone  signal  gen- 
eration  as  will  be  described  below. 

CPU  330 

The  operation  of  DCP  interface  card  201  is 
controlled  by  a  microprocessor  shown  on  FIG.  3  as 
CPU  330.  CPU  330  can  be  any  state  of  the  art 
microprocessor  such  as  a  Motorola  68000  16  bit 
microprocessor.  CPU  330  is  a  microprocessor  that 
supports  the  high  level  C  programming  language. 
CPU  330  works  off  a  vectored  interrupt  scheme  to 
speed  software  response  to  interrupts.  The  main 
functions  of  CPU  330  are: 

1)  communicate  with  the  business  communica- 

tion  system  over  the  S  channel  through  the 
switch  S  channel  HDLC  protocol  and  terminate 
levels  2  and  3  of  the  S  channel  terminal  pro- 
tocol, 

5  2)  send  and  receive  data  over  the  12  channel  of 
the  HDLC  protocol  to  the  business  communica- 
tion  system  and  terminate  levels  2  and  3  of  this 
protocol, 
3)  communicate  with  the  digital  telephone  sta- 

io  tion  set  over  the  S  channel  through  the  phone  S 
channel  HDLC  protocol  and  terminate  level  2  of 
this  protocol, 
4)  control  digital  signal  processor  303  to  gen- 
erate  Touch-Tone  signals  or  to  detect  both  call 

is  progress  tones  and  Touch-Tone  signals, 
5)  control  bypass  switches  301  and  the  11  select 
and  sync  logic  323, 
6)  control  timing  and  respond  to  interrupts  used 
in  protocol  processing, 

20  7)  communicate  with  personal  computer  PC51 
over  PC  BUS  207  to  send  and  receive  mes- 
sages  between  DCP  interface  card  201  and  per- 
sonal  computer  PC51  to  send  and  receive  in- 
formation  for  all  the  data  channels  described 

25  above. 

Line  Termination 

In  order  to  understand  the  operation  of  CPU 
30  330  it  is  first  necessary  to  understand  the  operation 

of  telephone  station  set  interface  202  and  business 
communication  system  interface  206.  As  was  men- 
tioned  above,  the  communication  leads  TR51  and 
the  communication  leads  from  the  digital  telephone 

35  station  set  are  terminated  on  bypass  switches  301  . 
Bypass  switches  301  either  connect  the  signals 
from  the  business  communication  system  directly 
to  the  digital  telephone  station  set  or  connect  the 
signals  from  both  the  digital  telephone  station  set 

40  and  the  business  communication  system  to  tele- 
phone  station  set  interface  202  and  business  com- 
munication  system  interface  206  respectively.  In 
this  fashion,  bypass  switches  301  operate  to  per- 
form  a  power  failure  transfer  function.  Bypass 

45  switches  301  are  operated  to  directly  connect  the 
digital  telephone  station  set  to  the  business  com- 
munication  system  when  personal  computer  PC51 
is  not  turned  on  or  not  functioning  properly  or  there 
is  a  power  failure  or  DCP  interface  card  201  is  not 

50  functioning  properly.  In  all  other  cases  bypass 
switches  301  are  not  operated  and  the  communica- 
tion  leads  TR51  is  terminated  on  business  commu- 
nication  system  interface  206.  In  similar  fashion, 
the  communication  leads  from  digital  telephone 

55  station  set  T51  are  routed  through  bypass  switches 
301  to  terminate  on  telephone  station  set  interface 
202. 

Both  telephone  station  set  interface  202  and 

9 
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business  communication  system  interface  206  con- 
tain  a  DCP  interface  circuit  identified  on  FIG.  3  as 
switch  DLI  310  and  phone  DLI  320  respectively. 
Both  switch  DLI  310  and  phone  DLI  320  implement 
a  DCP  system  interface  as  was  described  above  in 
the  discussion  of  port  circuit  118.  In  particular, 
switch  DLI  310  and  phone  DLI  320  comprise  line 
receiver  401  ,  frame  demultiplexer  404,  clock  detec- 
tor  circuit  408,  line  transmitter  450,  frame  mul- 
tiplexer  449  and  clock  generator  455  of  FIG.  4  as 
described  above  for  port  circuit  118.  These  ele- 
ments  operate  as  described  above  to  terminate  the 
DCP  signaling  protocol.  The  switch  DLI  310  is 
configured  in  the  terminal  mode  so  that  it  appears 
as  a  digital  telephone  station  set  with  display  and 
data  modules  to  the  business  communication  sys- 
tem.  Phone  DLI  320  is  configured  in  the  port  mode 
so  it  appears  as  a  digital  port  such  as  port  circuit 
118  to  digital  telephone  station  set  T51.  Both 
switch  DLI  310  and  phone  DLI  320  separate  the 
received  DCP  signals  into  the  serial  S,  11,  and  12 
channels  and  combine  the  transmitted  serial  S,  11, 
and  12  channels  into  the  transmitted  DCP  signals 
as  described  above. 

S,  11  and  12  Channel  Signal  Routing 

The  S,  11  and  12  channels  are  all  used  in  the 
DCP  protocol  transmissions  between  the  business 
communication  system  and  the  DCP  interface  card 
201  to  carry  voice,  control  and  data  signals  there- 
between.  Between  digital  telephone  station  set  T51 
and  DCP  interface  card  201  only  the  S1  and  the  11 
channels  are  used  to  transmit  control  and  voice 
signals.  The  S2  and  12  channels  are  not  used  with 
the  digital  telephone  station  set  because  all  data 
transmissions  to  and  from  the  business  commu- 
nication  system  are  terminated  on  personal  com- 
puter  PC51  . 

Signals  carried  on  the  11  channel  are  the  voice 
communication  signals  which  are  transmitted  be- 
tween  the  digital  telephone  station  set  and  the 
business  communication  system.  Therefore,  the 
voice  signals  of  the  11  channel  are  not  switched  to 
personal  computer  PC51  in  this  described  applica- 
tion.  11  select  and  synchronization  logic  323  func- 
tions  to  interconnect  the  various  sources  and  des- 
tinations  for  the  11  channel  voice  signals.  The  voice 
signals  can  originate  from  digital  telephone  station 
set  T51,  from  digital  signal  processor  303  as 
Touch-Tone  signals,  from  the  business  commu- 
nication  system  on  communication  leads  TR51  or 
from  external  interface  302.  The  voice  communica- 
tion  signals  on  the  11  channel  can  be  directed  to 
digital  telephone  station  set  T51  from  the  business 
communication  system  or  from  the  digital  signal 
processor  303  or  from  external  interface  302. 
Therefore,  11  select  and  sync  logic  323  intercon- 

nects  the  voice  communication  signals  from  either 
the  business  communication  system  as  separated 
by  switch  DLI  310  and  applied  to  lead  313  or  from 
external  interface  302  and  applied  to  lead  304  or 

5  from  digital  signal  processor  303  and  applied  to 
lead  305  to  lead  321  which  carries  these  voice 
communication  signals  to  the  phone  DLI  320  where 
these  voice  signals  are  encoded  into  the  DCP 
signaling  format  and  transmitted  to  digital  tele- 

io  phone  station  set  T51.  In  similar  fashion,  voice 
communication  signals  can  be  directed  to  external 
interface  302  from  either  the  business  communica- 
tion  system  or  digital  telephone  station  set  T51.  11 
select  and  sync  logic  323  receives  the  voice  com- 

15  munication  signals  from  the  business  communica- 
tion  system  as  decoded  by  switch  DLI  310  and 
applied  to  lead  313  or  from  digital  telephone  station 
set  T51  and  decoded  by  phone  DLI  320  and  ap- 
plied  to  lead  321  and  switches  these  signals  to 

20  lead  304  where  they  are  applied  to  external  inter- 
face  302.  Switch  DLI  310  receives  voice  commu- 
nication  signals  from  external  interface  302  or  from 
digital  signal  processor  303  or  from  digital  tele- 
phone  station  set  T51  via  11  select  and  sync  logic 

25  323.  The  remaining  destination  for  voice  commu- 
nication  signals  is  digital  signal  processor  303. 
Digital  signal  processor  303  is  a  wired  logic  pro- 
cessor  which  functions  to  decode  call  progress 
tones  or  Touch-Tone  signals  received  from  the 

30  business  communication  system.  These  call 
progress  tones  and  Touch-Tone  signals  are  trans- 
mitted  by  the  business  communication  system  over 
communication  leads  TR51  and  decoded  by  switch 
DLI  310  and  applied  to  lead  313.  11  select  and 

35  sync  logic  323  switches  the  received  tones  to  lead 
305  to  digital  signal  processor  303  where  these 
tones  are  detected  and  analyzed.  The  resulting 
control  signals  identifying  the  call  progress  tone  or 
Touch-Tone  signals  are  applied  by  digital  signal 

40  processor  303  to  lead  306. 

I/O  Devices 

Devices  314,  315,  324  and  325  are  serial  input/ 
45  output  devices  each  of  which  contains  an  indepen- 

dent  full  duplex  serial  data  channel  that  is  program- 
mable  for  either  synchronous  or  asynchronous 
modes.  These  devices  are  commercially  available 
input/output  devices  such  as  a  MOSTEK 

50  MC68564P  device.  Input/output  devices  314  and 
315  are  programmed  to  handle  the  HDLC  bit  syn- 
chronous  mode  to  process  the  switch  S  and  12  data 
channels.  Input/output  device  324  is  programmed 
to  the  asynchronous  mode  to  communicate  with 

55  digital  signal  processor  303  while  input/output  de- 
vice  325  is  programmed  to  the  HDLC  bit  synchro- 
nous  mode  to  handle  the  S  channel  for  the  digital 
telephone  station  set.  The  serial  channels  pro- 
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grammed  for  the  HDLC  mode  have  the  following 
attributes: 

1)  automatic  0  insertion  and  deletion 
2)  automatic  flag  insertion  between  messages 
3)  abort  sequence  generation  and  detection 
4)  internal  flag  detection  and  synchronization 
5)  automatic  cyclic  redundancy  check 

The  asynchronous  communication  channel  with 
digital  signal  processor  303  has  the  following  at- 
tributes:  six  bits  per  character;  one  start  bit;  one 
stop  bit;  no  parity.  Input/output  devices  314,  315, 
324,  325  contain  control,  status  and  data  registers. 
These  devices  generate  interrupts  when  either  the 
received  data  register  contains  data  or  the  transmit 
data  register  needs  data.  CPU  330  responds  to  the 
interrupts  generated  by  one  of  devices  314,  315, 
324,  325  and  applied  to  CPU  address  control  and 
data  bus  leads  203  by  reading  the  contents  of  the 
received  data  register  for  a  received  interrupt  and 
sending  a  character  to  the  transmit  data  register  for 
a  transmit  interrupt  in  the  device  generating  the 
interrupt. 

Thus,  when  digital  signal  processor  303  inter- 
prets  call  progress  tones,  the  resultant  control  sig- 
nals  are  loaded  in  the  registers  of  I/O  device  324 
and  I/O  device  324  generates  an  interrupt  for  CPU 
330.  CPU  330  responds  to  this  interrupt  by  reading 
the  data  register  indicating  the  call  progress  tone 
present  on  communication  leads  TR51  from  the 
registers  in  I/O  device  324. 

Digital  Signal  Processor 

Digital  signal  processor  303  is  programmed  for 
three  modes  of  operation,  Touch-Tone  generation 
and  the  detection  of  call  progress  tone  or  Touch- 
Tone  signals.  CPU  330  controls  the  operation  of 
digital  signal  processor  303  via  the  registers  in  I/O 
device  324.  In  Touch-Tone  generation  mode,  CPU 
330  transmits  a  Touch-Tone  command  via  CPU 
address,  control  and  data  bus  203  to  I/O  device 
324.  Digital  signal  processor  303  reads  the  Touch- 
Tone  command  from  I/O  device  324  and  generates 
the  Touch-Tone  signals  which  are  applied  via  lead 
305  to  11  select  and  sync  logic  323.  11  select  and 
sync  logic  323  forwards  the  generated  Touch-Tone 
signals  via  lead  313  to  switch  DLI  310  which  incor- 
porates  the  generated  Touch-Tone  signals  into  the 
11  field  of  a  DCP  signal  which  is  applied  to  commu- 
nication  leads  TR51  to  the  business  communication 
system.  In  similar  fashion,  CPU  330  can  apply 
control  signals  to  CPU  address  control  and  data 
bus  203  to  load  call  progress  tone  detection  or 
Touch-Tone  signal  detection  commands  into  I/O 
device  324.  Digital  signal  processor  303  responds 
to  these  loaded  call  progress  tone  detection  or 
Touch-Tone  signal  detection  commands  by  moni- 
toring  the  11  channel  from  the  business  commu- 

nication  system  to  detect  the  presence  of  call 
progress  tones  or  Touch-Tone  signals  on  commu- 
nication  leads  TR51.  This  is  accomplished  by 
switch  DLI  310  decoding  the  11  channel  signals 

5  from  the  DCP  signals  received  from  the  business 
communication  system,  and  applying  the  decoded 
11  signals  to  lead  313  to  11  select  and  sync  logic 
323  which  forwards  the  11  channel  signals  via  lead 
305  to  digital  signal  processor  303.  Digital  signal 

io  processor  303  is  capable  of  detecting  busy  signals, 
dial  tone,  reorder  tone,  ringing  intercept  tone,  call 
confirmation  tones  and  all  Touch-Tone  signals. 
Digital  signal  processor  303  generates  a  call 
progress  tone  detected  message  or  a  Touch-Tone 

is  detected  message  in  the  response  to  the  presence 
of  one  of  the  above  tones  and  loads  the  tone 
detected  message  into  the  received  data  registers 
of  I/O  device  324  which  device  generates  an  inter- 
rupt  for  CPU  330.  CPU  330  reads  the  tone  de- 

20  tected  message  from  I/O  device  324  via  CPU  ad- 
dress  control  and  data  bus  203. 

Memory  and  Timing 

25  Read  only  memory  331  is  the  memory  device 
on  DCP  interface  card  201  which  contains  the 
instruction  set  for  the  operation  of  CPU  330.  Ran- 
dom  access  memory  332  consists  of  the  read/write 
memory  which  is  used  by  CPU  330  as  read/write 

30  memory  space  for  transferring  information  to  and 
from  personal  computer  PC51.  Local  control  and 
timer  333  and  PC  BUS  interface  334  is  a  commer- 
cially  available  chip  such  as  the  Motorola  MC68230 
parallel  interface/timer  device.  This  combined  de- 

35  vice  generates  all  the  asynchronous  bus  interface 
signals  and  generates  interrupt  vectors  for  the  tim- 
er  and  the  parallel  I/O  registers.  The  parallel  inter- 
face  portion  of  this  device  is  programmed  to  the 
bidirectional  eight  bit  mode.  PC  BUS  interface  334 

40  functions  to  provide  a  buffered  interface  between 
PC  BUS  207  and  CPU  address  control  and  data 
bus  203. 

Device  Driver  Protocol 
45 

S  channel  messages  and  12  data  from  the 
business  communication  system  and  S1  channel 
messages  from  the  adjunct  telephone  station  set 
T51  as  well  as  local  control  messages  between 

50  DCP  interface  card  201  and  device  driver  211  are 
formatted  into  message  frames,  multiplexed  into  a 
single  data  stream,  and  transmitted  between  DCP 
interface  card  201  and  interrupt  service  routine  212 
of  device  driver  211  via  PC  BUS  207.  Each  mes- 

55  sage  frame  in  this  data  stream  is  delineated  by  an 
address  header  byte  which  is  followed  by  a  mes- 
sage  length  byte.  The  actual  message  is  located  in 
the  message  frame  following  the  message  length 

11 
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byte.  A  control  register  (not  shown)  in  PC  Bus 
interface  334  of  DCP  interface  card  201  gives 
device  drivers  211  control  of  both  transmit  and 
receive  interrupts  as  well  as  transmit  and  receive 
direct  memory  access.  The  message  frames  are 
transferred  between  DCP  interface  card  201  and 
device  driver  211  on  either  a  per  byte  basis  using 
one  interrupt  per  byte  of  data  transferred  or  by 
direct  memory  access  using  one  interrupt  per 
block  of  data  transferred.  PC  Bus  interface  334 
contains  both  a  transmit  register  (not  shown)  and  a 
receive  register  (not  shown)  which  are  used  to 
store  the  message  frames  transferred  between 
DCP  interface  card  201  and  device  driver  21  1  . 

Device  Drivers  21  1 

Device  drivers  211  is  a  software  process  that 
runs  on  processor  209  of  PC51  .  Device  drivers  21  1 
interfaces  communication  management  application 
210  with  DCP  interface  card  201.  As  shown  on  FIG. 
2,  two  software  processes  comprise  device  drivers 
211.  Interrupt  service  routine  212  processes  the 
data  stream  on  PC  BUS  207  and  exchanges  mes- 
sage  frames  between  DCP  interface  card  201  and 
communication  management  application  210  by 
storing/retrieving  the  message  frames  in  memory 
208.  In  similar  fashion,  application  interface  213 
transfers  message  frames  between  communication 
management  application  210  and  memory  208.  In- 
terprocess  communication  path  214  is  shown  on 
FIG.  2  as  interconnecting  application  interface  213 
and  interrupt  service  routine  212.  This  is  a  control 
message  communication  channel  for  passing  con- 
trol  messages  between  application  interface  213 
and  interrupt  service  routine  212.  The  actual  im- 
plementation  of  interprocess  communication  path 
214  is  typically  by  way  of  each  process  accessing 
an  interprocess  communication  section  of  memory 
208.  The  interprocess  communication  section  of 
memory  208  functions  as  a  "mailbox"  with  each  of 
processes  212  and  213  placing/retrieving  mes- 
sages  into/from  interprocess  communication  sec- 
tion  of  memory  208.  These  mailbox  messages  can 
be  simply  the  setting  of  a  flag  or  pointer  for  many 
communication  applications. 

Keep  Alive  Process 

A  keep  alive  process  is  used  by  DCP  interface 
card  201  to  maintain  telephone  service  between 
digital  telephone  station  set  T51  and  the  business 
communication  system  even  if  device  driver  21  1  or 
communication  management  application  210  fail. 
The  various  modes  of  communication  are  sche- 
matically  illustrated  in  FIG.  10.  Path  1010  indicates 
the  normal  or  CMA  mode  of  message  flow  while 
path  1020  illustrates  a  soft  direct  connect  mode 

described  below  and  path  1030  illustrates  a  direct 
connect  mode  described  below. 

If  communication  between  DCP  interface  card 
201  and  device  driver  21  1  fails,  DCP  interface  card 

5  201  enters  a  direct  connect  mode  so  that  digital 
telephone  station  set  T51  is  directly  connected  to 
the  business  communication  system.  Timer  333  on 
DCP  interface  card  201  runs  continuously  and  is 
reset  on  each  message  received  from  device  driver 

io  211.  The  business  communication  system  trans- 
mits  an  S1  channel  message  to  each  digital  tele- 
phone  station  set  every  6  to  12  seconds.  These  S1 
channel  messages  are  received  by  DCP  interface 
card  201  and  forwarded  to  device  driver  211  as 

is  described  above.  Device  driver  211  forwards  this 
S1  channel  message,  or  a  modified  version  of  the 
message,  or  a  response  message  to  DCP  interface 
card  201.  Thus,  this  periodic  S1  channel  message 
maintains  the  keep  alive  process  timer. 

20  If  device  driver  21  1  fails  to  transmit  a  message 
to  DCP  interface  card  201  within  13  seconds,  timer 
333  times  out  and  CPU  330  transmits  a  local 
control  message  to  device  driver  211  to  indicate 
that  DCP  interface  card  201  is  about  to  enter  the 

25  direct  connect  mode.  If  device  driver  21  1  responds 
to  this  local  control  message  within  2  seconds, 
CPU  330  resets  timer  333.  If  device  driver  211 
does  not  respond  to  this  control  message  within  2 
seconds,  CPU  330  activates  bypass  switches  301 

30  to  directly  connect  digital  telephone  station  set  T51 
to  communication  leads  TR51  (path  1030). 

Another  level  of  keep  alive  process  is  where 
communication  management  application  210  fails 
but  device  driver  211  is  functioning.  This  is  called 

35  soft  direct  connect  mode  (path  1020).  The  soft 
direct  connect  mode  is  activated  when  device  driv- 
er  211  is  functioning  and  receive  the  above-men- 
tioned  local  control  message  indicating  that  DCP 
interface  card  201  is  about  to  enter  the  direct 

40  connect  mode.  If  communication  management  ap- 
plication  210  does  not  respond  to  this  message, 
device  driver  211  enters  the  soft  direct  connect 
mode  and  forwards  all  messages  received  without 
the  intervention  of  communication  management  ap- 

45  plication  210. 

Voice  Originated  Call  From  PC51 

In  order  to  better  understand  the  operation  of 
50  DCP  interface  card  201  and  device  driver  21  1  ,  the 

following  description  of  a  simple  call  connection  is 
used  to  illustrate  the  operation  of  the  above  de- 
scribed  elements  which  comprise  DCP  interface 
card  201  and  device  driver  21  1  .  Voice  calls  can  be 

55  originated  from  PC51  in  several  different  ways: 
keyboard  dialing,  mnemonic  dialing,  or  directory 
dialing.  For  the  purposes  of  this  description,  key- 
board  dialing  will  be  used  as  an  illustrative  exam- 

12 
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pie. 
A  person  (described  below  as  user)  accessing 

PC51  initiates  a  voice  call  by  entering  a  number 
from  the  keyboard  of  PC51  and  then  pressing  the 
carriage  return  key  on  the  keyboard  of  PC51.  In 
response  to  the  entry  of  this  keyboard  dialed  num- 
ber,  communication  management  application  210 
transmits  an  S1  channel  (the  voice  control  portion 
of  the  S  channel)  off-hook  message  to  application 
interface  213.  Application  interface  213  responds  to 
this  off-hook  message  by  enabling  the  transmit 
interrupt  in  the  control  register  portion  of  PC  Bus 
interface  334  and  changing  buffer  pointers  via  path 
214  for  interrupt  service  routine  212.  Receive  inter- 
rupts  are  always  enabled.  PC  Bus  interface  334 
generates  an  interrupt  when  the  transmit  register  is 
empty.  Interrupt  service  routine  212  responds  to 
the  transmit  register  empty  interrupt  by  forwarding 
the  off-hook  control  message,  which  is  temporarily 
stored  in  memory  at  the  end  of  the  transmit  buffer, 
along  with  the  appropriate  address  header  byte  and 
message  length  byte  over  PC  BUS  207  to  PC  Bus 
interface  334  and  thence  through  local  control  and 
timer  333  and  over  CPU  address,  control  and  data 
bus  203  to  CPU  330  on  DCP  interface  card  201. 
Upon  completion  of  the  transmission  of  the  off- 
hook  message,  interrupt  service  routine  212  dis- 
ables  the  transmit  interrupt  in  the  control  register  of 
PC  Bus  interface  334. 

Message  Transfer  Between  PC  Bus  and  Commu- 
nication  Leads 

CPU  330  responds  to  the  received  off-hook 
message  by  forwarding  this  message  via  CPU  ad- 
dress,  control  and  data  bus  203  to  HDLC  device 
315.  As  discussed  above,  HDLC  device  315  in 
cooperation  with  switch  DLI  310  formats  and  trans- 
mits  DCP  format  message  frames  to  the  business 
communication  system  by  way  of  communication 
leads  TR51  . 

Upon  receipt  of  the  off-hook  message  forwar- 
ded  by  CPU  330,  the  business  communication 
system  responds  by  transmitting  a  DCP  message 
frame  which  contains  an  S1  channel  lamp  update 
message  to  DCP  interface  card  201  via  commu- 
nication  leads  TR51.  This  lamp  update  message  is 
retrieved  from  the  DCP  message  frame  by  switch 
DLI  310  and  forwarded  on  lead  312  to  HDLC  de- 
vice  315.  CPU  330  retrieves  the  lamp  update  mes- 
sage  from  HDLC  device  315  via  CPU  address, 
control  and  data  bus  203.  CPU  330  appends  ad- 
dress  header  and  message  length  bytes  to  the 
lamp  update  message  to  create  a  message  frame 
for  PC51  .  CPU  330  then  generates  an  interrupt  by 
way  of  PC  bus  interface  334  to  device  driver  21  1  . 
Interrupt  service  routine  212  of  device  driver  211 
responds  to  the  receive  interrupt  by  reading  the 

lamp  update  message  via  interrupts  and  direct 
memory  access  from  the  receive  register  in  PC 
bus  interface  334  where  CPU  330  has  forwarded 
the  message  frame  containing  the  lamp  update 

5  message.  Interrupt  service  routine  212  stores  the 
S1  channel  lamp  update  message  in  a  buffer  in 
memory  208  for  communication  management  ap- 
plication  210.  Communication  management  appli- 
cation  210  periodically  polls  application  interface 

io  213  and  reads  the  stored  lamp  update  message  via 
application  interface  213  which  retrieves  the  lamp 
update  message  from  memory  208. 

Control  Message  from  PC51  to  Telephone  Station 
w  Set  T51 

Communication  management  application  210 
responds  to  the  lamp  update  message  by  updating 
the  screen  on  PC51  to  indicate  to  the  user  at  PC51 

20  that  the  off-hook  signal  has  been  received  by  the 
business  communication  system.  Communication 
management  application  210  also  forwards  the 
lamp  update  message  to  adjunct  telephone  station 
set  T51  by  way  of  DCP  interface  card  201  .  This  is 

25  accomplished  by  communication  management  ap- 
plication  210  transmitting  the  lamp  update  mes- 
sage  to  application  interface  213  which  appends 
the  appropriate  address  header  and  message 
length  bytes  and  places  this  message  in  memory 

30  208.  As  described  above,  application  interface  213 
enables  the  transmit  interrupt  in  the  control  register 
portion  of  PC  Bus  interface  334.  Interrupt  service 
routine  212  then  forwards  the  lamp  update  mes- 
sage  by  interrupts  and  DMA  to  PC  Bus  interface 

35  334  which  forwards  this  message  through  local 
control  and  timer  333  and  CPU  address,  control 
and  data  bus  203  to  CPU  330.  Upon  completion  of 
the  message  transmission,  interrupt  service  routine 
212  disables  the  transmit  interrupt  in  the  control 

40  register  of  PC  Bus  interface  334. 
CPU  330  responds  to  the  received  lamp  up- 

date  message  designated  for  telephone  station  set 
T51  by  transmitting  the  lamp  update  message  via 
CPU  address,  control  and  data  bus  203  to  HDLC 

45  device  325  where  the  lamp  update  message  is 
forwarded  to  phone  DLI  320  for  formatting  into  a 
DCP  message  frame  for  adjunct  telephone  station 
set  T51  .  As  described  above,  phone  DLI  320  trans- 
mits  DCP  format  message  frames  to  adjunct  tele- 

50  phone  station  set  T51  and  the  subject  lamp  update 
message  is  transmitted  as  described  above. 

Dialed  Number  Processing 

55  Communication  management  application  210 
now  processes  the  number  entered  by  the  user  at 
PC51  through  the  keyboard.  Communication  man- 
agement  application  210  transmits  the  dial  string 

13 
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entered  from  the  keyboard  to  application  interface 
213,  which  parses  the  dial  string  and  transmits  the 
digits  through  a  generate  Touch-Tone  control  mes- 
sage  through  memory  208  and  interrupt  service 
routine  212  to  CPU  330  via  the  transmit  register  as 
described  above.  CPU  330  responds  to  the  gen- 
erate  Touch-Tone  control  message  by  transmitting 
control  signals  via  CPU  address,  control  and  data 
bus  203  to  digital  signal  processor  303  as  de- 
scribed  above.  Digital  signal  processor  303  re- 
sponds  to  the  control  signals  transmitted  by  CPU 
330  by  generating  corresponding  Touch-Tone  sig- 
nals  on  the  11  channel  for  transmission  to  the 
business  communication  system.  The  Touch-Tone 
signals  generated  by  digital  signal  processor  303 
are  forwarded  over  lead  305  to  11  select  and  sync 
logic  323  where  the  signals  are  routed  over  lead 
313  to  switch  DLI  310.  The  Touch-Tone  signals  so 
routed  are  formatted  into  a  DCP  message  frame  for 
transmission  to  the  business  communication  sys- 
tem  via  communication  leads  TR51  . 

Second  Dial  Tone 

If,  as  part  of  the  dialing,  a  wait  for  the  second 
dial  tone  is  needed,  application  interface  213  sets 
pointers  and  flags  via  interprocess  control  path  214 
for  interrupt  service  routine  212.  Application  inter- 
face  213  sends  a  call  progress  monitor  control 
message  via  memory  208  and  interrupt  service 
routine  212  to  CPU  330.  CPU  330  responds  to  the 
call  progress  monitor  control  message  by  placing 
digital  signal  processor  303  in  a  call  progress  mon- 
itor  mode  wherein  digital  signal  processor  303  is 
connected  by  11  select  and  sync  logic  323  to 
switch  DLI  310  to  monitor  all  signals  received  from 
the  business  communication  system  on  commu- 
nication  leads  TR51  to  determine  whether  dial  tone 
is  present  on  communication  leads  TR51  in  the  11 
field  of  the  DCP  message  frames.  When  a  dial  tone 
signal  is  received  from  the  business  communica- 
tion  system  in  the  11  field  of  a  DCP  message  frame 
on  communication  leads  TR51,  this  dial  tone  signal 
is  routed  in  standard  fashion  by  switch  DLI  310 
over  lead  313  to  11  select  and  sync  logic  323  which 
forwards  the  dial  tone  signal  over  lead  305  to 
digital  signal  processor  303.  Digital  signal  proces- 
sor  303  responds  to  the  received  dial  tone  by 
transmitting  a  control  signal  over  lead  306,  I/O 
device  324  and  CPU  address,  control  and  data  bus 
203  to  CPU  330  indicating  that  dial  tone  has  been 
received.  CPU  330  responds  to  this  dial  tone  re- 
ceived  signal  by  generating  a  dial  tone  received 
control  message  which  is  transmitted  by  PC  Bus 
interface  334  to  interrupt  service  routine  212.  In 
response  to  the  received  dial  tone  received  control 
message,  interrupt  service  routine  212  transmits 
the  remainder  of  the  dial  string  in  control  messages 

via  PC  Bus  interface  334  to  CPU  330.  CPU  330 
interprets  the  received  dial  string  messages  and 
generates  signals  to  digital  signal  processor  303 
which  generates  and  transmits  the  appropriate 

5  Touch-Tone  signals  to  11  select  and  sync  logic 
323.  When  all  the  Touch-Tone  signals  have  been 
transmitted  by  digital  signal  processor  303  to  the 
business  communication  system  via  communica- 
tion  leads  TR51,  interrupt  service  routine  212  trans- 

io  mits  a  control  message  via  PC  Bus  interface  334  to 
CPU  330  to  place  digital  signal  processor  303  in  a 
call  progress  monitor  mode  to  determine  the  status 
of  the  call  for  feedback  to  the  user. 

is  Ringing  the  Called  Party 

Once  the  business  communication  system  re- 
ceives  the  Touch-Tone  signals  corresponding  to 
the  complete  dial  string,  the  business  communica- 

20  tion  system  signals  the  called  party  and  transmits 
the  called  party  identification  to  DCP  interface  card 
201  in  an  S1  channel  display  message.  The  called 
party  display  message  is  transmitted  by  the  busi- 
ness  communication  system  in  a  DCP  message 

25  frame  over  communication  leads  TR51  to  switch 
DLI  310.  The  S  channel  portion  of  the  DCP  mes- 
sage  frame  is  forwarded  by  switch  DLI  310  over 
lead  312  to  HDLC  device  315.  As  discussed  above, 
CPU  330  retrieves  the  called  party  display  mes- 

30  sage  from  HDLC  device  315  via  CPU  address, 
control  and  data  bus  203.  CPU  330  responds  to  the 
received  called  party  display  message  by  appen- 
ding  the  appropriate  address  header  and  message 
length  bytes  before  transmitting  the  message  to 

35  interrupt  service  routine  212.  Interrupt  service  rou- 
tine  212  reads  the  called  party  display  message  via 
interrupts  and  direct  memory  access  and  places 
the  called  party  display  message  in  a  buffer  in 
memory  208  for  communication  management  ap- 

40  plication  210.  Communication  management  appli- 
cation  210  periodically  polls  application  interface 
213  and  thereby  obtains  the  called  party  display 
message  from  memory  208  via  application  inter- 
face  213.  In  response  to  the  received  called  party 

45  display  message,  communication  management  ap- 
plication  210  updates  the  screen  on  PC51  to  in- 
dicate  to  the  user  that  the  call  has  been  placed  to 
the  designated  party.  Communication  management 
application  210  also  forwards  the  called  party  dis- 

50  play  message  to  adjunct  telephone  station  set  T51 
as  was  described  above  for  the  off-hook  message. 

The  business  communication  system  transmits 
periodic  ring  back  tones  on  the  11  channel  of  the 
DCP  message  frames  to  DCP  interface  card  201 

55  over  communication  leads  TR51  to  indicate  that  the 
called  party  is  being  rung.  Digital  signal  processor 
303  is  in  the  call  progress  monitoring  mode  and 
responds  to  each  received  ring  back  tone  by  gen- 

14 
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erating  a  control  signal  for  CPU  330.  CPU  330 
responds  to  each  call  progress  tone  received  by 
digital  signal  processor  303  by  transmitting  a  con- 
trol  message  via  PC  Bus  interface  334  to  interrupt 
service  routine  212.  This  control  message  causes 
interrupt  service  routine  212  to  transmit  a  call 
progress  monitor  control  message  to  CPU  330  to 
reset  the  timer.  Interrupt  service  routine  212  will 
also  pass  the  ring  back  information  to  communica- 
tion  management  application  210  by  way  of  inter- 
process  control  path  214  to  application  interface 
213.  Communication  management  application  210 
displays  ring  back  information  to  the  user  by  flash- 
ing  the  text  "Ringing"  on  the  screen  of  PC51.  The 
user  at  PC51  can  now  pick  up  the  handset  on 
adjunct  telephone  station  set  T51  to  be  connected 
to  the  call  or  can  wait  for  the  called  party  to 
answer.  If  the  user  has  turned  on  a  speakerphone 
connected  to  external  interface  302,  the  user  hears 
ringback  tone  and  is  automatically  connected  to  the 
called  party  when  the  called  party  answers  the  call 
by  going  off-hook. 

Call  Completion 

Assume  for  the  purpose  of  this  description  that 
the  user  at  PC51  picks  up  the  handset  on  adjunct 
telephone  station  set  T51  .  At  this  point,  the  user  is 
connected  from  adjunct  telephone  station  set  T51 
through  phone  DLI  320,  11  select  and  sync  logic 
323,  switch  DLI  310  and  the  11  channel  of  commu- 
nication  leads  TR51  to  the  business  communication 
system.  When  the  called  party  answers,  ring  back 
tones  are  no  longer  placed  on  the  11  channel  of  the 
DCP  message  frames  by  the  business  communica- 
tion  system.  Since  these  call  progress  tones  are  no 
longer  present,  digital  signal  processor  303  detects 
no  tones  and  does  not  forward  a  control  signal  to 
CPU  330.  Since  no  call  progress  tone  control  mes- 
sages  are  forwarded  by  CPU  330  to  device  driver 
211,  device  driver  211  does  not  send  any  call 
progress  monitor  control  signal  to  CPU  330.  Thus, 
CPU  330  times  out  and  turns  off  digital  signal 
processor  303  and  then  sends  a  control  message 
to  interrupt  service  routine  212  to  indicate  that 
digital  signal  processor  303  has  been  turned  off.  In 
this  fashion,  the  call  progress  tone  monitoring  is 
disabled. 

Call  Termination 

Upon  the  completion  of  the  call,  the  user  at 
adjunct  telephone  station  set  T51  goes  on-hook. 
Adjunct  telephone  station  set  T51  responds  to  the 
on-hook  condition  by  transmitting  an  S1  channel 
on-hook  message  to  DCP  interface  card  201. 
Phone  DLI  320  splits  the  S  channel  message  from 
the  HDLC  message  frame  received  from  adjunct 

telephone  station  set  T51  and  transmits  this  S 
channel  message  over  lead  322  to  HDLC  device 
325.  CPU  330  reads  the  on-hook  message  stored 
in  HDLC  device  325  via  CPU  address,  control  and 

5  data  bus  203.  CPU  330  responds  to  the  on-hook 
message  by  generating  a  message  frame  which  is 
transmitted  by  PC  Bus  interface  334  to  interrupt 
service  routine  212.  Interrupt  service  routine  212 
buffers  the  on-hook  message  in  memory  208  for 

io  communication  management  application  210  to 
read  during  its  next  periodic  poll  of  application 
interface  213.  Communication  management  appli- 
cation  210  then  forwards  the  on-hook  message  to 
CPU  330  via  PC  Bus  interface  334  to  be  transmit- 

15  ted  to  the  business  communication  system.  CPU 
330  responds  to  the  on-hook  message  from  inter- 
rupt  service  routine  212  by  forwarding  the  on-hook 
message  via  CPU  address,  control  and  data  bus 
203  to  HDLC  device  315  which  forwards  the  HDLC 

20  framed  on-hook  message  to  switch  DLI  310  for 
formatting  into  a  DCP  message  frame  for  transmis- 
sion  to  the  business  communication  system  over 
communication  leads  TR51. 

Final  lamp  update  and  display  messages  are 
25  transmitted  to  DCP  interface  card  201  by  the  busi- 

ness  communication  system  in  response  to  the  on- 
hook  message.  These  lamp  update  and  display 
messages  are  S  channel  messages  which  are  re- 
ceived  by  DCP  interface  card  201  over  commu- 

30  nication  leads  TR51.  Switch  DLI  310  routes  these  S 
channel  messages  to  HDLC  device  315  where  they 
are  stored  for  access  by  CPU  330.  CPU  330  reads 
the  lamp  update  and  display  messages  from  HDLC 
device  315  and  formats  them  with  the  appropriate 

35  address  header  and  message  length  bytes  into  a 
message  frame  for  interrupt  service  routine  212. 
Interrupt  service  routine  212  stores  the  lamp  up- 
date  and  display  messages  in  memory  208  for 
access  by  communication  management  application 

40  210  during  the  next  poll  of  application  interface  213 
by  communication  management  application  210. 
Communication  management  application  210  re- 
sponds  to  the  lamp  update  and  display  messages 
by  updating  the  screen  on  PC51  and  by  forwarding 

45  the  lamp  update  and  display  information  via  ap- 
plication  interface  213  and  interrupt  service  routine 
212  to  CPU  330  for  forwarding  as  described  above 
to  adjunct  telephone  station  set  T51  to  update  the 
lamps  on  adjunct  telephone  station  set  T51  . 

50  The  above  description  of  a  keyboard  dialing 
originated  call  from  PC51  can  be  replicated  for 
mnemonic  or  directory  dialing  in  similar  fashion.  In 
these  two  cases  communication  management  ap- 
plication  210  responds  to  the  information  input  by 

55  the  user  on  the  keyboard  to  access  memory  208  to 
thereby  retrieve  a  dial  string  associated  with  the 
mnemonic  or  directory  entry  input  by  the  user  via 
the  keyboard.  The  resultant  dial  stream  will  then  be 

15 
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processed  as  described  above  for  the  keyboard 
dialing  case.  In  this  fashion  communication  man- 
agement  application  210  can  place  a  call  using 
either  the  direct  keyboard  entry  dialing  or  by  per- 
forming  a  translation  function  from  the  directory 
identification  or  the  mnemonic  identification  of  a 
called  party. 

Data  Originated  Calls  from  PC51 

The  above  description  related  to  a  voice  call 
placed  from  PC51  to  a  called  party.  In  similar 
fashion,  a  data  call  can  be  placed  by  a  user  at 
PC51  in  one  of  several  ways:  keyboard  dialing, 
mnemonic  dialing  or  directory  dialing.  As  above, 
keyboard  dialing  is  selected  as  an  illustrative  exam- 
ple  of  a  typical  call  origination  setup  sequence.  The 
user  at  PC51  initiates  a  data  call  using  keyboard 
dialing  by  entering  a  called  party  identification 
number  from  the  keyboard  of  PC51  and  then 
pressing  the  carriage  return  key  on  the  keyboard  of 
PC51.  Communication  management  application 
210  responds  to  the  entered  called  party  identifica- 
tion  number  by  transmitting  a  control  message  to 
application  interface  213  requesting  that  a  data  call 
be  placed  to  the  specified  called  party  identification 
number  using  the  specified  baud  rate.  Application 
interface  213  responds  to  this  data  control  mes- 
sage  by  transmitting  an  S2  channel  (the  data  con- 
trol  portion  of  the  S  channel)  off-hook  message  to 
the  business  communication  system.  Application 
interface  213  sends  the  dial  string  and  baud  rate  to 
interrupt  service  routine  212  via  214.  This  is  ac- 
complished  as  described  above  by  application  in- 
terface  213  enabling  a  transmit  interrupt  in  the 
control  register  portion  of  PC  Bus  interface  334. 
DCP  interface  card  201  generates  an  interrupt 
when  the  transmit  register  portion  of  PC  Bus  inter- 
face  334  is  empty.  Interrupt  service  routine  212 
responds  to  this  interrupt  by  transmitting  the  S2 
channel  off-hook  message  along  with  the  appro- 
priate  address  header  and  message  length  bytes 
via  interrupts  and  direct  memory  access  to  CPU 
330  via  PC  Bus  interface  334.  Once  this  S2  chan- 
nel  off-hook  message  has  been  transmitted,  inter- 
rupt  service  routine  212  disables  the  transmit  inter- 
rupt  in  the  control  register  of  PC  bus  interface  334. 
CPU  330  then  transmits  the  S2  channel  off-hook 
message  to  HDLC  device  315  via  CPU  address, 
control  and  data  bus  203.  Switch  DLI  310  reads  the 
S2  channel  control  message  from  HDLC  device 
315,  formats  this  control  message  into  a  DCP  mes- 
sage  frame  and  transmits  the  resultant  DCP  mes- 
sage  frame  to  the  business  communication  system 
over  communication  leads  TR51  . 

Data  Call  Dialing 

The  business  communication  system  responds 
to  the  S2  channel  off-hook  message  by  returning 
an  S2  channel  dial  tone  message  with  the  text 
"Dial:"  to  DCP  interface  card  201  in  the  DCP 

5  message  frames.  This  S2  channel  dial  tone  mes- 
sage  is  routed  by  switch  DLI  310  to  HDLC  device 
315  where  it  is  stored  for  retrieval  by  CPU  330. 
CPU  330  retrieves  the  S2  channel  dial  tone  mes- 
sage  and  appends  the  appropriate  address  header 

io  and  message  length  bytes  before  generating  an 
interrupt  via  PC  Bus  interface  334  for  interrupt 
service  routine  212.  Interrupt  service  routine  212 
reads  the  S2  channel  dial  tone  message  via  inter- 
rupts  and  direct  memory  access  and  responds  to 

is  the  S2  channel  dial  tone  message  by  manipulating 
the  called  party  identification  number  as  received 
from  application  interface  213  into  a  format  accept- 
able  by  the  business  communication  system.  Inter- 
rupt  service  routine  212  updates  dialing  status  to 

20  application  interface  213  via  interprocess  control 
path  214  for  communication  management  applica- 
tion  210  to  read.  Interrupt  service  routine  212  trans- 
mits  to  CPU  330  this  dial  string  in  ASCII  format  at 
the  rate  of  5  digits  per  S2  channel  message  and,  at 

25  the  end  of  the  dial  stream,  interrupt  service  routine 
212  appends  a  carriage  return  character.  CPU  330 
forwards  the  received  S2  channel  message  via 
HDLC  device  315  and  switch  DLI  310  over  the  S2 
channel  of  the  DCP  message  frames  to  the  busi- 

30  ness  communication  system. 
When  the  business  communication  system  re- 

ceives  the  carriage  return  character  appended  to 
the  end  of  the  dial  stream  by  interrupt  service 
routine  212,  the  business  communication  system 

35  rings  the  called  party  and  transmits  an  S2  channel 
ring  back  tone  message  with  the  text  "Ringing"  to 
DCP  interface  card  201.  This  received  S2  channel 
ring  back  tone  message  frame  is  routed  by  switch 
DLI  310  to  HDLC  device  315  where  it  is  retrieved 

40  by  CPU  330.  CPU  330  appends  the  appropriate 
address  header  and  message  length  bytes  to  the 
S2  channel  ring  back  tone  message  and  forwards 
the  resultant  message  to  interrupt  service  routine 
212.  Interrupt  service  routine  212  updates  dialing 

45  status  to  application  interface  213  via  interprocess 
control  path  214  for  communication  management 
application  210  to  read.  Communication  manage- 
ment  application  210  reads  the  dialing  status  from 
application  interface  213  and  displays  the  text 

50  "Ringing"  on  the  display  of  PC51. 

Data  Call  Completion 

The  call  remains  in  the  ringing  state  until  the 
55  called  destination  goes  off-hook,  at  which  time  the 

business  communication  system  transmits  an  S2 
channel  ring  back  removed  tone  message  with  the 
text  "Answered"  to  DCP  interface  card  201.  This 
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message  indicates  that  the  called  party  has  an- 
swered  the  data  call.  This  S2  channel  ring  back 
remove  tone  message  is  routed  by  switch  DLI  310 
to  HDLC  device  315  for  retrieval  by  CPU  330.  CPU 
330  appends  the  address  header  and  message 
length  bytes  to  this  control  message  and  forwards 
same  to  interrupt  service  routine  212.  Interrupt  ser- 
vice  routine  212  updates  dialing  status  to  applica- 
tion  interface  213  via  interprocess  control  path  214 
for  communication  management  application  210  to 
read.  Communication  management  application  210 
reads  status  via  application  interface  213  and  dis- 
plays  "Answered"  text  to  the  user.  In  response  to 
the  received  S2  channel  ring  back  remove  tone 
message,  interrupt  service  routine  212  transmits  a 
control  message  to  CPU  330  to  initiate  the  appro- 
priate  data  protocol  code  (which  is  selected  by  the 
baud  rate)  on  DCP  interface  card  201.  The  data 
protocol  code  runs  on  CPU  330,  terminates  levels 
2  and  3  of  the  data  protocol  and  provides  a  data 
interface  between  serial  HDLC  device  315  and  in- 
terrupt  service  routine  212. 

The  data  protocol  code  will  handshake  with  the 
remote  data  module  on  the  12  channel  by  sending 
and  receiving  control  messages  via  314,  311,  and 
310.  When  the  data  protocol  code  of  DCP  interface 
board  201  and  that  of  the  remote  data  module 
determine  that  they  are  compatible,  CPU  330  trans- 
mits  a  control  message  to  interrupt  service  routine 
212  indicating  that  the  call  setup  was  successful 
and  interrupt  service  routine  212  responds  by 
transmitting  an  S2  channel  handshake  success 
message  to  the  business  communication  system. 
Interrupt  service  routine  212  transmits  the  S2  chan- 
nel  handshake  success  message  to  CPU  330  for 
formatting  and  transmission  to  the  business  com- 
munication  system  via  HDLC  device  315  and 
switch  DLI  310.  Interrupt  service  routine  212  also 
transmits  the  control  message  received  from  DCPI 
via  application  interface  213  to  communication 
management  application  210.  In  response  to  this 
received  message,  communication  management 
application  210  updates  the  screen  on  PC51  to 
"active". 

One  example  of  a  data  transfer  situation  is 
where  communication  management  application  210 
is  used  for  terminal  emulation  purposes.  In  this 
case,  the  user  at  PC51  enters  data  from  the  key- 
board  of  PC51  and  communication  management 
application  210  transmits  the  data  through  applica- 
tion  interface  213  and  interrupt  service  routine  212 
(which  appends  the  address  header  and  message 
length  bytes)  to  the  data  protocol  code  which  re- 
sides  on  CPU  330.  The  data  protocol  code  trans- 
mits  only  the  data  using  the  appropriate  framing  on 
the  12  channel  to  the  remote  data  module  via  HDLC 
device  314  and  switch  DLI  310.  Data  is  received  on 
communication  leads  TR51  from  the  remote  mod- 

ule  and  is  routed  by  switch  DLI  310  to  HDLC 
device  314.  This  12  channel  data  is  read  by  CPU 
330  via  CPU  address,  control  and  data  bus  203. 
CPU  330  forwards  this  received  data  with  address 

5  header  and  message  length  bytes  to  interrupt  ser- 
vice  routine  212  which  passes  only  the  data  via 
application  interface  213  to  communication  man- 
agement  application  210.  The  data  received  by 
communication  management  application  210  is  ei- 

io  ther  displayed  for  the  user  on  the  screen  of  PC51 
or  stored  in  a  file  in  memory  208. 

Data  Call  Disconnect 

is  At  the  end  of  the  call,  the  user  at  PC51  re- 
quests  a  disconnect.  Communication  management 
application  210  responds  to  the  user's  disconnect 
signal  by  transmitting  a  disconnect  control  mes- 
sage  to  application  interface  213  requesting  a  dis- 

20  connect.  Application  interface  213  transmits  a  con- 
trol  message  through  interrupt  service  routine  212 
to  CPU  330  to  terminate  the  data  protocol  code. 
CPU  330  returns  a  control  message  to  interrupt 
service  routine  212  to  indicate  that  the  data  pro- 

25  tocol  code  is  terminated.  Interrupt  service  routine 
212  responds  to  the  data  protocol  code  terminated 
message  by  transmitting  an  S2  channel  on-hook 
message  to  the  business  communication  system 
via  CPU  330,  HDLC  device  315  and  switch  DLI 

30  310.  Interrupt  service  routine  212  then  returns  to 
the  idle  state. 

For  mnemonic  and  directory  dialing,  commu- 
nication  management  application  210  replaces  the 
keyboard  input  from  the  user  in  mnemonic  or  di- 

35  rectory  form  with  a  dial  string  and  then  proceeds 
as  discussed  above  with  respect  to  the  case  of 
keyboard  dialing. 

Incoming  Calls  to  PC51 
40 

Incoming  calls  to  PC51  are  processed  in  simi- 
lar  fashion  to  outgoing  calls  as  described  above. 
The  business  communication  system  on  an  incom- 
ing  voice  call  transmits  the  following  messages  to 

45  DCP  interface  card  201:  an  S1  channel  ringer  on 
message;  an  S1  channel  display  message  with 
calling  party  identification;  an  S1  channel  lamp 
update  message.  These  messages  are  carried  as 
part  of  the  HDLC  message  frames  on  communica- 

50  tion  leads  TR51  to  switch  DLI  310  where  they  are 
routed  to  HDLC  device  315.  CPU  330  sequentially 
retrieves  these  messages  from  HDLC  device  315 
via  CPU  address,  control  and  data  bus  203.  CPU 
330  appends  address  header  and  message  length 

55  bytes  to  each  message  then  generates  an  interrupt 
to  interrupt  service  routine  212  via  PC  Bus  inter- 
face  334.  Interrupt  service  routine  212  reads  the 
message  via  interrupts  and  direct  memory  access 
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and  stores  each  received  message  sequentially  in 
memory  208.  Communication  management  appli- 
cation  210  retrieves  these  messages  in  sequential 
fashion  by  periodically  polling  application  interface 
213  which  retrieves  the  messages  from  memory 
208.  Communication  management  application  210 
responds  to  each  message  so  received  by  updat- 
ing  the  screen  of  PC51  and  simultaneously  for- 
warding  the  message  to  adjunct  telephone  station 
set  T51.  Communication  management  application 
210  routes  the  message  via  application  interface 
213,  interrupt  service  routine  212  to  CPU  330.  CPU 
330  responds  to  each  message  forwarded  by  com- 
munication  management  application  210  by  deter- 
mining  the  identity  of  the  destination  for  this  mes- 
sage,  in  this  case  adjunct  telephone  station  set 
T51,  and  forwards  the  S1  channel  message  via 
CPU  address  control  and  data  bus  203  to  HDLC 
device  325.  Phone  DLI  320  retrieves  the  S1  chan- 
nel  messages  stored  in  HDLC  device  325  and 
formats  these  messages  into  a  DCP  frame  and 
transmits  same  to  the  adjunct  telephone  station  set 
T51  .  Adjunct  telephone  station  set  T51  responds  to 
the  S1  channel  ringer  on  message  by  generating 
an  alerting  tone  to  indicate  to  the  user  at  PC51  that 
an  incoming  call  has  arrived.  In  addition,  the  S1 
channel  display  message  of  a  calling  party  ID 
causes  adjunct  telephone  station  set  T51,  if 
equipped  with  a  display,  to  indicate  the  identity  of 
the  party  calling  the  user  at  adjunct  telephone 
station  set  T51  .  The  S1  channel  lamp  update  mes- 
sage  causes  adjunct  telephone  station  set  T51  to 
light  the  appropriate  call  indication.  The  user  at 
PC51  can  answer  this  call  by  picking  up  the  hand- 
set  on  adjunct  telephone  station  set  T51.  This 
action  causes  adjunct  telephone  station  set  T51  to 
transmit  an  S1  channel  off-hook  message  to  phone 
DLI  320  which  routes  this  control  message  to 
HDLC  device  325.  CPU  330  retrieves  the  S1  chan- 
nel  off-hook  message  via  CPU  address,  control  and 
data  bus  203,  appends  the  appropriate  header  and 
message  length  bytes  to  this  message  and  for- 
wards  the  resultant  control  message  to  interrupt 
service  routine  212  via  PC  Bus  interface  334.  Inter- 
rupt  service  routine  212  responds  to  the  received 
S1  channel  off-hook  message  from  adjunct  tele- 
phone  station  set  T51  by  storing  the  off-hook  mes- 
sage  in  memory  208  for  communication  manage- 
ment  application  210  to  read  via  application  inter- 
face  213  and  forwarding  this  S1  channel  off-hook 
message  to  the  business  communication  system. 
Interrupt  service  routine  212  transmits  the  S1  chan- 
nel  off-hook  message  with  the  appropriate  header 
and  message  length  bytes  to  CPU  330  via  PC  Bus 
interface  334.  CPU  330  decodes  the  header  portion 
of  this  message  to  determine  the  destination  for 
this  control  message.  CPU  330  forwards  the  mes- 
sage  via  CPU  address,  control  and  data  bus  203  to 

HDLC  device  315.  Switch  DLI  310  retrieves  the  S1 
channel  off-hook  message  from  HDLC  device  315 
and  formats  this  message  into  a  DCP  frame  and 
transmits  the  resultant  frame  to  the  business  com- 

5  munication  system  over  communication  leads 
TR51  to  indicate  to  the  business  communication 
system  that  the  user  at  adjunct  telephone  station 
set  T51  has  gone  off-hook.  The  conversation  be- 
tween  the  user  at  adjunct  telephone  station  set  T51 

io  and  the  originating  party  continues  until  one  of  the 
parties  goes  on-hook  at  which  time  the  call  is 
terminated  as  discussed  above  for  the  case  of  the 
call  originated  by  PC51  . 

Incoming  data  calls  to  PC51  are  similar  in 
is  operation  to  an  incoming  voice  call  described 

above.  For  an  incoming  data  call,  the  business 
communication  system  transmits  an  S2  channel 
ringer  on  message  to  DCP  interface  board  201. 
Switch  DLI  310  routes  the  S2  channel  ringer  on 

20  message  to  HDLC  device  315  where  it  is  stored  for 
retrieval  by  CPU  330.  CPU  330  appends  the  appro- 
priate  header  and  message  length  bytes  to  this 
received  S2  channel  ringer  on  message  and  for- 
wards  the  resultant  message  frame  to  interrupt 

25  service  routine  212  by  way  of  PC  Bus  interface 
334.  If  the  user  has  specified  in  the  communication 
management  application  210  that  auto  answer  is 
on,  this  status  information  is  passed  by  commu- 
nication  management  application  210  to  interrupt 

30  service  routine  212  via  application  interface  213 
and  interprocess  communication  path  214.  Interrupt 
service  routine  212  automatically  answers  the  call 
by  transmitting  an  S2  channel  off-hook  message  to 
the  business  communication  system.  Interrupt  ser- 

35  vice  routine  212  transmits  the  S2  channel  off-hook 
message  with  the  appropriate  header  and  message 
length  bytes  to  CPU  330.  CPU  330  decodes  the 
header  portion  of  this  message  to  determine  the 
destination  to  which  this  message  is  intended  and 

40  forwards  the  control  message  over  CPU  address, 
control  and  data  bus  203  to  HDLC  device  315. 
Switch  DLI  310  retrieves  the  S2  channel  off-hook 
message  from  HDLC  device  315  and  formats  this 
message  into  a  DCP  message  frame  and  forwards 

45  the  frame  to  the  business  communication  system 
over  communication  leads  TR51.  The  business 
communication  system  responds  to  the  received 
S2  channel  off-hook  message  by  transmitting  an 
S2  channel  ringer  off  message  with  the  text 

50  "Answered"  to  DCP  interface  card  201.  Switch  DLI 
310  routes  this  S2  channel  ringer  off  message  to 
HDLC  device  315  where  it  is  retrieved  by  CPU  330. 
CPU  330  appends  the  appropriate  header  and 
message  length  bytes  to  this  S2  channel  ringer  off 

55  message  and  forwards  the  resultant  message 
frame  to  interrupt  service  routine  212  by  way  of  PC 
Bus  interface  334.  Interrupt  service  routine  212 
responds  to  the  received  S2  channel  ringer  off 
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message  from  the  business  communication  system 
by  automatically  sending  a  control  message  to 
CPU  330  to  initialize  the  data  protocol  code.  The 
remaining  portion  of  the  call  setup  sequence  is  as 
described  above  for  a  data  call  originated  at  PC51  . 
When  the  connection  is  complete,  the  data  com- 
munication  between  source  and  destination  contin- 
ues  until  one  party  terminates  the  call  at  which 
time  the  call  is  broken  down  as  described  above 
for  a  data  call  originated  by  PC51  . 

Calls  To  and  From  Adjunct  Telephone  Station  Set 

The  processing  of  originating  voice  and  data 
calls  from  adjunct  telephone  station  set  T51  is 
similar  to  voice  and  data  calls  originated  from 
PC51.  The  only  significant  difference  is  that  data 
calls  can  be  originated  only  when  bypass  switches 
301  are  in  the  direct  connect  mode  and  also  that 
the  originating  stimulus  is  generated  by  adjunct 
telephone  station  set  T51  and  routed  by  phone  DLI 
320  to  HDLC  device  325  where  it  is  stored  for 
retrieval  by  CPU  330.  CPU  330  appends  the  appro- 
priate  header  and  message  count  bytes  to  these 
call  origination  messages  then  forwards  them  to 
interrupt  service  routine  212.  Interrupt  service  rou- 
tine  212  forwards  the  received  S1  channel  (for 
voice  originated  calls)  control  messages  to  memory 
208  and  application  interface  213  for  communica- 
tion  management  application  210.  Communication 
management  application  210  updates  the  screen 
on  PC51  to  indicate  the  call  origination  status  of 
adjunct  telephone  station  set  T51.  The  processing 
of  the  remainder  of  this  originated  call  is  identical 
to  that  described  above  for  calls  originated  from 
PC51. 

Incoming  voice  or  data  calls  to  adjunct  tele- 
phone  station  set  T51  are  processed  identically  to 
incoming  calls  for  PC51  as  described  above.  The 
only  difference  is  that  data  calls  can  be  received 
only  when  bypass  switches  301  are  in  the  direct 
connect  mode  between  the  business  communica- 
tion  system  and  the  adjunct  telephone  station  set 
T51. 

Summary 

It  is  obvious  from  the  above  description  that 
PC51  has  access  to  the  S1  and  S2  channel  control 
messages  between  adjunct  telephone  station  set 
T51  and  the  business  communication  system.  The 
communication  management  application  210  de- 
scribed  above  is  a  simple  message  handling  pro- 
cess  which  can  be  supplemented  by  application 
software  running  on  processor  209.  This  application 
software  can  provide  additional  features  and  ser- 
vices  by  responding  in  more  substantive  fashion  to 
the  S  channel  messages  received  by  communica- 

tion  management  application  210.  In  this  fashion, 
the  application  process  can  modify  the  content  of 
the  S1  and  S2  channel  messages  between  the 
business  communication  system  and  adjunct  tele- 

5  phone  station  set  T51  rather  than  simply  forwarding 
these  messages. 

While  a  specific  embodiment  of  the  invention 
has  been  disclosed,  variations,  in  structural  detail, 
within  the  scope  of  the  appended  claims,  are  possi- 

io  ble  and  are  contemplated.  There  is  no  intention  of 
limitation  to  what  is  contained  in  the  abstract  or  the 
exact  disclosure  as  herein  presented.  The  above- 
described  arrangements  are  only  illustrative  of  the 
application  of  the  principles  of  the  invention.  Nor- 

15  mally,  other  arrangements  may  be  devised  by 
those  skilled  in  the  art  without  departing  from  the 
spirit  and  the  scope  of  the  invention. 

Claims 
20 

1.  Interface  apparatus  for  use  with  a  communica- 
tion  system  having  a  plurality  of  port  circuits 
(111-158),  each  of  which  is  connected  to  a 
corresponding  one  of  a  plurality  of  terminal 

25  devices  (T11-T58)  and  communicates  with  said 
one  terminal  device  according  to  a  predeter- 
mined  protocol,  CHARACTERISED  IN  THAT 
said  apparatus  comprises  processing  means 
(PC51);  connecting  means  (201)  interposed 

30  between  said  one  terminal  device  (T51)  and  its 
corresponding  port  circuit  (151)  for  terminating 
communication  signals  passing  between  said 
one  terminal  device  and  said  port  circuit  and 
also  connected  to  said  processing  means 

35  (PC51)  for  connecting  said  processing  means 
(PC51)  to  both  said  port  circuit  (151)  and  said 
terminal  device  (T51);  and  in  that  said  process- 
ing  means  (PC51)  comprises  means  respon- 
sive  to  said  communication  signals  from  said 

40  port  circuit  (151)  or  said  terminal  device  (T51) 
for  determining  from  said  communication  sig- 
nals  a  service  to  be  provided  and  for  commu- 
nicating  with  said  port  circuit  (151)  or  terminal 
device  (T51)  according  to  said  protocol  to  pro- 

45  vide  said  service. 

2.  The  apparatus  of  claim  1,  CHARACTERISED 
IN  THAT  the  processing  means  comprises 
means  responsive  to  voice  communication  sig- 

50  nals  received  from  said  port  circuit  or  said 
terminal  device  for  transmitting  said  voice 
communication  signals  as  originally  received  to 
said  terminal  device  or  said  port  circuit  respec- 
tively. 

55 
3.  The  apparatus  of  claim  1,  CHARACTERISED 

IN  THAT  the  processing  means  comprises 
means  responsive  to  terminal  device  signaling 
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communication  signals  received  from  said  port 
circuit  for  forwarding  control  signals  to  said 
terminal  device  to  perform  the  signaling  func- 
tion  corresponding  to  said  terminal  device 
communication  signals. 

4.  The  apparatus  of  claim  3,  CHARACTERISED 
IN  THAT  the  processing  means  further  com- 
prises  means  responsive  to  said  terminal  de- 
vice  signaling  communication  signals  for  writ- 
ing  a  control  message  corresponding  to  said 
terminal  device  signaling  communication  sig- 
nals  on  a  video  monitor  associated  with  said 
processing  means. 

5.  The  apparatus  of  claim  3,  CHARACTERISED 
IN  THAT  the  processing  means  further  com- 
prises  means  responsive  to  said  terminal  de- 
vice  signaling  communication  signals  for  trans- 
mitting  a  response  set  of  control  communica- 
tion  signals  to  said  port  circuit  indicating  re- 
ceipt  of  said  terminal  device  signaling  commu- 
nication  signals. 

6.  The  apparatus  of  claim  1,  CHARACTERISED 
IN  THAT  the  processing  means  comprises 
means  responsive  to  service  request  control 
signals  received  from  said  terminal  device  for 
forwarding  service  request  communication  sig- 
nals  to  said  port  circuit. 

7.  The  apparatus  of  claim  6,  CHARACTERISED 
IN  THAT  the  processing  means  further  com- 
prises  means  responsive  to  said  service  re- 
quest  control  signals  for  writing  a  control  mes- 
sage  corresponding  to  said  service  request 
control  signals  on  a  video  monitor  associated 
with  said  processing  means. 

8.  The  apparatus  of  claim  1,  CHARACTERISED 
IN  THAT  the  processing  means  comprises 
means  responsive  to  the  entry  of  a  called  party 
identification  number  on  a  keyboard  of  said 
processing  means  for  forwarding  off-hook  ser- 
vice  request  communication  signals  to  said 
port  circuit. 

9.  The  apparatus  of  claim  8,  CHARACTERISED 
IN  THAT  the  connecting  means  comprises 
means  responsive  to  said  called  party  iden- 
tification  number  for  applying  tone  dialing  sig- 
nals  corresponding  to  said  called  party  iden- 
tification  number  to  said  port  circuit. 

10.  The  apparatus  of  claim  1,  CHARACTERISED 
IN  THAT  the  connecting  means  comprises 
means  for  detecting  transmission  of  call 
progress  tone  signals  from  said  port  circuit  to 

said  terminal  device;  and  means  responsive  to 
said  detected  call  progress  tone  signals  for 
sending  a  control  message  identifying  said  de- 
tected  call  progress  tone  signals  to  said  pro- 

5  cessing  means. 

Revendicatlons 

1.  Un  dispositif  d'interface  prevu  pour  I'utilisation 
io  avec  un  systeme  de  telecommunication  qui 

comprend  un  ensemble  de  circuits  d'acces 
(111-158),  chacun  d'eux  etant  connecte  a  I'un 
correspondant  d'un  ensemble  de  dispositifs 
terminaux  (T11-T58)  et  communiquant  avec  le 

is  dispositif  terminal  considere  conformement  a 
un  protocole  predetermine,  CARACTERISE  EN 
CE  QUE  ce  dispositif  comprend  des  moyens 
de  traitement  (PC51);  des  moyens  de 
connexion  (201)  interposes  entre  le  dispositif 

20  terminal  considere  (T51)  et  sont  circuit  d'acces 
correspondant  (151)  pour  acheminer  des  si- 
gnaux  de  telecommunication  qui  sont  transmis 
entre  le  dispositif  terminal  et  le  circuit  d'acces, 
et  qui  sont  egalement  connectes  aux  moyens 

25  de  traitement  (PC51),  pour  connecter  ces 
moyens  de  traitement  (PC51)  a  la  fois  au  cir- 
cuit  d'acces  (151)  et  au  dispositif  terminal 
(T51);  et  en  ce  que  les  moyens  de  traitement 
(PC51)  comprennent  des  moyens  qui  reagis- 

30  sent  aux  signaux  de  telecommunication  prove- 
nant  du  circuit  d'acces  (151)  ou  du  dispositif 
terminal  (T51),  en  determinant  a  partir  de  ces 
signaux  de  telecommunication  un  service  qui 
doit  etre  fourni,  et  en  communiquant  avec  le 

35  circuit  d'acces  (151)  ou  le  dispositif  terminal 
(T51)  conformement  au  protocole  precite,  pour 
fournir  ce  service. 

2.  Le  dispositif  de  la  revendication  1,  CARACTE- 
40  RISE  EN  CE  QUE  les  moyens  de  traitement 

comprennent  des  moyens  qui  reagissent  a  des 
signaux  de  telecommunication  vocaux  qui  sont 
regus  a  partir  du  circuit  d'acces  ou  du  disposi- 
tif  terminal,  en  emettant  ces  signaux  de  tele- 

45  communication  vocaux  respectivement  vers  le 
dispositif  terminal  ou  le  circuit  d'acces,  sous  la 
forme  sous  laquelle  ils  ont  ete  regus  a  I'origi- 
ne. 

50  3.  Le  dispositif  de  la  revendication  1,  CARACTE- 
RISE  EN  CE  QUE  les  moyens  de  traitement 
comprennent  des  moyens  qui  reagissent  a  des 
signaux  de  telecommunication  de  signalisation 
de  dispositif  terminal,  qui  sont  regus  a  partir 

55  du  circuit  d'acces,  en  dirigeant  des  signaux  de 
commande  vers  le  dispositif  terminal  conside- 
re,  pour  remplir  la  fonction  de  signalisation  qui 
correspond  a  ces  signaux  de  telecommunica- 

20 
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tion  de  dispositif  terminal. 

4.  Le  dispositif  de  la  revendication  3,  CARACTE- 
RISE  EN  CE  QUE  les  moyens  de  traitement 
comprennent  en  outre  des  moyens  qui  reagis-  5 
sent  aux  signaux  de  telecommunication  de  si- 
gnalisation  de  dispositif  terminal,  en  ecrivant 
sur  un  moniteur  video  associe  aux  moyens  de 
traitement  un  message  de  commande  qui  cor- 
respond  aux  signaux  de  telecommunication  de  10 
signalisation  de  dispositif  terminal. 

5.  Le  dispositif  de  la  revendication  3,  CARACTE- 
RISE  EN  CE  QUE  les  moyens  de  traitement 
comprennent  en  outre  des  moyens  qui  reagis-  is 
sent  aux  signaux  de  telecommunication  de  si- 
gnalisation  de  dispositif  terminal,  en  emettant 
en  reponse  vers  le  circuit  d'acces  un  ensem- 
ble  de  signaux  de  telecommunication  de  com- 
mande,  indiquant  la  reception  des  signaux  de  20 
telecommunication  de  signalisation  de  disposi- 
tif  terminal. 

6.  Le  dispositif  de  la  revendication  1,  CARACTE- 
RISE  EN  CE  QUE  les  moyens  de  traitement  25 
comprennent  des  moyens  qui  reagissent  a  des 
signaux  de  commande  de  demande  de  servi- 
ce,  regus  a  partir  du  dispositif  terminal,  en 
dirigeant  des  signaux  de  telecommunication  de 
demande  de  service  vers  le  circuit  d'acces.  30 

7.  Le  dispositif  de  la  revendication  6,  CARACTE- 
RISE  EN  CE  QUE  les  moyens  de  traitement 
comprennent  en  outre  des  moyens  qui  reagis- 
sent  aux  signaux  de  commande  de  demande  35 
de  service  en  ecrivant  sur  un  moniteur  video 
associe  aux  moyens  de  traitement  un  message 
de  commande  qui  correspond  aux  signaux  de 
commande  de  demande  de  service. 

40 
8.  Le  dispositif  de  la  revendication  1,  CARACTE- 

RISE  EN  CE  QUE  les  moyens  de  traitement 
comprennent  des  moyens  qui  reagissent  a  I'in- 
troduction  d'un  numero  d'identification  de  de- 
mande,  sur  un  clavier  des  moyens  de  traite-  45 
ment,  en  acheminant  vers  le  circuit  d'acces 
des  signaux  de  telecommunication  de  deman- 
de  de  service  signalant  un  etat  decroche. 

9.  Le  dispositif  de  la  revendication  8,  CARACTE-  so 
RISE  EN  CE  QUE  les  moyens  de  connexion 
comprennent  des  moyens  qui  reagissent  au 
numero  d'identification  de  demande  en  appli- 
quant  au  circuit  d'acces  des  signaux  de  nume- 
rotation  multifrequence  qui  correspondent  au  55 
numero  d'identification  de  demande. 

10.  Le  dispositif  de  la  revendication  1,  CARACTE- 

RISE  EN  CE  QUE  les  moyens  de  connexion 
comprennent  des  moyens  qui  sont  destines  a 
detecter  remission  de  signaux  de  tonalites  de 
progression  d'appel  par  le  circuit  d'acces,  vers 
le  dispositif  terminal;  et  des  moyens  qui  rea- 
gissent  aux  signaux  de  tonalites  de  progres- 
sion  d'appel  detectes  en  emettant  vers  les 
moyens  de  traitement  un  message  de  com- 
mande  qui  identifie  les  signaux  de  tonalites  de 
progression  d'appel  detectes. 

Patentanspruche 

1.  Schnittstellenvorrichtung  zur  Verwendung  in  ei- 
nem  Kommunikationssystem  mit  einer  Vielzahl 
von  Anschlu/Sschaltungen  (111-158),  die  je  mit 
einem  entsprechenden  Gerat  einer  Vielzahl 
von  Anschlu/Sgeraten  (T11-T58)  verbunden  ist 
und  mit  diesem  Gerat  entsprechend  einem 
vorbestimmten  Protokoll  Nachrichten  aus- 
tauscht, 
dadurch  gekennzeichnet,  da/S 
die  Vorrichtung  eine  Prozessoreinrichtung 
(PC51)  und  eine  Verbindungseinrichtung  (201) 
aufweist,  die  zwischen  das  eine  Anschlu/Sgerat 
(T51)  und  seine  zugeordnete  Anschlu/Sschal- 
tung  (151)  eingeschaltet  ist,  urn  Nachrichtensi- 
gnale  aufzunehmen,  die  zwischen  dem  einen 
Anschlu/Sgerat  und  der  Anschlu/Sschaltung 
ubertragen  werden,  und  die  au/Serdem  mit  der 
Prozessoreinrichtung  (PC51)  verbunden  ist,  urn 
die  Prozessoreinrichtung  (PC51)  sowohl  an  die 
Anschlu/Sschaltung  (151)  als  auch  an  das  An- 
schlu/Sgerat  (T51)  anzuschalten,  und 
da/S  die  Prozessoreinrichtung  (PC51)  eine  Ein- 
richtung  aufweist,  die  unter  Ansprechen  auf  die 
Kommunikationssignale  von  der  Anschlu/S- 
schaltung  (151)  oder  dem  Anschlu/Sgerat  (T51) 
aus  den  Kommunikationssignalen  einen  bereit- 
zustellenden  Dienst  bestimmt  und  mit  der  An- 
schlu/Sschaltung  (151)  unter  dem  Anschlu/Sge- 
rat  (T51)  entsprechend  dem  Protokoll  in  Ver- 
bindung  tritt,  urn  den  Dienst  bereitzustellen. 

2.  Vorrichtung  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Prozessor- 
einrichtung  eine  Einrichtung  aufweist,  die  unter 
Ansprechen  auf  von  der  Anschlu/Sschaltung 
oder  dem  Anschlu/Sgerat  empfangene  Sprach- 
kommunikationssignale  diese  in  der  ursprung- 
lich  empfangenen  Form  an  das  Anschlu/Sgerat 
bzw.  an  die  Anschlu/Sschaltung  ubertragt. 

3.  Vorrichtung  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Prozessor- 
einrichtung  eine  Einrichtung  aufweist,  die  unter 
Ansprechen  auf  von  der  Anschlu/Sschaltung 
empfangene  Anschlu/Sgerat-Signalisierungssi- 
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gnale  Steuersignale  an  das  Anschlu/Sgerat  wei- 
terleitet,  urn  eine  den  Anschlu/Sgerat-Signalisie- 
rungssignalen  entsprechende  Signalisierungs- 
funktion  auszufuhren. 

dadurch  gekennzeichnet,  da/S  die  Verbindungs- 
einrichtung  eine  Einrichtung  zur  Feststellung 
einer  Ubertragung  von  Gesprachsfortschreite- 
Tonsignalen  von  der  Anschlu/Sschaltung  an  das 
Anschlu/Sgerat  und  eine  Einrichtung  aufweist, 
die  unter  Ansprechen  auf  die  festgestellten 
Gesprachsfortschreite-Tonsignale  eine  Steuer- 
nachricht  an  die  Prozessoreinrichtung  aussen- 
det,  welche  die  festgestellten 
Gesprachsfortschreite-Tonsignale  identifiziert. 

5 
4.  Vorrichtung  nach  Anspruch  3, 

dadurch  gekennzeichnet,  da/S  die  Prozessor- 
einrichtung  ferner  eine  Einrichtung  aufweist, 
die  unter  Ansprechen  auf  die  Anschlu/Sgerat- 
Signalisierungssignale  eine  diesen  Signalen 
entsprechende  Steuernachricht  auf  einen  der 
Prozessoreinrichtung  zugeordneten  Video-Mo- 
nitor  schreibt. 

w 

5.  Vorrichtung  nach  Anspruch  3, 15 
dadurch  gekennzeichnet,  da/S  die  Prozessor- 
einrichtung  ferner  eine  Einrichtung  aufweist, 
die  unter  Ansprechen  auf  die  Anschlu/Sgerat- 
Signalisierungssignale  einen  Antwortsatz  von 
Steuersignalen  an  die  Anschlu/Sschaltung  uber-  20 
tragt,  die  den  Empfang  der  Anschlu/Sgerat-Si- 
gnalisierungssignale  anzeigen. 

6.  Vorrichtung  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Prozessor-  25 
einrichtung  eine  Einrichtung  aufweist,  die  unter 
Ansprechen  auf  von  dem  Anschlu/Sgerat  emp- 
fangene  Bedienungsanforderungs-Steuersigna- 
le  Bedienungsanforderungs-Kommunikationssi- 
gnale  an  die  Anschlu/Sschaltung  weiterleitet.  30 

7.  Vorrichtung  nach  Anspruch  6, 
dadurch  gekennzeichnet,  da/S  die  Prozessor- 
einrichtung  ferner  eine  Einrichtung  aufweist, 
die  unter  Ansprechen  auf  die  35 
Bedienungsanforderungs-Steuersignale  eine 
diesen  entsprechende  Steuernachricht  auf  ei- 
nen  der  Prozessoreinrichtung  zugeordneten 
Video-Monitor  schreibt. 

8.  Vorrichtung  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Prozessor- 
einrichtung  eine  Einrichtung  aufweist,  die  unter 
Ansprechen  auf  die  Eingabe  einer  Identifizie- 
rungsnummer  fur  einen  gerufenen  Teilnehmer  45 
an  einem  Tastenfeld  der  Prozessoreinrichtung 
Aushange-Bedienungsanforderungssignale  an 
die  AnschluCschaltung  weiterleitet. 

9.  Vorrichtung  nach  Anspruch  8,  50 
dadurch  gekennzeichnet,  da/S  die  Verbindungs- 
einrichtung  eine  Einrichtung  aufweist,  die  unter 
Ansprechen  auf  die  Identifizierungsnummer  fur 
den  gerufenen  Teilnehmer  dieser  entsprechen- 
de  Tonwahlsignale  an  die  AnschluCschaltung  55 
weiterleitet. 

10.  Vorrichtung  nach  Anspruch  1, 

40 
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FIG.   5  
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FIG.  10 
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