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Description 

Dross-reference  to  related  applications 
Concurrently  filed  herewith  and  assigned  to  the 

same  assignee  as  this  application  are  the  follow- 
ing  European  patent  applications:- 

83900462.9  {EP-1  12831)  "Fast  Packet  Switch", 
83900465.2  (EP-1  12336)  "An  Interface  Facility 

For  a  Packet  Switching  System", 
83900598.0  (EP-1  12340)  "End-to-End  Informa- 

tion  Memory  Arrangement  in  a  Line  Controller" 
and 

83900515.4  (EP-1  12337)  "A  Fast  Packet 
Switching  System". 

Technical  field 
This  invention  relates  to  packet  switching  facili- 

ties  for  the  communication  of  integrated  voice 
and  data  signals.  The  packet  switching  facilities 
provide  for  the  accurate  determination  of  the  time 
delay  incurred  by  a  packet  as  it  progresses 
through  the  packet  switching  system  so  that 
subsequent  compensation  can  be  made  for  the 
delay.  @  • 

Background  of  the  invention 
The  transmission  of  low  bit  rate  voice  utilizing 

packets  while  offering  the  prospects  of  significant 
savings  in  transmission  and  switching  costs  over 
circuit  switching  has  not  been  widely  used 
because  of  problems  encountered  in  transmitting 
encoded  voice  information  via  packets.  One  of 
these  problems  has  been  the  variable  delay 
experienced  by  the  packets  during  transmission 
through  a  packet  switching  system.  The  delay 
variation  is  introduced  in  the  switching  nodes  of 
the  system  and  results  from  varying  traffic'  load 
conditions;  whereas  the  delay  occurring  on  the 
transmission  links  interconnecting  the  nodes  is 
constant.  Unlike  data,  voice  information  must  be 
decoded  from  the  digital  representation  to  the 
analog  representation  at  a  fixed  rate  in  order  to 
maintain  quality  voice  reproduction.  The  intro- 
duction  of  a  variable  delay  during  the  trans- 
mission  of  the  voice  packets  does  not  allow  this 
uniform  decoding  to  take  place  unless  some 
compensation  is  made  for  the  variable  delay.  The 
compensation  performed  depends  upon  whether 
the  packet  arrived  before  or  after  the  time  for  the 
decoding  of  the  packet.  If  the  packet  arrives  early, 
then  the  decoding  is  delayed  for  the  proper 
amount  of  time.  If  the  packet  arrives  late,  then  it  is 
necessary  to  interpolate  during  the  decoding 
operation  to  obtain  correct  analog  signals.  But 
before  such  compensation  can  be  performed,  the 
delay  must  be  accurately  measured. 

ICC  Conference  on  Communications,  June 
1971,  pages  39-1  and  39-8  contains  an  article 
entitled  "Adaptive  Routing  Techniques  for  Store 
and  Forward  Computer-Communication 
Networks"  by  G.  L.  Fultz  et  al  which  discusses 
optimal  network  design  by  quantitative  measure 
of  network  performance.  One  of  the  performance 
measures  is  the  measured  distribution  of  time  to 
transmit  a  message  through  the  network.  The 

calculated  average  meassage  delay  is  approprate 
for  analysis  but  does  not  satisfy  the  requirement 
that  the  transmission  of  each  packet  be  accom- 
plished  in  a  prescribed  period  of  time  from 

5  originating  station  to  terminating  station  through 
a  switching  network. 

One  solution  in  prior  art  systems  for  the 
switching  of  voice  packets  has  resolved  this 
problem  by  including  in  each  packet  a  time  stamp 

w  designating  when  the  packet  was  transmitted 
from  the  originating  customer  terminal.  When  the 
packet  arrives  at  the  destination  customer 
terminal,  the  delay  encountered  by  the  packet  is 
determined  by  comparing  the  time  in  the  time- 

15  stamp  field  with  the  present  time.  The  problem 
encountered  with  this  prior  art  solution  is  that  all 
of  the  customer  terminals  connected  to  the  packet 
switching  system  must  maintain  synchronized 
clocks.  This  solution  was  acceptable  in  prior  art 

20  systems  which  consisted  of  a  few  customer 
terminals.  However,  in  a  large  packet  switching 
system  having  thousands  of  customer  terminals, 
the  prior  art  solution  is  not  a  practical  solution, 
since  there  are  too  many  technical  difficulties  in 

25  maintaining  synchronised  clocks  over  a  large 
number  of  customer  terminals. 

Japanese  Patent  #56  110  370  discloses  a 
packet  flow  control  system  in  which  each  node 
includes  an  input  buffer,  a  switching  circuit, 

30  queue  stacks,  output  buffer  and  a  control  device. 
Incoming  packets  are  received  by  the  input  buffer 
and  are  switched  to  a  particular  queue  stack  in 
accordance  with  the  accumulated  time  delay 
recorded  in  the  header  of  the  packet.  The 

•  35  particular  queue  stack  represents  a  particular 
priority  value  based  upon  urgency  for  transmitt- 
ing  the  packet  to  the  receiving  station  before  the 
accumulated  time  delay  has  exceeded  a  predeter- 
mined  value.  There  is,  however,  no  disclosure  of 

40  network  switching.  The  disclosure  is  directed  to 
the  transmission  through  a  node  which  has  only 
one  input  and  one  output. 

A  second  prior  art  solution  took  advantage  of 
the  fact  that  low  bit  rate  encoded  voice  occurs  in 

4S  bursts  of  information.  This  fact  results  in  a 
number  of  packets  being  transmitted  during  the 
active  portion  of  the  conversation  followed  by  no 
packets  being  transmitted  during  the  silent 
portion.  The  prior  art  solution  was  to  delay  the 

50  first  packet  of  an  active  portion  of  the  conversa- 
tion  by  the  maximum  amount  of  time  which  a 
packet  could  be  delayed  during  transmission 
through  the  packet  switching  system.  After  this 
initial  delay,  all  other  received  packets  were 

55  decoded  at  a  fixed  rate.  The  disadvantage  of  this 
method  was  that  the  reproduction  of  the  analog 
voice  signals  could  be  delayed  by  an  unaccept- 
able  amount  since  the  reproduction  is  delayed  by 
maximum  transmission  plus  the  time  required  for 

60  the  actual  transmission  of  the  first  packet.  This 
was  particularly  true  if  the  transmission  of  voice 
was  over  large  distances. 

In  view  of  the  foregoing,  there  exists  a  need  for 
improved  techniques  and  facilities  for  accurately 

55  determining  the  delay  encountered  by  a  packet  as 
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it  progresses  through  a  packet  switching  system 
without  adding  further  delay  to  the  packet  trans- 
mission  or  requiring  synchronization  of  the  clocks 
in  customer  terminals.  Such  techniques  and  facili- 
ties  should  allow  uniform  and  accurate 
compensation  of  voice  packets  by  providing 
accurate  information  with  respect  to  the  delay 
encountered  by  packets  during  transmission. 

Summary  of  the  invention 
In  the  invention  as  set  out  in  the  claim  the 

time-delay  field  is  updated  as  the  packet  is  routed 
through  each  switching  network  of  the  packet 
system  in  the  following  manner.  Upon  arrival  at  a 
network,  an  arrival  time  is  inserted  into  the 
packet.  After  the  packet  has  been  routed  through 
the  network,  the  arrival  time  is  subtracted  from 
the  present  time,  and  the  result  is  added  into  the 
total  time  delay  field.  The  updating  operations  are 
performed  by  circuits  comprised  in  the  trunk 
controllers  which  are  dedicated  one  per  trans- 
mission  link  and,  in  the  case  of  the  input  trunk 
controllers,  also  provide  the  physical  address 
defining  the  route  through  the  switching  network. 
These  circuits  accurately  measure  the  delay 
incurred  in  each  network  since  the  arrival  time 
and  present  time  are  generated  by  the  same  local 
clock  of  the  network.  Since  the  local  clock  is  used 
to  generate  these  two  times,  there  is  no  need  for 
synchronizing  different  parts  of  the  packet  switch- 
ing  system  in  order  to  measure  the  total  time 
delay. 

Brief  description  of  the  drawing 
Figs.  1  and  2  illustrate,  in  block  diagram  form,  a 

communication  system  utilizing  the  switching 
architecture  of  the  present  invention; 

Fig.  2A  functionally  illustrates  the  manner  in 
which  accumulated  time  delay  information  is 
updated  for  each  switching  network  by  the 
attached  trunk  controllers. 

Fig.  3  illustrates  the  contents  of  a  call  setup 
packet  which  is  routed  from  an  originating 
customer  terminal  to  a  destination  customer 
terminal  through  the  switching  system; 

Fig.  4  illustrates  the  contents  of  the  call  reply 
packet  transmitted  from  the  destination  customer 
terminal  to  the  originating  customer  terminal  in 
response  to  the  receipt  of  the  call  setup  packet; 

Fig.  5  is  a  detailed  block  diagram  of  switching 
network  116; 

Fig.  6  illustrates  a  switch  packet  which  is  used 
to  route  the  call  setup  packet  of  Fig.  3  from  trunk 
controller  130  to  central  processor  115  via  switch- 
ing  network  116  and  trunk  controller  129; 

Figs.  7  through  9  illustrate  the  contents  of  the 
switch  packet  used  to  transmit  the  call  reply 
packet  of  Fig.  4  through  switching  network  116  as 
the  packet  progresses  through  the  different 
stages  of  switching  network  116  from  trunk 
controller  131  to  trunk  controller  130; 

Fig.  10  is  a  detailed  block  diagram  of  switching 
node  500-15  of  switching  network  116; 

Fig.  11  is  a  detailed  block  diagram  of  input 
control  100  of  switching  node  500-15; 

Fig.  12  is  a  detailed  block  diagram  of  address 
rotation  circuit  1106  of  input  control  1000; 

Fig.  13  is  a  detailed  block  diagram  of  output 
control  1007  of  switching  node  500-15. 

5  Fig.  14  illustrates,  in  block  diagram  form,  trunk 
controller  131; 

Fig.  15  illustrates  the  logical  organization  of 
memory  1401  of  trunk  controller  131; 

Figs.  16  through  26  are  detailed  block  diagrams 
'o  of  subsystems  which  comprise  receiver  1402  of 

trunk  controller  131; 
Fig.  27  is  a  detailed  block  diagram  of  address 

control  1404  of  trunk  controller  131; 
Fig.  28  illustrates  the  logical  operation  of 

'5  address  control  1404  in  relationship  to  memory 
1401; 

Fig.  29  is  a  detailed  block  diagram  of  the 
implementation  of  pointers  as  used  in  receive 
interface  2701  of  address  control  1404; 

20  Fig.  30  is  a  detailed  block  diagram  of  receive 
interface  270'1; 

Fig.  31  is  a  detailed  block  diagram  of  switch 
interface  1418  of  trunk  controller  131; 

Figs.  32  through  40  are  detailed  block  diagrams 
25  of  subsystems  which  comprise  input  circuit  1406 

of  trunk  controller  131; 
Fig.  41  is  a  block  diagram  of  output  circuit  1405 

of  trunk  controller  131; 
Figs.  42  through  44  illustrate  packet  transforma- 

30  tions  performed  by  the  subsystems  of  output 
circuit  1405  of  trunk  controller  131  on  packets 
read  from  memory  1401  of  trunk  controller  131; 

Figs.  45  through  49  are  detailed  block  diagrams 
of  subsystems  which  comprise  output  circuit  1405 

35  of  trunk  controller  131; 
Figs.  50  through  53  are  detailed  block  diagrams 

of  subsystems  which  comprise  transmitter  1403 
of  trunk  controller  131;  Fig.  54  is  a  timing 
diagram;  and 

40  Fig.  55  shows  the  manner  in  which  certain  of 
the  figures  should  be  arranged  to  show  the 
specific  illustrative  embodiment  of  the  invention. 

The  drawing  shows  in  Fig.  1  and  2  the  heavy 
line  blocks  of  trunk  controllers  130  and  131  for 

45  emphasis  on  the  principal  building  blocks  used  to 
implement  the  present  invention.  The  details  of 
the  implementation  are  set  forth  on  Figs.  14,  21, 
and  53.  A  functional  illustration  of  the  necessary 
operations  is  shown  in  Fig.  2A. 

50 
Detailed  description 

Figs.  1  and  2  show  an  illustrative  packet  switch- 
ing  system  having  a  plurality  of  local  offices  102, 
103,  108  and  109,  and  a  plurality  of  toll  offices 

55  104  —  107  serving  a  plurality  of  customers  such  as 
customers  100  or  110.  The  following  description 
first  presents  a  general  description  of  the  sub- 
systems  comprising  the  packet  switching  system 
of  Figs.  1  and  2.  Then  a  brief  resume  of  the 

so  operations  of  two  trunk  controllers  in  calculating 
the  time  delay  incurred  by  a  packet  during 
transmission  through  an  attached  switching  net- 
work  and  in  updating  the  accumulated  time  delay 
information  in  the  packet  are  functionally 

65  described  to  provide  a  focus  on  the  invention. 
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Next,  a  description  is  presented  of  the  manner  in 
which  a  packet  transmitted  from  a  customer  100 
resident  interface  127  to  customer  110  resident 
interface  155  has  the  necessary  self-routing  in- 
formation  inserted  into  it  by  each  trunk  controller 
in  its  route  through  the  packet  switching  system. 
Once  the  routing  of  the  packet  through  the 
switching  system  has  been  described,  the  proce- 
dure  used  to  compile  the  routing  information  is 
then  described;  and  then,  the  method  used  to 
store  this  information  in  each  trunk  controller  in 
the  route  is  described.  Finally,  a  detailed  descrip- 
tion  of  each  block  of  Fig.  1  and  2  is  given. 

As  shown  in  Fig.  1,  local  office  102  comprises  a 
switching  network  116  which  terminates  a 
plurality  of  trunk  controllers  and  which  co- 
operates  with  central  processor  115  via  a  central 
processor  trunk  controller  129  which  is  also 
connected  to  the  switching  network.  Each  trunk 
controller  is  tied  into  the  network  by  unilateral 
transmission  media.  Trunk  controller  131,  for 
example,  receives  information  from  switching 
network  116  via  conductor  132  and  transmits 
information  to  switching  network  116  via 
conductor  133. 

On  the  customer  side  of  local  office  102,  the 
local  office  is  connected  to  customers  via  con- 
centrators  which  are  interconnected  to  the  switch- 
ing  network  via  trunk  controllers.  A  concentrator 
has  an  internal  switching  architecture  similar  to 
that  of  switching  network  116  which  is  described 
in  greater  detail  later  and  has  a  self  contained 
trunk  controller  which  interfaces  the  concentrator 
to  the  attached  trunk.  The  concentrator's  trunk 
controller  is  similar  to  trunk  controller  131  which 
is  described  in  greater  detail  later.  Each  con- 
centrator  has  connected  to  it  a  microprocessor 
which  is  used  in  conjunction  with  the  attached 
access  line  controller  to  perform  the  initial  call 
setup  sequences  and  to  provide  call  supervision 
as  a  supplement  to  the  inherent  self-routing 
characteristics  of  the  packets  being  transmitted 
through  the  packet  switching  system.  The 
customer  units  are  connected  to  the  con- 
centrators  by  the  access  line  controllers.  Each 
access  line  controller  stores  logical  address  and 
control  information  which  is  stored  in  the  access 
line  controller  by  the  controlling  microprocessor. 
This  logical  address  information  is  used  to  control 
the  first  portion  of  the  route  taken  by  the  packets 
transmitted  through  the  attached  switching  net- 
work  via  the  interconnecting  trunk  controller. 
Each  access  line  controller  is  connected  to  a 
resident  interface  contained  within  each  customer 
unit  via  standard  bilateral  transmission  media. 
Packets  are  transmitted  between  the  access  line 
controllers  and  the  resident  interfaces  using 
standard  packet  protocols  which  defines  three 
virtual  channels  for  communication  between  the 
resident  interface  and  the  access  line  controller. 

Each  trunk  controller  comprises  a  memory 
containing  a  translation  table  for  converting  the 
logical  addresses  into  switch  addresses  which  are 
used  by  the  switching  network  to  route  the 
packets  to  the  destination  trunk  controller. 

Switching  network  116  is  interconnected  to  toll 
offices  such  as  104  by  high  speed  trunks  with 
each  trunk  being  terminated  on  both  ends  by  a 
trunk  controller.  The  subject  matter  of  Fig.  1  is 

5  substantially  duplicated  in  Fig.  2. 
Each  packet  transmitted  through  the  packet 

switching  system  of  Figs.  1  and  2  includes 
information  which  defines  the  total  time  delay 
incurred  by  the  packet  during  transmission 

w  through  the  switching  networks.  This  accumu- 
lated  time  delay  information  is  updated  for  each 
switching  network  by  the  attached  trunk  con- 
trollers.  Since  the  trunk  controllers  perform  this 
updating,  no  additional  delay  is  incurred  in  main- 

15  taining  this  accumulated  delay  during  trans- 
mission  of  the  packet  through  the  packet  switch- 
ing  system. 

Turning  now  to  Fig.  2A,  a  functional  description 
of  the  manner  in  which  the  time  delay  is  accumu- 

20  lated  is  illustrated  in  Fig.  2A.  By  way  of  example, 
the  time  stamping  operations  performed  on  an 
incoming  packet  as  it  flows  through  controllers 
130  and  131  via  the  switching  network  116  of  Fig. 
1  to  become  an  outgoing  packet  are  explained. 

25  The  time  stamp  field  of  incoming  packet  200 
contains  the  total  delay  thus  far  encountered  by 
packet  200  in  its  transmission  through  the  packet 
switching  system.  Upon  receiving  packet  200 
from  trunk  117  of  Fig.  1,  controller  130  forms  a 

30  switched-through  packet  201  which  includes 
packet  200  and  a  newly  added  arrival  time  field. 
After  assembling  packet  201,  controller  130 
inserts  into  the  arrival  time  field  the  contents  of  an 
arrival  time  counter  203.  Packet  201  is  then  routed 

35  through  switching  network  116  to  controller  131 
for  assembling  an  outgoing  packet  202  for  ulti- 
mate  transmission  on  trunk  118.  During  the 
assembly  of  packet  202,  controller  131  calculates 
the  difference  between  the  contents  of  the  arrival 

40  time  field  and  the  contents  of  a  present  time 
counter  204.  Trunk  controller  131  then  adds  this 
difference  into  the  contents  of  the  time  stamp 
field  before  transmitting  packet  202  via  trunk  118. 
The  difference  between  the  arrival  time  field  and 

45  the  present  time  counter  204  represents  the  delay 
encountered  by  packet  201  as  it  was  routed 
through  switching  network  116.  Both  the  arrival 
time  counter  203  and  the  present  time  counter 
204  are  controlled  by  system  clock  161  of  Fig.  1; 

so  hence,  these  counters  are  synchronized  to  each 
other. 

As  is  described  in  greater  detail  in  the  discus- 
sion  of  Figs.  14,  21,  and  53,  the  calculation  of  the 
difference  between  the  arrival  time  field  and  the 

55  present  time  field  is  simplified  by  decrementing 
the  arrival  time  counter  at  the  same  rate  as  the 
present  time  counter  is  incremented  which  allows 
the  calculation  to  be  performed  by  simple  addi- 
tion. 

6o  Turning  now  from  the  trunk  controller  functions 
for  determining  total  time  delay,  the  procedure 
for  obtaining  and  storing  self-routing  information 
in  address  memories  of  the  appropriate  address 
line  controllers  and  trunk  controllers  is  described. 

65  The  information  is  obtained  by  a  call  setup  packet 
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being  transmitted  from  the  appropriate  access 
line  controller  connected  to  the  originating 
customer  unit  through  the  various  micro- 
processors  and  central  processors  which  are 
associated  with  the  different  concentrators  and 
local  and  toll  offices  which  form  the  route  through 
which  the  call  setup  packet  must  transverse  in 
order  to  reach  the  destination  customer  unit.  As 
the  call  setup  packet  progresses  along  this  route, 
each  processing  entity  inserts  a  new  logical 
address  into  the  packet  and  stores  the  necessary 
logical  and  switch  address  information  in  the 
appropriate  access  line  controller  or  trunk  con- 
trollers.  Once  the  call  setup  packet  is  received  at 
the  microprocessor  attached  to  the  concentrator 
to  which  the  destination  customer  unit  is  con- 
nected  via  an  access  line  controller,  the  receiving 
microprocessor  transmits  the  appropriate  logical 
and  switch  address  information  to  the  connected 
access  line  controller  which  stores  it  in  its  address 
memory;  and  the  receiving  microprocessor 
assembles  and  transmits  a  call  reply  packet  which 
indicates  that  the  call  has  been  properly  set  up. 
After  the  call  reply  packet  is  received  by  the 
originating  customer  access  line  controller,  all  the 
necessary  routing  information  is  set  up  in  the 
access  line  controllers  and  trunk  controllers  form- 
ing  the  packet  route  so  that  packets  can  be 
directly  routed  through  the  switching  networks 
without  the  packets  having  to  be  handled  by  the 
associated  processing  entities. 

The  utilization  of  the  call  setup  packet  is  now 
illustrated  in  greater  detail  by  describing  the 
establishment  of  a  telephone  call  between 
customers  100  and  110.  Customer  100  calls 
customer  110  by  dialing  the  customer  110  tele- 
phone  number.  Resident  interface  127  collects  the 
dialed  digits  in  the  conventional  manner.  After 
resident  interface  127  has  collected  the  dialed 
digits,  it  transmits  the  dialed  digits  in  a  packet  via 
line  122  to  access  line  controller  112a.  In  response 
to  the  packet  received  from  resident  interface  127, 
access  line  controller  112a  assembles  and  trans- 
mits  the  packet  shown  in  Fig.  3  to  microprocessor 
111  via  concentrator  112.  The  packet  identifier 
field  identifies  this  packet  as  a  signaling  packet 
and  a  "1"  in  the  most  significant  byte  of  data  field 
indicate  that  the  packet  is  a  call  setup  packet.  The 
remainder  of  the  data  field  contains  the  dialed 
telephone  number. 

Upon  receipt  of  the  packet  of  Fig.  3,  micro- 
processor  111  examines  the  dialed  telephone 
number  and  determines  that  a  connection  is 
required  through  switching  network  116.  First, 
microprocessor  1  1  1  transmits  to  access  line  con- 
troller  a  new  logical  address  to  be  used  in 
subsequent  packets  and  the  switch  address  defin- 
ing  concentrator  112's  trunk  controller  which 
connects  trunk  117  to  concentrator  112.  This 
switch  address  is  used  by  concentrator  112  to 
route  subsequent  packets  to  trunk  117.  Next, 
microprocessor  111  stores  in  concentrator  112's 
trunk  controller  the  switch  address  identifying 
access  line  controller  1  12a  and  information  defin- 
ing  the  virtual  channel  to  be  used  by  access  line 

controller  112a  in  communicating  with  resident 
interface  127.  Finally,  microprocessor  111 
assembles  a  packet  similar  to  the  one  shown  in 
Fig.  3,  but  having  the  logical  address  in  the  logical 

5  address  field  which  had  been  stored  in  the 
address  memory  of  access  line  controller  112a. 
This  new  packet  is  then  transmitted  to  central 
processor  115  via  concentrator  112,  trunk  117, 
trunk  controller  130,  switching  network  116,  and 

w  trunk  controller  129. 
Upon  receipt  of  the  packet  from  microprocessor 

111,  processor  115  determines  from  the  dialed 
telephone  number  by  performing  a  table  look-up 
operation  that  the  call  must  be  sent  through  to 

15  office  104.  Processor  1  15  first  transmits  the  logical 
address  contained  in  the  received  packet  and  the 
switch  address  identifying  trunk  controller  130  to 
trunk  controller  131.  Trunk  controller  131  stores 
this  address  information  in  an  internal  memory 

20  and  uses  this  information  to  perform  the  neces- 
sary  logical  to  switch  address  translation  on 
subsequent  packets  associated  with  the  call  being 
set  up.  Processor  115  then  transmits  to  trunk 
controller  130  a  new  logical  address  and  the 

25  switch  address  identifying  trunk  controller  131. 
This  address  information  is  used  to  perform  the 
necessary  logical  to  switch  address  translation  for 
routing  packets  from  trunk  controller  130  to  trunk 
controller  131  associated  with  the  call  being  set 

30  up  through  switching  network  116.  The  last 
operation  performed  by  processor  115  is  to 
transmit  a  call  setup  packet  similar  to  that  shown 
in  Fig.  3  to  central  processor  113  via  switching 
network  116,  trunk  controller  131,  trunk  118,  trunk 

35  controller  140  and  switching  network  146.  The 
packet  transmitted  to  processor  113  has  in  the 
logical  address  field  the  logical  address  informa- 
tion  identical  to  that  previously  stored  in  trunk 
controller  130. 

40  Upon  receipt  of  the  packet  from  trunk  118, 
processor  113  performs  operations  in  response  to 
this  packet  similar  to  those  performed  by 
processor  115  as  previously  described  with 
respect  to  the  call  set-up  packet.  Processor  113 

45  then  transmits  a  call  setup  packet  to  central 
processor  123  via  switching  network  146,  trunk 
controller  142,  trunk  119,  trunk  controller  147,  and 
switching  network  148.  Processor  123  performs 
similar  operations  to  those  performed  by 

so  processor  113  and  transmits  a  new  call  setup 
packet  to  central  processor  114  via  switching 
network  148,  trunk  controller  149,  trunk  120,  trunk 
controller  150,  and  switching  network  151.  Upon 
receipt  of  the  call  setup  packet  from  processor 

55  123,  central  processor  114  stores  the  logical 
address  information  of  this  packet  and  the  switch 
address  designating  trunk  controller  150  in  trunk 
controller  141.  Central  processor  114  then  trans- 
mits  a  new  logical  address  and  the  switch  address 

so  designating  trunk  controller  141  to  trunk  con- 
troller  150,  which  stores  this  information.  After 
storing  the  necessary  information  in  trunk  con- 
trollers  141  and  150,  processor  114  assembles  a 
new  call  setup  packet  having  the  logical  address 

65  which  had  previously  been  stored  in  trunk  con- 
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trailer  150  in  the  logical  address  field  and  trans- 
mits  this  call  setup  packet  to  microprocessor  125 
via  switching  network  151,  trunk  controller  141, 
trunk  124,  and  concentrator  126. 

Upon  receipt  of  the  call  setup  packet  from 
processor  114,  microprocessor  125  reads  the 
logical  address  information  contained  in  the 
logical  address  field  and  stores  the  logical 
address  in  address  memory  152  of  access  line 
controller  126a.  Microprocessor  125  then  trans- 
mits  a  call  reply  packet  as  illustrated  in  Fig.  4  to 
microprocessor  111  via  the  previously  defined 
route  through  the  packet  switching  systems  of 
Figs.  1  and  2.  The  logical  address  field  of  the 
packet  of  Fig.  4  contains  the  logical  address  which 
microprocessor  125  received  in  the  call  setup 
packet  from  processor  114.  Trunk  controller  141  is 
responsive  to  the  receipt  of  the  packet  of  Fig.  4  to 
translate  the  contents  of  the  logical  address  field 
using  the  previously  stored  logical  address  to 
switch  address  translation  information  and  to 
insert  the  previously  stored  logical  address  into 
the  call  reply  packet.  The  switch  address  which 
results  from  this  translation  by  trunk  controller 
141  designates  trunk  controller  150.  This  switch 
address  is  used  by  switching  network  151  to  route 
the  call  reply  packet  to  trunk  controller  1  50.  Trunk 
controller  150  is  responsive  to  receipt  of  the  call 
reply  packet  to  transmit  this  packet  to  trunk 
controller  149  via  trunk  120.  The  call  reply  packet 
is  similarly  routed  through  the  various  trunk 
controllers  until  it  is  received  by  microprocessor 
111.  Once  the  call  reply  packet  is  received  by 
microprocessor  111,  all  the  necessary  information 
for  routing  calls  through  the  various  switching 
networks  is  stored  within  the  trunk  controllers 
and  access  line  controllers  in  the  route. 

•Switching  network  116  of  local  office  102  is 
shown  in  greater  detail  in  Fig.  5.  All  connections 
to  switching  network  116  are  made  through  the 
trunk  controllers  shown  in  Fig.  1.  The  trunk 
controllers  receive  information  at  1.54  Mb/s  rate 
and  transmit  this  information  into  the  network  at 
an  8  Mb/s  rate.  Each  trunk  is  capable  of  buffering 
five  packets  of  information  from  the  attached 
trunk.  The  buffering  of  packets  at  the  input  from 
the  trunks  is  necessary  because  the  packets  may 
have  to  be  delayed  before  they  can  be  transmitted 
through  the  network.  Buffering  is  also  needed  by 
the  trunk  controllers  for  information  being 
received  from  the  network  before  it  can  be 
retransmitted  on  the  attached  trunk.  Each  trunk 
controller  is  capable  of  buffering  up  to  40  packets 
of  information  from  the  network  before 
commencing  retransmission  out  on  the  trunk. 
Each  trunk  controller  has  one  input  connection  on 
one  output  connection  to  switching  network  116. 
For  example,  trunk  control  130  transmits  informa- 
tion  to  switching  network  116  via  conductor  134 
and  receives  data  from  switching  network  116  via 
conductor  135  as  shown  in  Fig.  5. 

The  network  itself  comprises  three  stages  of 
switching  nodes.  The  first  stage  comprises  nodes 
500-0  through  500-15,  the  second  stage  com- 
prises  switching  nodes  501-0  through  501-15,  and 

the  third  stage  comprises  switching  node  502-0 
through  502-15.  Transmission  through  the  net- 
work  is  from  left  to  right.  Each  switching  node  is  a 
packet  switch.  Each  packet  switch  has  four  inputs 

s  and  is  capable  of  buffering  one  packet  on  each 
input.  The  packets  received  on  any  input  are 
transmittable  on  any  of  the  four  output  terminals 
of  the  packet  switch.  After  receipt  of  a  packet  on 
an  input  terminal,  the  address  contained  in  that 

to  packet  is  used  to  determine  which  outputterminal 
should  be  used  to  retransmit  the  packet.  Only  the 
two  most  significant  bits  of  the  address  are  used 
to  designate  the  output  terminal  for  a  particular 
switching  node.  For  example,  switching  node 

75  500-12  retransmits  the  packet  on  line  505  if  the 
most  significant  bits  are  equal  to  zero,  on  line  506 
if  the  most  significant  bits  are  equal  to  one,  on 
line  507  if  the  most  significant  bits  are  equal  to 
two,  and  on  line  508,  if  the  most  significant  bits 

20  are  equal  to  three. 
Each  node  properly  rearranges  the  address  bits 

so  that  the  receiving  switching  node  in  the  next 
stage  has  the  correct  bits  in  the  most  significant 
bit  positions  in  order  to  determine  which  output 

25  terminal  should  be  used  to  retransmit  the  packet 
at  that  stage. 

The  operation  of  switching  network  116  as 
shown  in  Fig.  5  can  be  better  understood  by 
considering  the  example  of  the  switching  of  the 

30  packet  shown  in  Fig.  3  through  this  network  to 
central  processor  115.  The  packet  shown  in  Fig.  3 
is  transmitted  by  microprocessor  111  via  trunk 
117  to  switching  network  116.  Upon  receipt  of  the 
packet  shown  in  Fig.  3,  trunk  controller  130  forms 

35  a  new  packet  which  is  illustrated  in  Fig.  6. 
The  new  packet  is  formed  by  taking  the  original 

packet  received  from  trunk  117,  removing  the 
flags  and  stuffed  bits,  and  then  adding  the  new 
fields  of  start  bit,  packet  length,  destination  trunk 

40  controller,  source  trunk  controller,  control,  arrival 
time,  and  a  new  CRC  field.  Trunk  controller  130 
responds  to  the  packet  identifier  containing  a  "0" 
by  inserting  a  "0"  into  the  destination  trunk 
controller  field.  This  is  the  trunk  number  for  trunk 

45  controller  129  to  which  central  processor  115  is 
connected.  Trunk  controller  130  inserts  its  own 
output  connection  number  on  switching  network 
116  (in  this  example  48)  into  the  source  trunk 
controller  field.  The  start  bit  defines  the  start  of 

so  the  network  packet  and  the  packet  length  defines 
the  length  of  the  network  packet.  Trunk  controller 
130  inserts  into  the  arrival  time  field  the  relative 
time  of  day.  Once  the  packet  of  Fig.  6  has  been 
formed  and  the  input  513  of  node  500-12  is  idle, 

55  trunk  controller  130  transmits  this  packet  to  node 
500-12. 

Node  500-12  examines  the  most  significant  bits 
of  the  address  field  and  selects  output  505  since 
these  bits  are  zero.  Before  transmitting  the  packet 

so  to  node  501-12  via  output  terminal  505,  node 
500-12  rotates  the  address  field  two  bits  to  the 
left;  this  results  in  the  two  most  significant  bits 
becoming  the  least  significant  bits,  and  the  two 
middle  bits  of  the  address  field  shown  in  Fig.  6 

65  becoming  the  two  most  significant  bits. 
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Node  501-12  examines  the  address  field  upon 
receiving  it  and  selects  output  512  since  the  most 
significant  bits  are  zero.  Node  501-12  also  rotates 
the  address  field  two  bits  to  the  left.  Node  501-12 
transmits  the  packet  to  node  502-0  via  the  output 
terminal  512.  Upon  receipt  of  the  packet,  node 
502-0  examines  the  address  field  and  selects 
output  terminal  514  since  the  two  most  significant 
bits  of  the  address  are  zero.  Upon  receiving  the 
packet,  trunk  controller  129  strips  off  the  start  bit, 
network  address  field,  and  network  packet  length, 
and  transmits  to  central  processor  115  the  packet 
identifier,  logical  address,  time  stamp,  and  data 
fields  plus  a  recalculated  CRC  field. 

A  second  example  will  be  used  to  help  illustrate 
the  operation  of  switching  network  116  as  shown 
in  Fig.  5.  This  will  be  done  by  following  the 
transmission  of  the  packet  shown  in  Fig.  4 
through  switching  network  116  from  trunk  118  to 
trunk  117.  Upon  receipt  of  the  packet  shown  in 
Fig.  4,  trunk  controller  131  forms  the  packet 
shown  in  Fig.  7.  After  forming  this  packet,  trunk 
controller  131  transmits  this  packet  to  switching 
node  500-15  via  input  terminal  515.  Switching 
node  500-15  examines  the  two  most  significant 
bits  of  the  network  address  field  (in  this  example  a 
binary  three),  ad  selects  link  516  to  transmit  the 
packet  shown  in  Fig.  7.  Before  switching  node 
500-15  starts  to  transmit  the  packet  via  link  516, 
switching  node  500-15  performs  a  left  rotate 
operation  on  the  network  address  field,  and  the 
result  is  the  packet  shown  in  Fig.  8.  Upon 
receiving  the  packet  from  switching  node  500-15, 
switching  node  501-15  examines  the  two  most 
significant  bits  of  the  network  address  field  as 
shown  in  Fig.  8  and  selects  output  517  to  transmit 
the  packet  out.  Before  transmitting  the  packet, 
switching  node  501-15  performs  a  left  rotate 
operation  on  the  packet,  resulting  in  the  packet 
shown  in  Fig.  9.  Upon  receiving  the  packet  of  Fig. 
9,  switching  node  502-12  responds  to  the  network 
address  field  by  transmitting  the  packet  to  trunk 
controller  130  via  conductor  135.  Switching  node 
502-12  also  performs  the  left  rotate  operation  on 
the  network  address  field.  The  packet  that  is 
transmitted  to  trunk  controller  130  via  conductor 
135  is  identical  to  the  packet  shown  in  Fig.  9  with 
the  network  address  field  rotated.  Trunk  con- 
troller  130  forms  a  new  packet  which  is  identical 
to  that  shown  in  Fig.  9  with  the  exception  that  the 
start  bit,  network  packet  length,  destination  trunk 
controller,  source  trunk  controller,  control,  and 
arrival  time  fields  have  been  eliminated,  a  new 
CRC  field  has  been  calculated  and  inserted,  and 
the  time  stamp  field  has  been  updated.  Trunk 
controller  130  then  retransmits  this  new  packet  on 
trunk  117. 

It  would  be  obvious  to  one  skilled  in  the  art  to 
expand  network  116  as  shown  in  Fig.  5  to  be 
capable  of  terminating  more  trunks  by  the  addi- 
tion  of  more  switching  nodes.  In  addition,  it 
would  be  obvious  to  one  skilled  in  the  art  to  use 
such  a  switching  network  to  correctly  inter- 
connect  several  pieces  of  digital  equipment  such 
as  computers  or  terminals.  The  other  switching 

networks  and  concentrators  shown  in  Fig.  1  and  2 
are  similar  in  design  to  switching  network  116. 

Switching  node  500-15  is  illustrated  in  greater 
detail  in  Fig.  10.  The  other  switching  nodes  are 

5  identical  in  design  to  switching  node  500-15.  The 
switching  node  consists  of  four  input  controls 
which  can  transmit  information  to  any  one  of  four 
output  controls.  The  input  controls  1000  through 
1003  are  connected  to  the  output  controls  1004 

w  through  1007  via  cables.  For  example,  input 
control  1000  is  connected  to  output  control  1007 
via  cable  1008.  Cable  1008  comprises  three  con- 
ductors  1009,  1010,  and  1011.  The  other  inter- 
connecting  cables  on  Fig.  10  are  identical  in 

is  design  to  cable  1008. 
When  input  control  1000  has  a  packet  to 

transmit  to  output  control  1007,  it  transmits  a 
request  signal  via  conductor  1010  to  output 
control  1007.  Input  control  1000  continuously 

20  transmits  this  request  signal  until  the  entire 
packet  has  been  transmitted  to  output  control 
1007.  When  output  control  1007  is  free  to  receive 
information  from  input  control  1000,  output 
control  1007  transmits  a  grant  signal  via 

25  conductor  1011  to  input  control  1000.  Upon 
receipt  of  the  grant  signal,  input  control  1000 
commences  to  transmit  the  packet  to  output 
control  1007  via  conductor  1009. 

For  example,  the  packet  shown  in  Fig.  7  would 
30  be  transmitted  through  switching  node  500-15  as 

illustrated  in  Fig.  10  in  the  following  manner. 
When  input  control  1000  recognizes  the  start  bit,  it 
has  already  received  not  only  the  start  bit  but  also 
the  two  most  significant  bits  of  the  network 

35  address.  Input  control  1000  decodes  the  two  most 
significant  bits  of  the  network  address  field  and 
determines  that  the  packet  was  to  be  transmitted 
to  output  control  1007  via  cable  1008.  Input 
control  1000  requests  permission  to  start  trans- 

40  mission  via  conductor  1010;  and  when  output 
control  1007  returns  the  grant  signal  via 
conductor  1011,  input  control  1000  starts  the 
transmission  of  the  packet  to  output  control  1007 
via  cable  1008.  Before  transmitting  the  network 

45  address  field,  input  control  1000  left  rotates  this 
address  two  bits  so  that  the  network  address 
transmitted  is  that  shown  in  Fig.  8.  Upon  receipt 
of  the  start  bit  of  the  packet,  output  control  1007 
starts  to  retransmit  this  packet  out  on  link  516. 

so  Input  control  1000  of  Fig.  10  is  shown  in  greater 
detail  in  Fig.  11.  Input  circuit  1110  receives  the 
information  from  input  terminal  515  and  trans- 
mits  to  trunk  controller  130  of  Fig.  11  the  link  open 
signal  via  input  terminal  515  under  control  of 

55  controller  1104.  The  function  of  the  link  open 
signal  will  be  explained  in  a  later  section  describ- 
ing  output  control  1007.  Input  shift  register  1100  is 
used  to  detect  the  start  bit,  which  indicates  the 
beginning  of  a  packet.  In  addition,  input  shift 

60  register  1100  is  used  to  extract  the  network  packet 
length  field,  which  is  saved  in  length  register 
1102,  and  to  extract  the  two  most  significant  bits 
of  the  network  address  field,  which  are  saved  in 
address  register  1101.  The  buffer  shift  register 

65  1103  is  capable  of  buffering  one  complete  packet. 
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3uffer  shift  register  1103  provides  an  output  after 
jach  64  bits  of  storage.  These  outputs  can  be 
selected  by  data  selector  1105  under  control  of 
controller  11  04  to  bypass  unused  portions  of  the 
suffer  shifter  register  1103.  This  bypassing  is 
done  when  it  is  not  necessary  to  buffer  a  whole 
packet  before  transmission  of  the  packet  can  start 
to  the  output  circuit  and  is  done  to  speed  up  the 
transfer  of  a  packet  through  input  control  1000. 
Address  rotation  circuit  1106  performs  the  pre- 
viously  mentioned  left  rotate  operation  on  the 
network  address  field  before  this  address  is 
transmitted  with  the  remainder  of  the  packet  to 
the  selected  output  control.  Multiplexer  1107 
under  control  of  controller  1104  selects  which  of 
the  cables  1008,  1012,  1013  or  1014  the  data  is  to 
be  transmitted  on. 

The  operation  of  input  control  1000  will  now  be 
further  explained  by  using  the  previous  example 
which  dealt  with  the  transmission  of  the  packet 
shown  in  Fig.  7.  input  shift  register  1100  is 
continuously  being  clocked  by  system  clock  161 
via  conductor  1111.  As  data  is  received  via  input 
terminal  515,  it  is  clocked  through-  input  shift 
register  1100.  Once  the  start  bit  reaches  bit 
position  10  of  input  shift  register  1100,  controller 
1104  detects  this  bit  and  transmits  a  pulse  on 
conductor  1113.  This  pulse  causes  length  register 
1102  to  store  the  network  packet  length  field,  and 
causes  address  register  1101  to  store  the  two 
most  significant  bits  of  the  network  address  field, 
which  are  contained  in  bit  positions  0  and  1  of 
input  shift  register  1100. 

Controller  1104  transmits  a  request  via  con- 
ductor  1010  to  output  control  1007  since  the  most 
significant  address  bits  indicate  that  the  packet  is 
to  be  transmitted  to  this  output  control.  While  this 
request  is  being  made,  data  is  being  shifted  from 
input  shift  register  1100  to  buffer  shift  register 
1103  which  has  a  number  of  output  terminals. 
These  output  terminals  are  connected  to  different 
bit  positions  within  buffer  shift  register  1103. 
When  controller  1104  receives  a  grant  signal  from 
output  control  1007  via  conductor  1011,  controller 
1104  calculates  at  which  output  of  buffer  shift 
register  1103  the  start  bit  of  the  packet  is 
approaching  within  buffer  shift  register  1  103.  This 
is  done  so  that  transmission  of  the  packet  output 
control  1007  can  start  as  soon  as  possible.  On  the 
basis  of  this  calculation,  controller  1104  controls 
data  selector  1105  to  select  the  designated  output 
of  buffer  shift  register  1103.  The  control  informa- 
tion  is  transmitted  to  data  selector  1105  via  cable 
1117.  Data  selector  1105  transmits  the  data  from 
the  selected  output  to  address"  rotation  circuit 
1106  via  conductor  1116.  Before  transmitting 
data,  controller  1104  resets  address  rotation 
circuit  1106  by  transmitting  the  start  of  packet 
signal  via  conductor  1119.  The  controller  1104 
then  uses  the  packet  length  information  stored  in 
length  register  1  1  02,  which  it  reads  via  cable  1  1  20, 
to  determine  when  the  end  of  the  packet  has 
entered  the  input  shift  register.  When  this  occurs 
and  transmission  has  started  from  shift  register 
1103,  controller  1104  transmits  the  link  open 

signal  via  conductor  1115.  This  signal  is  retrans- 
mitted  via  tri-state  driver  1109  and  input  terminal 
515  to  input  port  503-60.  The  link  open  signal 
indicates  that  input  control  1000  is  now  ready  to 

5  receive  another  packet.  This  function  is  explained 
in  the  section  dealing  with  the  output  control 
circuit. 

Address  rotation  circuit  1106  is  illustrated  in 
greater  detail  in  Fig.  12.  The  purpose  of  circuit 

;o  1106  is  to  rotate  the  address  field  to  the  left  two 
bits  so  that  the  two  most  significant  bits  become 
the  least  significant  bits.  The  rotation  is  necessary 
because  each  input  control  decodes  only  the  two 
most  significant  bits.  Shift  registers  1200  and 

is  1203  are  two  bit  shift  registers,  data  selector  1202 
is  used  to  select  either  the  output  of  shift  register 
1200  or  shift  register  1203,  and  control  circuit 
1209  controls  the  operation  of  the  address  rota- 
tion  circuit.  When  control  circuit  1209  receives  the 

20  start  of  packet  signal  from  controller  1104  via 
conductor  1  1  19,  it  transmits  a  clock  signal  to  shift 
register  1200  via  conductor  1207,  and  to  shift 
register  1203  via  conductor  1205.  This  clock  signal 
is  derived  from  the  signal  received  from  system 

25  clock  161  via  conductor  1210.  Control  circuit  1209 
conditions  data  selector  1202  via  conductor  1208 
to  select  shift  register  1203's  output  to  be  trans- 
mitted  on  conductor  1118.  Control  circuit  1209 
then  counts  the  number  of  bits  that  are  being 

30  transmitted  via  conductor  1118;  when  the  two 
most  significant  bits  of  the  network  address  field 
are  contained  within  shift  register  1203,  control 
circuit  1209  ceases  to  transmit  the  clock  signal  to 
shift  register  1203  via  conductor  1205,  and  condi- 

35  tions  data  selector  1202  to  select  the  output  of 
shift  register  1200.  Control  circuit  1209  then  waits 
until  the  remaining  bits  of  the  network  address 
field  have  been  transmitted  via  conductor  1118. 
At  this  point  in  time,  control  circuit  1209 

40  commences  to  send  clock  signals  to  shift  register 
1203,  and  conditions  data  selector  1202  to  select 
the  output  of  shift  register  1203.  This  operation 
results  in  the  most  significant  bits  of  the  network 
address  field  being  rotated. 

45  Output  control  1007  is  shown  in  greater  detail  in 
Fig.  13.  Control  circuit  1300  responds  to  requests 
from  input  controls  1000  through  1003,  which  are 
transmitted  via  cables  1008,  1015,  1016,  and  1017. 
If  flip-flop  1301  is  set,  control  circuit  1300 

50  responds  to  the  request  by  transmitting  a  grant 
signal  back  to  the  requesting  input  control  via  one 
of  the  above  mentioned  cables.  After 
acknowledging  the  request,  control  circuit  1300 
conditions  data  selector  1303  to  select  the  data 

55  conductor  from  the  appropriate  cable  1008,  1015, 
1016,  or  1017.  Control  circuit  1300  transmits  the 
appropriate  control  information  to  data  selector 
1303  via  cable  1308.  Data  selector  1303  transfers 
the  data  information  received  on  the  selected 

60  input  terminal  to  conductor  1307.  Tri-state  device 
1302  takes  the  information  on  conductor  1307  and 
transmits  this  data  via  link  516  to  input  circuit 
1305,  which  is  part  of  switching  node  501-15. 
Control  circuit  1300  controls  the  output  of  tri-state 

65  device  1302  via  conductor  1309. 
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The  operation  of  output  control  1007  as  shown 
n  Fig.  13  will  be  explained  in  greater  detail  by 
considering  the  previous  example  of  input  control 
1000  transmitting  a  packet  of  data  to  output 
control  1007  via  cable  1008.  When  input  control 
1000  transmits  the  request  signal  via  conductor 
1010,  control  circuit  1300  transmits  the  grant 
signal  to  input  control  1000  via  conductor  1011  if 
the  link  516  is  not  being  used  by  one  of  the  other 
input  control  circuits  and  the  output  of  flip-flop 
1301  is  set.  Assuming  that  flip-flop  1301  was  set, 
control  circuit  1300  transmits  the  grant  signal  to 
input  control  1000  and  conditions  data  selector 
1303  via  cable  1308  to  select  the  data  being 
transmitted  on  conductor  1009  and  retransmit 
this  data  on  conductor  1307.  In  addition,  control 
circuit  1300  enables  the  tri-state  device  1302  to 
transfer  the  information  on  conductor  1307  to  link 
516. 

After  input  control  1000  has  transmitted  the 
entire  packet,  it  removes  the  request  signal  from 
conductor  1010.  Once  the  request  signal  is  re- 
moved  from  conductor  1010,  control  circuit  1300 
sends  a  reset  signal  to  flip-flop  1301  via  conductor 
1310  and  stops  transmitting  signals  via  cable  1308 
and  conductor  1  309.  Once  the  input  control  of  the 
switching  node  501-15  is  capable  of  accepting 
another  packet,  it  transmits  the  open  link  signal 
via  conductor  1306,  tri-state  device  1311,  and  link 
516.  The  open  link  signal  sets  flip-flop  1301  via  the 
S  input.  Once  flip-flop  1301  is  set,  control  circuit 
1300  can  once  again  respond  to  request  signals 
from  the  input  controls. 

Trunk  controller  131  is  shown  in  greater  detail 
in  Fig.  14.  The  other  trunk  controllers  are  similar 
to  trunk  controller  131.  Trunk  controller  131 
receives  packets  from  trunk  1  18  via  receiver  1402, 
and  transmits  packets  to  trunk  1  18  via  transmitter 
1403.  Trunk  1  18  is  illustratively  a  telephone  digital 
transmission  facility  with  a  data  transmission  rate 
of  1.544  Mb/s  as  described  in  Boyle,  Colten, 
Dammann,  Karafin,  and  Mann, 
"Transmission/Switching  Interfaces  and  Toll 
Terminal  Equipment",  56  The  Bell  System 
Technical  Journal  1057,  1058  (1977).  Receiver 
1402  and  transmitter  1403  are  interfaced  to  the 
DSX-1  unit  shown  in  Fig.  1  on  page  1058  of  the 
cited  article.  Trunk  controller  131  transmits 
packets  to  switching  network  116  via  output 
circuit  1405,  and  receives  packets  from  switching 
network  116  via  input  circuit  1406.  Switch  inter- 
face  1418  interfaces  the  input  and  output  circuits 
to  the  switch  network.  Packets  are  transferred  in 
and  out  of  four  circular  buffers  in  memory  1401 
via  address  control  1404.  Address  control  1404 
contains  pointers  to  the  circular  buffers  that  allow 
input  circuit  1406,  output  circuit  1405,  transmitter 
1403,  and  receiver  1402  to  read  and  write  memory 
1401. 

Consider  an  example  where  normal  data 
packets  are  transferred  from  trunk  118  to  switch- 
ing  network  116.  Incoming  packets,  similar  to 
those  shown  in  Fig.  3,  are  received  by  receiver 
1402  in  a  serial  fashion  at  a  1.544  Mb/s  rate. 
Receiver  1402  adds  the  arrival  time  to  the  packet. 

and  transforms  the  serial  information  into  a  byte. 
Once  it  has  assembled  a  byte,  it  transmits  a  write 
request,  via  control  bus  1408,  to  address  control 
1404.  Receiver  1402  then  writes  the  byte  into 

5  memory  1401  via  data  bus  1407  and  address 
control  1404.  The  location  in  memory  1401  that 
the  byte  is  written  into  is  designated  by  the 
address  pointers  associated  with  receiver  1402. 
This  process  continues  until  receiver  1402  has 

'o  transferred  an  entire  packet  into  memory  1401. 
After  receiver  1402  has  transmitted  an  entire 
packet,  it  transmits  an  end  of  packet  signal,  via 
control  bus  1408,  to  address  control  1404. 
Address  control  1404  then  transmits  a  packet 

'5  available  signal,  via  control  bus  1412,  to  output 
circuit  1405.  This  packet  available  signal  is  trans- 
mitted  as  long  as  there  is  a  complete  packet 
memory  1401. 

Output  circuit  1405  reads  the  packet  stored  in 
20  memory  1401  by  making  sequential  read  requests 

to  address  control  1404  via  control  bus  1412. 
Address  control  1404  maintains  a  pointer  that 
determines  which  word  in  memory  1401  is 
associated  with  the  packet  to  be  transmitted  into 

25  the  network  via  output  circuit  1405.  Output  circuit 
1405  access  and  transmits  packets  at  an  8  mb/s 
rate.  In  order  to  transmit  packets  to  switching 
network  116,  output  circuit  1405  forms  packets 
similar  to  those  shown  in  Fig.  6.  It  does  this  by 

30  using  the  logical  address  field  from  the  original 
packet  to  address  the  logical  translation  table,  and 
calculating  the  packet  length  field.  In  addition, 
output  circuit  1405  calculates  a  new  CRC  field, 
updates  the  control  field,  and  adds  a  start  bit. 

35  These  operations  are  done  in  a  serial  fashion; 
however,  an  entire  packet  does  not  need  to  be 
buffered. 

Consider  another  example  where  packets  are 
transferred  from  switching  network  116  to  trunk 

40  118.  Packets  from  switching  network  116  are 
received  by  input  circuit  1406  via  switch  interface 
1418.  Input  circuit  1406  forms  this  data  into  bytes. 
It  then  sends  a  write  request  via  control  bus  1414, 
and  sends  the  packets  via  data  bus  1413  to 

45  address  control  1404.  Address  control  1404  writes 
the  information  into  memory  1401,  via  memory 
address  bus  '1417,  memory  data  bus  1415,  and 
memory  control  bus  1416.  When  an  entire  packet 
has  been  stored  in  memrory  1401,  input  circuit 

so  1406  transmits  an  end  of  packet  signal  to  address 
control  1404  via  control  bus  1414.  Address  control 
1404  then  transmits  a  packet  available  signal  to 
transmitter  1403  via  control  bus  1410.  Transmitter 
1403  makes  a  read  request  to  address  control 

55  1404,  and  receives  the  packets  via  data  bus  1409. 
Transmitter  1403  transforms  the  packets  into 
packets  similar  to  those  in  Fig.  4,  and  transmits 
them  to  trunk  118  at  a  1.544  Mb/s  rate.  Trans- 
mitter  1403  also  performs  error  checking,  and 

60  recalculates  the  CRC  field.  In  addition,  transmitter 
1403  updates  the  time  stamp  field  of  the  packet.  It 
does  this  by  subtracting  the  arrival  time  from  the 
present  time,  and  adding  this  difference  to  the 
time  stamp  field. 

65  Trunk  controller  131  handles  a  variety  of 
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packets  that  are  used  for  various  purposes.  These 
packets  can  be  divided  into  the  following  general 
categories:  normal  data  packets,  trunk  and  switch 
test  packets,  maintenance  read  and  write  packets, 
and  memory  read  and  write  packets.  The  types  of 
packets  are  distinguished  by  different  values  in 
the  packet  identifier  or  control  fields.  Normal  data 
packets  carry  data  and  signaling  information 
between  the  trunk  and  switching  network.  These 
are  the  most  common  packets.  Trunk  test  packets 
are  used  to  test  a  trunk,  including  the  two  trunk 
controllers,  and  the  actual  trunk  facility.  This  is 
done  as  follows.  The  test  packet  is  formed  by  the 
associated  central  processor,  and  sent  to  the  first 
trunk  controller  via  the  switching  network.  The 
first  trunk  controller  performs  a  check  on  the  CRC 
field  of  the  packet  to  determine  if  any  errors 
occurred  during  the  transmission.  If  an  error  is 
found,  the  first  trunk  controller  aborts  the  test 
packet;  if  no  erorrs  are  found,  the  first  trunk 
controller  sends  the  test  packet  to  the  second 
trunk  controller  via  the  trunk  facility.  When  the 
second  trunk  controller  receives  the  test  packet,  it 
performs  the  same  CRC  check  and,  if  not  errors 
are  found,  loops  the  packet  back  to  the  first  trunk 
controller,  which  then  sends  the  packet  back  to 
the  central  processor,  via  the  switching  network. 
The  central  processor  detects  that  a  transmission 
error  has  occurred  by  noting  that  the  test  packet  is 
not  looped  back  after  a  period  of  time  has 
elapsed.  Switch  test  packets  are  used  to  test  a 
path  within  the  switching  network.  A  switch  test 
packet  is  sent  by  the  central  processor  to  a  trunk 
controller  through  the  switching  network.  The 
trunk  controller  relays  the  packet  to  a  second 
trunk  controller  (specified  in  the  packet),  which 
then  returns  the  packet  to  the  central  processor. 
Maintenance  packets  are  used  to  send  main- 
tenance  information,  such  as  error  statistics, 
between  a  trunk  controller  and  its  associated 
central  processor.  In  a  maintenance  read  opera- 
tion,  the  central  processor  sends  a  maintenance 
read  packet  to  the  trunk  controller.  The  trunk 
controller  reads  the  information  and  writes  it  into 
the  packet;  it  then  returns  the  packet  to  the  central 
processor.  In  a  maintenance  write  operation,  the 
central  processor  sends  a  maintenance  write 
packet  to  the  trunk  controller.  The  trunk  controller 
writes  the  information  from  the  packet  into  the 
maintenance  register,  and  then  reads  the  same 
information  out  of  the  maintenance  register.  The 
information  read  out  is  placed  in  the  maintenance 
write  packet  and  sent  back  to  the  central 
processor.  Memory  packets  allow  the  central 
processor  to  read  and  write  information  from 
specified  memory  locations.  These  packets  work 
similarly  to  maintenance  packets,  with  the  excep- 
tion  that  memory  locations,  and  not  the  main- 
tenance  register,  are  read  and  written. 

Fig.  15  illustrates  the  four  packet  buffers,  and 
logical  channel  translation  table  contained  in 
memory  1401.  Packets  arriving  from  receiver  1402 
are  written  into  either  receive  buffer  1501  or  trunk 
test  buffer  1  502.  Trunk  test  buffer  1  502  is  reserved 
for  test  packets  that  are  to  be  looped  back  over  the 

trunk.  All  other  arriving  packets  are  sent  to  receive 
buffer  1501.  Packets  arriving  -from  input  circuit 
1406  are  written  into  either  transmit  buffer  1503 
or  switch  test  buffer  1504.  Transmit  buffer  1503  is 

5  for  packets  that  are  to  be  transmitted  on  the  trunk 
via  transmitter  1403.  Switch  test  buffer  1504  is  for 
switch  test  packets,  and  for  memory  read  and 
write  packets.  Logical  translation  table  1505 
contains  the  logical  to  physical  address  transla- 

te  tion  information  received  from  the  central 
processor  via  memory  write  packets. 

The  reading  and  writing  of  the  circular  buffers 
in  memory  1401  is  controlled  by  read  and  write 
pointers,  located  in  address  control  1404.  These 

15  read  and  write  pointers  point  to  the  specific 
memory  locations  within  the  various  buffers. 
Read  or  write  pointers  are  provided  for  receiver 
1402,  transmitter  1403,  input  circuit  1406  and 
output  circuit  1405.  These  pointers  are  used  to 

20  read  or  write  the  various  circular  buffers,  depend- 
ing  on  the  circuit.  The  structure  is  as  follows: 
Receive  circuit  —  receive  buffer  and  trunk  test 
buffer  write  pointers;  output  circuit  —  receive 
buffer  and  switch  test  buffer  read  pointers;  input 

25  circuit—  transmit  buffer  and  switch  test  buffer 
write  pointers;  transmit  circuit  —  transmit  buffer 
and  trunk  test  buffer  read  pointers. 

In  addition  to  the  various  read  and  write 
pointers,  address  control  1404  also  contains 

30  temporary  pointers.  Receiver  1402  has  access  to 
one  temporary  pointer,  which  is  used  to  save  the 
value  of  the  write  pointer.  At  the  beginning  of 
each  packet  write  operation,  the  temporary 
pointer  is  set  to  the  same  address  as  the  write 

35  pointer.  If  an  error  is  discovered  while  the  packet 
is  being  written,  the  write  pointer  is  sent  back  to 
the  address  of  the  temporary  pointer.  In  this  way, 
the  packet  containing  an  error  is  overwritten, 
effectively  discarding  it.  Input  circuit  1406  has 

40  access  to  two  temporary  pointers  One  is  used  to 
save  the  value  of  the  write  pointer.  The  other 
temporary  pointer  is  used  during  memory  write 
operations,  and  will  be  discussed  later.  Output 
circuit  1405  has  access  to  one  temporary  pointer, 

45  which  is  used  during  memory  read  operations. 
The  following  description  shows  the  packet 

flow  of  an  ordinary  data  packet  from  the  trunk  to 
the  switch  network.  Receiver  1402  receives  trunk 
packets,  and  pads  the  trunk  packets  with  zeroes, 

so  in  order  to  provide  space  in  the  packet  to  trans- 
form  the  trunk  packets  into  switch  packets.  Once 
receiver  1402  had  done  this,  it  makes  a  write 
request  to  address  control  1404,  in  order  to  write 
the  packet  into  receive  buffer  1501  in  memory 

55  1401.  Address  control  1404  receives  the  write 
request  and  makes  the  receive  buffer  write 
pointer  available.  Receiver  1402  then  writes  the 
packet  into  receive  buffer  1501  at  the  address 
specified  by  the  write  pointer.  Address  control 

60  1404  then  sends  a  packet  available  signal  to 
output  circuit  1405,  causing  output  circuit  1405  to 
send  a  read  request  to  address  control  1404. 
Address  control  1404  makes  the  receive  buffer 
read  pointer  available,  allowing  output  circuit 

65  1405  to  read  receive  buffer  1501  at  the  address 
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specified  by  the  read  pointer.  Output  circuit  1405 
reads  the  packet,  modifies  the  necessary  fields  to 
convert  the  trunk  packet  into  a  switch  packet, 
performs  the  necessary  logical  to  physical 
address  translation,  and  sends  the  packet  to  the  s 
switching  network.  The  logical  to  physical 
address  translation  involves  reading  the  logical 
translation  table  in  memory  1401,  and  updating 
the  required  packet  fields. 

The  packet  flow  of  an  ordinary  data  packet  from  '° 
the  switch  network  to  the  trunk  is  as  follows.  The 
packet  is  received  from  the  switching  network  via 
switch  interface  1418,  and  is  sent  to  input  circuit 
1406.  Input  circuit  1406  makes  a  write  request  to 
address  control  1404,  in  order  to  write  the  packet  '5 
into  transmit  buffer  1503  in  memory  1401. 
Address  control  1404  receives  the  write  request 
and  makes  the  transmit  buffer  write  pointer 
available.  Input  circuit  1406  then  writes  the  packet 
into  transmit  buffer  1503,  at  the  address  specified  20 
by  the  write  pointer.  Address  control  1404  then 
sends  a  packet  available  signal  to  transmitter 
1403,  causing  transmitter  1403  to  send  a  read 
request  to  address  control  1404.  Address  control 
1404  makes  the  transmit  buffer  read  pointer  25 
available,  allowing  transmitter  1403  to  read  trans- 
mit  buffer  1503  at  the  address  specified  by  the 
read  pointer.  Transmitter  1403  makes  a  read 
request  to  address  controller  1404,  in  order  to 
read  the  packet  from  transmit  buffer  1503.  Once  30 
transmitter  1403  has  read  the  packet,  it  removes 
the  header  information  from  the  packet,  which 
transforms  the  packet  into  a  trunk  packet.  Trans- 
mitter  1403  then  transmits  the  packet  on  the 
attached  trunk.  35 

Trunk  test  packets  are  received  by  receiver  1402 
from  the  trunk.  They  are  written  into  trunk  test 
buffer  1502  in  memory  1401,  using  the  trunk  test 
buffer  write  pointer  in  address  control  1404.  This 
operation  is  similar  to  the  operation  of  the  receive  40 
buffer  write  pointer.  Transmitter  1403  then  makes 
a  read  request  to  address  control  1404,  in  order  to 
read  trunk  test  buffer  1502,  using  the  trunk  test 
buffer  read  pointer.  Once  transmitter  1403  has 
read  the  test  packet,  it  transmits  it  back  to  the  45 
trunk.  Switch  test  packets  are  processed  in  a 
similar  manner.  They  are  received  by  input  circuit 
1406,  which  writes  them  into  switch  test  buffer 
1504  in  memory  1401,  using  the  switch  test  buffer 
write  pointer.  Output  circuit  1405  then  reads  so 
switch  test  buffer  1504,  using  the  switch  test 
buffer  read  pointer  in  address  control  1404.  Once 
it  has  read  the  packet,  it  sends  to  the  specified 
trunk  controller  via  the  switch  network. 

Memory  write  packets  are  used  to  write  in-  55 
formation  into  memory  1401.  This  information 
includes  the  logical  to  physical  address  transla- 
tions,  which  are  written  into  logical  translation 
table  1505.  Memory  write  packets  are  originated 
by  the  central  processor,  and  are  sent  to  input  so 
circuit  1406,  which  writes  part  of  the  packet  into 
switch  test  buffer  1504,  and  part  of  the  packet  into 
logical  translation  table  1505,  both  located  in 
memory  1401.  The  portion  of  the  memory  write 
packet  that  is  written  into  switch  test  buffer  1504  65 

is  written  via  the  switch  test  buffer  write  pointer; 
the  portion  of  the  packet  that  is  written  into  logical 
translation  table  1505  is  written  via  the  second 
input  circuit  temporary  pointer,  both  located  in 
address  control  1404.  Output  circuit  1405  then 
reads  the  information  stored  in  switch  test  buffer 
1504,  and  read  the  logical  translation  information. 
It  then  assembles  these  two  portions  of  data  into 
a  packet  that  is  identical  to  the  original  memory 
write  packet,  and  transmits  this  packet  back  to  the 
central  processor. 

Memory  read  packets  are  originated  by  the 
central  processor,  and  are  used  to  allow  the 
central  to  read  portions  of  memory  1401.  The 
incoming  memory  read  packet  contains  the 
memory  address,  and  the  number  of  bytes  to  be 
read.  Output  circuit  1405  reads  memory  1401  at 
the  address  specified  in  the  packet,  and  inserts 
the  number  of  bytes  specified  into  the  memory 
read  packet.  It  then  returns  the  packet  (containing 
the  requested  data)  to  the  central  processor. 

Trunk  and  switch  packets  are  further  described 
with  respect  to  the  fields  contained  in  each  of 
these  two  packet  types.  The  actual  packet  mani- 
pulation  and  conversion  details  are  described 
later.  Trunk  packets  carry  data  and  maintenance 
information  between  the  trunk  equipment  and  the 
trunk  controllers.  The  format  of  a  typical  trunk 
packet  is  shown  in  Fig.  3.  An  explanation  of  the 
fields  is  given  in  the  following  paragraphs. 

The  flag  field  is  a  unique  bit  pattern  (01111110) 
used  to  identify  the  beginning  and  end  of  a 
packet.  The  packet  identifier  (PID)  field  deter- 
mines  whether  the  packet  is  for  signaling,  testing, 
or  the  transmission  of  normal  data.  A  "0"  in  this 
field  indicates  a  signaling  packet  used  for  call 
set-up.  As  previously  described,  this  packet  is 
routed  through  all  central  processors  along  the 
path,  in  order  to  establish  the  path  that  all 
subsequent  packets  will  take  for  the  duration  of 
the  call. 

A  PID  field  of  "1"  indicates  a  signaling  packet 
that  sends  signaling  information  over  a  path  that 
has  already  been  established.  This  packet  type  is 
read  only  at  the  terminating  central  office. 

A  PID  field  of  "2"  or  "3"  is  a  test  packet,  which  is 
used  to  test  a  trunk  in  the  network.  The  originat- 
ing  central  processor  sends  a  test  packet  to  one  of 
its  trunk  controllers,  via  the  switching  network. 
This  packet  is  indicated  by  a  PID  field  of  "2".  The 
packet  is  transmitted  by  the  first  trunk  controller 
over  the  trunk  to  a  second  trunk  controller.  Since 
the  PID  field  is  a  "2",  the  second  trunk  controller 
changes  the  field  from  a  "2"  to  a  "3"  and  loops 
the  test  packet  back  to  the  first  trunk  controller 
over  the  trunk.  The  first  trunk  controller  receives 
the  packet,  and  read  the  PID  field.  Since  the  PID 
field  is  a  "3",  the  first  trunk  controller  returns  the 
packet  to  the  central  processor. 

A  PID  field  of  "8"  through  "11"  identifies  the 
packet  as  one  carrying  normal  data.  The  ascend- 
ing  order  of  numbers  indicates  levels  of  flow 
control.  An  "8"  indicates  no  flow  control.  The 
numbers  "9"  through  "11"  indicate  increasing 
levels  of  flow  control.  When  flow  control 
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increases,  the  originating  office  sends  the  packets 
out  with  a  greater  amount  of  time  in  between. 
This  is  to  prevent  system  overload  due  to  in- 
creased  traffic. 

A  PID  field  of  "12'  indicates  a  datagram.  This  is 
a  single  packet  that  carries  a  complete  message. 
A  datagram  is  routed  as  follows.  A  datagram  is 
created  by  the  central  processor  associated  with 
the  terminal  equipment  sending  the  datagram. 
The  datagram  is  then  routed  to  each  central 
processor  in  the  network  that  the  datagram 
passes  through.  Each  central  processor  reads  the 
logical  address  field  of  the  datagram  to  determine 
the  next  central  processor  to  which  the  datagram 
is  sent.  Once  the  datagram  reaches  the  destina- 
tion  central  processor,  the  destination  central 
processor  routes  the  datagram  to  the  destination 
customer's  terminal  equipment.  The  address  in- 
formation  is  not  retained  because  a  path  is  not 
required  to  send  additional  packets. 

The  logical  address  field  is  used  to  derive  the 
address  of  the  destination  trunk  controller.  This  is 
done  by  the  current  trunk  controller  using  the 
logical  address  to  index  logical  translation  table 
1505  contained  in  memory  1401.  Logical  transla- 
tion  table  1505  contains  the  number  of  the  next 
trunk  controller  and  the  new  logical  address.  The 
current  trunk  controller  inserts  the  new  logical 
address  into  the  packet's  logical  address  field  and 
then  routes  the  packet.  The  time  stamp  field 
carries  the  accumulated  time  that  it  takes  for  the 
packet  to  travel  through  the  switch  system.  This 
field  is  updated  in  conjunction  with  the  arrival 
time  field,  which  is  inserted  when  the  packet  is 
first  received  from  the  trunk.  When  the  destina- 
tion  trunk  controller  receives  a  packet,  it  calcu- 
lates  the  difference  between  the  arrival  time  and 
the  present  time,  in  order  to  update  the  time 
stamp  field.  The  data  field  contains  the  actual 
data,  or  information,  that  the  packet  is  to  carry.  In 
addition,  this  field  carries  certain  high  level  proto- 
col  information.  The  cyclic  redundancy  code 
(CRC)  field  is  used  for  error  detection.  This  field  is 
generated  by  the  transmitting  trunk  controller, 
and  tested  by  the  destination  trunk  controller,  in 
order  to  determine  if  the  packet.contains  errors. 

Switch  packets  carry  data  and  maintenance 
information  within  the  switching  network.  The 
format  of  a  typical  switch  packet  is  shown  in  Fig. 
6.  A  data  type  switch  packet  contains  all  the  fields 
contained  in  a  trunk  packet,  and  in  the  same 
order.  The  one  exception  is  the  two  flag  fields, 
which  are  not  contained  in  the  switch  packet. 
Also,  the  CRC  field  is  recalculated  and  checked  at 
several  stages  of  the  transformation  process  from 
trunk  packets  to  switch  packets.  An  explanation  of 
the  fields  unique  to  switch  packets  is  provided  in 
the  following  paragraphs. 

The  packet  length  field  is  the  total  length  of  the 
packet,  in  bytes.  This  field  is  computed  by 
receiver  1402.  The  destination  trunk  controller 
(DTC)  and  source  trunk  controller  (STC)  fields  are 
used  for  packet  routing.  The  DRC  is  the  address  of 
the  destination  trunk  controller  and  is  obtained 
from  logical  translation  table  1505.  The  STC  field 

is  the  address  of  the  trunk  controller  that  is 
presently  handling  the  packet. 

As  given  in  the  following  Table  1,  the  control 
field,  CNTL,  defines  the  type  of  switch  packet. 

5 
TABLE  1 

Switch  packet  type 

CNTL  Explanation 

0  Standard  data  packet 

1  Maintenance  read  packet 

2  Maintenance  write  packet 

3  Memory  read  packet 

4  Memory  write  packet 

5  Test  packet  —  routed  to 
.  first  trunk  controller 

6  Test  packet  —  routed  to 
second  trunk  controller 

Standard  data  packets  carry  the  information 
30  contained  in  data  type  trunk  packets  (packet 

identifier  of  "8",  "9",  "10",  or  "11"),  as  well  as 
signaling  and  datagram  packets  (packet  identifier 
of  "0",  "1",  or  "12")  through  the  switch  network. 
These  packets  are  transformed  back  to  trunk 

35  packets  by  the  next  trunk  controller  in  the  net- 
work,  and  then  transferred  back  to  switch  packets, 
as  required,  for  transmission  through  subsequent 
switch  networks.  Maintenance  information  is 
transmitted  through  the  system  with  main- 

40  tenance  write  and  maintenance  read  packets. 
These  packets  give  the  central  processor  the 
ability  to  read  and  write  maintenance  information 
into  the  trunk  controller.  This  maintenance  in- 
formation  includes  error  and  control  information. 

45  A  maintenance  write  packet  is  generated  by  the 
central  processor  and  is  sent  to  the  appropriate 
trunk  controller.  Once  this  packet  arrives  at  the 
trunk  controller,  the  trunk  controller  examines  the 
control  field,  determines  that  it  is  a  "2"  (indicating 

so  a  maintenance  write)  and  write  the  data  portion  of 
the  packet  into  maintenance  register  3101  in 
switch  interface  1418. 

When  the  trunk  controller  receives  a  switch 
packet  with  a  "1"  in  the  control  field,  it  performs  a 

55  maintenance  read  operation.  The  data  in  the 
maintenance  register  is  read,  and  stored  in  the 
data  portion  of  a  packet.  The  packet  is  then 
transmitted  to  the  originating  central  processor. 

Switch  packets  are  also  used  to  read  and  write 
so  the  memory  portion  of  the  trunk  controller.  In  a 

memory  write  operation,  the  switch  packet's 
control  field  is  a  "3".  Input  circuit  1406  receives 
the  packet  from  the  central  processor,  writes  the 
data  portion  into  the  requested  location  in 

65  memory  1401,  and  writes  the  rest  of  the  packet 

12 
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ito  switch  test  buffer  1504.  Output  circuit  1405 
eads  the  data  from  the  specified  location  in 
nemory  1401,  and  reads  the  remainder  of  the 
lacket  from  switch  test  buffer  1504.  It  then 
ssembles  a  new  packet  from  these  two  seg- 
nents,  and  transmits  the  new  packet  back  to 
entral  processor  115  via  switching  network  116. 

A  test  packet  is  a  type  of  switch  packet  that  can 
oute  test  data  through  two  trunk  controllers, 
jefore  routing  the  packet  back  to  the  central 
jrocessor.  When  the  test  packet  arrives  at  the  first 
runk  controller,  the  control  field  is  set  to  "5".  This 
ndicates  that  the  packet  is  to  be  routed  to  a 
;econd  trunk  controller  before  being  returned  to 
he  central  processor.  Before  leaving  the  first 
runk  controller,  output  circuit  1405  changes  the 
;ontrol  field  from  a  "5"  to  a  "6",  and  then  sends 
he  packet  to  the  second  trunk  controller.  The 
address  of  the  second  trunk  controller  is  specified 
n  the  data  field.  After  the  second  trunk  controller 
•eceives  the  test  packet,  it  reads  the  control  field. 
Since  the  field  is  a  "6",  the  second  trunk  controller 
•outes  the  packet  directly  to  the  central  processor. 

The  main  function  of  receiver  1402  is  to  convert 
:runk  packets,  received  from  the  trunk  side  of  the 
network,  into  switch  packets,  which  are  then 
transmitted  through  the  switching  part  of  the 
network.  The  conversion  consists  of  (1)  removing 
the  start  and  end  flag  fields,  and  (2)  adding  fields 
at  the  beginning  of  the  packet.  The  transformation 
also  requires  that  the  CRC  field  be  recalculated. 
The  added  fields  are  as  follows.  The  first  two 
added  fields  destination  trunk  controller  and 
source  trunk  controller  are  filled  with  zeroes.  The 
actual  source  and  destination  trunk  controller 
values  are  added  by  output  circuit  1405  after  it 
reads  the  packet  from  receive  buffer  1501.  The 
next  added  field  is  the  control  field.  The  last 
added  field  is  the  arrival  time  field.  This  field  is 
filled  in  with  the  actual  time  that  the  packet  arrives 
at  receiver  1402,  and  is  used  by  the  destination 
trunk  controller  to  update  the  time  stamp  field. 

During  packet  conversion,  the  destination  trunk 
controller,  source  trunk  controller  and  control 
fields  are  initialized  to  zero.  The  arrival  time  field 
is  initialized  to  the  arrival  time  of  the  packet 
(expressed  as  a  negative  number).  The  packet 
identifier  field  is  unchanged,  with  one  exception: 
if  the  packet  identifier  field  of  the  incoming  packet 
is  a  "2",  indicating  a  test  packet,  it  is  changed  to  a 
"3",  indicating  a  trunk  test  packet  that  is  return- 
ing.  As  already  mentioned,  the  CRC  field  is 
updated;  however,  the  updating  process  has  this 
complication:  The  CRC  field  is  computed  as 
though  the  packet  length  field  contained  all  zeros, 
and  the  actual  length  of  the  packet  was  contained 
in  a  separate  field  between  the  data  and  CRC 
fields.  The  reason  for  this  is  because  the  length  of 
the  packet  is  being  computed  as  the  packet  comes 
in,  and  is  not  known  until  the  entire  packet  is 
received. 

Receiver  1402  is  shown  in  greater  detail  in  Fig. 
16.  Receiver  1402  comprises  flag  removal  and  bit 
unstuffing  circuit  1601,  packet  reformatter  1602, 
and  serial  to  parallel  converter  1603.  Flag  removal 

and  Pit  unstumng  circuit  ioui  removes  me 
01  1  1  1  1  10  flag  pattern  at  the  beginning  and  end  of 
the  trunk  packet.  Additionally,  this  circuit  removes 
bits  that  were  stuffed  into  the  bit  stream  by 

5  transmitter  1403.  This  process  is  explained  later. 
Packet  reformatter  1602  adds  zeroes  to  the  packet. 
These  zeroes  serve  as  place  holders  for  the  fields 
added  during  the  packet  transformation.  In  addi- 
tion,  this  circuit  fills  in  the  arrival  time  of  the 

10  packet,  and  updates  the  packet  identifier  field,  as 
required. 

The  trunk  packets  are  received  by  flag  removal 
and  bit  unstuffing  circuit  1601  on  conductor  1604. 
This  circuit  detects  the  start  and  end  points  of 

is  each  packet  by  detecting  the  presence  of  the  start 
and  stop  flags  contained  in  the  packet.  Once  the 
flags  are  detected,  they  are  removed.  In  addition, 
this  circuit  performs  bit  unstuffing.  Bit  unstuffing 
is  the  removal  of  bits  that  were  placed  in  the  bit 

20  stream  to  ensure  that  the  flag  pattern  does  not 
occur  at  any  place  other  than  the  start  and  end  of 
the  packet. 

Flag  removal  and  bit  unstuffing  circuit  1601 
sends  the  packets  to  packet  reformatter  1602  via 

25  conductor  1605.  A  signal  is  placed  on  conductor 
1606  when  the  packet  first  arrives  at  packet 
reformatter  1602.  This  signal  remains  as  long  as 
the  packet  is  being  processed.  A  similar  signal  is 
present  on  conductor  1609  during  the  time  that 

30  the  packet  is  being  transferred  from  packet  re- 
formatter  1602  to  serial  to  parallel  converter  1603. 
A  "1"  is  placed  on  conductor  1607  during  every 
clock  pulse  that  conductor  1605  contains  data. 
Packet  reformatter  1602  receives  the  trunk  packet 

35  from  1601  and  adds  the  appropriate  fields  to 
allow  the  forming  of  a  switch  packet.  In  addition, 
this  circuit  performs  error  detection,  and  modifies 
the  PID  field  as  required. 

Error  detection  is  done  by  checking  the  CRC 
40  field  of  each  incoming  packet.  If  an  error  is 

detected,  1602  transmits  an  error  signal  to  1603 
via  conductor  1612,  which  causes  the  packet 
containing  the  error  to  be  aborted.  Packet  re- 
formatter  1602  also  detects  hardware  errors.  If  a 

45  hardware  error  is  found,  it  is  indicated  by  a  signal 
on  conductor  "1626. 

The  PID  field  modification  performed  by  1602  is 
with  respect  to  trunk  test  packets.  An  incoming 
test  packet  has  a  PID  of  "2";  1602  changes  the 

so  field  to  a  "3".  Additionally,  when  a  test  packet  is 
received,  1602  causes  conductor  1611  to  go  high. 
This  causes  serial  to  parallel  converter  1603  to 
write  the  contents  of  the  test  packet  into  trunk  test 
buffer  1502.  Packet  reformatter  1602  is  fully 

55  duplicated  and  thus  is  capable  of  doing  fault 
detection  of  itself. 

Flag  removal  and  bit  unstuffing  circuit  1601  is 
shown  in  greater  detail  in  Fig.  17.  This  circuit  does 
flag  removal  and  bit  unstuffing.  Flag  removal  is 

60  performed  as  follows.  A  flag  pattern  of  01  1  1  1  1  10 
is  continuously  sent  over  conductor  1604  when- 
ever  the  trunk  is  idle.  This  8-bit  pattern  is  read  into 
register  1701.  At  the  same  time  that  register  1701 
is  receiving  the  bit  pattern,  register  1702  is 

65  receiving  a  steady  stream  of  "1's"  at  the  same  bit 

13 
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rate.  After  a  complete  8-bit  flag  pattern  is 
received,  register  1702  is  cleared  via  a  "1"  on  the 
output  of  AND  gate  1706,  which  decodes  the 
presence  of  the  flag  pattern.  This  prevents  the 
"1's",  which  are  being  clocked  into  register  1702, 
from  being  sent  out  of  register  1702.  The  "1's" 
coming  out  of  register  1702  are  routed  to  AND 
gate  1714  and  register  1705.  When  "1's"  are 
present,  actual  data  is  allowed  to  flow  out  of 
register  1701,  and  conductor  1607  is  activated  to 
signal  this  actual  data. 

After  a  flag  pattern  from  an  actual  packet  is 
clocked  into  register  1701,  the  subsequent  bits  are 
actual  packet  contents  rather  than  the  flag 
pattern.  After  eight  bits  of  actual  data  have  been 
clocked  into  register  1701,  AND  gate  1706  does 
not  clear  register  1702  and  because  the  AND  gate 
is  not  detecting  the  flag  pattern.  This  causes 
register  1702  to  send  a  continuous  stream  of  "1's" 
to  one  input  of  AND  gate  1714.  The  other  input  of 
AND  gate  1714  is  receiving  the  actual  packet 
contents  from  register  1701.  AND  gate  1714  is 
thus  enabled  by  the  "1's"  coming  out  of  register 
1702.  Because  of  the  enable  signal,  the  contents 
of  register  1701  are  allowed  to  be  shifted  into 
register  1703.  Thus,  the  output  of  AND  gate  1714 
is  "1"  only  when  the  actual  packet  contents 
contain  a  "1".  In  this  way,  the  packet  contents 
minus  the  flags  are  shifted  through  register  1703 
and  are  sent  to  packet  reformatter  1602  via 
conductor  1710. 

Bit  unstuffing  is  required  because  whenever 
transmitter  1403  detects  five  sequential  "1's",  it 
always  stuffs  a  "0".  This  is  so  that  the  packet  data 
never  contains  the  flag  pattern.  These  stuffed 
zeros  are  removed  by  flag  removal  and  bit 
unstuffing  circuit  1601  after  the  flags  have  been 
removed.  Bit  unstuffing  is  done  as  follows.  The 
packet  data  coming  out  of  AND  gate  1714  still 
contains  the  stuffed  "0's".  If  a  pattern  of  11111  is 
clocked  into  register  1703,  the  next  bit  has  to  be  a 
stuffed  bit,  which  must  be  removed.  This  11111 
pattern  causes  the  output  of  NAND  gate  1718  to 
go  to  "0"  during  the  one  bit  time  that  the  stuffed 
"0"  is  in  the  first  position  of  register  1703.  This 
"0"  is  shifted  through  register  1704  at  the  same 
time  that  the  actual  packet  data  is  shifted  through 
register  1703.  When  the  "0"  in  register  1704 
reaches  the  input  of  AND  gate  1708,  conductor 
1606  goes  to  "0"  for  that  one  clock  pulse  that  the 
stuffed  "0"  is  present  in  register  1703.  Conductor 
1606  is  the  bit  present  indicator,  which  is  passed 
to  packet  reformatter  1602.  Since  the  bit  present 
signal  is  absent  for  any  clock  pulse  that  a  stuffed 
"0"  is  contained  in  register  1703,  the  stuffed  "0"  is 
removed. 

Packet  reformatter  1602  is  shown  in  greater 
detail  in  Fig.  18.  This  circuit  performs  the  actual 
packet  transformation.  This  circuit  comprises  CRC 
circuits  1801  and  1804,  packet  reformat  circuits 
1802  and  1805,  and  comparator  1803.  The  CRC 
and  packet  reformat  circuits  are  duplicated 
because  during  the  reformatting  process  the  CRC 
check  cannot  accurately  detect  errors  within  the 
circuit.  The  CRC  circuits  check  the  CRC  field  of  the 

incoming  packet  and  then  remove  it.  The  packet 
reformat  circuits  do  the  actual  packet  transforma- 
tions  and  calculate  the  new  CRC  field.  Comparator 
1803  compares  the  reformatted  packets  from 

5  packet  reformat  circuits  1802  and  1805.  If  the 
packets  do  not  match,  a  fault  is  present  in  the 
packet,  and  is  indicated  by  a  FLTR  signal  on 
conductor  1626.  This  FLTR  signal  is  sent  to  switch 
interface  1418,  and  then  to  the  central  processor, 

to  which  then  takes  corrective  action. 
Packet  reformat  circuit  1802  is  shown  in  greater 

detail  in  Fig.  19.  This  circuit  comprises  pad  circuit 
1901,  which  adds  blank  fields  to  the  incoming 
trunk  packet  to  be  used  to  form  a  switch  packet  by 

15  later  circuits;  arrival  time  circuit  1902,  which 
calculates  and  fills  in  the  packet  arrival  time;  PID 
circuit  1903,  which  updates  the  PID  field  if 
required;  length  circuit  1904,  which  calculates 
and  fills  in  the  packet  length;  and  CRC  circuit 

20  1905,  which  calculates  the  CRC  field  of  the  packet. 
Pad  circuit  1901  is  shown  in  greater  detail  in  Fig. 

20.  This  circuit  pads  56  zeroes  at  the  beginning  of 
the  incoming  packet,  and  pads  24  zeroes  at  the 
end  of  the  packet.  These  zeroes  serve  as  place 

25  holders  for  the  fields  that  are  added  by  the 
succeeeding  circuits.  Pad  circuit  1901  receives 
both  psi  and  phi  clock  pulses  from  system  clock 
161.  The  phi  pulses  are  five  times  faster  than  the 
psi  pulses,  as  shown  in  Fig.  54.  The  phi  clock 

30  pulses  are  required  to  place  the  zeroes  at  the 
beginning  of  the  packet. 

Pad  circuit  1901  receives  data,  data  present,  and 
bit  present  signals  on  conductors  1814,  1815,  and 
1816.  These  signals  pass  through  operated  AND 

35  gates  2006  through  2008,  and  are  shifted  into 
registers  2001  through  2003.  Registers  2001 
through  2003  shift  data  through  at  the  psi  clock 
rate  through  operated  AND  gate  2010  and  OR 
gate  2011.  The  first  pulse  on  conductor  1815 

40  activates  control  2004  via  conductor  2031.  When 
control  2004  is  activated,  it  activates  counter  2005, 
and  pad  conductor  2027.  Conductor  2027  pads  56 
zeroes  to  the  beginning  of  the  packet  via  AND 
gate  2019  and  flip-flop  2024.  Counter  2005  counts 

45  the  clock  pulses  and  signals  control  2004  via  AND 
gate  2030  to  disable  conductor  2027  after  56 
pulses.  The  zeroes  are  padded  at  the  phi  clock 
rate;  this  allows  the  zeroes  to  be  padded  at  the 
beginning  of  the  packet  before  the  actual  packet 

so  data  is  shifted  out  of  register  2001  .  When  the  data, 
data  present  and  bit  present  signals  are  shifted 
out  of  registers  2001  through  2003  they  are 
converted  from  1.544  to  8  Mb/s,  via  gates  2013, 
2014,  2016,  and  2034,  and  flip-flop  201  5.  When  the 

55  last  16  bits  of  the  packet  are  in  register  2001 
(signaled  by  conductor  2031  being  disabled), 
control  2004  activates  conductor  2032.  This 
causes  the  last  16  bits  in  registers  2001  through 
2003  to  be  shifted  through  at  the  phi  clock  rate,  via 

so  operated  AND  gate  2012  and  OR  gate  2011. 
Additionally,  this  signal  disables  AND  gates  2006 
through  2008,  via  inverter  2009.  The  purpose  of 
this  is  to  prevent  the  next  packet  from  being 
shifted  into  pad  circuit  1901  until  the  existing 

65  packet  is  shifted  through.  After  the  end  of  the 
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jacket  is  shifted  out  of  register  2001,  control  2004 
enables  conductor  2027  for  24  clock  pulses, 
causing  24  zeroes  to  be  padded  to  the  end  of  the 
jacket. 

Arrival  time  circuit  1902  is  shown  in  greater 
detail  in  Fig.  21  .  This  circuit  places  the  arrival  time 
cf  the  packet  into  the  arrival  time  field.  The  arrival 
:ime  calculated  as  a  negative,  rather  than  positive, 
/alue.  By  running  the  clock  in  reverse,  the  arrival 
:ime  can  be  added  to  the  present  time,  avoiding 
:he  need  to  complement,  as  described  later  in  the 
description  of  transmitter  1403.  Arrival  time 
circuit  1902  comprises  counters  2101  and  2103, 
shift  register  2102,  control  2104,  and  flip-flops 
2109  through  2111.  Counter  2101  maintains  the 
current  time  through  external  tick  and  sync  pulses 
Tom  system  clock  161.  Counter  2103  counts  the 
number  of  bits  in  the  incoming  packet  in  order  to 
determine  where  the  arrival  time  field  is.  When  a 
aacket  arrives,  it  is  indicated  by  a  signal  on 
conductor  1907;  this  signal  is  sent  to  control  2104 
/\a  conductor  2105.  When  control  2104  receives 
this  data  present  signal,  it  signals  counter  2103, 
via  conductor  2113,  to  begin  counting  incoming 
bits.  Additionally,  control  2104  places  a  signal  on 
conductor  2112.  This  signal  causes  the  contents 
of  counter  2101  to  be  loaded  into  shift  register 
2102.  The  effect  of  this  is  to  load  the  arrival  time  of 
the  packet  into  shift  register  2102.  The  arrival  time 
field  is  in  bit  positions  48  through  55  of  the  packet. 
This  field  had  been  previously  filled  with  zeroes 
by  pad  circuit  1901.  When  counter  2103  reaches 
48,  it  signals  control  2104  via  AND  gate  2118. 
Control  2104  then  places  a  signal  on  the  input  of 
AND  gate  2115,  causing  AND  gate  2115  to 
operate.  When  AND  gate  2115  operates,  it  causes 
shift  register  2102  to  shift  its  contents  out  to 
flip-flop  2109,  via  AND  gate  2116  and  OR  gate 
2117.  Flip-flops  2109  through  2111  then  transmit 
the  information  received  on  their  D  inputs  onto 
conductors  1909  through  1911,  at  the  phi  clock 
rate. 

PID  circuit  1903  is  shown  in  greater  detail  in  Fig. 
22.  PID  circuit  1903  reads  the  PID  field  of  incoming 
packets  and  determines  the  packet  type.  If  the 
incoming  packet  is  a  datagram,  a  signal  is  placed 
on  conductor  1918.  If  the  incoming  packet  is  a  test 
packet,  a  "3"  is  placed  in  the  PID  field,  and  a 
signal  is  placed  on  conductor  1611.  An  incoming 
packet  arrives  on  conductor  1909.  Conductor  1910 
receives  a  steady  stream  of  "1's"  as  long  as  the 
packet  is  being  reveived.  Conductor  1911  receives 
a  "1"  during  each  bit  time  that  a  valid  bit  is 
present  on  conductor  1909.  The  first  "1"  on 
conductor  1910  causes  counter  2203  to  count 
valid  data  bits  by  counting  the  bits  on  conductor 
191  1,  through  AND  gate  2204.  When  counter  2203 
reaches  59,  it  operates  AND  gate  2213,  which 
signals  control  2205.  Control  2205  then  places  an 
enable  signal  on  conductor  2214.  During  this  59th 
bit  time,  the  least  significant  bit  of  the  PID  field  is 
on  conductor  1909,  and  the  three  most  significant 
bits  of  the  PID  field  are  stored  in  shift  register 
2201.  The  data  on  conductor  1909  and  in  shift 
register  2201  operates  either  AND  gate  2207  or 

2206.  If  the  data  is  a  binary  "u  ,  indicating  a 
datagram,  AND  gate  2206  operates,  causing  a 
signal  to  be  placed  on  conductor  1918.  If  the  data 
on  conductor  1909  and  in  shift  register  2201  are  a 

5  binary  "2"  or  "3"  indicating  a  test  packet,  AND 
gate  2207  operates,  causing  a  "3"  to  be  placed  in 
the  packet  identifier  field.  If  the  data  on  conductor 
1909  and  in  shift  register  2201  are  a  binary  "2", 
AND  gate  2209  is  also  operated,  resulting  in  the 

io  packet  being  stored  in  trunk  test  buffer  1502. 
Flip-flops  2210  through  2212  keep  the  output  data 
on  conductors  1912  through  1914  in  sync,  via 
clock  pulses  from  system  clock  161. 

Length  circuit  1904  is  shown  in  greater  detail  in 
is  Fig.  23.  Length  circuit  1904  counts  the  number  of 

bytes  in  incoming  packets,  and  places  the  byte 
count  at  the  end  of  the  packet.  Additionally, 
length  circuit  1904  places  a  length  error  signal  on 
conductor  1919  if  the  packet  received  exceeds  150 

20  bytes.  Incoming  data,  data  present  indication,  and 
bit  present  indications  are  received  on  conductors 
1912  through  1914,  and  are  shifted  into  shift 
registers  2301  through  2303.  When  data  first 
appears  on  conductor  1912,  "1s"  also  appear  on 

25  conductor  1913,  indicating  that  data  is  present. 
The  first  "1"  on  conductor  1913  causes  control 
2307  to  start  counter  2304,  via  OR  gate  2310. 
Counter  2304  counts  the  incoming  bit  present 
signals  on  conductor  2315,  in  order  to  determine 

30  the  number  of  bytes  in  the  packet.  When 
conductor  1913  goes  to  "0",  the  entire  packet  has 
been  counted  by  counter  2304.  The  "0"  on 
conductor  1913  causes  the  contents  of  counter 
2304  to  be  loaded  into  shift  register  2305.  This  is 

35  done  by  control  2307  placing  a  load  signal  on 
conductor  2316.  One  bit  time  later  control  2307 
enables  shift  conductor  2317,  causing  the 
contents  of  shift  register  2305  (that  is,  the  byte 
count)  to  be  shifted  into  the  packet  through  AND 

40  gate  2311  and  OR  gate  2318.  This  places  the 
length  count  of  the  packet  at  the  end  of  the  packet. 
When  control  2307  enables  shift  conductor  2317, 
it  also  enables  counter  2306.  When  counter  2306 
reaches  eight,  it  signals  control  2307,  which 

45  disables  shift  conductor  2317.  When  counter  2306 
reaches  24,  the  entire  packet  has  been  shifted 
through  length  circuit  1904.  Packets  longer  than 
150  bytes  exceed  the  maximum  packet  length. 
These  excessively  long  packets  are  detected  by 

50  comparators  2308,  which  indicates  them  by 
placing  a  signal  on  length  error  conductor  1919. 
This  length  error  indication  causes  the  packets  to 
be  discarded.  Flip-flops  2312  through  2314  per- 
form  the  same  function  as  flip  flops  2210  through 

55  2212  in  PID  circuit  1903. 
Serial  to  parallel  converter  circuit  1  603  is  shown 

in  greater  detail  in  Fig.  24.  Serial  to  parallel 
converter  1603  comprises  buffer  2401  and 
address  control  interface  2402.  Buffer  2401 

60  receives  data,  data  present  and  bit  present  indica- 
tions  from  packet  reformatter  1602.  Buffer  2401 
transforms  the  incoming  data  into  bytes,  and 
sends  the  bytes  to  address  control  1404  via  cable 
2720.  Address  control  interface  2402  signals 

65  where  the  information  on  cable  2720  is  to  be 
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written  by  signals  on  conductors  2721  through 
2727.  Conductors  2721  through  2723  are  write 
commands  for  receive  buffer  1501,  trunk  test 
buffer  1502,  and  the  temporary  pointer,  respec- 
tively.  Conductors  2726  and  2727  set  the  s 
temporary  pointer  equal  to  either  the  receive 
buffer  or  trunk  test  buffer  write  pointers,  and 
conductors  2724  and  2725  set  the  receive  buffer 
or  trunk  test  buffer  write  pointers  equal  to  the 
temporary  pointer.  10 

Buffer  2401  is  shown  in  greater  detail  in  Fig.  25. 
Buffer  2401  performs  the  actual  serial,  to  parallel 
conversion.  Incoming  data,  data  present  indica- 
tions,  and  bit  present  indications  are  received  on 
conductors  1608,  1609,  and  1610.  The  incoming  J  5 
data  is  buffered  by  shift  registers  2501  and  2504, 
the  data  present  indication  is  buffered  by  shift 
registers  2502  and  2505,  and  the  bit  present 
indications  are  buffered  by  shift  registers  2503 
and  2506.  As  data  bits  are  shifted  through  register  20 
2504,  they  are  assembled  into  bytes  by  shift 
register  2507.  Counter  2509  counts  the  incoming 
bit  present  signals  to  determine  when  a  complete 
byte  has  been  assembled.  When  a  byte  has  been 
assembled,  the  byte  is  loaded  into  output  register  25 
2508,  via  a  signal  from  AND  gate  2510.  Addi- 
tionally,  AND  gates  2510  and  2511  set  flip-flop 
2512,  which  puts  a  data  present  signal  on 
conductor  2404.  This  data  present  signal  is  an 
indication  to  address  control  interface  2402  that  a  30 
byte  is  ready  to  be  sent.  After  the  byte  has  been 
sent,  address  control  interface  2402  places  a 
signal  on  conductor  2403  to  acknowledge  receipt 
of  the  byte.  This  signal  resets  flip-flop  2512. 

Address  control  interface  2402  is  shown  in  35 
greater  detail  in  Fig.  26.  Address  control  interface 
2402  controls  the  writing  of  receive  buffer  1501 
and  trunk  test  buffer  1502,  located  in  memory 
1401.  Flip-flop  2605  controls  the  discarding  of 
packets  that  contain  errors,  or  that  must  be  40 
discarded  because  a  buffer  has  overflowed.  Flip- 
flop  2608  selects  whether  data  will  be  written  into 
receive  buffer  1501  or  trunk  test  buffer  1502. 
Buffer  2401  indicates  that  it  has  assembled  a  byte 
by  placing  a  signal  on  conductor  2404.  This  signal  45 
causes  control  2601  to  set  flip-flop  2605  to  "1",  via 
a  signal  on  conductor  2631.  When  flip-flop  2605  is 
set  to  "1",  AND  gate  2610  operates,  which 
operates  AND  gates  2611,  2612,  2614,  and  2615.  If 
buffer  2401  is  transmitting  a  test  packet,  packet  so 
reformatter  1602  places  a  signal  on  conductor 
1611.  This  signal  sets  flip-flop  2608,  which  causes 
AND  gates  2622  through  2625  to  operates.  This  • 
action  causes  the  packets  to  be  written  into  trunk 
test  buffer  1  502.  If  the  packet  in  buffer  2401  is  not  55 
a  test  packet,  flip-flop  2608  is  reset  to  "0".  This 
operates  AND  gates  2616  through  2619,  via 
inverter  2621.  When  these  AND  gates  operate, 
packets  are  written  into  receive  buffer  1501. 

Address  control  1404  is  shown  in  greater  detail  so 
in  Fig.  27.  Address  control  1404  is  used  to  allow 
transmitter  1403,  receiver  1402,  input  circuit  1406 
and  output  circuit  1405  to  read  and  write  the 
appropriate  portions  of  memory  1401.  Address 
control  1404  consists  of  receive  interface  2701,  65 

output  interface  2703,  transmit  interface  2711, 
input  interface  2713,  and  memory  interface  2702. 
Additionally,  the  circuit  contains  full/empty 
circuits  2704,  2707,  2708,  and  2712;  as  well  as 
flip-flops  2705,  2706,  2709,  and  2710.  Timer  2714 
controls  when  receiver  1402,  transmitter  1403, 
output  circuit  1405  and  input  circuit  1406  can 
access  the  buffers  in  memory  1401,  by  sequen- 
tially  enabling  conductors  2760  through  2763.  The 
full/empty  circuits  are  used  to  detect  buffer  over- 
flow  and  empty  conditions;  the  flip-flops  are  used 
to  indicate  when  data  is  present  in  the  respective 
buffers.  Address  control  1402  operates  at  the 
theta  clock  rate  from  system  clock  161. 

Receive  interface  2701  receives  write  requests 
from  receiver  1402  on  conductros  2721  through 
2727;  it  receives  the  data  from  receiver  1402  on 
cable  2720.  Receive  interface  2701  responds  to 
these  write  requests  by  making  either  the  receive 
buffer  write  point,  trunk  test  buffer  write  pointer, 
or  temporary  pointer  available  for  writing  the  data 
into  memory  1401.  For  example,  a  signal  on 
conductor  2722  causes  receive  interface  2701  to 
write  the  data  into  receive  buffer  1501,  at  the 
address  pointed  to  by  the  receive  buffer  write 
pointer.  Afzer  the  data  has  been  written,  the 
receive  buffer  write  pointer  is  incremented;  this 
new  address  and  the  address  plus  one  are  sent  to 
receive  buffer  full/empty  circuit  2704.  When 
receive  buffer  full/empty  circuit  2704  detects  that 
receive  buffer  1501  is  empty,  it  resets  flip-flop 
2705,  causing  the  data  present  signal  to  be 
removed  from  conductor  2738.  If  receive  buffer 
full/empty  circuit  2704  detects  that  receive  buffer 
1501  is  overfilled,  it  sends  an  overload  in  receive 
buffer  indication  on  conductor  2728.  A  signal  on 
conductor  2722  causes  the  data  on  cable  2720  to 
be  written  into  trunk  test  buffer  1502.  The  circuit 
action  is  similar  to  that  of  writing  receive  buffer 
1501,  except  that  trunk  test  buffer  full/empty 
circuit  2707  resets  flip-flop  2706  when  trunk  test 
buffer  1502  is  empty,  and  it  indicates  that  trunk 
test  buffer  1502  is  overfilled  via  a  signal  on 
conductor  2729. 

The  temporary  pointer  is  used  for  writing  the 
packet  length  into  the  length  field,  and  for  abort- 
ing  packets  that  contain  errors.  The  temporary 
pointer  must  be  used  to  write  the  length  because 
the  length  field  is  at  the  beginning  of  the  packet, 
and  the  actual  length  of  the  packet  is  not  known 
until  most  of  the  packet  has  been  written  into  the 
buffer.  The  actual  length  is  inserted  into  the 
packet  in  the  following  manner.  The  temporary 
pointer  is  set  equal  to  the  write  pointer,  and  the 
write  pointer  starts  to  write  the  packet  into  the 
buffer.  When  the  packet  length  (which  had  been 
placed  near  the  end  of  the  packet  is  ready  to  be 
written,  it  is  written  using  the  temporary  pointer. 
Since  the  temporary  pointer  had  been  set  equal  to 
the  write  pointer,  it  is  pointing  to  the  location  of 
the  length  field.  In  this  way,  the  actual  packet 
length  is  written  into  the  length  field  of  the  packet. 

If  an  error  is  detected  in  the  packet,  the  packet  is 
aborted.  This  is  accomplished  by  receiver  1402 
pulsing  conductor  2724,  which  directs  receive 
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nterface  2701  to  set  the  write  pointer  for  the 
eceive  buffer  equal  to  the  temporary  pointer. 

Output  interface  2703  receives  read  requests 
rom  output  circuit  1405  via  conductors  2732 
hrough  2736.  Output  interface  2703  responds  to 
hese  read  requests  by  making  the  appropriate 
jointer  available  to  read  data  from  memory  1401. 
:or  example,  a  signal  on  condcutor  2732  causes 
)utput  interface  2703  to  read  the  data  from 
eceive  buffer  1501  at  the  address  pointed  to  by 
he  receive  buffer  read  pointer.  A  signal  on 
:onductor  2733  causes  output  interfaces  2703  to 
ead  switch  test  buffer  1504  at  the  address 
jointed  to  by  the  switch  test  buffer  read  pointer. 
Dnce  output  interface  2703  had  read  the  data,  it 
orwards  the  data  to  output  circuit  1405  via  cable 
2731. 

Overflow  conditions  are  detected  by  receive 
Duffer  full/empty  circuit  2704.  This  is  done  by  2704 
comparing  the  read  pointer  against  the  write 
cointer  plus  one.  If  these  two  are  equal,  it 
ndicates  that  an  overflow  will  occur  if  the  receiver 
attempts  to  write  another  byte  into  receive  buffer 
1501. 

The  operation  of  input  interface  2713  is  similar 
to  receive  interface  2701.  Incoming  data  is 
received  from  input  circuit  1406  via  cable  2744, 
and  is  written  into  either  transmit  buffer  1503  or 
switch  test  buffer  1504.  The  write  requests  from 
input  circuit  1406  are  via  conductors  2745  through 
2752,  and  conductor  2765.  Switch  test  buffer 
full/empty  circuit  2708  and  transmit  buffer  full/ 
empty  circuit  2712  receive  write  pointer 
addresses  from  input  interface  2713,  in  order  to 
maintain  the  full/empty  status  of  switch  test 
buffer  1504  and  transmit  buffer  1503.  These 
full/empty  circuits  reset  flip-flops  2709  and  2710, 
and  send  buffer  overfilled  conditions  via 
conductors  2742  and  2743.  The  operation  of 
transmit  interface  2711  is  similar  to  output  inter- 
face  2703.  Data  is  read  from  either  transmit  buffer 
1503  or  trunk  test  buffer  1502  in  memory  1401. 
Once  the  data  has  been  read,  it  is  sent  to 
transmitter  1403  via  cabls  2755.  Read  requests  are 
received  from  transmitter  1403  via  conductros 
2753  and  2754.  Transmit  interface  2711  contains 
no  temprary  pointers. 

Memory  1401  contains  the  following  circular 
buffers:  receive  buffer  1501,  trunk  test  buffer 
1502,  transmit  buffer  1503,  and  switch  test  buffer 
1  504.  A  circular  buffer  is  shown  in  detail  in  Fig.  28. 
Circular  buffers  allow  read  pointer  2801  and  write 
pointer  2804  to  continuously  read  and  write  the 
same  portion  of  memory  1401,  as  long  as  read 
pointer  2801  is  always  ahead  of  write  pointer- 
2804,  so  that  write  pointer  2804  cannot  write  a 
portion  of  memory  1401  that  has  not  yet  been 
read.  After  each  read  or  write  operation  the 
appropriate  pointer  (read  or  write)  is  incremented 
by  one.  If  write  pointer  2804  is  at  a  location  one 
less  than  read  pointer  2801,  the  buffer  is  full  (that 
is,  the  next  write  operation  will  overwrite  a 
portion  of  the  buffer  that  read  pointer  2801  has 
not  yet  read).  When  the  condition  occurs,  full/ 
empty  circuit  2803  indicates  a  full  buffer  condition 

on  conductor  zaua.  bimnariy,  wnen  reaa  pointer 
2801  is  at  a  location  one  less  than  write  pointer 
2804,  the  buffer  is  empty. 

Temporary  pointers  are  used  by  receiver  1402, 
;  input  circuit  1406,  and  output  circuit  1405  for 

various  applications.  In  the  receive  circuit,  for 
example,  the  temporary  pointer  is  used  to  back- 
up  the  write  pointer,  in  cases  where  the  write 
pointer  has  written  a  packet  and  then  receiver 

o  1402  discovers  an  error.  The  temporary  pointer 
points  to  the  memory  location  containing  the  first 
byte  of  the  packet.  By  setting  the  write  pointer 
equal  to  the  temporary  pointer,  the  packet  is 
effectively  aborted. 

5  A  typical  pointer  is  shown  in  Fig.  29.  Pointers 
contain  the  address  of  the  current  position  in  the 
buffer  in  order  to  read  or  write  the  buffer.  The 
pointer  circuit  does  the  following:  resets  the 
pointer;  increments  the  pointer  (including  wrap- 

io  around);  loads  the  pointer  from  an  external 
source,  for  example,  setting  the  read  pointer 
equal  to  the  temporary  pointer;  and  provides  the 
current  address,  and  the  address  plus  one,  for  use 
by  the  full/empty  circuit.  The  current  address  is 

15  stored  in  register  2901.  This  address  is  available 
on  cable  2919;  the  address  plus  one  is  available 
on  cable  2921.  A  reset  operation  causes  the  start 
address  on  conductro  2920  to  be  loaded  into 
register  2901  ,  as  follows.  The  reset  is  initiated  by  a 

30  signal  on  conductor  2915.  This  signal  enables 
register  2901  via  OR  gate  2902.  Additionally,  this 
reset  signal  operates  OR  gate  2909,  which  enables 
AND  gate  2913.  The  start  address  on  cable  2920 
passes  through  AND  gate  2913  and  OR  gate  2912  • 

35  to  one  input  of  AND  gate  2905.  The  other  input  of 
AND  gate  2905  is  enabled  via  inverter  2906;  thus, 
the  start  address  is  loaded  into  register  2901. 
Incrementing  the  pointer  causes  the  pointer  to 
read  or  write  the  next  memory  address.  When  the 

40  pointer  has  reached  the  limit  address,  increment- 
ing  causes  wrap  around.  Incrementing  is  initiated 
by  a  signal  on  conductor  2916.  This  signal  enables 
register  2901  via  OR  gate  2902.  The  address  that  is 
loaded  into  register  2901  depends  on  whether  or 

45  not  the  limit  of  memory  space  has  been  reached. 
If  the  limit  has  not  been  reached,  comparator  2907 
operates,  which  operates  AND  gate  2911  and  OR 
gate  2912.  When  OR  gate  2912  operates,  the 
current  address  plus  one  is  loaded  into  register 

50  2901  via  AND  gate  2905  and  OR  gate  2904.  If  the 
limit  has  been  reached,  comparator  2908 
operates.  This  operates  OR  gate  2909,  which 
causes  the  start  address  on  conductor  2920  to  be 
loaded  into  register  2901  as  previously  described. 

55  This  is  the  wrap  around.  Loading  from  an  external 
source  is  initiated  by  a  signal  on  conductor  2917. 
This  signal  enables  register  2901  via  OR  gate 
2902;  additionally,  this  signal  enables  AND  gate 
2903  and  disables  AND  gate  2905  via  inverter 

60  2906.  When  AND  gate  2903  is  enabled,  the 
external  address  on  cable  2918  is  put  in  register 
2901,  via  OR  gate  2904. 

Receive  interface  2701  is  shown  in  greater 
detail  in  Fig.  30.  Receive  interface  2701  comprises 

55  receive  buffer  write  pointer  3001,  temporary 

17 



33 D  112  3 3 8  34 

pointer  3002,  and  trunk  test  buffer  pointer  3003. 
These  pointers  are  similar  to  the  pointer 
described  in  Fig.  29,  and  are  used  to  allow 
receiver  1402  to  read  receive  buffer  1501  and 
trunk  test  buffer  1502.  Data  is  received  from  buffer 
2401  on  cable  2720,  and  is  written,  via  cable  3004, 
into  memory  1401  via  memory  interface  2702. 
The  memory  location  is  specified  via  address 
cable  3006.  This  address  is  received  from  the  DO 
lead  of  the  respective  pointer  3001,  3002,  or  3003) 
through  OR  gate  3015  and  AND  gate  3011.  AND 
gates  3009  through  3011  are  multi-input  AND 
gates  that  send  data,  write  indications,  and 
addresses  to  memory  1401  via  cables  3004 
through  3006.  Output  interface  2703,  input  inter- 
face  2713,  and  transmit  interface  2711  are  similar 
in  design  to  receive  interface  2701. 

Switch  interface  1418  is  shown  in  greater  detail 
in  Fig.  31.  This  circuit  is  the  interface  between 
trunk  controller  131  and  switching  network  116. 
Its  primary  function  is  to  provide  maintenance 
read  and  write  capabilities  between  the  trunk 
controller  and  central  processor  115.  These  main- 
tenance  functions  are  provided  via  maintenance 
read  and  write  packets,  and  via  fault  detection 
circuit  3108.  Maintenance  information  is  sent 
between  switch  interface  1418  and  the  central 
processor  via  maintenance  read  and  maintenance 
write  packets.  Packets  are  sent  to  input  control 
3107  via  conductor  132.  Input  control  3107  reads 
the  control  field  of  the  packet  to  determine 
whether  the  packet  is  a  maintenance  packet.  If  the 
packet  is  not  a  maintenance  packet,  it  is  shifted 
through  to  input  circuit  1406.  If  the  packet  is  a 
maintenance  packet,  it  is"  shifted  through  to 
maintenance  control  3102. 

Maintenance  control  3102  reads  the  control 
field  of  the  incoming  packet  to  determine  whether 
the  packet  is  a  maintenance  read  or  maintenance 
write  packet.  If  it  is  a  maintenance  write  packet, 
the  information  from  the  packet  is  passed  through 
register  3103  to  maintenance  register  3101.  This 
operation  is  controlled  by  maintenance  control 
3102.  The  maintenance  information  is  then 
passed  back  to  register  3103,  and  transmitted 
back  to  the  central  processor  as  a  check  to  verify 
that  the  information  was  correctly  written  and 
stored  in  maintenafce  register  3101.  If  it  is  a 
maintenance  read  packet,  the  information  stored 
in  maintenance  register  3101  is  read  into  register 
3103,  and  is  then  transmitted  to  the  central 
processor.  Before  the  packet  is  transmitted  back 
to  the  central  processor,  the  source  and  destina- 
tion  fields  of  the  packet  must  be  switched,  and  the 
CRC  code  must  be  recalculated.  These  functions 
are  accomplished  by  packet  formatter  3104. 

Another  maintenance  function  consists  of  fault 
detection  circuit  3108  and  cables  3110  through 
3113.  Cables  3110  through  3113  are  connected  to 
receiver  1402,  transmitter  1403,  input  circuit  1405, 
and  output  circuit  1405,  respectively.  These 
cables  transmit  faults,  such  as  memory  error  or 
packet  received  in  error,  to  fault  detection  circuit 
3108. 

Input  circuit  1406  is  shown  in  greater  detail  in 

Fig.  32.  This  circuit  receives  switch  packets  from 
switching  network  116  via  switch  interface  1418 
and  writes  the  packets  into  the  appropriate  por- 
tions  of  memory  1401.  Input  circuit  1406 

s  comprises  packet  reformatter  3201  and  serial  to 
parallel  converter  3202.  Incoming  packets  are 
received  from  switch  interface  1418  on  conductor 
3203,  with  data  present  indication  on  conductor 
3204.  Packet  reformatter  3201  reads  the  control 

to  field  of  the  incoming  packet  to  determine  the 
packet  type.  If  it  is  a  memory  write  packet,  it  is 
indicated  by  a  signal  on  conductor  3212.  If  it  is  a 
test  packet,  it  is  indicated  by  a  signal  on  conductor 
3210.  Packet  reformatter  3201  also  updates  the 

?5  length  and  CRC  fields  of  memory  write  packets. 
After  packet  reformatting  has  been  done,  the 
packet  is  passed  in  serial  to  serial  to  parallel 
converter  3202.  Serial  to  parallel  converter  3202 
converts  this  incoming  serial  stream  to  bytes,  and 

20  controls  the  transfer  of  these  bytes  to  memory.  In 
the  case  of  an  ordinary  data  packet,  the  data  is 
written  into  transmit  buffer  1503,  via  a  signal  on 
conductor  2745.  In  the  case  of  a  test  packet,  the 
data  is  written  into  switch  test  buffer  1504,  via  a 

25  signal  on  conductor  2746.  In  the  case  of  a  memory 
write  packet,  the  data  is  written  into  the  memory 
location  specified  in  the  packet  itself.  Conductors 
2747  through  2752,  and  conductor  2765  control 
the  writing  and  setting  of  the  two  temporary 

30  pointers.  Temporary  pointer  1  is  used  for  aborting 
packets  found  in  error;  temporary  pointer  2  is 
used  for  writing  the  data  portion  of  memory  write 
packets  into  the  specified  memory  location. 

Packet  reformatter  3201  is  shown  in  greater 
35  detail  in  Fig.  33..Packet  reformatter  3201  contains 

duplicated  CRC  circuits  3301  and  3303,  duplicated 
packet  reformat  circuits  3302  and  3304,  and 
comparator  3305.  The  duplicated  circuitry  is 
required  because  the  CRC  code  cannot  detect 

40  errors  during  the  reformatting  process.  Incoming 
packets  are  received  by  packet  reformatter  3201 
on  conductor  3203.  CRC  circuits  3301  and  3303 
check  the  CRC  field  of  the  incoming  packet.  If  both 
CRC  circuits  detect  an  error,  a  packet  received  in 

45  error  signal  is  generated  by  AND  gate  3306  and 
sent  to  switch  interface  1418  via  conductor  3206. 
Additionally,  a  packet  received  in  error  causes  a 
signal  to  be  placed  on  conductor  321  1  .  This  signal 
causes  serial  to  parallel  converter  3202  to  discard 

so  the  packet.  Packets  not  found  in  error  are  then 
reformatted  by  packet  reformat  circuits  3302  and 
3304.  This  reformatting  process  involves  up- 
dating  the  control,  length,  and  CRC  fields.  If  there 
is  a  mismatch  in  the  reformatting  done  by  packet 

55  reformat  circuits  3302  and  3304,  the  mismatch  is 
detected  by  comparator  3305.  This  mismatch 
causes  comparator  3305  to  send  a  fault  indication 
to  switch  interface  1418  via  conductor  3205. 

Packet  reformat  circuit  3302  is  shown  in  greater 
60  detail  in  Fig.  34.  Packet  reformat  circuit  3302 

comprises  format  control  3401,  format  length 
circuit  3402,  and  format  CRC  circuit  3403.  Packet 
reformat  circuit  3302  updates  the  control,  length, 
and  CRC  fields  of  memory  write  packets  only;  all 

65  other  packets  are  passed  through  the  circuit  with 
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io  changes.  Format  control  3401  receives  packets 
rom  CRC  circuit  3301  via  conductor  3307.  A 
ignal  is  placed  on  conductor  3308  to  indicate  that 
lata  is  present  on  conductor  3307.  This  data 
iresent  signal  is  passed  to  format  length  circuit 
!402  via  conductor  3405,  and  to  format  CRC 
ircuit  3403  via  conductor  3408.  Format  control 
1401  examines  the  control  field  of  the  incoming 
jacket.  If  the  field  is  a  "4"  (indicating  a  memory 
vrite  packet),  format  control  3401  places  a  signal 
>n  conductor  3212,  which  activates  format  length 
:ircuit  3402  and  CRC  circuit  3403.  If  the  incoming 
jacket  is  not  a  memory  write,  format  control  3401 
ihifts  the  packet  through.  If  the  packet  is  a  test 
jacket,  format  control  3401  indicates  this  by 
jlacing  a  signal  on  conductor  3210,  which  results 
n  the  packet  being  written  into  switch  test  buffer 
I504.  If  format  control  3401  receives  a  memory 
vrite  packet,  format  length  circuit  3402,  in 
esponse  to  the  memory  write  packet  signal  from 
jonductor  3212,  inserts  a  constant  length  into  the 
ength  field,  and  CRC  circuit  3403  calculates  a  new 
DRC.  A  constant  length  is  written  into  the  length 
ield  because  the  memory  write  packets  written 
nto  switch  test  buffer  1504  contain  the  packet 
leader  fields  only,  without  the  data,  and  thus  are 
:he  same  length.  The  reformatted  packet  is  then 
brwarded  to  serial  to  parallel  converter  3202  via 
conductor  3208. 

Format  control  3401  is  shown  in  greater  detail 
n  Fig.  35.  Format  control  3401  reads  the  control 
field  of  the  incoming  packet.  If  the  incoming 
packet  is  a  memory  write  packet,  a  signal  is 
placed  on  conductor  3212;  if  the  incoming  packet 
is  anything  but  a  normal  data  packet,  a  signal  is 
placed  on  conductor  3210.  The  packet  enters  on 
conductor  3307  and  is  shifted  through  register 
3501  into  3502  at  the  phi  clock  rate  from  system 
clock  161.  This  is  done  to  capture  the  control  field 
in  register  3501.  At  the  same  time,  the  data 
present  signal  is  shifted  into  register  3503.  When 
48  bits  of  the  packet  have  been  shifted  into 
registers  3501  and  3502,  register  3501  contains 
the  control  field,  bits  40  through  48.  The  value  in 
the  control  field  is  sent  to  comparators  3504  and 
3505,  via  conductor  3510.  Comparators  3504  and 
3505  read  the  control  field  to  determine  the  packet 
type.  If  the  control  field  is  a  "4"  (indicating  a 
memory  write  packet),  comparator  3504  operates 
and  places  a  signal  on  conductor  3212  via  AND 
gates  3508  and  3510.  If  the  control  field  is  not 
equal  to  "0",  comparator  3505  operates  and 
places  a  signal  on  conductor  3210  via  AND  gate 
3509.  Flip-flops  3506  and  3507  ensure  that  the 
data  and  data  present  signals  are  clocked  at  the 
phi  rate. 

Format  length  circuit  3402  is  shown  in  greater 
detail  in  Fig.  36.  Format  length  circuit  3402  places 
a  constant  length  into  the  length  field  of  memory 
write  packets.  All  other  packets  are  shifted 
through  with  no  action  taken.  Incoming  data  and 
data  present  signals  arrive  on  conductors  3404 
and  3405.  If  the  incoming  packet  is  not  a  memory 
write  packet,  the  data  is  shifted  through  flip-flop 
3601,  gates  3608  and  3609,  and  flip  flop  3607.  The 

data  present  signals  are  snirtea  tnrougn  via 
flip-flops  3602  and  3611.  All  flip-flops  operate  at 
the  phi  clock  speed  under  control  of  system  clock 
161.  If  the  incoming  packet  is  a  memory  write 

5  packet,  it  is  indicated  by  a  signal  on  conductor 
3212.  This  memory  write  signal  sets  flip-flop  3605. 
When  flip-flop  3605  is  set,  and  the  first  bit  of  the 
packet  is  about  to  be  shifted  into  flip-flop  3601, 
flip-flop  3604  is  set,  causing  the  constant  "18"  to 

o  be  shifted  into  the  length  field  of  the  packet  from 
shift  register  3606  and  through  AND  gate  3610 
and  OR  gats  3609.  At  the  same  time,  counter  3603 
is  enabled.  When  counter  3603  reaches  "7", 
flip-flop  3604  is  reset,  and  shift  register  3606  stops 

s  shifting.  The  remainder  of  the  packet  is  then 
shifted  through  AND  gate  3608  and  OR  gate  3609. 

Format  CRC  circuit  3403  is  shown  in  greater 
detail  in  Fig.  37.  Format  CRC  circuit  3403  re- 
calculates  the  CRC  field  of  memory  write  packets. 

'@0  All  other  packets  are  shifted  through  with  no 
action  taken.  The  incoming  data  present  signal  on 
conductor  3408  causes  control  3704  to  activate 
counter  3703.  Counter  3703  counts  the  bits  of  the 
incoming  packet  as  they  appear  on  conductor 

'@5  3407,  and  are  passed  through  flip-flop  3701,  data 
selector  3706,  and  flip-flop  3707.  As  the  data 
passes  through  the  circuit,  it  is  also  sent  to  CRC 
circuit  3705,  which  is  calculating  the  new  CRC. 
When  counter  3703  reaches  128,  it  signals  control 

30  3704,  which  disables  CRC  circuit  3705.  This  is 
done  because  the  first  128  bits  of  the  packet 
contain  the  packet  header,  which  is  the  only  part 
of  the  packet  that  the  CRC  must  be  calculated. 
After  bit  128,  the  rest  of  the  packet  contains  the 

35  data.  This  data  gets  written  into  memory,  and 
does  not  appear  in  the  packet  when  the  packet  is 
transmitted.  Thus,  the  CRC  field  is  not  calculated 
over  the  data  portion  of  the  packet,  since  the  data 
is  written  into  logical  translation  table  1505.  When 

40  the  end  of  the  packet  leaves  data  selector  3706, 
control  3704  shifts  the  recalculated  CRC  field 
through  data  selector  3706  and,  thus,  onto  the 
end  of  the  packet. 

Serial  to  parallel  converter  3202  is  shown  in 
45  greater  detail  in  Fig.  38.  Serial  to  parallel  con- 

verter  3202  comprises  buffer  3801  and  address 
control  interface  3802.  Buffer  3801  receives 
incoming  serial  information  on  conductor  3208 
and  transforms  the  information  into  bytes,  which 

50  are  sent  to  address  control  1404  via  cable  2744. 
Address  control  interface  3802  signals  to  address 
control  1404  where  in  memory  1401  the  data  is  to 
be  written.  The  signaling  is  provided  via 
conductors  2745  through  2752,  and  conductor 

55  2765.  The  signaling  is  done  in  a  manner  similar  to 
receive  address  control  interface  circuit  2402. 

Buffer  3801  is  shown  in  greater  detail  in  Fig.  39. 
Buffer  3801  forms  the  incoming  serial  data  into 
bytes.  Additionally,  it  signals  address  control 

60  interface  3802  when  the  CRC  field  is  in  the  buffer. 
This  is  necessary  because,  in  a  memory  write 
packet,  address  control  interface  3802  writes  the 
CRC  field  into  switch  test  buffer  1504  and  writes 
the  data  portion  of  the  packet  into  a  different 

65  memory  location.  Incoming  data  and  data  present 
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signals  appear  on  conductors  3208  and  3209,  and 
are  shifted  into  registers  3901  and  3902.  When  a 
byte  has  been  assembled  in  register  3903,  it  is 
loaded  into  register  3904  and  sent  to  address 
control  1404  via  cable  2744.  A  signal  on  conductgr 
3805  indicates  to  address  control  interface  3802 
that  the  CRC  field  is  ready  to  be  transmitted.  With 
the  previously  noted  differences,  the  operation  of 
buffer  3801  is  similar  to  the  operation  of  buffer 
2401. 

Address  control  interface  3802  is  shown  in  Fig. 
40.  Address  control  interface  3802  allows  packets 
similar  to  those  shown  in  Fig.  6  to  be  written  into 
memory  1401.  The  packet  can  be  either  a  data, 
memory  read,  or  switch  test  packet.  In  the  case  of 
a  data  packet,  the  packet  is  written  into  transmit 
buffer  1503  in  memory  1401.  When  the  first  byte 
is  ready  in  buffer  3801,  it  is  indicated  by  a  signal 
on  conductor  3804.  This  signal  causes  control 
4028  to  place  a  signal  on  conductor  4030.  This 
signal  sets  flip-flop  4013,  which  places  a  "1"  on 
the  output  of  AND  gate  4012.  Control  4028  then 
places  a  signal  on  conductor  4035.  This  is  a  write 
buffer  command.  In  the  case  of  a  data  packet,  the 
data  is  written  into  transmit  buffer  1503  because 
the  signal  on  conductor  4035  operates  AND  gate 
4016,  which  operates  AND  gate  4017.  When  AND 
gate  4017  operates,  a  signal  is  placed  on 
conductor  2745.  This  signal  is  passed  to  address 
control  1404,  and  it  causes  the  byte  contained  in 
buffer  3801  to  be  writen  into  transmit  buffer  1503 
in  memory  1401.  This  process  continues  until  the 
entire  packet  has  been  read  from  buffer  3801  and 
has  been  written  into  transmit  buffer  1503.  After 
each  byte  has  been  transferred  from  buffer  3801 
into  transmit  buffer  1503,  control  4028  sends  an 
acknowledge  signal  to  buffer  3801  via  conductor 
3803.  The  operation  for  a  test  packet  is  similar  as 
that  for  a  data  packet,  with  the  exception  that  the 
packet  is  written  into  switch  test  buffer  1504, 
rather  than  into  transmit  buffer  1503.  This  is 
accomplished  by  the  test  packet  signal  on 
conductr  3210  setting  flip-flop  4005.  When  flip- 
flop  4005  is  set,  AND  gates  4017  through  4021  are 
disabled,  and  AND  gates  4023  through  4027  are 
enabled.  This  allows  the  writing  of  switch  test 
buffer  1504  while  disabling  the  writing  of  transmit 
buffer  1503.  A  memory  write  packet  requires  that 
the  packet  length,  destination  and  source  trunk 
controller,  control,  arrival  time,  process  identifier, 
logical  address,  time  stamp,  and  CRC  fields  be 
written  into  switch  test  buffer  1504;  and  that  the 
data  field  be  written  into  another  memory  loca- 
tion  specified  in  the  packet.  To  do  this,  control 
4028  activates  the  writing  of  switch  test  buffer 
1504  during  the  writing  of  most  of  the  packet.  This 
causes  the  beginning  fields,  up  to  the  data  field,  to 
be  written  into  switch  test  buffer  1504  via 
conductor  2746.  When  the  data  portion  of  the 
packet  is  to  be  written,  control  4028  disables  the 
writing  of  switch  test  buffer  1  504,  and  enables  the 
writing  of  temporary  pointer  2,  causing  the  data 
portion  of  the  packet  to  be  written  into  the 
memory  location  to  which  temporary  pointer  2  is 
pointing  via  conductor  2747.  After  the  data 

portion  is  written,  control  4028  causes  the  CRC 
field  to  be  written  into  switch  test  buffer  1504,  via 
conductor  2746. 

If  a  packet  stored  in  buffer  3801  contains  errors, 
5  or  if  the  buffer  that  the  packet  is  being  written  into 

is  overfilled,  then  the  packets  must  be  discarded. 
Packets  that  contain  errors  are  indicated  by  a 
signal  on  conductor  3211.  An  overload  of  transmit 
buffer  1503  is  indicated  by  a  signal  on  conductor 

'o  2743,  and  an  overload  of  switch  test  buffer  1  504  is 
indicated  by  a  signal  on  conductor  2742.  The 
discarding  of  a  packet  is  done  by  temporary 
pointer  1  ,  which  is  set  equal  to  the  write  pointer  at 
the  start  of  the  write  operation.  If  an  error  is  found 

'5  or  a  buffer  is  overfilled,  the  write  pointer  is  set 
equal  to  to  temporary  pointer,  via  a  signal  on 
conductor  2748  to  2765.  The  effect  of  this  is  to 
back  up  the  write  pointer  to  the  location  that  the 
write  pointer  was  at  when  it  began  to  write  the 

20  packet.  The  next  packet  to  be  written  will  over- 
write  the  packet  in  error,  'effectively  discarding  it. 
This  temporary  pointer  is  similar  to  to  the 
temporary  pointer  for  receive  interface  2701, 
shown  in  Fig.  30.  Setting  the  write  pointer  equal 

25  to  temporary  pointer  1  is  done  by  control  4028 
placing  a  signal  on  conductor  4036.  This  action  is 
done  at  the  end  of  each  write  operation.  However, 
during  normal  write  operations  when  a  packet  is 
not  to  be  discarded,  the  signal  on  conductor  4036 

30  does  nothing  because  the  other  input  of  AND  gate 
4010  is  disabled.  When  a  discard  signal  is 
received,  flip-flop  4013  is  reset  to  "0".  This  turns 
off  AND  gate  4012,  which  disables  the  writing  of 
both  the  transmit  and  switch  test  buffers,  due  to 

35  the  disabling  of  AND  gate  4016.  Additionally, 
when  flip-flop  4013  is  reset  to  "0",  AND  gate  4010 
is  enabled,  which  sets  the  write  pointer  equal  to 
temporary  pointer  1,  and  thus  discards  the  packet. 

Output  circuit  1405  is  shown  in  greater  detail  in 
40  Fig.  41.  Output  circuit  1405  reads  data  packets, 

memory  read  and  write  packets,  and  switch  test 
packets  from  memory  1401,  and  transmits  the 
packets  to  the  switch  network  via  switch  interface 
1418.  Output  circuit  1405  comprises  parallel  to 

45  serial  converter  4101  and  packet  reformatter  41  02. 
Parallel  to  serial  converter  4101  uses  conductors 
2732  througth  2738  to  read  data  from  memory 
1401,  via  address  control  1404.  Data  is  read  in  a 
parallel  manner,  and  appears  on  cable  2731. 

so  Depending  on  the  packet  type,  parallel  to  serial 
converter  4101  places  signals  on  conductors 
2732,  2733,  2735,  or  2736  to  read  receive  buffer 
1501  or  switch  test  buffer  1504,  and  to  load  the 
temporary  pointer.  The  operation  for  data, 

55  memory  read  or  write,  and  switch  test  packets  are 
described  in  the  following  paragraphs.  As  parallel 
to  serial  converter  4101  is  reading  memory  1401, 
it  is  converting  the  data  to  serial,  and  transmitting 
the  serial  data  to  packet  reformatter  4102.  Packet 

so  reformatter  4102  receives  the  packet  on 
conductor  4115,  checks  the  CRC  field  of  the 
packet,  and  calculates  a  new  CRC  field  for  the 
outgoing  packet  to  the  switch-  network.  Depend- 
ing  on  the  packet  type,  output  circuit  1405  also 

65  updates  several  packet  fields,  such  as  the  source 

20 
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rank  controller,  destination  trunk  controller, 
ength,  and  control  fields.  After  the  packet  has 
)een  reformatted,  it  is  transmitted  to  the  switch 
letwork,  via  switch  interface  1418  on  conductor 
H17.  Switch  interface  1418  indicates  that  it  is 
eady  to  receive  a  packet  by  placing  a  signal  on 
:onductor  4114.  If  an  error  is  found  in  the 
ncoming  packet,  or  during  the  packet  transforma- 
ion,  it  is  indicated  by  a  signal  on  one  of  the 
:onductors  4119  through  4121,  which  is  trans- 
nitted  to  switch  interface  1418. 

Parallel  to  serial  converter  4101  contains 
:ontrol  leads  that  allow  it  to  access  portions  of 
nemory  1401  via  address  control  1404.  Access  to 
eceive  buffer  1501  is  provided  via  conductor 
!732.  Access  to  switch  test  buffer  1  504  is  provided 
'ia  conductor  2733.  These  access  leads  provide 
:ontrol  only;  the  information  contained  in 
nemory  is  transferred  to  output  circuit  1405  via 
:able  2731.  In  order  to  gain  access  to  memory 
1401,  a  signal  must  be  present  on  conductor  2760. 
["his  signal  is  provided  by  timer  2714  contained  in 
address  control  1404.  Output  circuit  1405  also 
contains  control  leads  for  the  temporary  pointer, 
provided  via  conductors  2734  through  2737.  The 
:emporary  pointer  is  used  to  perform  memory 
•ead  operations,  as  specified  by  memory  read  and 
nemory  write  packets. 

Packet  reformatter  4102  receives  information 
from  parallel  to  serial  converter  4101  via 
conductor  4115.  It  uses  the  information  to 
assemble  the  packet  that  is  transmitted  to  the 
switch  network.  This  circuit  also  checks  the  CRC 
field  of  the  incoming  packet  and  provides  an  error 
indication  if  an'  error  is  found. 

The  packet  transformations  provided  by  output 
circuit  1405  are  shown  in  Fig.  42,  Fig.  43,  and  Fig. 
44.  The  packet  configuration  going  into  parallel  to 
serial  converter  4101  is  the  packet  as  it  goes  into 
output  circuit  1405.  The  packet  configuration 
going  into  packet  reformatter  4102  is  not  an  actual 
packet;  rather,  it  is  used  to  illustrate  the  inter- 
mediate  step  in  the  actual  packet  transformation. 
The  packet  configuration  coming  out  of  paclet 
reformatter  4102  is  the  actual  packet  as  it  leaves 
output  circuit  1405. 

Fig.  42  shows  the  packet  transformation  that 
occurs  when  a  data  packet  (control  field  of  "0")  is 
read  from  receive  buffer  1501.  Fig.  42  is  used  to 
illustrate  what  takes  place  in  the  packet  when 
output  circuit  1405  reads  a  data  packet.  Packet 
4201  is  the  packet  as  it  exists  in  receive  buffer 
1501.  After  parallel  to  serial  converter  4101 
receives  from  address  control  1404  a  grant  signal 
on  conductor  2760,  and  a  data  present  signal  on 
conductor  2738,  it  is  ready  to  read  receive  buffer 
1501.  This  is  done  by  parallel  to  serial  converter 
4101  sending  a  read  receive  buffer  signal  to 
address  control  1404  via  conductor  2732.  This 
signal  causes  address  control  1404  to  read  receive 
buffer  1501  in  memory  1401  and  to  send  the  data 
to  parallel  to  serial  converter  4101  on  cable  2731. 
This  data  appears  in  parallel  and  is  transformed 
into  a  serial  bit  stream.  When  the  logical  address 
of  the  packet  is  read,  it  is  loaded  into  the 

temporary  pointer,  via  signals  on  conauctors 
2735  through  2737.  This  address  is  used  to  access 
the  proper  entry  in  logical  translation  table  1505, 
which  is  inserted  into  the  packet  passed  from 

5  parallel  to  serial  converter  4101  to  packet  refor- 
matter  4102.  The  format  of  this  intermediate 
packet  is  shown  as  4202  in  Fig.  42. 

After  parallel  to  serial  converter  4101  has  read 
receive  buffer  1501  and  has  read  the  new  logical 

o  address,  it  forwards  the  information  to  packet 
reformatter  4102.  Packet  reformatter  4102  per- 
forms  two  main  functions:  It  changes  the  order  of 
certain  fields  of  the  incoming  information  so  as  to 
place  the  source  and  destination  trunk  controller 

5  numbers  in  their  proper  fields,  and  it  places  the 
logical  channel  translation  table  information  into 
the  logical  address  field.  Additionally,  packet 
reformatter  4102  checks  the  CRC  field  of  the 
incoming  information,  and  calculates  a  new 

>o  length  and  CRC  field.  This  action  results  in  the 
actual  packet  4203. 

Fig.  43  shows  the  packet  transformation  that 
occurs  during  a  memory  read  (control  field  of  "3") 
or  a  memory  write  (control  field  of  "4")  operation. 

!5  The  operations  are  similar  to  those  for  reading  a 
data  packet  (Fig.  42),  with  the  following  exception. 
In  a  memory  read  or  memory  write,  data  is  read 
from  a  memory  location  specified  in  the  memory 
read  or  memory  write  packet,  and  the  data  is 

jo  placed  into  the  outgoing  memory  read  or 
memory  write  packet.  At  the  same  time,  the 
remainder  of  the  packet  is  read  from  switch  test 
buffer  1504.  Packet  4301  is  the  packet  as  it  exists 
in  switch  test  buffer  1504.  The  address  field  is  the 

j5  memory  location  of  the  data  that  is  to  be  placed  in 
the  packet.  The  count  field  is  the  number  of  bytes 
of  data  that  are  to  be  read.  The  packet  is  read  out 
of  switch  test  buffer  1  504  under  control  of  a  signal 
on  conductor  2733.  When  the  address  field  4304  is 

40  read  from  the  buffer,  its  value  is  also  saved  in  the 
temporary  pointer.  Thus  is  done  via  signals  on 
conductors  4209  and  4210  as  previously 
described  for  Fig.  42.  After  count  field  4305  is 
read,  the  temporary  pointer  is  used  to  read 

45  information  from  memory  1401.  This  information 
is  then  placed  in  the  data  field.  Packet  reformatter 
4102  updates  the  length,  and  destination  and 
source  trunk  controller  fields,  and  recalculates  a 
new  CRC  field.  This  forms  the  actual  packet  4303. 

50  The  packet  transformation  for  a  switch  test 
packet  (control  field  of  "5"  or  "6")  is  shown  in  Fig. 
44.  For  a  switch  test  packet  transformation,  it  is 
necessary  to  update  the  destination  trunk  control 
field.  This  is  done  by  using  the  data  in  either  the 

s5  trunk  control  1  or  trunk  control  2  fields.  For  a  first 
hop  switch  test  packet  (control  field  of  "5"),  the 
trunk  control  1  field  is  used.  For  a  second  hop 
switch  test  packet  (control  field  of  "6"),  the  trunk 
control  2  field  is  used. 

6Q  Parallel  to  serial  converter  4101  is  shown  in 
greater  detail  in  Fig.  45.  This  circuit  comprises 
address  control  interface  4501,  and  buffer  4502. 
Incoming  packets  are  sent  to  both  address  control 
interface  4501  and  buffer  4502  via  cable  2731. 

6S  Address  control  interface  4501  is  informed  of  the 
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presence  of  data  in  either  receive  buffer  1501  or 
switch  test  buffer  1  504  via  data  present  signals  on 
conductors  2738  and  2740.  It  then  controls  the 
transfer  of  the  packets  to  buffer  4502,  which 
performs  the  parallel  to  serial  conversion. 
Address  control  interface  4501  also  controls  the 
reading  of  the  logical  channel  translation  table 
entries  and  the  data  fields  of  the  memory  read 
and  memory  write  packets  using  the  temporary 
pointer. 

Address  control  interface  4501  is  shown  in 
greater  detail  in  Fig.  46.  Address  control  interface 
4501  controls  the  transfer  of  packets  from  receive 
buffer  1501  or  switch  test  buffer  1504  into  buffer 
4502.  The  transfer  of  the  packets  is  on  cable  2731  . 
Address  control  4501  also  decodes  the  control 
field  of  the  packet  being  read,  in  order  to  properly 
load  the  temporary  pointer;  and  it  reads  the 
length  field  of  the  packet  being  read,  in  order  to 
determine  when  the  packet  has  been  entirely 
read.  Address  control  1404  indicates  the  presence 
of  data  in  receive  buffer  1501  by  placing  a  signal 
on  conductor  2738;  it  indicates  the  presence  of 
data  in  switch  test  buffer  1504  by  placing  a  signal 
on  conductor  2740.  Address  control  interface 
4501  responds  to  this  data  present  signal  by 
placing  a  signal  on  either  conductor  2732  or  2733, 
in  order  to  read  either  receive  buffer  1501  or 
switch  test  buffer  1504,  as  appropriate.  Addi- 
tionally,  the  data  present  signal  from  address 
control  1404  causes  control  4602  to  start  counter 
4604.  Counter  4604  counts  each  byte  as  it  is 
received  from  cable  2731  .  This  counting  is  needed 
to  determine  when  the  control  and  length  fields  of 
the  incoming  packet  are  present  on  cable  2731. 

The  reading  of  a  memory  read  or  memory  write 
packet  (control  field  of  "3"  or  "4")  can  be 
illustrated  by  also  referring  to  packet  4301  of  Fig. 
43.  Control  4602  receives  the  "data  present  in 
switch  test  buffer  signal"  on  conductor  2740  and 
begins  to  read  switch  test  buffer  1504,  as 
previously  described.  When  the  length  field 
appears  on  cable  2731,  it  is  stored  in  counter 
4603.  Counter  4603  begins  to  count  down;  when  it 
reaches  zero,  the  packet  has  been  entirely  read. 
When  the  control  field  appears  on  cable  2731,  it  is 
decoded  by  decoder  4601.  Once  the  control  field 
is  decoded,  it  is  stored  in  flip-flops  4605  and  4606. 
Address  control  interface  4501  continues  to  read 
the  packet  from  switch  test  buffer  1504.  When  the 
address  field  appears  on  cable  2731,  this  address 
is  loaded  into  the  temporary  pointer  by  control 
4602  placing  a  signal  on  conductors  2735  and 
2736.  When  the  count  field  appears  on  cable  2731, 
it  is  loaded  into  counter  4603.  Counter  4603  then 
counts  the  number  of  data  bytes  that  are  being 
read  from  the  memory  location  specified  in  the 
address  field.  This  data  is  then  placed  at  the  end 
of  the  packet  to  form  intermediate  packet  4302. 

Buffer  4502  is  shown  in  greater  detail  in  Fig.  47. 
Buffer  4502  performs  the  actual  parallel  to  serial 
conversion.  The  presence  of  a  byte  on  cable  2731 
is  indicated  by  a  signal  from  address  control 
interface  4501  on  conductor  4504.  The  load  signal 
is  provided  on  conductor  4503.  This  load  signal 

causes  the  first  byte  on  cable  2731  to  be  loaded 
into  input  register  4701.  Control  4703  then  loads 
the  byte  into  shift  register  4702.  Shift  register 
4702  then  shifts  the  byte  out  onto  conductor  4215 

5  in  a  serial  manner.  This  shifting  is  activated  via  a 
signal  from  control  4703  on  conductor  4706. 
Control  4703  also  causes  counter  4704  to  begin 
counting.  Counter  4704  counts  the  bit  times  to 
indicates  when  the  byte  has  been  completely 

10  shifted  out  of  shift  register  4702.  During  the  time 
that  the  contents  of  shift  register  4702  are  being 
shifted  out  serially,  the  next  byte  on  cable  2731  is 
loaded  into  input  register  4701,  which  buffers  this  @ 
byte  until  the  data  in  shift  register  4702  has  been 

15  completely  shifted  out.  After  the  data  in  shift 
register  4702  has  been  completely  shifted  out, 
control  4703  causes  the  contents  of  register  4701 
to  be  passed  to  shift  register  4702,  via  a  signal  on 
conductor  4705.  Control  4703  then  resets  counter 

20  4704,  and  sends  an  acknowledge  signal  back  to 
address  control  interface  4501  via  conductor 
4505.  Buffer  4502  is  receiving  a  continuous  ready 
indication  from  switch  interface  1418  on 
conductor  4114.  If  switch  interface  1418  is  over- 

25  loaded  and  cannot  receive  packets,  it  removes 
this  ready  signal.  When  this  occurs,  data  is  not 
shifted  out  of  shift  register  4702  until  the  ready 
signal  appears  again. 

Packet  reformatter  4102  is  shown  in  greater 
30  detail  in  Fig.  48.  Packet  reformatter  4102 

comprises  packet  reformat  circuits  4801  and  4802, 
and  comparator  4803.  The  duplicate  packet  refor- 
matters  are  necessary  for  detecting  hardware 
failures,  as  previously  explained.  If  an  error  is 

35  found  in  the  reformatting,  comparator  4803 
detects  the  error  and  places  a  signal  on  conductor 
4121.  This  fault  signal  is  sent  to  the  central 
processor  via  switch  interface  1418.  If  the  CRC 
check  of  the  incoming  packet  shows  that  the 

40  packet  was  received  in  error,  a  signal  is  placed  on 
conductor  4119;  if  the  check  on  the  logical 
channel  translation  table  entry  reveals  an  error,  a 
signal  is  placed  on  conductor  4120.  Both  signals 
are  sent  to  switch  interface  1418. 

45  Packet  reformat  circuit  4801  is  shown  in  greater 
detail  in  Fig.  49.  Packet  reformat  circuit  4801 
performs  two  basic  functions:  it  checks  the  CRC 
field  of  the  incoming  packet  and  reports  any 
errors,  and  it  reformats  certain  fields,  depending 

50  on  the  type  of  packet  received.  Errors  are  reported 
by  check  CRC  circuit  4905,  which  checks  the  CRC 
field  of  the  incoming  packet,  and  the  check  field  of 
the  logical  channel  translation  table  entry.  If  the 
incoming  packet  contains  errors,  it  is  reported  via 

55  a  signal  on  either  conductor  4119  or  4120  as 
previously  described.  This  operation  is  the  same 
regardless  of  the  type  of  packet  received. 

Packet  reformat  circuit  4801  is  described  with 
respect  to  handling  an  ordinary  packet  (control 

60  field  of  "0"),  similar  to  packet  4202.  The  incoming 
packet  is  received  by  packet  reformat  circuit  4801 
on  conductor  41  15,  and  shifted  into  register  4901 
in  a  serial  manner.  The  bits  are  moved  through 
packet  reformat  circuit  4801  in  a  continuous 

65  stream  under  control  of  system  clock  161.  Timing 
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generator  4904  keeps  track  of  where  each  bit  is  in 
register  4901.  This  allows  control  4903  to  access 
various  areas  in  shift  register  4901,  via  data 
selector  4902,  in  order  to  shift  various  fields  inoo 
the  appropriate  reformatting  circuits  4906 
through  4908,  or  decoder  4909.  When  the  control 
and  PID  fields  are  at  the  correct  locations  in  shift 
register  4901,  control  4903  causes  these  fields  to 
be  shifted  into  decoder  4909.  Decoder  4909 
decodes  these  fields  and  sends  the  decoded 
values  to  control  4903.  After  256  bits  have  been 
shifted  into  register  4901,  the  length  field,  which 
is  now  stored  in  register  4901,  is  selected  by  data 
selector  4902  and  sent  to  data  selector  4910  via 
conductor  4912.  In  this  particular  case,  the  length 
field  does  not  change  and  thus  is  passed  direcly 
to  the  output.  The  DTC  field,  which  is  located  in 
the  logical  channel  translation  table  entry  field,  is 
then  shifted  out  of  register  4901  via  data  selector 
4902,  and  sent  to  data  selector  4910.'  The  next 
field  to  consider  is  the  STC  field.  The  value  of  this 
field  is  hard-wired  into  format  STC  circuit  4906. 
Control  4903  causes  format  STC  circuit  4906  to 
shift  this  value  into  data  selector  4910.  The 
control,  arrival  time,  and  packet  identifier  fields 
are  next  selected  by  data  selector  4902  and 
shifted  to  data  selector  4910,  under  control  of 
control  4903.  The  new  logical  address  must  be 
removed  from  the  logical  channel  translation 
table  entry  field,  contained  in  register  4901.  To  do 
this,  control  4903  causes  data  selector  4902  to 
select  this  field,  and  send  the  new  logical  address 
to  data  selector  4910.  As  each  field  is  sent  to  data 
selector  4910,  control  4093  causes  data  selector 
4910  to  send  these  fields  (which  now  constitute 
the  entire  packet)  to  format  CRC  circuit  4911. 
Format  CRC  circuit  4911  is  recalculating  a  new 
CRC  field  as  the  packet  is  being  shifted  through. 
Once  the  entire  packet  has  been  shifted  through 
format  CRC  circuit  4911,  format  CRC  circuit  4911 
calculates  a  new  CRC  field,  based  on  the  updated 
fields,  and  adds  the  new  CRC  field  to  the  end  of 
the  packet.  The  reformatted  packet  is  then  sent  to 
switch  interface  1418  via  conductor  4117.  Control 
4903  generates  the  required  data  present  signals 
on  conductor  4118. 

Transmitter  1403  is  shown  in  greater  detail  in 
Fig.  50.  Transmitter  1403  reads  data  from  memory 
1401,  via  address  control  1404,  and  converts  the 
data  into  trunk  packets,  which  are  sent  to  the  next 
trunk  controller  or  to  the  concentrator  in  the  end 
office.  Transmitter  1403  comprises  parallel  to 
serial  converter  5001,  packet  reformatter  5002, 
and  flag  and  bit  stuff  circuit  5003.  Transmitter 
1403  receives  data  present  in  transmit  buffer,  and 
data  present  in  trunk  test  buffer  signals  from 
address  control  1404  via  conductors  2756  and 
2758.  When  transmitter  1403  receives  a  signal  on 
conductor  2766,  it  reads  transmit  buffer  1503  in 
memory  1401  by  placing  a  signal  on  conductor 
2754.  This  signal  causes  address  control  1404  to 
read  the  data  from  transmit  buffer  1503,  and 
forward  the  data  to  transmitter  1403  via  cable 
2755.  Similarly,  transmitter  1403  reads  data  from 
trunk  test  buffer  1502  in  memory  1401  by  placing 

a  signal  on  conductor  2753.  After  the  data  has 
been  read  from  either  transmit  buffer  1503  or 
trunk  test  buffer  1502,  the  data  is  converted  from 
parallel  to  serial,  and  passed  to  packet  reformatter 

5  5002  via  conductor  5013.  Packet  reformatter  5002 
indicates  it  is  ready  to  receive  data  by  placing  a 
signal  on  conductor  501  5.  Packet  reformatter  5002 
fills  in  the  time  stamp  field,  and  updates  the  PID 
field,  as  required,  to  reflect  any  flow  control 

ro  change.  The  flow  control  information  is  received 
from  switch  interface  1418  via  cable  5012.  Addi- 
tionally,  packet  reformatter  5002  checks  the  CRC 
field  of  the  incoming  packet  for  errors,  and 
recalculates  a  new  CRC  field,  based  on  the  added 

is  field  information.  Packet  reformatter  5002  passes 
the  packet  to  flag  and  bit  stuff  circuit  5003  via 
conductor  5016.  Flag  and  bit  stuff  circuit  5003 
adds  the  flag  pattern  to  the  beginning  and  end  of 
the  outgoing  packet,  and  stuffs  a  zero  after  any 

20  sequence  of  five  ones.  Flag  and  bit  stuff  circuit 
5003  then  transmits  the  trunk  packet  to  the  trunk 
via  conductor  5019  at  a  1.544  Mb/s  rate. 

Packet  reformatter  5002  is  shown  in  greater 
detail  in  Fig.  51.  Packet  reformatter  5002 

25  comprises  CRC  circuits  5101  and  5104,  packet 
reformat  circuits  5102  and  5105,  and  comparator 
5103.  This  circuit  contains  duplicate  CRC  and 
packet  reformatters,  which  are  required  to  detect 
hardware  failures,  as  has  been  previously 

30  explained.  If  an  error  is  detected,  it  is  indicated  by 
a  signal  on  conductor  5021. 

Packet  reformat  circuit  5102  is  shown  in  greater 
detail  in  Fig.  52.  This  circuit  updates  the  time 
stamp  field,  PID  field,  and  CRC  field.  Format  time 

35  stamp  circuit  5201  updates  the  time  stamp  field  of 
the  packet  by  calculating  the  difference  between 
arrival  time,  already  contained  in  the  arrival  time 
field,  and  the  present  time,  which  is  maintained 
by  format  time  stamp  circuit  5201.  This  calcula- 

40  tion  was  described  in  the  detailed  description  for 
receiver  1402.  Format  time  stamp  circuit  5201  also 
removes  the  header  information  from  {he  packet 
so  as  to  convert  it  from  a  switch  packet  to  a  trunk 
packet.  PID  circuit  5202  updates  the  PID  field, 

45  based  on  the  current  flow  control  which  is 
maintained  in  switch  interface  1418.  Flow  control 
information  is  pased  to  PID  circuit  5202  via  cable 
5012.  CRC  circuit  5203  recalculates  a  new  CRC 
field  using  the  updated  time  stamp  and  PID  fields, 

50  in  addition  to  the  other  packet  fields.  Once  packet 
reformatter  5202  has  updated  all  necessary  fields, 
it  passes  the  packet  to  flag  and  bit  stuff  circuit 
5003. 

Format  time  stamp  circuit  5201  is  shown  in 
55  greater  detail  in  Fig.  53.  Format  time  stamp  circuit 

5201  reads  the  arrival  time  of  the  incoming  packet 
from  the  arrival  time  field,  computes  the 
difference  between  the  arrival  time  and  the 
current  time,  and  adds  this  difference  to  the  time 

60  stamp  field.  Format  time  stamp  circuit  5201  also 
removes  fields  from  the  incoming  packet,  in  order 
to  transform  it  from  a  switch  packet  into  a  trunk 
packet.  The  present  time  is  maintained  by  counter 
5302,  which  is  controlled  via  external  timing 

65  signals  on  conductor  5010  and  5011.  When  the 
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first  data  present  is  received  on  conductor  5107  it 
is  sent  to  control  5303,  which  causes  the  contents 
of  counter  5302  to  be  written  into  shift  register 
5301.  The  signal  on  conductor  5107  alo  causes 
control  5303  to  start  counter  5212.  Counter  5312 
counts  the  data  present  signals  as  they  arrive  on 
conductor  5107,  in  order  to  determine  when  the 
various  fields  are  present  on  conductor  5106. 
When  the  arrival  time  field  of  the  packet  is  present 
on  conductor  5106,  control  5303  causes  the  arrival 
time  to  be  shifted  to  serial  adder  5304  and,  at  the 
same  time,  control  5303  causes  the  current  time, 
previously  stored  in  shift  register  5301,  to  be 
shifted  to  serial  adder  5304.  Serial  adder  5304 
adds  the  current  time  to  the  arrival  time  field  and 
places  the  sum  in  shift  register  5305.  Since  the 
arrival  time  field  is  encoded  as  a  negative 
number,  this  calculation  yields  the  difference 
between  the  current  time  and  the  arrival  time. 
When  counter  5312  indicates  that  the  time  stamp 
field  of  the  incoming  packet  is  present  on 
conductor  5106,  control  5303  causes  the  time 
stamp  field  to  be  shifted  to  serial  adder  5306,  and, 
at  the  same  time,  control  5303  causes  the 
contents  of  shift  register  5305  to  be  sent  to  serial 
adder  5306.  Serial  adder  5306  then  adds  these 
numbers,  and  place  the  sum  into  the  time  stamp 
field  of  the  incoming  packet,  thus  updating  the 
time  stamp  field.  The  fields  that  must  be  stripped 
off  of  the  packet  to  transform  the  packet  from  a 
switch  packet  to  a  trunk  packet  are  stripped  off  as 
follows.  Control  5303  removes  the  signal  on  AND 
gate  5310  when  the  fields  that  are  to  be  stripped 
off  are  present  on  conductor  5106.  This  removes 
the  data  present  signal  from  conductor  52Q5 
during  the  bit  times  that  the  fields  that  are  to  be 
removed  are  present  on  conductor  5106.  The 
removal  of  this  data  present  signal  causes  the 
following  circuit  to  ignore  the  data  that  is  present 
on  conductor  5204  during  the  bit  times  that  the 
data  present  signal  is  removed. 

Fig.  54  shows  the  clock  rates  from  system  clock 
161.  The  psi  clock  rate  is  the  rate  that  incoming 
data  enters  receiver  1402.  The  phi  rate  is  the  rate 
that  the  data  leaves  receiver  1402,  passes  through 
the  various  circuits  in  trunk  controller  131,  and  is 
sent  to  the  switching  network.  The  theta  rate  is 
the  rate  that  data  is  transferred  in  and  out  of 
memory  1401  by  address  control  1404. 

Claim 

A  system  for  communicating  trunk  and 
intra-network  packets,  each  comprising  a  time- 
delay  field  for  accumulating  delay  encountered  by 
each  of  said  packets  and  each  of  said  packets 
further  comprising  a  logical  address  field,  the 
system  comprising:  a  plurality  of  trunks  (118)  and 
lines  (122);  characterised  in  that  the  system 
comprises:  a  switching  network  (116)  inter- 
connecting  said  plurality  of  trunks  and  lines  a 
plurality  of  input  and  output  trunk  controllers 
(130,  131)  each  of  said  input  trunk  controllers 
(130)  connecting  an  individual  one  of  said  lines 
(122)  or  trunks  (118)  to  said  switching  network 

(116)  and  each  of  said  output  trunk  controllers 
(131)  connecting  the  switching  network  to  an 
individual  of  said  trunks  (118)  or  lines  (122);  each 
of  said  input  trunk  controllers  (130)  comprises  an 

5  input  circuit  responsive  to  one  of  said  line  or  trunk 
packets  received  from  one  of  said  lines  (122)  or 
trunks  (118)  for  assembling  an  intra-network 
packet  comprising:  the  received  trunk  packet; 
arrival  time  of  the  received  trunk  packet  at  the 

,0  trunk  controller;  and  a  physical  address  trans- 
lated  from  the  logical  address  of  said  received  line 
or  trunk  packet  defining  the  route  through  said 
switching  network;  and  each  of  said  output  trunk 
controllers  (131)  comprises:  an  output  circuit 

,5  responsive  to  one  of  said  intra-network  packets 
received  from  said  network  for  forming  a  new 
trunk  or  line  packet  by  calculating  the  difference 
between  said  arrival  time  and  said  present  time 
and  by  adding  said  difference  to  the  time  delay 

20  field  of  the  received  one  of  said  intra-network 
packets. 

Patentanspruch 

25  Anlage  zur  Ubertragung  von  Verbindungs- 
leitungs-  und  Internpaketen,  die  je  ein  Zeitver- 
zogerungsfeld  zur  Ansammlung  der  von  jedem 
Paket  angetroffenen  Verzogerungen  sowie  ein 
logisches  Adressenfeld  aufweisen,  wobei  die 

30  Anlage  eine  Vielzahl  von  Verbindungsleitungen 
(118)  und  Teilnehmerleitungen  (122)  aufweist, 
dadurch  gekennzeichnet,  daft  die  Anlage  ein 
Vermittiungsnetzwerk  (116),  das  die  Verbindungs- 
und  Teilnehmerleitungen  miteinander  verbindet, 

35  und  eine  Vielzahl  von  Eingangs-  und 
Ausgangs-Verbindungsleitungssteuergeraten 
(130,  131)  enthalt,  daft  jedes  Eingangs-Ver- 
bindungsleitungssteuergerat  (130)  eine 
individuelle  Teilnehmerleitung  (122)  oder  Ver- 

40  bindungsleitung  (118)  mit  dem  Vermittiungs- 
netzwerk  (116)  und  jedes  Ausgangs-Verbindungs- 
leitungssteuergerat  (131)  das  Vermittiungsnetz- 
werk  mit  einer  individuellen  Verbindungsleitung 
(118)  oder  Teilnehmerleitung  (122)  verbindet,  daft 

45  jedes  Eingangs-Verbindungsleitungssteuergerat 
(130)  eine  Eingangsschaltung  aufweist,  die  unter 
Ansprechen  auf  ein  iiber  eine  Teilnehmerleitung 
(122)  oder  eine  Verbindungsleitung  (118)  emp- 
fangenes  Teilnehmerleitungs-  oder  Verbindungs- 

50  leitungspaket  ein  Internpaket  assembliert,  daft 
das  empfangene  Paket  die  Ankunftszeit  des  emp- 
fangenen  Pakets  beim  Verbindungsleitungs- 
steuergerat  und  eine  physikalische  Adresse  auf- 
weist,  die  durch  Umsetzen  der  den  Weg  iiber  das 

55  Vermittiungsnetzwerk  definierenden  logischen 
Adresse  des  empfangenen  Verbindungsleitungs- 
oder  Teilnehmerleitungspakets  gewonnen  wird, 
und  daft  jedes  Ausgangs-Verbindungsleitungs- 
steuergerat  (131)  eine  Ausgangsschaltung  auf- 

60  weist,  die  unter  Ansprechen  auf  ein  iiber  das 
Vermittiungsnetzwerk  empfangenes  Internpaket 
ein  neues  Verbindungsleitungs-  oder  Teilnehmer- 
leitungspaket  durch  Berechnen  der  Differenz 
zwischen  der  Ankunftszeit  und  der  augenblick- 

65  lichen  Zeit  und  Addieren  dieser  Differenz  zum 
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Zeitverzogerungsfeld  des  empfangenen  Intern- 
pakets  bildet. 

Revendication 

Un  systeme  pour  la  transmission  de  paquets 
de  jonction  et  de  paquets  internes  de  reseau, 
comprenant  chacun  un  champ  de  duree  de  retard 
destine  a  accumuler  le  retard  subi  par  chacun  des 
paquets,  et  chacun  des  paquets  comprenant  en 
outre  un  champ  d'adresse  logique,  le  systeme 
comprenant  un  ensemble  de  jonctions  (118)  et  de 
lignes  (122);  caracterise  en  ce  que  le  systeme 
comprend:  un  reseau  de  commutation  (116)  inter- 
connectant  I'ensemble  de  jonctions  et  de  lignes, 
un  ensemble  de  controleurs  de  jonction  d'entree 
et  de  sortie  (130,  131),  chacun  des  controleurs  de 
jonction  d'entree  (130)  connectant  I'une  indi- 
viduelle  des  lignes  (122)  ou  des  jonctions  (118)  au 
reseau  de  commutation  (116),  et  chacun  des 
controleurs  de  jonction  de  sortie  (131)  connectant 

e  reseau  de  commutation  a  I  une  mdividuelle  aes 
onctions  (118)  ou  des  lignes  (122);  chacun  des 
controleurs  de  jonction  d'entree  (130)  comprend 
jn  circuit  d'entree  qui  reagit  a  I'un  des  paquets  de 
igne  ou  de  jonction  regu  a  partir  de  I'une  des 
lignes  (122)  ou  des  jonctions  (118)  en  assemblant 
jn  paquet  interne  de  reseau  qui  comprend:  le 
paquet  de  jonction  regu;  la  data  d'arrivee  du 
paquet  de  jonction  regu  au  controleur  de  jonction; 
at  une  adresse  physique  obtenue  par  traduction 
de  I'adresse  logique  du  paquet  de  ligne  ou  de 
[onction  regu,  definissant  la  route  dans  le  reseau 
de  commutation;  et  chacun  des  controleurs  de 
jonction  de  sortie  (131)  comprend:  un  circuit  de 
sortie  qui  reagit  a  I'un  des  paquets  internes  de 
reseau  regu  a  partir  du  reseau  en  formant  un 
nouveau  paquet  de  jonction  ou  de  ligne,  en 
calculant  la  difference  entre  la  date  d'arrivee  et  la 
date  presente,  et  en  additionnant  cette  difference 
au  champ  de  duree  de  retard  du  paquet  regu 
parmi  les  paquets  internes  de  reseau. 
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