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Description 

The  invention  relates  to  a  digital  data  packet 
switching  module,  comprising  a  plurality  of  input  bus- 
es  and  at  least  one  output  bus,  crosspoint  switches 
connecting  each  an  individual  input  bus  to  the  output 
bus,  each  crosspoint  switch  comprising  a  writing  cir- 
cuit  that  is  connected  to  the  output  bus  to  write  pack- 
ets  into  empty  packets  on  the  output  bus,  and  alloca- 
tion  means  for  solving  access  conflicts  between 
packets  intended  to  be  transferred  to  the  same  output 
bus  within  the  same  packet  interval. 

A  switching  module  of  this  type  is  known  from 
United  States  Patent  No.  4,821,258.  The  switching 
module  set  out  in  that  patent  is  used  in  a  telecommu- 
nication  network  for  packet  switching.  When  packets 
are  switched  in  the  switching  module,  access  con- 
flicts  may  arise  when  packets  are  to  be  transmitted 
over  a  plurality  of  input  buses  within  the  same  packet 
interval. 

In  the  switching  module  as  claimed  in  said  United 
States  Patent  the  allocation  means  for  solving  access 
conflicts  comprise  a  First-In-First-Out  (FIFO)  queue 
store  per  input  bus  followed  by  a  code  generator.  This 
code  generator  provides  each  packet  with  a  column 
code  on  the  basis  of  origin  and/or  destination,  which 
code  corresponds  with  the  output  bus  (column)  to 
which  the  packet  is  to  be  transmitted.  The  code  gen- 
erator  likewise  produces  a  priority  code,  also  on  the 
basis  of  origin  and/or  destination.  In  each  packet  in- 
terval  the  priority  codes  of  the  packets  that  have  to  be 
transmitted  to  the  same  output  bus  are  mutually  com- 
pared  per  output  bus  and  the  packet  having  the  high- 
est  priority  is  transmitted.  Nothing  can  be  derived 
from  the  above  patent  about  the  packets  having  a 
lower  priority. 

The  switch  function,  switching  packets  overfrom 
the  input  buses  to  the  output  bus  in  the  order  they 
come  in,  is  also  referred  to  as  a  method  according  to 
the  strict  FIFO  (First-In-First-Out)  principle.  Afeature 
of  the  strict  FIFO  principle  is  that  the  probability  of  de- 
lay  and  loss  is  the  same  for  each  packet.  Also  if  the 
method  according  to  the  strict  FIFO  principle  is  imple- 
mented,  the  probability  of  delay  and  loss  of  a  packet 
is  smaller  with  a  constant  packet  supply  than  with  an- 
other  switching  method. 

It  is  an  object  of  the  invention  to  provide  a  switch- 
ing  module  approximating  the  strict  FIFO  principle  for 
transmitting  the  supplied  packets  from  the  input  bus- 
es  to  the  output  bus  in  the  order  they  come  in. 

The  switching  module  according  to  the  invention 
is  characterised  in  that  a  unique  address  is  allocated 
to  each  crosspoint  switch  and  in  that  this  crosspoint 
switch  comprises: 

-  a  request  output  for  sending  a  request  signal  to 
the  allocation  means  in  response  to  the  pres- 
ence  of  a  packet  to  be  transmitted,  and 

-  a  detection  circuit  connected  to  the  output  bus, 

for  detecting  empty  packets  on  the  output  bus 
which  carry  the  address  of  the  relevant  cross- 
point  switch,  and  which  writing  circuit  is  suit- 
able  for  writing  packets,  under  the  control  of 

5  the  detection  circuit,  into  the  empty  packets 
carrying  the  detected  address; 

and  in  that  allocation  means  connected  to  the  output 
bus  generate  empty  packets  carrying  the  address  of 
a  crosspoint  switch  and  comprise: 

10  -  recording  means  for  recording  and  subse- 
quently  resetting  the  request  signal  of  each 
crosspoint  switch  within  a  packet  interval, 

-  a  First-In-First-Out  queue  store  having  a  data 
input  for  applying  thereto  representations  of 

15  crosspoint  switch  addresses, 
-  a  packet  generator  for  deriving  addresses  from 

the  representations  of  the  queue  store  and  pro- 
viding  the  empty  packets  with  these  address- 
es. 

20  The  allocation  means  record  the  request  signals 
from  which  the  representations  of  the  unique  cross- 
point  switch  addresses  are  derived.  These  address 
representations  are  recorded  by  the  First-In-First-Out 
queue  store  in  the  order  in  which  they  have  been  re- 

25  corded  by  the  recording  means  and  are  subsequently 
read  out  in  this  order  by  the  packet  generator.  In  this 
order  the  packet  generator  provides  empty  packets 
with  the  addresses,  realising  a  good  approximation  of 
the  'strict  FIFO'  behaviour  of  the  switching  module.  At 

30  this  stage  a  minimum  deviation  from  the  'strict 
FIFO'  behaviour  may  occur  in  that  per  packet  interval 
the  request  signal  at  a  first  input  is  processed  at  an 
earlier  instant  than  the  request  signal  at  a  second  in- 
put  if  the  first  input  becomes  high  at  a  later  instant 

35  than  the  second  input  of  the  recording  means.  This  is 
caused  by  the  order  in  which  the  recording  means  re- 
cord  the  request  signals.  However,  all  request  signals 
at  the  inputs  of  the  recording  means  are  written  within 
the  same  packet  interval.  At  the  same  time,  request 

40  signals  applied  to  the  input  of  the  recording  means 
one  packet  interval  later  are  all  processed  later  than 
the  recording  signals  that  have  been  applied  to  the  in- 
puts  at  least  one  packet  interval  earlier. 

The  invention  and  its  advantages  will  now  be  f  ur- 
45  ther  explained  with  reference  to  the  drawings  in 

which: 
Fig.  1  :  shows  a  diagram  of  the  switching  module 
comprising  crosspoint  switches  and  allocation 
means  according  to  the  invention; 

so  Fig.  2:  shows  a  circuit  diagram  of  a  crosspoint 
switch  according  to  the  invention; 
Fig.  3:  shows  a  first  embodiment  of  the  allocation 
means  according  to  the  invention; 
Fig.  4:  shows  an  exemplary  embodiment  of  a 

55  gate  circuit  of  the  recording  means  in  the  alloca- 
tion  means  as  shown  in  Fig.  3; 
Fig.  5:  shows  an  embodiment  of  the  multiplexer 
for  inserting  the  address  of  a  crosspoint  switch 
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into  an  empty  packet; 
Fig.  6:  shows  a  second  embodiment  of  the  allo- 
cation  means;  and 
Fig.  7:  shows  an  embodiment  of  selecting  means 
in  the  allocation  means  as  shown  in  Fig.  6. 
In  Fig.  1  a  switching  module  is  shown  having  n  in- 

put  buses  referenced  1-1  to  1-n  and  m  output  buses, 
referenced  2-1  to  2-m. 

For  each  connection  between  one  of  the  n  incom- 
ing  buses  (i)  and  one  of  the  m  outgoing  buses  (j)  each 
time  a  crosspoint  switch  4-ij  is  used,  whose  input  is 
connected  to  the  relevant  incoming  bus  and  whose 
first  output  is  connected  to  the  relevant  outgoing  bus. 
These  crosspoint  switches  are  used  for  routing  the 
digital  information  through  the  network.  Each  cross- 
point  switch  4-ij  has  a  unique  address  and  also  a  re- 
quest  output  which  is  connected  to  allocation  means 
3-j.  Once  a  crosspoint  switch  4-ij  has  received  a  digital 
information  packet,  the  crosspoint  switch  requests  al- 
location  means  3-j  an  empty  packet.  Per  packet  inter- 
val  the  allocation  means  3-j  examine  whether  the 
crosspoint  switches  4-1j  to  4-nj  have  requested  an 
empty  packet.  If  they  have,  the  allocation  means  3-j 
send  an  empty  packet  carrying  the  address  of  the 
crosspoint  switch  concerned  to  the  crosspoint 
switches  in  the  order  of  the  crosspoint  switches. 

In  Fig.  2  is  shown  an  embodiment  of  a  crosspoint 
switch  according  to  the  invention. 

The  input  bus  1-i  comprises  three  lines  5,  6  and 
7  of  which  line  5  is  used  for  the  packet  sync  signal  for 
the  packets  to  be  sent  over  line  6.  These  packets  con- 
sist  of  an  address  field  and  a  data  field.  The  line  7  con- 
veys  the  bit  sync  clock  signal  over  line  6. 

The  lines  6  and  7  are  connected  to  the  respective 
data  input  41  and  clock  input  42  of  register  37.  The 
packets  are  written  into  the  register  37  in  a  bit  serial 
fashion. 

The  packet  sync  line  5  is  connected  to  the  write- 
enable  input  43  of  buffer  38.  The  data  input  of  buffer 
38  is  connected  in  parallel  to  the  data  output  44  of  reg- 
ister  37,  so  that  a  packet  in  register  37  is  written  in  par- 
allel  into  the  buffer  38  in  dependence  on  the  packet 
sync  signal  on  line  5. 

A  first  data  output  46  of  buffer  38  is  connected  to 
data  input  48  of  buffer  store  12  for  writing  in  parallel 
a  packet  data  field  into  buffer  store  12;  the  second 
data  output  47  of  buffer  38  is  connected  to  data  input 
63  of  buffer  store  1  2  for  writing  a  packet  address  field 
into  buffer  store  12.  The  data  output  47  is  likewise 
connected  to  input  56  of  comparator  10.  A  predeter- 
mined  information  word  IFC1  corresponding  with  an 
output  bus  2-j  is  applied  to  the  other  input  57  of  com- 
parator  1  0. 

The  output  58  of  comparator  10  is  connected  to 
input  60  of  AND  gate  11  whose  input  59  is  connected 
to  line  5  of  bus  1-i  for  packet  synchronization.  Output 
61  ofANDgateH  is  connected  to  the  write-enable  in- 
put  62  of  buffer  store  12.  Output  61  likewise  consti- 

tutes  the  request  output  of  the  crosspoint  switch. 
Comparator  10  compares  the  address  field  at  in- 

put  56  to  the  information  word  IFC1  applied  to  input 
57  of  comparator  10  and  if  they  match,  the  write- 

5  enable  input  62  of  buffer  store  12  will  be  activated  via 
AND  gate  1  1  .  The  result  is,  that  the  address  field  and 
the  relevant  data  field  are  written  in  parallel  into  buffer 
store  12  through  the  respective  data  inputs  48  and  63. 
A  request  signal  having  a  signal  value  "1"  is  likewise 

10  produced  via  output  61  of  AND  gate  11  .  This  request 
signal  is  applied  to  the  allocation  means  3-k  to  ex- 
press  that  a  packet  to  be  transferred  has  been  written 
into  the  buffer  store  1  2.  By  means  of  this  request  sig- 
nal  the  allocation  means  3-k  are  further  requested  an 

15  empty  packet,  which  empty  packet  is  specifically  in- 
tended  for  this  crosspoint  switch.  The  processing  of 
the  request  signal  by  the  allocation  means  3-k  is  ex- 
plained  with  reference  to  the  drawing  Figures  3  up  to 
and  including  7.  If  comparator  10  ascertains  that  the 

20  address  field  and  the  information  word  IFC1  form  a 
mismatch,  the  write-enable  input  62  of  buffer  store  12 
will  not  be  activated.  This  is  the  case  with  packets  that 
do  not  need  switching  from  bus  1-i  to  bus  2-j  on  the 
basis  of  their  destination.  The  address  field  and  the 

25  data  field  at  the  respective  data  inputs  48  and  63  of 
buffer  store  12  are  now  discarded. 

The  packet  written  into  buffer  store  12  is  switched 
to  the  output  bus  2-j  by  means  of  a  detection  circuit 
19  and  a  writing  circuit  20.  The  detection  circuit  is 

30  used  for  ascertaining  when  an  empty  packet  specifi- 
cally  intended  for  this  crosspoint  switch  is  present  on 
bus  2-j.  This  is  the  case  when  the  empty  packet  con- 
tains  the  unique  crosspoint  switch  address  or  when 
the  empty  packet  has  an  empty  packet  code  IFC3  to 

35  indicate  that  the  empty  packet  may  be  used  by  any 
crosspoint  switch.  The  writing  circuit  20  is  used  for 
writing  then  a  packet  from  buffer  store  12  into  the 
empty  packet.  The  output  bus  2-j  has  three  lines  21, 
22  and  23,  of  which  line  21  is  used  for  transferring  the 

40  packet  sync  signal  for  the  packets  to  be  sent  over  the 
packet  line  22.  Line  23  transports  the  clock  signal  bit 
synchronization  of  the  packets  sent  over  line  22. 

Serial-to-parallel  register  25  comprises  a  serial 
data  input  71  connected  to  packet  line  22,  a  parallel 

45  data  input  74  connected  to  data  output  81  of  buffer 
store  12,  a  write-enable  input  75  connected  to  output 
82  of  AND  gate  31  ,  a  serial  data  output  72  connected 
to  the  packet  line  22  and  a  parallel  data  output  76  con- 
nected  to  data  input  83  of  buffer  27. 

so  The  packet  sync  line  21  is  connected  to  reset  in- 
put  77  of  counter  26  and  line  23  to  clock  input  78  of 
counter  26.  The  output  79  of  counter  26  is  connected 
to  write-enable  input  80  of  buffer  27. 

The  parallel  data  output  85  of  buffer  27  is  con- 
55  nected  to  an  input  of  comparator  33  and  an  input  of 

comparator  34.  A  predetermined  address  code  IFC2, 
which  is  the  unique  address  corresponding  with  the 
crosspoint  switch,  is  applied  to  a  second  input  of  com- 
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parator  33.  A  predetermined  information  word,  which 
is  equal  to  the  empty  packet  code  IFC3,  is  applied  to 
the  second  input  of  comparator  34.  The  outputs  86 
and  88  of  the  respective  comparators  33  and  34  are 
connected  each  to  an  input  of  OR  gate  35.  Output  87 
of  OR  gate  35  is  connected  to  an  input  of  AND  gate 
29.  Furthermore,  queue-empty  output  91  of  buffer 
store  12  is  connected  to  a  second  input  of  AND  gate 
29  by  means  of  invertor  36.  The  output  90  of  AND  gate 
29  is  connected  to  the  read-enable  input  92  of  buffer 
store  12  and  set  input  93  of  FLIP-FLOP  30. 

The  reset  input  97  of  FLIP-FLOP  30  is  connected 
to  packet  sync  line  21  by  means  of  a  delay  gate  65. 
AND  gate  31  has  two  inputs  95  and  96  of  which  input 
95  is  connected  to  output  94  of  FLIP-FLOP  30  and  the 
other  input  96  is  connected  to  packet  sync  line  21. 

The  packets  on  line  22  are  transferred  to  data  in- 
put71  of  serial/parallel  register  25  in  a  bit  serial  mode. 
The  counter  26  counts  the  number  of  bits  starting 
from  the  packet  sync  pulse,  which  are  applied  in  the 
serial  mode  to  serial/parallel  register  25,  until  the 
complete  address  field  of  a  packet  has  been  written 
into  serial/parallel  register  25.  Subsequently,  the  ad- 
dress  field  is  written  in  parallel  into  buffer27  underthe 
control  of  a  write-enable  signal  on  write-enable  input 
80  of  buffer  27.  Comparator  33  compares  the  address 
field  in  buffer  27  to  the  address  code  IFC2.  If  the  ad- 
dress  field  on  data  output  85  of  buffer  27  matches  the 
address  code  IFC2  and  buffer  store  12  likewise  con- 
tains  a  packet,  the  output  signal  of  AND  gate  29  will 
activate  the  read-enable  input  92  of  buffer  store  12  for 
the  next  packet  in  buffer  store  12  to  be  read  out.  A 
packet  will  also  be  read  from  buffer  store  12  if  the  ad- 
dress  field  in  buffer  27  matches  the  empty-packet 
code  IFC3  at  comparator  34.  In  both  cases,  so  if  the 
address  field  in  buffer  27  matches  the  address  code 
IFC2  or  the  empty-packet  code  IFC3,  the  output  sig- 
nal  of  AND  gate  29  will  be  applied  to  set-input  93  of 
FLIP-FLOP  30  so  that  a  take-over  signal  will  appear 
at  output  94  of  FLIP-FLOP  30. 

This  take-over  signal  at  output  94  of  FLIP-FLOP 
30  and  a  packet  sync  pulse  at  input  96  of  AND  gate 
31  activate  write-enable  input  75  of  serial/parallel  reg- 
ister  25.  The  delay  gate  65  connected  to  reset  input 
97  of  FLIP-FLOP  30  presents  a  delay  of  about  a  half 
clock  pulse.  This  delay  avoids  that  the  take-over  sig- 
nal  at  output  94  of  FLIP-FLOP  30  has  changed  its  val- 
ue  before  the  write-enable  input  75  of  serial/parallel 
register  25  has  been  activated  by  means  of  the  take- 
over  signal  and  of  a  packet  sync  pulse  at  the  respec- 
tive  inputs  of  AND  gate  31.  At  the  instant  when  the 
packet  bit  positions  in  serial/parallel  register  25  match 
the  packet  bits  at  the  parallel  data  input  74,  the  packet 
atoutput81  of  buffer  store  12  will  be  written  in  parallel 
into  register  25.  This  achieves  that  a  packet  on  an  in- 
coming  bus  is  transferred  to  an  outgoing  bus. 

Fig.  3  shows  a  first  embodiment  of  the  allocation 
means  3-k.  The  allocation  means  comprise  a  packet 

generator  103  for  transferring  empty  packets  having 
a  unique  address  to  an  output  bus  2-j  under  the  con- 
trol  of  a  counter  109.  In  this  first  embodiment  the 
empty  packets  may  be  intended  for  16  different 

5  crosspoint  switches.  The  packet  generator  1  03  com- 
prises  a  generator  135  for  supplying  empty  packets 
to  data  input  127  of  a  multiplexer  108  by  means  of  the 
packet  line  121.  The  output  side  of  generator  135  is 
connected  to  packet  sync  line  122  and  clock  line  123 

10  in  addition  to  packet  line  121.  Packet  sync  line  122 
and  clock  line  123  correspond  with  packet  sync  line 
21  and  clock  line  23,  respectively,  in  Figure  2. 

The  multiplexer  108  in  the  packet  generator  103 
further  has  a  data  input  126  directly  connected  to  data 

15  output  128  of  a  FIFO  queue  buffer  107  for  deriving 
from  this  data  output  128  a  unique  address  and  pro- 
viding  an  empty  packet  coming  from  generator  135 
with  this  address.  Multiplexer  1  08  further  has  a  write- 
enable  input  1  34,  connected  to  the  output  of  AND  gate 

20  161  and  to  output  137-2  of  counter  109.  Multiplexer 
108  likewise  has  a  serial  data  output  for  transferring 
the  addressed  empty  packet  to  packet  line  22. 

The  allocation  means  also  include  a  16-counter 
1  02  whose  output  1  32  is  connected  to  a  decoder  1  04 

25  over  a  bus  111  and  to  a  queue  buffer  107  over  a  bus 
112.  Counter  102  further  has  a  reset  input  130  con- 
nected  to  line  122  for  the  packet  sync  signal  and  a 
clock  input  1  31  connected  to  clock  output  1  58  of  clock 
generator  159. 

30  Furthermore,  the  allocation  means  3-k  include 
sixteen  gate  circuits  105-1  105-16  jointly  consti- 
tuting  the  recording  means.  Each  gate  circuit  has  an 
input  114,  an  input  115,  an  input  116,  an  input  142  and 
an  output  117.  An  embodiment  of  a  gate  circuit  105-i 

35  of  this  type  will  be  described  with  reference  to  Fig.  4. 
The  inputs  142-1  142-16  are  connected  to  a  cen- 
tral  controller  (not  shown)  for  continuously  receiving 
a  signal  having  the  value  "1". 

The  inputs  114-1  114-16  form  the  request  in- 
40  puts  which  are  connected  each  to  a  request  output  61 

of  the  16  respective  crosspoint  switches  (see  Fig.  2). 
The  inputs  115-1  115-16  are  connected  to  the  re- 
spective  outputs  129-1  129-16  of  decoder  104. 
The  inputs  116-1  116-16  are  connected  all  toout- 

45  put  1  58  of  clock  generator  159.  The  outputs  117-1 
117-16  are  connected  to  OR  gate  106  whose  output 
118  is  connected  to  write-enable  input  119  of  queue 
buffer  1  07.  Queue  buffer  1  07  further  has  a  queue- 
empty  output  136  connected  via  invertor  160  to  input 

50  1  39  of  AND  gate  113.  A  second  input  140  of  AND  gate 
113  is  connected  to  packet  sync  line  122,  output  165 
of  AND  gate  113  being  connected  to  read-enable  in- 
put  120  of  queue  buffer  107.  AND  gate  161  has  an  in- 
put  162  connected  to  the  output  of  the  invertor  160 

55  and  an  input  163  connected  to  the  output  137-1  of 
counter  109.  Counter  109  has  outputs  137-1 
137...X,  which  number  of  outputs  corresponds  with 
the  number  of  bytes  in  an  empty  packet.  In  response 

4 
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to  bytes  appearing  on  the  packet  line  121,  counter  1  09 
successively  assigns  the  value  "1  "  to  the  outputs  1  37- 
1  1  37-x  for  the  duration  of  a  byte  interval. 

In  Figure  3  no  more  than  two  outputs  137-1  and 
137-2  are  represented  because  only  these  two  out- 
puts  are  important  for  explaining  this  Figure  and  Fig. 
5  to  be  discussed  in  the  sequel.  Counter  109  has  a  re- 
set  output  166  connected  to  the  packet  sync  line  122 
and  has  a  clock  input  167  connected  to  clock  line  123. 

Clock  generator  159  simultaneously  applies  a 
clock  signal  to  clock  input  131  of  counter  102  and  to 
an  input  116-i  of  gate  circuit  105-i.  In  response  to  this 
clock  signal  the  counter  1  02  generates  a  count  match- 
ing  the  unique  address  of  the  node  switch  that  has  ap- 
plied  a  request  signal  through  request  input  1  14-  i  to 
gate  circuit  105-i.  The  16-counter  102  restarts  count- 
ing  once  it  has  received  a  packet  sync  signal  on  its  re- 
set  input  1  30.  The  unique  address  represented  by  the 
count  on  output  132  of  counter  102  is  applied  to  de- 
coder  104  over  bus  111  and  to  queue  store  107  over 
bus  112.  Depending  on  the  address  on  its  input,  de- 
coder  104  transfers  a  binary  signal  having  the  value 
"1"  to  one  of  its  16  outputs,  for  example,  129-i,  and  a 
signal  having  the  value  "0"  to  the  remaining  outputs. 
This  value  "1"  signal  is  applied  to  an  input  115-i  of  the 
gate  circuit  105-i.  If  also  the  binary  request  signal  on 
input  114-i  has  the  value  "1",  a  binary  signal  having 
the  value  "1"  is  applied  to  the  write-enable  input  119 
of  queue  store  107  via  output  117-i  of  the  gate  circuit 
1  05-i  and  OR  gate  1  06  after  the  clock  signal  of  clock 
generator  159  at  input  116-i.  In  response  to  this  write- 
enable  signal  the  address  at  output  132  of  counter 
102  is  written  into  the  queue  store  107  via  bus  112. 

When  a  packet  sync  pulse  appears  on  line  122 
and  at  the  same  time  queue  store  107  contains  a 
unique  address,  read-enable  input  120  of  queue  store 
107  is  activated  by  means  of  AND  gate  113.  In  re- 
sponse,  the  address  from  queue  store  107  is  applied 
to  data  input  1  26  of  multiplexer  1  08.  The  counter  1  09 
starts  counting  after  receiving  a  packet  sync  pulse  at 
its  reset  input  166.  In  response  to  this  pulse,  output 
137-1  of  counter  109  applies  a  signal  having  a  value 
"1"  to  input  134  of  multiplexer  108  by  means  of  AND 
gate  161  because  queue  store  107  contains  an  ad- 
dress,  so  that  the  address  in  queue  store  1  07  is  trans- 
ferred  to  data  line  22  via  data  input  126.  Thereafter, 
the  signal  at  input  134  assumes  the  value  "0"  under 
the  control  of  counter  109,  so  that  through  data  input 
1  27  of  multiplexer  1  08  the  remaining  part  of  the  empty 
packet  originating  from  generator  135  is  transferred 
to  data  line  22  of  output  bus  2-j.  In  this  manner  the  al- 
location  means  have  produced  an  empty  packet  car- 
rying  an  address  that  matches  the  unique  address  of 
the  node  switch  which  has  requested  this  empty 
packet  by  means  of  a  request  signal.  If  the  queue 
store  1  07  does  not  contain  a  unique  address  matching 
a  count,  that  is,  if  no  request  signal  of  a  node  switch 
has  been  detected  on  the  lines  101-1  101-16,  an 

empty  packet  having  an  empty-packet  code  IFC3  is 
transferred  to  data  line  122  of  output  bus  2-j  through 
data  input  127  of  multiplexer  108. 

It  should  further  be  observed  that  if  the  time  in- 
5  terval  between  two  successive  packet  sync  pulses  is 

equal  to  Tp,  the  clock  signal  originating  from  clock 
generator  159  has  a  time  interval  Td  which  is  shorter 
than  Tp/16.  Consequently,  the  request  signals  of  all 
1  6  node  switches  can  be  examined  within  one  time  in- 

10  terval  Tp,  in  the  manner  described  above.  It  is  also 
possible  to  generate  during  any  interval  Tp  an  empty 
packet  carrying  a  unique  address  of  one  of  the  node 
switches. 

Fig.  4  shows  an  embodiment  of  a  gate  circuit  1  05- 
15  i  which  forms  part  of  the  recording  means  as  repre- 

sented  in  Fig.  3.  The  gate  circuit  105-i  comprises  two 
FLIP-FLOPs  152  and  153  and  an  AND  gate  151.  The 
AND  gate  151  has  an  input  115-i  connected  to  output 
129-i  of  decoder  1  04,  an  input  116-i  connected  to  out- 

20  put  1  58  of  clock  generator  1  59  and  has  an  input  1  56- 
i  connected  to  output  117-i  of  FLIP-FLOP  153.  The 
output  of  AND  gate  151  is  connected  to  the  reset  input 
of  FLIP-FLOP  152.  This  FLIP-FLOP  152  has  also  a 
set-input  142-i  connected  to  a  central  controller  CC 

25  (not  shown)  for  receiving  a  binary  signal  having  the 
value  "1",  a  clock  input  114-i  connected  to  output  61- 
i  of  a  single  node  switch,  and  has  an  output  146-i  con- 
nected  to  the  set-input  of  FLIP-FLOP  153.  FLIP- 
FLOP  153  has  a  clock  input  to  which  output  158  of 

30  clock  generator  159  is  connected.  The  output  117-i  of 
FLIP-FLOP  153  constitutes  the  output  of  the  gate  cir- 
cuit  105-i. 

The  output  146-i  of  FLIP-FLOP  152  takes  over 
the  value  "1  "  on  its  set-input  142-i  once  a  request  sig- 

35  nal  originating  from  a  node  switch  has  been  applied 
to  its  clock  input  114-i.  At  the  next  clock  signal  from 
the  clock  generator  159  the  binary  signal  at  output 
117-i  of  FLIP-FLOP  1  53  assumes  the  value  "1  "  which 
subsequently  activates  write-enable  input  119  of 

40  queue  store  107  via  the  OR  gate  106  represented  in 
Fig.  3.  FLIP-FLOP  152  is  reset  via  AND  gate  151  once 
the  signal  at  output  117-i  has  assumed  the  value  "1", 
a  clock  signal  from  clock  generator  159  has  been  re- 
ceived  at  input  116-i  and  the  signal  at  output  129-i  of 

45  decoder  1  04  has  assumed  the  value  "1  "  by  means  of 
the  count  signal  from  counter  102.  After  the  succes- 
sive  clock  signal  at  the  clock  input  of  FLIP-FLOP  1  53, 
the  binary  signal  at  output  117-i  of  the  gate  circuit  1  05- 
i  has  the  value  "0". 

so  In  Fig.  5  an  embodiment  of  the  multiplexer  108  is 
represented,  while  it  is  assumed  that  the  address  field 
of  a  packet  contains  4  bits.  The  packet  line  121  for 
transporting  8  bits  in  parallel  splits  up  into  two  lines 
181  and  182  each  transporting  4  bits,  line  181  being 

55  connected  to  input  124  of  selector  175. 
Selector  175  has  a  data  output  to  which  line  183 

is  connected  for  transporting  4  bits  in  parallel.  The 
line  183  then  merges  with  line  182  into  packet  line  22. 

5 
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The  selector  further  has  a  data  input  126  to  which  the 
output  128  of  queue  store  107  is  connected. 

Multiplexer  108  further  includes  a  FLIP-FLOP 
174  which  has  a  set-input  connected  to  the  output  of 
AND  gate  161  (see  Fig.  3),  a  reset-input  connected  to 
output  137-2  of  counter  109,  and  an  output  177  con- 
nected  to  selecting  input  178  of  selector  175.  As  has 
been  stated  with  reference  to  Fig.  3,  output  137-1  of 
counter  109  assumes  the  bit  value  "1"  once  a  packet 
sync  pulse  has  been  received  at  reset  input  166  of 
counter  109.  This  signal  value  is  applied  through  AND 
gate  161  to  the  set  input  of  FLIP-FLOP  174,  which  in 
response  thereto  applies  a  signal  having  the  bit  value 
"1"  to  selecting  input  178  of  selector  175.  In  that  case 
data  input  126  is  connected  to  the  data  output  of  se- 
lector  175  as  a  result  of  which  an  address  is  transfer- 
red  from  data  output  128  of  queue  store  107  to  line 
183.  At  the  second  byte  interval  following  the  packet 
sync  pulse,  output  137-2  of  counter  109  (cf.  Fig.  3)  as- 
sumes  the  bit  value  "1"  so  that  FLIP-FLOP  174  is  re- 
set.  In  response  thereto,  the  signal  at  selecting  input 
1  78  changes  to  bit  value  "0"  so  that  now  the  data  input 
124  becomes  connected  to  the  data  output  of  the  se- 
lector  175  leading  to  the  separate  packet  information 
on  line  181  being  transferred  to  line  183. 

Fig.  6  shows  a  diagram  of  a  second  embodiment 
of  the  allocation  means  3-k.  The  elements  the  Figs. 
6  and  3  have  in  common,  are  denoted  by  the  same  ref- 
erence  characters. 

The  allocation  means  comprise  detecting  means 
201-1  201-16  jointly  forming  the  recording 
means,  for  detecting  a  request  signal  at  the  16  re- 
quest  outputs  61-1  61-16  of  the  16  node  switches. 
The  allocation  means  further  include  a  FIFO  queue 
store  206  whose  data  input  is  connected  to  the  re- 
spective  outputs  235-1  235-16  of  the  detecting 
means  201-1  201-16. 

The  data  output  of  the  queue  store  206  is  con- 
nected  to  the  data  input  of  the  selecting  means  209 
by  means  of  data  bus  231  .  The  data  output  of  the  se- 
lecting  means  209  is  connected  to  data  input  126  of 
multiplexer  108  via  data  bus  232  and  translation 
memory  212. 

The  detecting  means  201  -i  (i  =  1  16)  comprise 
a  FLIP-FLOP  202-i,  a  FLIP-FLOP  203-i  and  an  AND 
gate  204-i. 

FLIP-FLOP  202-i  has  a  set-input  connected  to  a 
central  controller  CC  (not  shown)  for  receiving  a  sig- 
nal  having  the  value  "1  ",  it  has  a  clock  input  connected 
to  the  request  output  61  of  a  node  switch  4-ik  and  a 
reset-input  connected  to  the  output  of  AND  gate  204- 
i. 

The  output  of  FLIP-FLOP  202-i  is  connected  to 
the  set-input  of  FLIP-FLOP  203-i.  This  FLIP-FLOP 
203-i  has  a  clock  input  connected  to  clock  generator 
205  by  means  of  a  clock  line  229  and  an  output  con- 
stituting  the  output  235-i  of  the  detecting  means  201  - 
i.  The  AND  gate  204-i  has  two  inputs  one  of  which  be- 

ing  connected  to  this  output  of  FLIP-FLOP  203-i  and 
the  other  input  being  connected  to  the  clock  generator 
205  by  means  of  clock  line  229. 

The  outputs  235-1  235-16  of  the  detecting 
5  means  201-1  201-16  are  connected  to  the  data  in- 

put  of  queue  store  206  by  means  of  a  data  bus  227 
and  to  an  OR  gate  207  by  means  of  a  data  bus  228. 
The  output  of  the  OR  gate  207  is  connected  to  one  of 
the  two  inputs  of  AND  gate  208,  whose  other  input  is 

10  connected  to  clock  generator  205  by  means  of  a  delay 
element  245  and  clock  line  230.  The  output  of  AND 
gate  208  is  connected  to  write-enable  input  236  of  the 
queue  store  206. 

The  selecting  means  209,  of  which  Fig.  7  repre- 
15  sents  an  embodiment,  further  have  an  input  244  to 

which  the  packet  sync  signal  line  122  is  connected, 
and  a  ready-signal  output  239  connected  to  an  input 
of  AND  gate  21  0  and  to  an  input  of  AND  gate  213.  The 
two  AND  gates  210  and  213  have  inputs  to  which  line 

20  1  22  is  connected.  AND  gate  210  further  has  an  input 
to  which  the  queue-empty  output  237  of  queue  store 
206  is  connected  via  invertor  211,  and  has  an  output 
connected  to  read-enable  input  238  of  queue  store 
206.  The  output  of  AND  gate  213  is  connected  to 

25  write-enable  input  243  of  the  selecting  means  209. 
Each  output  of  the  FLIP  FLOPs  202-1  202-16 

will  take  over  the  signal  at  its  respective  set  input  if  a 
request  signal  from  the  concerning  request  output  61- 
i  (i  =  1  16)  (cf.  Fig.  2)  of  the  node  switch  4-ik  is 

30  available. 
The  clock  generator  205  applies  a  clock  signal  in 

parallel  to  the  clock  inputs  of  the  FLIP  FLOPs  203- 
1  203-16  in  a  time  slot  that  is  smaller  than  the 
smallest  expected  packet  interval  of  the  packets 

35  transported  over  the  input  buses  1-i  1-n  (cf.  Fig. 
1).  Herewith  is  achieved  that  while  the  signal  values 
at  the  outputs  of  the  FLIP  FLOPs  202-1  202-16 
are  taken  over  within  this  time  slot  by  the  outputs  235- 
1  235-16  of  the  FLIP  FLOPs  203-1  203-16, 

40  these  signal  values  will  not  change.  Meanwhile,  the 
clock  signal  of  the  clock  generator  205  simultaneous- 
ly  resets  the  FLIP  FLOPs  202-1  202-16. 

The  request  signals  at  the  outputs  235-1  235- 
16  of  the  detecting  means  201-1  201-16  form  a 

45  1  6-bit  information  word  which  is  applied  to  the  data  in- 
put  of  the  queue  store  206  by  means  of  data  bus  227. 
This  information  word  is  a  representation  of  the 
unique  addresses  of  the  crosspoint  switches.  The 
unique  addresses  will  be  derived  from  this  informa- 

50  tion  word  in  the  manner  to  be  described  hereinafter. 
The  information  word  is  also  applied  to  OR  gate 

207.  If  at  least  one  of  the  signal  values  at  the  outputs 
235-1  235-16  has  the  value  "1",  the  moment  the 
clock  generator  205  over  clock  line  230  applies  a 

55  clock  signal  to  an  input  of  AND  gate  208,  the  write- 
enable  input  236  of  queue  store  206  will  be  activated 
to  write  the  information  word  into  the  queue  store.  By 
means  of  the  delay  element  245  on  clock  line  230  it 

6 
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is  achieved  that  the  write-enable  signal  does  not  ap- 
pear  at  write-enable  input  236  until  the  signals  at  the 
outputs  235-1  235-16  of  the  detecting  means 
201-1  201-16  change  no  longer. 

If  AND  gate  210  simultaneously  receives  at  its  in- 
puts  a  packet  sync  signal  from  line  122,  a  ready- 
signal  from  output  239  of  selecting  means  209  and  a 
queue-empty  signal  from  the  output  237  of  queue 
store  206,  read-enable  input  238  of  queue  store  206 
will  be  activated  for  applying  an  information  word  to 
the  data  input  of  the  selecting  means  209.  An  informa- 
tion  word,  which  is  already  available  on  data  bus  231 
before  input  238  of  queue  store  206  is  activated,  is 
taken  over  by  the  selecting  means  209  via  a  write- 
enable  signal  on  their  write-enable  inputs  243,  once 
at  the  inputs  of  AND  gate  213  the  packet  sync  signal 
from  line  122  and  the  ready-signal  from  output  239 
are  received  simultaneously. 

The  selecting  means  209  examine  in  a  fixed  or- 
der  the  request  signals  in  the  16-bit  information  word 
and  select  the  information  bits  having  the  signal  value 
"1".  The  selecting  means  209  thereafter  generate 
second  16-bit  information  words  which  correspond 
with  the  position  of  each  of  these  information  bits,  and 
which  information  words  are  applied  to  translation 
memory  212  over  data  bus  232  once  a  packet  sync 
signal  has  appeared  at  input  244  of  the  selecting 
means  209  over  line  122. 

Such  a  second  16-bit  information  word  on  data 
bus  232  has  only  a  single  bit  having  the  value  "1  "  and 
the  position  of  this  bit  in  this  second  16-bit  information 
word  corresponds  with  the  position  of  the  selected  in- 
formation  bit  in  the  16-bit  information  word  on  data 
bus  231.  Translation  memory  212  generates,  in  re- 
sponse  to  the  applied  16-bit  information  word  on  data 
bus  232,  a  unique  4-bit  information  word  correspond- 
ing  with  the  16-bit  word.  This  unique  4-bit  information 
word,  indicating  the  unique  address  of  the  crosspoint 
switch  from  which  the  original  request  signal  comes, 
is  applied  to  the  data  input  126  of  multiplexer  1  08.  The 
further  processing  of  the  address  corresponds  with 
the  description  of  the  Figs.  3  and  5  which  is  dedicated 
thereto.  Since  the  translation  means  212  can  be  ar- 
ranged  with  prior  art  means  and  in  a  likewise  prior  art 
manner  as  a  Read  Only  Memory  (ROM),  the  arrange- 
ment  of  a  similar  translation  memory  will  not  be  fur- 
ther  discussed  in  this  context. 

In  the  manner  described  above  the  selecting 
means  209  and  the  translation  memory  212  generate 
to  each  bit  in  the  16-bit  information  word  on  data  bus 
231  having  the  value  "1  ",  a  dedicated  unique  address. 
Once  all  the  bit  values  in  this  16-bit  information  word 
have  been  examined,  the  ready-signal  output  239  of 
selecting  means  209  applies  a  signal  having  the  value 
"1"  to  AND  gates  210  and  213. 

Fig.  7  shows  an  embodiment  of  the  selecting 
means  209  represented  in  Fig.  6.  The  selecting 
means  209  comprise  16  FLIP  FLOPs  253-1  253- 

16  connected  through  the  AND  gates  256-1  256- 
15  and  257-1  257-15  to  FLIP  FLOPs  258-1 
258-16.  The  FLIP  FLOPs  253-1  253-16  have 
each  a  set  input  to  which  a  data  line  231-i  (i  =  1 

5  16)  is  connected,  which  data  lines  231-1  231-16 
jointly  form  the  data  bus  231.  The  FLIP  FLOPs  253- 
1  253-16  further  have  each  a  reset  input  to  which 
the  outputs  251-1  251-16  of  the  respective  FLIP 
FLOPs  258-1  258-16  are  connected,  and  have 

10  each  a  clock  input  connected  to  the  write-enable  input 
243  of  selecting  means  209.  The  outputs  251-1 
251-16  of  FLIP  FLOPs  258-1  251-16  are  also  con- 
nected  to  the  respective  data  lines  232-1  232-16 
which  jointly  form  data  bus  232. 

15  The  non-inverted  output  254-1  of  FLIP  FLOP 
253-1  is  connected  direct  to  the  set  input  of  FLIP 
FLOP  258-1,  which  is  contrary  to  the  non-inverted 
outputs  254-2  254-16  of  the  FLIP  FLOPs  253- 
2  253-16  which  are  connected  to  the  set  input  of 

20  the  FLIP  FLOPs  258-2  258-1  6  by  means  of  the  re- 
spective  AND  gates  257-1  257-15. 

The  further  input  of  AND  gate  257-j  (j  =  1  15) 
is  connected  to  the  output  of  AND  gate  256-j.  The  in- 
verted  outputs  of  the  FLIP  FLOPs  253-1  253-15 

25  are  connected  to  one  of  the  two  inputs  of  the  respec- 
tive  AND  gates  256-1  256-15.  At  the  other  input 
of  AND  gate  256-1  a  signal  having  the  value  "1"  is 
available  and  the  further  inputs  of  AND  gates  256- 
2  256-15  are  connected  to  the  outputs  of  the  re- 

30  spective  AND  gates  256-1  256-14. 
At  the  same  time  the  non-inverted  outputs  254- 

1  254-16  of  the  FLIP  FLOPs  253-1  253-16  are 
connected  to  the  set  input  of  FLIP  FLOP  259  by 
means  of  gate  255.  FLIP  FLOP  259  has  a  clock  input 

35  to  which  packet  sync  line  122  is  connected  by  means 
of  input  244  of  selecting  means  209  (cf.  Fig.  6),  and 
has  an  output  constituting  the  ready-signal  output 
239  of  the  selecting  means  209.  Line  122  is  likewise 
connected  to  the  inputs  of  the  FLIP  FLOPs  258-1 

40  258-16  through  input  244. 
Once  a  clock  signal  appears  at  the  clock  inputs 

of  the  FLIP  FLOPs  253-1  253-16  through  write- 
enable  input  243,  the  complete  16-bit  information 
word  on  the  data  lines  231-1  231-16  is  taken  over 

45  by  the  outputs  254-1  254-16  of  the  FLIP  FLOPs 
253-1  253-16. 

The  gates  256-1  256-15  and  257-1  257- 
15  connect  the  FLIP  FLOPs  253-1  253-16  to  the 
FLIP  FLOPs  258-1  258-16  in  a  manner  enabling 

50  the  outputs  254-1  to  254-1  6  of  FLIP  FLOPs  253-1 
253-16  in  this  order  to  transfer  any  signal  value  "1"  to 
the  output  bus  232  by  means  of  a  FLIP  FLOP  258-i  (i 
=  1  16).  Thus,  output  254-1  is  enabled  first  and 
output  254-16  is  enabled  last  to  transfer  any  signal 

55  value  "1  "  to  data  bus  232. 
Let  us  assume  that  the  first  output  which  has  a 

signal  value  "1"  is  the  output  254-i  of  FLIP  FLOP  253- 
i(i  =  1  16). 

7 
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The  FLIP  FLOPs  258-j  (j  <  i)  obtain  through  AND 
gates  257-j  a  signal  value  "0"  at  their  set  inputs  and 
the  FLIP  FLOPs  258-k(k>i)  obtain  through  the  invert- 
ed  output  of  FLIP  FLOP  253-i  and  through  AND  gates 
256-1  (1 î)  and  AND  gates  257-1  (1  si)  the  signal  val- 
ue  "0"  at  their  set  inputs.  Only  to  the  set  input  of  FLIP 
FLOP258-i  will  a  signal  having  a  value  "1"  be  applied, 
which  signal  value  originates  from  output  254-i  of 
FLIP  FLOP  253-i.  At  the  next  clock  signal  at  clock  in- 
put  243  a  signal  having  the  value  "1"  will  appear  on 
data  line  232-i  and  a  signal  having  the  value  "0"  on  the 
remaining  lines  232-m  (m=i).  FLIP  FLOP  253-i  will  si- 
multaneously  be  reset  by  means  of  output  251  -i. 

Subsequently,  in  accordance  with  the  manner 
described  above,  the  next  output  254-k  (k>i),  having 
a  value  "1"  signal,  will  be  interconnected  to  the  set  in- 
put  of  FLIP  FLOP  258-k.  In  this  fashion  each  output 
254-i  (i  =  1  16)  will  successively  be  given  the  op- 
portunity  to  transfer  a  16-bit  information  word  to  data 
bus  232  while  there  is  a  signal  value  "1  "  on  data  lines 
232-i  and  a  signal  value  "0"  on  the  remaining  data 
lines. 

The  gate  255  to  which  all  inputs  254-1  254- 
16  of  FLIP  FLOPs  253-1  253-16  are  connected 
generates  a  signal  having  the  value  "1  "  at  the  set  input 
of  FLIP  FLOP  259  once  one  or  more  outputs  254-i  (i 
=  1  16)  has/have  a  signal  having  the  value  "1".  As 
the  next  clock  signal  through  input  244  of  selector 
means  209  is  applied  to  the  clock  input  of  the  FLIP 
FLOP  259  a  signal  having  the  value  "1  "  which  is  gen- 
erated  at  the  ready-signal  output  239  of  the  selector 
means  209  will  be  applied  to  the  AND  gates  210  and 
213  represented  in  Figure  6.  FLIP  FLOP  258-i  is  si- 
multaneously  activated  by  this  clock  signal  on  clock 
input  244  to  take  over  on  its  own  output  251  -i  the  lat- 
est  signal  having  the  value  "1"  at  output  254-i. 

Thereafter,  the  next  information  word  is  read  onto 
the  data  input  of  the  selector  means  209  by  the  selec- 
tor  means  209  itself  for  a  subsequent  examination  of 
the  16  request  signals  which  jointly  form  the  informa- 
tion  word,  upon  which  the  above-described  cycle  is 
reiterated. 

Claims 

1.  Digital  data  packet  switching  module,  comprising 
a  plurality  of  input  buses  (1-i)  and  at  least  one  out- 
put  bus  (2-j),  crosspoint  switches  (4-ij)  connect- 
ing  each  an  individual  input  bus  to  the  output  bus, 
each  crosspoint  switch  comprising  a  writing  cir- 
cuit  (20)  that  is  connected  to  the  output  bus  to 
write  packets  into  empty  packets  on  the  output 
bus,  and  allocation  means  (3-j)  for  solving  access 
conflicts  between  packets  intended  to  be  trans- 
ferred  to  the  same  output  bus  (2-j)  within  the 
same  packet  interval,  characterised  in  that  a 
unique  address  is  allocated  to  each  crosspoint 

switch  and  in  that  this  crosspoint  switch  compris- 
es: 

-  a  request  output  (61)  for  sending  a  request 
signal  to  the  allocation  means  in  response 

5  to  the  presence  of  a  packet  to  be  transmit- 
ted,  and 

-  a  detection  circuit  (1  9)  connected  to  the  out- 
put  bus,  for  detecting  empty  packets  on  the 
output  bus  which  carry  the  address  of  the 

10  relevant  crosspoint  switch,  and 
-  which  writing  circuit  (20)  is  suitable  for  writ- 

ing  packets,  under  the  control  of  the  detec- 
tion  circuit,  into  the  empty  packets  carrying 
the  detected  address; 

15  and  in  that  allocation  means  connected  to  the  out- 
put  bus  generate  empty  packets  carrying  the  ad- 
dress  of  a  crosspoint  switch  and  comprise: 

-  recording  means  (105,  201)  for  recording 
and  subsequently  resetting  the  request  sig- 

20  nal  of  each  crosspoint  switch  within  a  pack- 
et  interval, 

-  a  First-In-First-Out  queue  store  (107,  206) 
having  a  data  input  for  applying  thereto  rep- 
resentations  of  crosspoint  switch  address- 

25  es,  and 
-  a  packet  generator  (103)  for  deriving  ad- 

dresses  from  the  representations  of  the 
queue  store  and  providing  the  empty  pack- 
ets  with  these  addresses. 

30 
2.  Switching  module  as  claimed  in  claim  1,  charac- 

terised  in  that  the  recording  means  sequentially 
record  the  request  signals,  in  that  the  allocation 
means  comprise  a  counter  (102)  for  applying  a 

35  count  to  the  data  input  of  the  queue  store  (107) 
in  parallel  with  the  recording  of  one  of  the  request 
signals,  which  queue  store  has  a  write-enable  in- 
put  (119)  to  enable  the  queue  store  to  change  to 
the  write  condition  in  dependence  on  the  request 

40  signal,  and  in  that  the  packet  generator  (103)  has 
a  direct  connection  to  the  data  output  (1  28)  of  the 
queue  store  to  receive  the  count. 

3.  Switching  module  as  claimed  in  claim  1,  charac- 
45  terised  in  that  the  recording  means  record  a  data 

word  containing  the  request  signals  from  the 
crosspoint  switches,  which  data  word  forms  rep- 
resentations  of  the  crosspoint  switch  addresses, 
and  in  that  the  packet  generator  comprises  a 

so  translation  memory  (212)  connected  to  the  data 
output  of  the  queue  store  which  data  memory,  in 
dependence  on  the  data  word,  generates  ad- 
dresses  represented  by  this  data  word. 

55 
Patentanspruche 

1.  Digitales  Schaltmodul  fur  Datenpakete,  das  mit 
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einerAnzahl  Eingangsbusse  (l-i)  und  mindestens 
einem  Ausgangsbus  (2-j)  versehen  ist,  sowie  mit 
Kreuzungsschaltern  (4-ij),  die  je  einen  eigenen 
Eingangsbus  mit  dem  Ausgangsbus  verbinden, 
wobei  jeder  Kreuzungsschalter  mit  einer  an  den 
Ausgangsbus  angeschlossenen  Schreibschal- 
tung  (20)  versehen  ist  urn  Pakete  in  leere  Pakete 
am  Ausgangsbus  zu  schreiben,  sowie  mit  Zuord- 
nungsmitteln  (3-j)  zum  Losen  von  Zugriffskon- 
flikten  zwischen  Paketen,  fur  die  innerhalb  der- 
selben  Paketperiode  Ubertragung  zu  demselben 
Ausgangsbus  (2-j)  beabsichtigt  wird,  dadurch  ge- 
kennzeichnet,  dali  jedem  Kreuzungsschalter  ei- 
ne  einzigartige  Adresse  zugeordnet  ist  und  daft 
dieser  Kreuzungsschalter  mit  den  nachfolgenden 
Elementen  versehen  ist: 

-  einem  Requestausgang  zum  in  Antwort  auf 
das  Vorhandensein  eines  zu  ubertragen- 
den  Pakets  Abgeben  eines  Requestsignals 
zu  den  Zuordnungsmitteln, 

-  mit  einer  an  den  Ausgangsbus 
angeschlossenen  Detektionsschaltung 
zum  Detektieren  von  leeren  Paketen  an 
dem  Ausgangsbus  mit  der  Adresse  des  be- 
treffenden  Kreuzungsschalters,  und 
wobei  diese  Schreibschaltung  geeignet  ist 
zum  unter  Ansteuerung  der  Detektions- 
schaltung  Schreiben  von  Paketen  in  die 
leeren  Pakete  mitderdetektierten  Adresse; 

und  daft  die  an  den  Ausgangsbus 
angeschlossenen  Zuordnungsmittel  leere  Pake- 
te  erzeugen  mit  der  Adresse  eines  Kreuzungs- 
schalters  und  mit  den  nachfolgenden  Elementen 
versehen  sind: 

-  Aufzeichnungsmitteln  zum  innerhalb  einer 
Paketperiode  Aufzeichnen  und  daraufhin 
Ruckstellen  des  Requestsignals  jedes 
Kreuzungsschalters; 

-  einem  FIFO-Schlangenspeicher  mit  einem 
dateneingang  zum  Zufuhren  zu  demselben 
von  Reprasentationen  von  Adressen  von 
Kreuzungsschaltern, 

-  einem  Paketgenerator  zum  den  Reprasen- 
tationen  aus  dem  Schlagenspeicher  Ent- 
nehmen  der  Adressen  und  zum  Zufuhren 
dieser  Adressen  zu  den  leeren  Paketen. 

2.  Schaltmodul  nach  Anspruch  1  ,  dadurch  gekenn- 
zeichnet,  dali  die  Aufzeichnungsmittel  sequen- 
tiell  die  Requestsignale  aufzeichnen,  daft  die  Zu- 
ordnungsmittel  einen  Zahler  (102)  aufweisen 
zum  Zufuhren  eines  Zahlerstandes  zu  dem  Da- 
teneingang  des  Schlangenspeichers  (107)  paral- 
lel  zu  der  Aufzeichnung  eines  der 
Requestsignale,  wobei  der  Schlagenspeicher  ei- 
nen  Schreibfreigabeeingang  (119)  aufweist  urn 
die  Moglichkeit  zu  bieten,  daft  der  Schlangen- 
speicher  abhangig  vom  Requestsignal  in  den 

Schreibzustand  ubergeht,  und  dali  der  Paketge- 
nerator  (103)  eine  direkte  Verbindung  mit  dem 
Datenausgang  (128)  des  Schlangenspeichers 
hat  zum  Empfangen  des  Zahlerstandes. 

5 
3.  Schaltmodul  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dali  die  Aufzeichnungsmittel  ein  Daten- 
wort  aufzeichnen  mit  den  Requestsignalen  von 
den  Kreuzungsschaltern,  wobei  dieses  Daten- 

10  wort  eine  Darstellung  der  Kreuzungsschalter- 
adressen  bildet,  und  dali  der  Paketgenerator  ei- 
nen  Ubersetzungsspeicher  (212)  aufweist,  der 
mit  dem  Datenausgang  des  Schlangenspeichers 
verbunden  ist,  der  je  nach  dem  Datenwort,  durch 

15  dieses  Datenwort  dargestellte  Adressen  erzeugt. 

Revendications 

20  1.  Module  numerique  de  commutation  de  paquets 
de  donnees,  comprenant  une  pluralite  de  bus 
d'entree  (1-i)  et  au  moins  un  bus  de  sortie  (2-j), 
des  points  de  croisement  (4-ij)  connectant  cha- 
cun  un  bus  d'entree  individuel  au  bus  de  sortie, 

25  chaque  point  de  croisement  comprenant  un  cir- 
cuit  d'ecriture  (20)  qui  est  connecte  au  bus  de 
sortie  pour  introduire  des  paquets  dans  des  pa- 
quets  vides  du  bus  de  sortie,  et  des  moyens  d'al- 
location  (3-j)  pour  resoudre  les  conflits  d'acces 

30  entre  des  paquets  destines  a  etre  transferes  au 
meme  bus  de  sortie  (2-j)  a  I'interieurdu  meme  in- 
tervals  de  paquet,  caracterise  en  ce  qu'une 
adresse  unique  est  allouee  a  chaque  point  de 
croisement  et  en  ce  que  ce  point  de  croisement 

35  comprend  : 
-  une  sortie  de  demande  (61)  pour  envoyer 

un  signal  de  demande  aux  moyens  d'alloca- 
tion  en  reaction  a  la  presence  d'un  paquet 
a  transmettre; 

40  -  un  circuit  de  detection  (1  9)  connecte  au  bus 
de  sortie  pour  detecter  des  paquets  vides 
sur  le  bus  de  sortie  qui  acheminent  I'adres- 
se  du  point  de  croisement  concerne,  et 

-  dont  le  circuit  d'ecriture  (20)  convient  pour 
45  introduire  des  paquets,  sous  la  commande 

du  circuit  de  detection,  dans  les  paquets  vi- 
des  portant  I'adresse  detectee, 
et  en  ce  que  les  moyens  d'allocation 

connectes  au  bus  de  sortie  generent  des  paquets 
so  vides  portant  I'adresse  d'un  point  de  croisement 

et  comprennent: 
-  des  moyens  d'enregistrement  (105,  201) 

pour  enregistrer  et  ensuite  remettre  a  zero 
le  signal  de  demande  de  chaque  point  de 

55  croisement  dans  un  intervalle  de  paquet; 
-  une  memoire  a  file  d'attente  de  type  pre- 

mier  entre/premier  sorti  (107,  206)  ayant 
une  entree  de  donnees  pour  y  appliquer 

9 
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des  representations  d'adresses  de  points 
de  croisement,  et 

-  un  generateur  de  paquets  (1  03)  pour  obte- 
nir  des  adresses  a  partir  des  representa- 
tions  de  la  memoire  a  file  d'attente  et  pour  5 
fournir  ces  adresses  aux  paquets  vides. 

2.  Module  de  commutation  selon  la  revendication  1  , 
caracterise  en  ce  que  les  moyens  d'enregistre- 
ment  enregistrent  successivement  les  signaux  10 
de  demande,  que  les  moyens  d'allocation 
comprennent  un  compteur  (102)  pour  appliquer 
un  comptage  a  I'entree  de  donnees  de  la  memoi- 
re  a  file  d'attente  (107)  en  parallele  avec  I'enre- 
gistrement  de  I'un  des  signaux  de  demande,  la-  15 
dite  memoire  a  file  d'attente  ayant  une  entree  de 
validation  d'ecriture  (119)  pour  permettre  a  la 
memoire  a  file  d'attente  de  passer  a  la  situation 
d'ecriture  en  fonction  du  signal  de  demande,  et 
que  le  generateur  de  paquets  (103)  a  une  20 
connexion  directe  avec  la  sortie  de  donnees 
(128)  de  la  memoire  a  file  d'attente  pour  recevoir 
le  comptage. 

3.  Module  de  commutation  selon  la  revendication  1  ,  25 
caracterise  en  ce  que  les  moyens  d'enregistre- 
ment  enregistrent  un  mot  de  donnees  contenant 
les  signaux  de  demande  provenant  des  points  de 
croisement,  led  it  mot  de  donnees  forme  des  re- 
presentations  des  adresses  des  points  de  croise-  30 
ment,  et  le  generateur  de  paquets  comprend  une 
memoire  de  traduction  (212)  connectee  a  la  sor- 
tie  de  donnees  de  la  memoire  a  file  d'attente,  la- 
dite  memoire  de  donnees  generant  des  adresses 
representees  par  ce  mot  de  donnees  en  fonction  35 
de  celui-ci. 
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