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Description 

Technical  Field 

This  invention  relates  to  an  apparatus  and 
method  for  controlling  access  of  a  number  of  sta- 
tions  to  a  transmission  line.  More  specifically,  this 
invention  provides  for  parallel  control  of  a  cros- 
spoint  switching  matrix  wherein  a  number  of  sta- 
tions  can  simultaneously  seek  access  to,  or  si- 
multaneously  transmit  through  the  matrix,  using  a 
transmission  loop  for  each  transmission  line  or 
output  line  of  the  matrix. 

Background  of  the  Invention 

An  often  used  means  of  selectively  connecting 
a  number  of  stations  to  respective  transmission 
lines  is  through  a  crosspoint  switching  matrix.  With 
this  matrix,  a  station  is  connected  to  a  selected 
transmission  line  by  closing  a  specific  crosspoint 
on  the  matrix.  This  closed  crosspoint  then  serves 
to  interconnect  the  station  with  the  selected  trans- 
mission  line.  To  control  the  opening  and  closing  of 
various  crosspoints,  a  controller  must  be  used. 

Many  types  of  controllers  have  been  described 
which  may  be  used  in  the  crosspoint  switching 
matrix  of  FIG.  1.  With  the  advent  of  semiconductor 
crosspoint  switches  and  the  popularity  of  electronic 
switching  systems,  many  of  the  recent  controller 
designs  have  been  implemented  in  integrated  cir- 
cuits,  or  a  programmable  computer  has  functioned 
as  the  controller.  Examples  of  computerized  switch 
controllers  are  given  by  Anderson  in  U.  S.  Patent 
4,331,956,  by  Bulfer  in  U.  S.  Patent  3,935,394,  and 
by  McEowen  et  al  in  U.  S.  Patent  4,196,316.  How- 
ever,  almost  all  of  these  electronic  switching  net- 
works  have  been  designed  for  communication  sys- 
tems  in  which  the  switching  can  occur  at  a  fairly 
leisurely  pace  because,  once  the  interconnections 
have  been  established,  the  data  lines  remain  con- 
nected  to  each  other  for  substantial  periods  of  time. 
However,  in  the  case  where  the  crosspoint  switch 
is  to  be  used  within  a  computer  or  other  computer- 
ized  system  and  the  interconnections  are  generally 
short-lived,  a  controller  which  requires  a  long  time 
to  establish  the  interconnections  will  severely  re- 
duce  the  effective  bandwidth  of  the  crosspoint 
switch.  Alternatively  stated,  from  the  time  a  data 
line  interconnection  is  requested  until  it  is  accom- 
plished,  no  data  can  flow  through  the  crosspoint 
switch,  and  accordingly,  the  throughput  of  the  as- 
sociated  computer  is  reduced.  Although  a  comput- 
erized  controller  will  operate  relatively  fast,  it  re- 
quires  a  number  of  machine  cycles  to  effect  the 
connection  after  the  service  request  has  been 
made  and  suffers  a  corresponding  delay.  C.  J. 
Georgiou  describes  in  U.  S.  patent  application 

Serial  No.  544,653,  filed  October  24,  1983,  a  con- 
troller  for  a  crosspoint  switch.  Georgiou's  controller 
is  designed  to  be  very  fast,  and  only  one  controller 
is  used.  However,  the  controller  must  sequentially 

5  service  multiple  ports  requesting  connection 
through  the  crosspoint  switching  matrix.  Once  the 
demanded  connection  rate  exceeds  the  speed  of 
the  controller,  the  throughput  of  the  combined  cros- 
spoint  switch  and  controller  falls.  Even  if  Geor- 

io  giou's  controller  were  redesigned  to  provide  par- 
allel  subcontrollers,  his  parallel  controller  would 
nonetheless  be  dependent  on  a  single  table  known 
as  the  port  connection  table.  This  table  keeps  track 
of  available  connections  through  the  switch.  Thus, 

75  the  port  connection  table  becomes  a  shared  re- 
source  and  limits  the  controller  speed  in  case  of 
high  connection  demand.  U.  S.  Patent  4,402,008  to 
K.  Teraslinna  describes  an  array  of  switches  which 
are  controlled  by  a  latch  which  has  a  number  of 

20  output  leads  connected  to  the  switches  of  the  ar- 
ray.  Each  output  lead  is  connected  to  a  particular 
switch  of  the  array  and  is  used  to  control  the 
opening  and  closing  of  a  particular  switch. 

25  Summary  of  the  Invention 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  controller  which  provides  for  par- 
allel  control  of  the  crosspoints  to  increase  the 

30  throughput  of  the  switching  matrix  and  controller. 
Accordingly,  this  invention  provides  an  appara- 

tus  for  parallel  control  of  access  of  a  number  of 
stations  to  a  number  of  transmission  lines. 

A  reservation  processor  is  provided  for  each 
35  one  of  the  transmission  lines  for  generating  a  sig- 

nal  which  is  used  to  inform  a  selected  one  of  the 
stations  that  it  can  transmit  over  a  corresponding 
transmission  line.  More  importantly,  each  reserva- 
tion  processor  generates  a  signal,  as  described 

40  immediately  above,  in  parallel  with  the  generation 
of  signals  by  other  reservation  processors. 

Of  major  significance  is  that  after  the  above 
signal  is  received  by  a  station,  the  station  itself  can 
then  close  appropriate  crosspoints  without  consid- 

45  ering  whether  another  station  is  closing  one  of  its 
associated  crosspoints.  Closing  a  crosspoint  gives 
a  station  access  to  a  transmission  line.  Thus,  we 
have  parallel  control  of  the  crosspoints  since  each 
station  controls  the  opening  and  closing  of  appro- 

50  priate  crosspoints. 
With  this  invention  there  is  one  station  switch 

associated  with  the  combination  of  a  transmission 
line  and  a  station.  Each  station  switch  is  used  to 
indicate  that  its  respective  station  has  a  request  for 

55  connection  to  the  respective  transmission  line. 
Each  station  switch  is  responsive  to  requests  from 
a  respective  station  in  the  form  of  a  signal  from  the 
respective  station.  When  the  respective  station 
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switch  responds  to  the  above  signal,  it  provides 
part  of  a  path  for  the  transmission  of  a  signal  from 
a  corresponding  reservation  processor  to  the  re- 
spective  station.  It  should  also  be  noted  that  sev- 
eral  station  switches  can  respond  to  requests  from 
their  respective  stations  at  the  same  time. 

Also  associated  with  each  combination  of  a 
transmission  line  and  a  station  is  a  priority  switch. 
This  priority  switch,  along  with  other  priority  switch- 
es  associated  with  a  given  transmission  line,  is 
used  to  establish  priority  when  a  number  of  sta- 
tions  request  a  connection  to  the  given  transmis- 
sion  line. 

The  priority  switches  associated  with  a  given 
transmission  line  provide  a  means  for  establishing 
priority  as  to  which  station  will  receive  a  signal 
from  a  respective  reservation  processor  when  a 
number  of  stations  are  requesting,  at  the  same 
time,  connections  to  the  given  transmission  line. 
Each  priority  switch  is  responsive  to  a  signal  gen- 
erated  by  a  corresponding  reservation  processor. 
The  priority  switches  associated  with  a  given  trans- 
mission  line  also  provide  part  of  an  path  from  a 
corresponding  requesting  station  to  a  correspond- 
ing  reservation  processor. 

Also  provided  is  a  transmission  loop  for  each 
one  of  the  transmission  lines.  Each  loop  inter- 
couples  a  number  of  station  switches  and  a  num- 
ber  of  priority  switches.  Each  particular  loop  also 
provides  at  a  given  time,  a  path  between  any  one 
of  the  stations  and  the  reservation  processing 
means  corresponding  to  the  particular  loop.  The 
path  is  also  completed  by  a  number  of  station 
switches  and  a  number  of  priority  switches  inter- 
coupled  by  the  transmission  loop.  This  path  is 
used  to  send  a  signal  generated  by  a  respective 
reservation  processor  (as  above)  to  a  correspond- 
ing  requesting  station.  This  signal  is  used  to  inform 
the  corresponding  station  that  it  can  transmit  over  a 
corresponding  transmission  line. 

Description  of  the  Preferred  Embodiment 

Referring  now  to  FIG.  1,  there  is  shown  an 
overall  embodiment  of  the  apparatus  used  to  im- 
plement  this  invention.  Shown  is  switching  matrix 
10  which  is  used  to  interconnect  originating  sta- 
tions  Ai  ,  A2  AN  and  transmission  lines  L1,  L2, 

LM.  The  inputs  li  through  lN  of  the  matrix  10  are 
coupled  to  originating  stations  Ai  through  AN.  The 
outputs  Oi  through  0M  of  the  matrix  10  are  coup- 
led  to  transmission  lines  L1  through  LM,  which  in 
turn  are  coupled  to  terminating  stations  Bi  through 
BM  respectively  as  shown  in  FIG  1  .  L1  ,  L2  and  LM 
are  also  coupled  to  Vi  through  VM  respectively  of 
the  control  mechanism  7.  Vi  through  VM  are  res- 
ervation  processors  which  are  part  of  the  control 
mechanism  and  are  shown  in  FIG.  2.  M  is  an 

integer  generally.  The  crosspoints  of  the  switching 
matrix  are  used  to  establish  connections  to  respec- 
tive  transmission  lines  from  the  originating  stations 
Ai  through  AN.  Throughout  this  application,  unless 

5  otherwise  specified,  the  term  "stations(s)"  shall  re- 
fer  to  "originating  stations(s)",  such  as  Ai  through 
AN.  Also  shown  in  FIG.  1  are  lines  RPLi  through 
RPLM  for  transmitting  station  addresses  to  respec- 
tive  reservation  processors  as  described  below. 

io  Shown  in  FIG.  2,  is  a  more  detailed  schematic 
of  the  major  components  of  the  control  mechanism 
7  of  FIG.  1.  Shown  are  N  control  loops  CLi  through 
CLN  which  are  coupled  to  reservation  processors 
Vi  through  VN,  respectively.  Each  of  the  control 

is  loops  is  also  coupled  to  the  stations  Ai  through  AN, 
as  illustrated  in  FIG.  2.  The  control  loops,  as  well 
as  the  coupling  between  the  control  loops  and  the 
reservation  processors  and  stations,  will  be  shown 
in  greater  detail  in  FIG.  3. 

20  Shown  in  FIG.  3,  is  a  more  detailed  schematic 
of  control  loop  CLi  ,  which  is  representative  of  all 
the  control  loops  shown  in  FIG.  2.  The  interconnec- 
tions  of  the  stations  Ai  ,  A2  AN,  and  the  reserva- 
tion  processor  Vi  to  control  loops  CLi  are  also 

25  shown.  The  inter-connection  of  the  stations  to  the 
control  loop,  and  the  reservation  processor  to  the 
control  loop  for  the  other  control  loops  are  sche- 
matically  illustrated  in  FIG.  2,  without  showing  the 
other  control  loops.  The  control  loop  itself  com- 

30  prises  a  transmission  loop,  such  as  Q1  ,  and  plural- 
ity  of  station  switches  Yn,  Y21  YN1,  and  a 
plurality  of  priority  switches  Xn,  X21  XN1.  The 
transmission  loop  Qi  serves  to  intercouple  station 
switches  and  priority  switches.  In  this  embodiment 

35  the  station  switches  and  the  priority  switches  are 
connected  in  series  by  the  transmission  loop.  No- 
tice  also,  that  each  station  Aj  is  coupled  to  each 
respective  loop  Qj  by  a  corresponding  switch  Pjj. 
Each  such  switch  (Pjj)  is  used  so  that  Aj  can  select 

40  a  proper  loop  (Qj)  corresponding  to  the  transmis- 
sion  line  (Lj)  requested  by  Aj. 

The  station  switches  are  used  to  indicate  which 
of  the  stations  Ai  through  AN  have  a  request  for 
connection  to  a  respective  transmission  line.  For 

45  example,  the  station  switches  Yi  1  through  YN1  are 
used  to  indicate  the  station  having  a  request  for 
connection  to  transmission  line  L1.  The  switches 
Y12  through  YN2  indicate  which  stations  have  a 
request  for  connection  to  L2,  and  so  on.  The  sta- 

50  tion  switches  also  provide  part  of  a  path  from  a 
corresponding  requesting  station  to  a  correspond- 
ing  reservation  processor.  (See  below  for  details.) 

Shown  in  FIGS.  4.1  and  4.2  are  schematics  to 
illustrate  the  operation  of  the  station  and  priority 

55  switches,  respectively.  These  figures  are  used  only 
to  illustrate  the  operation  of  these  switches.  The 
actual  circuit  diagrams  for  these  switches  are 
shown  in  FIGS.  5.1  and  5.2. 

3 
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From  FIG.  4.1,  it  can  be  seen  that  the  station 
switch,  for  example  Yjj,  can  assume  either  of  two 
positions.  One  position  is  the  flow  through  position 
in  which  the  switch  provides  a  connection  from  one 
point  of  the  loop  to  another  point  of  the  loop.  (See 
Qj  at  points  S3  and  S1  .)  In  the  flow  through  posi- 
tion,  contact  C  is  in  contact  with  contact  point  S1. 
In  the  other  position,  the  non-flow  through  position, 
contact  C  is  in  contact  with  contact  point  S2.  This 
other  position  provides  part  of  the  path  from  a 
reservation  processor  Vj  to  station  Aj,  using  loop  Qj. 
This  other  position  is  also  used  to  indicate  that 
station  Aj  has  a  request  for  connection  to  transmis- 
sion  line  Lj  corresponding  to  loop  Qj.  Also  shown  in 
FIG.  4.1  are  lines  5  and  6.  Line  6  is  used  to  send  a 
signal  from  the  associated  station  to  the  station 
switch  to  reconfigure  or  change  the  position  of  the 
switch.  Line  5,  on  the  other  hand,  is  used  to  send 
signals  from  a  corresponding  reservation  proces- 
sor,  through  the  station  switch  and  to  the  asso- 
ciated  station  to  notify  the  associated  station  that  it 
can  transmit  over  a  corresponding  transmission 
line. 

Referring  now  to  FIG.  4.2,  a  typical  priority 
switch  Xjj  is  shown.  This  switch  assumes  either  of 
two  positions.  One  position  is  the  flow  through 
position  when  contact  Ci  is  in  contact  with  contact 
point  S4  and  C2  is  not  in  contact  with  any  of  the 
contact  points,  except  S7.  In  the  flow  through  posi- 
tion,  one  point  of  the  loop  is  connected  to  another 
point  of  the  loop.  (See  S5  and  S4.)  In  the  other 
position,  contact  C1  is  in  contact  with  contact  point 
S6  and  C2  is  in  contact  with  contact  point  S4.  In 
this  other  position,  reservation  processor  Vj  is 
coupled  to  two  ends  of  loop  Qj  at  contact  points  S5 
and  S4.  With  the  switch  in  this  other  position,  the 
non-flow  through  position,  and  when  no  station 
makes  a  request  for  access  to  transmission  line  Lj, 
a  signal  will  flow  from  Vj  through  S7  and  through 
S4  in  a  clockwise  direction  around  the  loop  and 
return  to  the  priority  switch  at  point  S5,  through  S6 
and  back  to  Vj.  The  priority  switch  serves  to  estab- 
lish  priority  if  there  are  several  stations  requesting 
connection  to  transmission  line  Lj.  The  first  station 
having  a  request  for  connection,  that  one  reaches 
in  proceeding  in  a  clockwise  direction  from  priority 
switch  Xjj  is  the  first  station  to  have  access  to  the 
reservation  processor  Vj.  Thus,  in  the  example 
shown  above,  the  first  station  to  have  access  to  Vj 
would  be  Ai+1,  if  such  station  had  a  request  for 
connection  to  Lj.  If  Ai+1  had  no  request  for  connec- 
tion,  then  Ai+2  would  be  the  first  station  to  have 
access,  if  such  station  had  a  request  for  connection 
to  Lj.  After  station  AN  we  would  start  with  station 
Ai  ,  until  station  Aj.  Any  station  not  having  a  request 
for  connection  is  merely  bypassed  since  the  cor- 
responding  switch  would  be  in  the  flow  through 
position.  If  all  stations  are  bypassed,  then  Vj  re- 

ceives  a  signal  as  described  above  through  priority 
switch  Xij 

Contact  points  S1  ,  and  S3  through  S5  can  also 
be  considered  points  of  a  transmission  loop  such 

5  as  Qj. 
The  overall  operation  of  the  apparatus  shown  in 

FIG.  3  will  now  be  described.  First,  the  stations  Ai 
through  AN  having  a  request  for  connection  to  a 
corresponding  transmission  line  configure  the  ap- 

10  propriate  station  switches  to  indicate  that  they  have 
a  request  for  connection  to  a  corresponding  trans- 
mission  line.  A  station  configures  its  switch  by 
sending  a  signal  to  its  respective  station  switch 
corresponding  to  the  transmission  line  on  which  the 

15  station  wishes  to  transmit.  The  reservation  proces- 
sors  Vi  through  VM  select  appropriate  priority 
switches  through  control  busses  CB1  through  CBM 
and  transmit  a  signal  through  the  appropriate  trans- 
mission  loops.  The  signal  from  the  reservation  pro- 

20  cessor  corresponding  to  each  loop  proceeds  from 
the  selected  priority  switch  around  the  loop  until  it 
reaches  the  first  station  switch  that  indicates  its 
associated  station  has  a  request  for  connection  to  a 
respective  transmission  line.  This  signal  informs 

25  the  associated  station  that  it  can  transmit  over  the 
transmission  line  corresponding  to  the  reservation 
processor  that  sent  the  signal.  Since  the  signal 
does  not  return  to  the  corresponding  reservation 
processor,  the  reservation  processor  is  informed 

30  that  a  station  has  a  request  for  connection  to  the 
transmission  loop.  It  is  important  to  note  that  the 
signal  passes  from  the  selected  priority  switch  in  a 
clockwise  direction  so  that  the  first  station  that  the 
signal  encounters,  which  indicates  that  it  has  a 

35  request  for  connection  to  the  transmission  loop,  is 
the  first  station  to  be  served.  When  the  signal 
reaches  the  station,  the  station  closes  appropriate 
crosspoints  of  the  switching  matrix  10  to  establish 
a  connection  to  a  requested  transmission  line. 

40  When  the  connection  is  established,  the  station 
then  transmits  data,  including  its  address,  through 
the  crosspoints  to  the  requested  transmission  line 
and  the  terminating  station  associated  with  the 
transmission  line.  The  data  along  with  the  address 

45  is  also  transmitted  to  the  reservation  processor 
associated  with  the  requested  transmission  line. 
The  reservation  processor  then  uses  this  address 
to  establish  priority. 

The  overall  operation  of  the  apparatus  of  this 
50  invention  is  best  illustrated  schematically  by  spe- 

cific  example.  Suppose  Ai  ,  A2  and  AN  simultaneous- 
ly  request  access  to  transmission  line  L1  .  First,  Ai  , 
A2  and  AN  reconfigure  the  appropriate  station 
switches  Yn,  Y21  and  YN1  respectively.  Contact  C 

55  on  each  of  these  station  switches  is  set  at  point  S2 
(see  FIG.  4.1).  Thus,  station  switches  Yn,  Y21  and 
YN1  indicate  that  stations  Ai  ,  A2  and  AN  respec- 
tively  have  a  request  for  connection  to  transmission 

4 
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line  L1  .  Now  suppose  further  that  Vi  selects  prior- 
ity  switch  X2i.  Then  referring  to  FIG.  4.2  contact 
C2  of  X21  is  set  at  S4  and  contact  C1  of  X21  is  set 
at  contact  point  S6.  A  signal  will  be  sent  from  Vi  , 
from  S7  to  S4  of  X21  and  through  transmission 
loop  Q1  in  a  clockwise  direction.  This  signal  first 
reaches  station  A2,  which  will  be  the  first  station  to 
have  access  to  L  .  A2  then  sends  its  address  and 
data  to  L1  which  is  connected  or  coupled  to  station 
B1  .  The  address  and  data  are  also  sent  to  Vi  from 
L1  through  RPL1  (see  FIG.  1).  The  reservation 
processor  then  uses  this  address  representing  A2 
to  set  priority  switch  Y21  so  that  A2  will  have  the 
lowest  priority  on  the  next  cycle. 

It  is  most  important  to  note  that  the  reservation 
processors,  Vi  through  VM,  are  working  in  parallel 
with  each  other.  That  is  to  say,  the  reservation 
processors  are  working  simultaneously  and  essen- 
tially  independent  of  each  other. 

In  this  embodiment,  for  any  given  transmission 
line,  the  control  loop,  stations  and  reservation  pro- 
cessors  work  in  a  cyclical  fashion.  Every  Tp  sec- 
onds,  the  stations,  which  have  a  request  for  con- 
nection  to  a  given  transmission  line,  attempt  to  gain 
access  to  a  transmission  line.  The  Tp  cycle  also 
contains  two  subcycles  T1  and  T2.  During  subcycle 
T1  ,  the  stations  having  a  request  for  connection  to 
the  given  transmission  line  configure  their  asso- 
ciated  station  switches.  That  is,  the  stations  re- 
questing  access  to  a  given  transmission  line  send 
signals  to  their  associated  station  switches  on  the 
control  loop  associated  with  the  given  transmission 
line.  The  associated  stations  then  go  into  the  non- 
flow  position  in  response  to  these  signals.  During 
the  second  subcycle  T2,  contention  among  the 
stations  is  resolved  and  a  connection  from  a  se- 
lected  requesting  station  to  the  given  transmission 
line  associated  with  the  respective  reservation  pro- 
cessor  is  made  as  described  herein.  The  length  of 
the  cycle  Tp  can  be  made  to  vary  from  cycle  to 
cycle  according  to  the  length  of  the  message  trans- 
mitted  by  the  selected  requesting  station.  The 
method  of  varying  this  length,  as  above,  would  be 
obvious  to  one  skilled  in  the  art. 

As  described,  in  the  above,  the  reservation 
processors  (Vi  through  VM)  each  periodically  send 
signals  to  the  stations  (Ai  through  AN)  requesting 
access  to  a  transmission  line,  and  set  priority 
switches  in  response  to  addresses  transmitted  from 
the  stations.  Any  suitable  computer  processor  can 
be  used  to  carry  on  all  of  the  functions  of  the 
reservation  processor  described  herein. 

Shown  in  FIG.  5.1  is  a  more  detailed  circuit 
diagram  of  the  schematic  station  switch  illustrated 
in  FIG.  4.1.  The  station  switch  Yjj  shown  in  FIG.  5.1 
is  the  station  switch  associated  with  combination  of 
station  Aj  and  transmission  line  Lj.  All  the  other 
station  switches  are  similar  to  the  one  shown  in  this 

figure.  Lines  QM  and  Qi2  correspond  to  line  6  of 
FIG.  4.1.  When  the  station  switch  is  to  be  in  the 
flow  through  position  a  "high"  or  "1"  appears  on 
QM  and  a  "low"  or  "0"  appears  on  line  Qi2.  A 

5  "high"  on  Qj  would  appear  on  one  of  the  inputs  of 
AND  gates  41  and  43.  Thus,  a  "high"  on  Qj  would 
also  appear  on  the  output  of  AND  gate  43.  That  is, 
a  "high"  would  just  be  passed  from  one  part  of 
transmission  loop  Qj  to  another  part  of  transmission 

10  loop  Qj  through  station  switch  Ŷ  when  it  is  in  the 
flow  through  position.  In  the  other  position,  the  non- 
flow  through  position,  QM  is  "0"  and  Qi2  is  "1". 
Thus,  when  the  station  switch  is  in  this  other  posi- 
tion  a  "high"  on  Qj  flows  through  AND  gate  41  on 

15  line  5  to  station  Aj.  In  this  other  position,  station  Aj 
indicates  that  it  has  a  request  for  connection  to 
transmission  line  Lj. 

Shown  in  FIG.  5.2  is  a  more  detailed  circuit 
diagram  for  the  priority  switch  which  is  schemati- 

20  cally  illustrated  FIG.  4.2.  The  priority  switch  shown 
is  the  priority  switch  associated  with  station  Aj  and 
transmission  line  Lj.  The  priority  switch  shown  is 
controlled  through  control  bus  CBj  from  reservation 
processor  Vj.  As  described  above,  the  priority 

25  switch  has  two  positions. 
In  the  flow  through  position  Vj!  and  vj3  are  set 

at  "0"  or  "lows"  and  vj2  is  set  at  a  "high"  or  "1". 
Thus,  a  "high"  flows  from  Qj  through  AND  gate  42 
back  onto  Qj.  In  the  other  position,  the  non-flow 

30  through  position,  Vj!  and  vj3  are  set  at  a  "high"  or 
"1  "  and  vj2  is  set  at  a  "0"  or  "low".  Thus,  in  this 
other  position,  a  "high"  or  a  "1"  from  Vj  and  on 
control  bus  CBj  flow  through  AND  gate  44  and  onto 
loop  Qj.  Also,  in  this  other  position,  if  no  station 

35  were  requesting  access  to  transmission  line  Lj,  the 
signal  above  would  be  transmitted  around  the  loop 
Qj,  through  AND  gate  46  and  back  to  reservation 
processor.  Thus,  in  this  other  position,  the  priority 
switch  would  allow  a  "high"  from  control  bus  CBj  to 

40  pass  onto  to  the  loop  in  a  clockwise  direction  to  the 
first  station  along  the  loop  in  this  clockwise  direc- 
tion  that  had  set  its  associated  station  switch  to 
indicate  that  it  has  a  request  for  transmission  on 
transmission  loop  Lj.  The  actual  flow  of  the  high 

45  signal  from  the  reservation  processor  is  more  easi- 
ly  seen  from  an  examination  of  FIG.  4.2.  With 
contact  C1  set  at  contact  point  S6  and  contact  C2 
set  at  contact  point  S4. 

Shown  in  FIG.  6  is  a  path  from  a  corresponding 
50  requesting  station  Aj  to  a  corresponding  reservation 

processor  Vj.  Notice  that  all  of  the  priority  switches 
are  in  the  flow  through  position,  except  for  priority 
switch  Xkj.  Also,  all  of  the  station  switches,  except 
for  Yjj  and  Yi+1ij  are  in  the  flow  through  position. 

55  Thus,  the  path  starts  at  Vj,  passes  through  S7  and 
S4  of  priority  switch  Xkj,  through  a  number  of 
station  and  priority  switches  that  are  in  the  flow 
through  position,  and  finally  through  S3  and  S2  of 

5 
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station  switch  to  Aj.  Notice  also  from  FIG.  6  that 
the  station  switches  and  the  priority  switches  pro- 
vide  part  of  the  path  from  a  corresponding  request- 
ing  station  to  a  corresponding  reservation  proces- 
sor. 

Claims 

1.  In  a  network  of  a  plurality  of  stations  (Ai  ,  A2,  ... 
AN)  and  a  plurality  of  transmission  lines  (L1, 
L2,  L3,  ...  LM),  an  apparatus  for  parallel  control 
of  access  of  the  stations  to  the  transmission 
lines,  comprising: 

(a)  a  plurality  of  station  switches  (Yn,  Y21, 
...  YN1),  each  station  switch  being  associated 
with  a  particular  combination  of  one  of  the 
stations  and  one  of  the  transmission  lines, 
each  station  switch  capable  of  assuming  a 
non-flow  through  position  in  response  to  a 
signal  received  from  an  associated  station, 
the  non-flow  through  position  indicating  that 
the  associated  station  has  a  request  to 
transmit  on  a  respective  one  of  the  trans- 
mission  lines; 
(b)  a  plurality  of  priority  switches  (Xn  ,  X2i, 
...  XN1)  each  priority  switch  being  associated 
with  a  particular  combination  of  one  of  the 
stations  and  one  of  the  transmission  lines, 
each  priority  switch  capable  of  assuming  a 
non-flow  through  position  in  response  to  a 
signal  received,  wherein  the  position,  of 
each  of  the  priority  and  station  switches  in 
combination  with  the  position  of  other  of  the 
priority  and  station  switches,  is  used  to  es- 
tablish  an  order  of  priority  among  the  sta- 
tions  as  to  which  one  of  the  stations  is  to  be 
allowed  to  transmit  on  an  associated  trans- 
mission  line  at  a  given  time,  the  position  of 
the  priority  and  station  switches  being  either 
a  flow  through  or  a  non-flow  through  posi- 
tion; 
(c)  a  reservation  processing  means  (Vi  ,  V2, 
V3,  ...  VM)  for  each  one  of  the  transmission 
lines  (L1,  L2,  L3,  ...  LM)  for  generating  sig- 
nals  used  to  inform  a  selected  one  of  the 
stations  (Ai  ,  A2,  ...  AN)  that  it  can  transmit 
over  a  corresponding  one  of  said  transmis- 
sion  lines,  the  reservation  processing  means 
also  being  used  to  transmit  the  signal  re- 
ceived  in  step  (b)  by  at  least  one  of  the 
priority  switches  (Xn,  X2i,  ...  XN1)  which 
assumes  the  non-flow  through  position  in 
response  thereto; 
(d)  a  transmission  loop  (Qj)  for  each  one  of 
the  transmission  lines  (L1,  L2,  L3,  ...  LM), 
there  being  intercoupled  by  each  loop,  one 
of  the  station  switches  (Y1  1  ,  Yi2,  ...  YN1)  and 
one  of  the  priority  switches  (Xn,  X2i,  ... 

XN1)  for  each  one  of  the  stations,  each  loop 
being  used  to  provide,  at  any  one  time 
when  at  least  one  of  the  stations  has  a 
request  for  connection  to  a  corresponding 

5  one  of  the  transmission  lines,  a  path  for  the 
transmission  of  a  signal,  generated  by  a 
corresponding  reservation  processor  as  in 
step  (b),  the  path  being  between  a  cor- 
responding  one  of  the  stations,  selected  as 

10  in  step  (c),  and  a  corresponding  one  of  the 
reservation  processing  means,  the  signal, 
referred  to  in  this  step,  being  transmitted 
from  a  corresponding  one  of  the  reservation 
processor,  along  a  corresponding  path, 

15  starting  from  a  corresponding  one  of  the 
priority  switches  in  the  non-flow  through  po- 
sition,  through  corresponding  ones  of  the 
station  and  priority  switches  in  the  flow 
through  position  and  through  a  station 

20  switch  in  a  non-flow  through  position  to  a 
corresponding  one  of  the  stations,  which 
corresponding  station  is  thereby  informed 
that  it  can  transmit  over  a  corresponding 
one  of  the  transmission  lines. 

25 
2.  An  apparatus  as  recited  in  claim  1,  further 

comprising: 
a  switching  matrix  (10),  the  inputs  of  the 

matrix  being  coupled  to  the  stations  (Ai  ,  A2,  ... 
30  AN)  and  the  outputs  (O1  ,  02,  O3,  ...  Om)  of  the 

matrix  being  coupled  to  the  transmission  lines, 
the  crosspoints  of  the  matrix  being  used  to 
establish  connections  to  respective  transmis- 
sion  lines  from  the  stations  by  closing  cor- 

35  responding  crosspoints,  the  connections  being 
established  to  one  transmission  line  requested 
for  connection  in  parallel  with  connections  be- 
ing  made  to  other  transmission  lines  requested 
for  connection. 

40 
3.  An  apparatus  as  recited  in  claim  1,  further 

comprising: 
a  switching  matrix  (10),  the  inputs  of  the 

matrix  being  coupled  to  the  stations  (Ai  ,  A2,  ... 
45  AN)  and  the  outputs  (O1  ,  02,  O3,  ...  Om)  of  the 

matrix  being  coupled  to  the  transmission  lines, 
selected  ones  of  the  stations  being  connected 
to  selected  ones  of  the  transmission  lines  by 
closing  corresponding  crosspoints,  the  select- 

50  ed  ones  of  the  stations  being  stations  that  were 
informed  that  they  could  transmit  over  cor- 
responding  ones  of  the  transmission  lines,  the 
connections  being  established  to  one  of  the 
corresponding  transmission  lines  requested  for 

55  connection  in  parallel  with  connections  being 
made  to  other  of  the  corresponding  transmis- 
sion  lines  requested  for  connection. 

6 
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Patentanspruche 

1.  Eine  Vorrichtung  in  einem  Netz  aus  mehreren 
Stationen  (Ai  ,  A2,  ...  AN)  und  mehreren  Uber- 
tragungsleitungen  (L1,  L2,  L3,  ...  LM),  die  der  5 
parallelen  Steuerung  des  Zugriffs  der  Stationen 
auf  die  Ubertragungsleitungen  dient  und  urn- 
faBt: 

(a)  mehrere  Stationsschalter  (Yn,  Y21,  ... 
YN1),  wobei  jeder  Stationsschalter  zu  einer  10 
bestimmten  Kombination  aus  einer  der  Sta- 
tionen  und  einer  der  Ubertragungsleitungen 
gehort  und  jeder  Stationsschalter  als  Reak- 
tion  auf  ein  von  einer  zugehorigen  Station 
empfangenes  Signal  eine  Sperrposition  ein-  is 
nehmen  kann,  die  anzeigt,  dal3  die  zugeho- 
rige  Station  eine  Anforderung  zur  Ubertra- 
gung  auf  einer  entsprechenden  Ubertra- 
gungsleitung  hat; 
(b)  mehrere  Prioritatsschalter  (Xn,  X2i,  ...  20 
XN1),  wobei  jeder  Prioritatsschalter  zu  einer 
bestimmten  Kombination  aus  einer  der  Sta- 
tionen  und  einer  der  Ubertragungsleitungen 
gehort  und  jeder  Prioritatsschalter  als  Reak- 
tion  auf  ein  empfangenes  Signal  eine  Sperr-  25 
position  einnehmen  kann,  wobei  die  Position 
jedes  Prioritats-  und  des  Stationsschalters 
in  Kombination  mit  der  Position  anderer 
Prioritats-  und  Stationsschalter  dazu  dient, 
eine  Prioritatsrangfolge  unter  den  Stationen  30 
im  Hinblick  darauf  zu  schaffen,  welche  der 
Stationen  zu  einem  gegebenen  Zeitpunkt 
auf  einer  zugehorigen  Ubertragungsleitung 
ubertragen  darf,  wobei  die  Position  der  Prio- 
ritats-  und  Stationsschalter  entweder  eine  35 
Durchgangs-  oder  eine  Sperrposition  ist; 
(c)  ein  Reservierungsverarbeitungsmittel 
(Vi  ,  V2,  V3,  ...  VM)  fur  jede  der  Ubertra- 
gungsleitungen  (L1,  L2,  L3,  ...  LM)  zur  Er- 
zeugung  von  Signalen,  die  dazu  dienen,  ei-  40 
ner  ausgewahlten  der  Stationen  (Ai  ,  A2,  ... 
AN)  mitzuteilen,  dal3  sie  uber  eine  entspre- 
chende  der  Ubertragungsleitungen  ubertra- 
gen  kann,  wobei  das  Reservierungsverarbei- 
tungsmittel  auch  dazu  dient,  das  in  Schritt  45 
(b)  von  mindestens  einem  der  Prioritats- 
schalter  (Xn  ,  X21,  ...  XN1)  empfangene  Si- 
gnal  zu  ubertragen,  der  daraufhin  in  die 
Sperrposition  geht; 
(d)  eine  Ubertragungsschleife  (Qj)  fur  jede  so 
der  Ubertragungsleitungen  (L1,  L2,  L3,  ... 
LM),  wobei  jede  Schleife  einen  der  Stations- 
schalter  (Yn  ,  Yi2,  ...  YN1)  und  einen  der 
Prioritatsschalter  (Xn  ,  X2i,  ...  XN1)  fur  jede 
der  Stationen  miteinander  koppelt,  und  jede  55 
Schleife  dazu  dient,  zu  jedem  beliebigen 
Zeitpunkt,  wenn  mindestens  eine  der  Statio- 
nen  eine  Anforderung  einer  Verbindung  zu 

einer  zugehorigen  Ubertragungsleitung  hat, 
einen  Weg  zur  Ubertragung  eines  Signals 
bereitzustellen,  das  durch  einen  zugehori- 
gen  Reservierungsprozessor  wie  in  Schritt 
(b)  erzeugt  wird,  und  der  Weg  zwischen 
einer  zugehorigen,  wie  in  Schritt  (c)  ausge- 
wahlten  Station  und  einem  zugehorigen  Re- 
servierungsverarbeitungsmittel  verlauft  und 
das  in  diesem  Schritt  bezeichnete  Signal 
von  einem  zugehorigen  Reservierungspro- 
zessor  auf  einem  zugehorigen  Weg  ubertra- 
gen  wird,  beginnend  bei  einem  zugehorigen 
Prioritatsschalter  in  Sperrposition  uber  zu- 
gehorige  Stations-  und  Prioritatsschalter  in 
Durchgangsposition  und  uber  einen  Sta- 
tionsschalter  in  Sperrposition  zu  einer  zuge- 
horigen  Station,  der  dadurch  mitgeteilt  wird, 
dal3  sie  uber  eine  zugehorige  Ubertragungs- 
leitung  ubertragen  kann. 

2.  Eine  Vorrichtung  nach  Anspruch  1,  die  weiter 
umfaBt: 

eine  Schaltmatrix  (10),  wobei  die  Eingange 
der  Matrix  mit  den  Stationen  (Ai  ,  A2,  ...  AN) 

25  und  die  Ausgange  (O1  ,  02,  O3,  ...  Om)  der 
Matrix  mit  den  Ubertragungsleitungen  gekop- 
pelt  sind,  die  Koppelpunkte  der  Matrix  durch 
SchlieBen  der  entsprechenden  Koppelpunkte 
zur  Herstellung  von  Verbindungen  von  den 

30  Stationen  zu  entsprechenden  Ubertragungslei- 
tungen  dienen  und  die  Verbindungen  zu  einer 
fur  die  Verbindung  angeforderten  Ubertra- 
gungsleitung  parallel  zu  Verbindungen  zu  an- 
deren  fur  Verbindungen  angeforderten  Ubertra- 

35  gungsleitungen  erfolgen. 

3.  Eine  Vorrichtung  nach  Anspruch  1,  die  weiter 
umfaBt: 

eine  Schaltmatrix  (10),  wobei  die  Eingange 
40  der  Matrix  mit  den  Stationen  (Ai  ,  A2,  ...  AN) 

und  die  Ausgange  (d  ,  02,  O3,  ...  0M)  der 
Matrix  mit  den  Ubertragungsleitungen  gekop- 
pelt  sind  und  ausgewahlte  Stationen  durch 
SchlieBen  der  entsprechenden  Koppelpunkte 

45  mit  ausgewahlten  Ubertragungsleitungen  ver- 
bunden  werden,  wobei  die  ausgewahlten  Sta- 
tionen  Stationen  sind,  denen  mitgeteilt  wurde, 
dal3  sie  uber  zugehorige  Ubertragungsleitun- 
gen  wurden  ubertragen  konnen,  und  die  Ver- 

so  bindungen  zu  einer  fur  die  Verbindung  ange- 
forderten  Ubertragungsleitung  parallel  zu  Ver- 
bindungen  zu  anderen  fur  Verbindungen  ange- 
forderten  Ubertragungsleitungen  erfolgen. 

Revendicatlons 

1.  Dans  un  reseau  comprenant  plusieurs  stations 
(Ai  ,  A2,  ...  AN)  et  plusieurs  lignes  de  transmis- 
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sion  (Li  ,  L2,  L3,  ...  LM),  un  appareil  de  controle 
d'acces  parallele  des  stations  aux  lignes  de 
transmission,  comprenant  : 

(a)  plusieurs  commutateurs  de  station  (Yi  1  , 
Y21,  ...  YN1),  chacun  des  commutateurs  de  5 
station  etant  associe  a  un  ensemble  parti- 
culier  comprenant  une  des  stations  et  une 
des  lignes  de  transmission,  chaque  commu- 
tateur  de  station  etant  susceptible  de  se 
placer  en  position  de  non-flux  en  fonction  10 
du  signal  qu'il  regoit  d'une  station  associee, 
la  position  de  non-flux  indiquant  que  la  sta- 
tion  associee  est  en  attente  pour  transmet- 
tre  sur  I'une  des  lignes  de  transmission 
respective;  75 
(b)  plusieurs  commutateurs  de  priorite  (X1  1  , 
X21,  ...  XN1),  chacun  d'eux  etant  associe  a 
un  ensemble  particulier  comprenant  I'une 
des  stations  et  I'une  des  lignes  de  transmis- 
sion,  et  chacun  etant  susceptible  de  se  pla-  20 
cer  en  position  de  non-flux  en  fonction  du 
signal  qu'il  regoit,  sachant  que  la  position 
de  chacun  des  commutateurs  de  priorite  ou 
de  station,  combinee  avec  la  position  d'un 
autre  commutateur  de  priorite  ou  de  station  25 
sert  a  etablir  un  ordre  de  priorite  parmi  les 
stations  pour  determiner  laquelle  sera  admi- 
se  a  transmettre  sur  la  ligne  de  transmis- 
sion  associee  a  un  moment  donne,  la  posi- 
tion  des  commutateurs  de  priorite  et  de  30 
station  etant  soit  en  position  de  flux,  soit  de 
non-flux; 
(c)  un  processeur  de  reservation  (Vi  ,  V2, 
V3,  ...  VM)  pour  chacune  des  lignes  de  tran- 
smission  (L1,  L2,  L3,  ...  LM)  pour  la  creation  35 
de  signaux  servant  a  informer  I'une  des 
stations  selectionnee  (Ai  ,  A2,  ...  AN)  qu'elle 
peut  transmettre  sur  la  ligne  de  transmis- 
sion  correspondante,  le  processeur  de  re- 
servation  servant  egalement  a  transmettre  40 
le  signal  regu  au  point  (b)  par  au  moins  un 
des  commutateurs  de  priorite  (Xn,  X21,  ... 
XN1)  qui  se  met  en  consequence  en  position 
de  non-flux; 
(d)  une  boucle  de  transmission  (Qj)  pour  45 
chacune  des  lignes  de  transmission  (L1,  L2, 
L3,  ...  LM),  celles-ci  etant  intercouplees 
avec  chaque  boucle,  un  des  commutateurs 
de  station  (Yn,  Y12,  ■■■  YN1)  et  un  des 
commutateurs  de  priorite  (Xn  ,  X21,  ...  XN1)  50 
pour  chacune  des  stations,  chaque  boucle 
servant  a  fournir,  a  tout  moment  quand  plus 
d'une  station  demande  une  connexion  a 
I'une  des  lignes  de  transmission  correspon- 
dante,  un  chemin  pour  la  transmission  d'un  55 
signal,  emis  par  un  processeur  de  reserva- 
tion  correspondant  comme  au  point  (b)  ce 
chemin  reliant  une  des  stations  correspon- 

dante  selectionnee  suivant  le  point  (c)  et  un 
des  processeurs  de  reservation  correspon- 
dant,  sachant  que  le  signal,  dont  il  est  ques- 
tion  dans  ce  point,  est  transmis  par  I'un  des 
processeurs  de  reservation  correspondant, 
sur  un  chemin  correspondant,  partant  d'un 
des  commutateurs  de  priorite  correspondant 
en  position  de  non-flux,  passant  par  une 
des  stations  et  un  des  commutateurs  de 
priorite  correspondants  en  position  de  flux 
et  par  un  des  commutateurs  de  station  en 
position  de  non-flux,  pour  atteindre  une  des 
stations  correspondante,  qui  est  ainsi  infor- 
mee  qu'elle  peut  transmettre  sur  I'une  des 
lignes  de  transmission  correspondante. 

Un  appareil  tel  que  decrit  dans  la  revendication 
1  ,  comprenant  en  outre  : 

une  matrice  de  commutation  (10),  les  en- 
trees  de  la  matrices  etant  couplees  avec  les 
stations  (Ai  ,  A2,  ...  AN)  et  les  sorties  (Oi  ,  O2, 
O3,  ...  Om)  de  la  matrice  etant  couplees  avec 
les  lignes  de  transmission,  les  points  de 
connexion  de  la  matrice  servant  a  etablir  les 
connexions  des  stations  aux  lignes  de  tran- 
smission  respectives  en  fermant  les  points  de 
connexions  correspondants,  les  connexions 
etant  effectuees  pour  une  ligne  de  transmis- 
sion  demandee  en  parallele  avec  les 
connexions  qui  sont  faites  aux  autres  lignes  de 
transmissions  demandees. 

Un  appareil  tel  que  decrit  dans  la  revendication 
1  ,  comprenant  en  outre  : 

une  matrice  de  commutation  (10),  les  en- 
trees  de  la  matrice  etant  couplees  avec  les 
stations  (Ai  ,  A2,  ...  AN)  et  les  sorties  (d  ,  O2, 
O3,  ...  0M)  de  la  matrice  etant  couplees  avec 
les  lignes  de  transmission,  les  stations  selec- 
tionnees  etant  connectees  aux  lignes  de  tran- 
smission  selectionnees  par  la  fermeture  des 
points  de  connexions  correspondants,  les  sta- 
tions  selectionnees  etant  celles  qui  avaient  ete 
informees  qu'elles  pouvaient  transmettre  sur 
les  lignes  de  transmission  correspondantes  les 
connexions  etant  etablies  pour  I'une  des  lignes 
de  transmission  demandees  en  parallele  avec 
des  connexions  effectuees  aux  autres  lignes 
de  transmissions  correspondantes  demandees. 
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