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(54)  Method  of  controlling  errors  in  a  packets  transmission  link 

(57)  The  present  invention  concernes  a  method  of 
controlling  errors  in  the  transmission  of  packets  trans- 
mitted  over  at  least  one  transmission  link  between  a 
transmitter  and  a  receiver,  the  said  transmitter  receiving 
from  an  input  multiplex  packets  belonging  to  a  plurality 
of  virtual  circuits  and  transmitting  them  in  the  form  of 
sequences  of  packets  over  a  or  the  said  transmission 
line,  the  said  receiver,  on  reception  of  a  packet,  verifying 
whether  it  is  in  the  order  of  the  sequence  and  if  so,  deliv- 
ering  it  to  an  output  multiplex,  and  if  not,  sending  to  the 
said  transmitter  a  negative  acknowledgement  of  the 
packet  or  packets  which  have  not  been  received  so  that 
the  latter  re-transmits  them. 

According  the  invention,  said  method  is  character- 
ised  in  that,  between  the  moment  when  the  receiver  has 
found  that  a  packet  has  not  been  received  and  the 
moment  when  either  this  packet  has  been  received  after 
re-transmission  or  this  packet  has  not  been  received 
after  a  predetermined  time,  the  received  packets 
belonging  to  the  same  virtual  circuit  as  the  said  packet 
are  not  delivered  and  are  kept,  whilst  the  received  pack- 
ets  belonging  to  virtual  circuits  different  from  the  said 
virtual  circuit  are  processed  independently,  the  kept 
packets  being  delivered  to  the  output  multiplex  only 
either  when  the  said  packet  has  been  received  after  re- 
transmission  or  after  the  expiry  of  the  said  predeter- 
mined  time. 
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Description 

[0001]  The  present  invention  concerns  a  method  of 
controlling  errors  in  packets  transmitted  on  at  least  one 
transmission  link  between  a  transmitter  and  a  receiver. 
The  present  invention  applies  essentially  in  cases 
where  the  said  link  can  support  a  plurality  of  virtual  cir- 
cuits. 
[0002]  The  present  invention  applies  to  a  transmission 
system  of  the  type  depicted  in  Fig.  1  .  In  this  Fig.  1  ,  a 
transmitter  10  can  be  seen  which  receives,  from  an 
input  multiplex  1  1  ,  packets  which  may  belong  to  several 
different  virtual  circuits.  This  transmitter  10  transmits,  to 
a  receiver  30  via  a  transmission  line  20,  the  packets 
which  it  receives  from  the  multiplex  1  1  ,  in  the  form  of  a 
sequence  of  packets.  On  receiving  the  packets  from  the 
transmission  line  20,  the  receiver  30  implements  a 
method  of  controlling  errors  which  took  place  during  the 
transmission.  More  particularly,  the  packets  received  in 
the  order  of  the  sequence  are  delivered  to  an  output 
multiplex  31.  On  the  other  hand,  if  the  packet  received 
does  not  have  the  required  sequence  number  in  the 
sequence  notably  because  of  a  loss  of  one  or  more 
packets,  it  is  not  delivered  to  the  output  multiplex  31  as 
long  as  the  lost  packet  or  packets  have  not  been 
received  or  as  long  as  the  maximum  waiting  time  has 
not  expired. 
[0003]  This  error  control  method  is  generally  known  as 
Selective-Repeat  ARQ.  The  implementation  of  this 
method  is  illustrated  in  Fig.  2.  The  left-hand  part  of  this 
Fig.  2  is  a  diagram  showing,  at  the  transmitter,  the  trans- 
mission  of  packets  as  a  function  of  time  (the  time 
elapses  downwards)  and  the  right-hand  part  is  a  dia- 
gram  showing,  at  the  receiver,  the  reception  of  transmit- 
ted  packets  also  as  a  function  of  time.  As  for  the  central 
part,  this  depicts  the  transmission  of  the  packets  over 
the  transmission  line. 
[0004]  Two  virtual  circuits  VC-a  and  VC-p  are  muti- 
plexed  on  the  transmission  line  between  the  transmitter 
and  receiver.  Each  packet  transmitted  over  the  trans- 
mission  line  bears  a  sequence  number  which  identifies 
it,  in  the  sequence  of  transmitted  packets,  with  respect 
to  the  preceding  ones  and  the  following  ones. 
[0005]  As  can  be  seen  in  this  diagram,  the  packet  l0 
(the  first  packet  in  a  sequence  of  packets)  which 
belongs  to  the  second  virtual  circuit  VC-p  has  been 
received  correctly.  This  packet  l0  is  then  delivered  to  the 
output  multiplex  31. 
[0006]  The  packet  li  on  the  other  hand  has  been  lost 
and  is  therefore  not  received  by  the  receiver  30.  On 
reception  of  the  packet  l2,  the  receiver  30  notes  that  the 
sequence  number  in  the  sequence  is  not  the  one 
required.  It  is  in  fact  2  whereas  it  is  the  packet  l-|,  and 
therefore  with  the  sequence  number  1,  which  is 
expected.  The  receiver  30  therefore  sends  to  the  trans- 
mitter  10  a  negative  acknowledgement  NAK-,  thus 
requesting  the  transmitter  10  to  re-transmit  the  packet 
li- 

[0007]  As  for  the  packets  l2  to  l4,  they  have  been  cor- 
rectly  received  by  the  receiver.  However,  because  the 
packet  li  has  not  been  correctly  received,  they  too  are 
not  delivered  and  are  then  stored  whilst  awaiting  their 

5  delivery.  It  will  also  be  said  that  they  are  kept. 
[0008]  After  the  transmission  of  the  packet  l4,  the 
transmitter  1  0  receives  the  negative  acknowledgement 
NAKi  concerning  the  packet   ̂ and  consequently  re- 
transmits  this  packet  l̂   which  is  received  later  at  the 

10  receiver.  As  can  be  noted,  the  receiver  delivers  to  the 
output  multiplex  not  only  the  packet  li  but  also  the  pack- 
ets  l2  to  l4  which  had  been  kept  up  till  now. 
[0009]  Thus,  according  to  this  method,  the  packets 
which  have  been  received  after  the  loss  of  a  packet  are 

15  not  delivered  and  are  kept,  until  the  packet  is  correctly 
received. 
[001  0]  It  is  possible  that  the  packet  li  may  not  always 
be  correctly  received  by  the  receiver  30.  Conventionally, 
the  packets  l2,  I3  and  l4  are  then  delivered  after  the 

20  expiry  of  a  predetermined  time,  referred  to  as  the  maxi- 
mum  waiting  time. 
[0011]  It  will  be  noted  that  such  a  process  requires 
only  the  sequence  number  of  sending  of  the  packets  in 
the  current  sequence  in  order  to  function  correctly. 

25  [0012]  However,  when  several  virtual  circuits  are  mul- 
tiplexed  on  one  and  the  same  transmission  link  between 
a  transmitter  and  receiver,  it  may  happen  that  packets 
belonging  to  one  virtual  circuit  are  kept  because  a 
packet  belonging  to  another  virtual  circuit  has  been  lost. 

30  This  eventuality  is  also  illustrated  in  Fig.  2,  where  it  can 
be  seen  that  the  packets  li  and  l4  belong  to  the  same 
virtual  circuit  VC-a  and  that  the  packets  l0,  l2  and  l3 
belong  to  the  other  virtual  circuit  VC-p.  The  packets  l2 
and  l3  of  the  virtual  circuit  VC-p  are  kept  whereas,  with 

35  regard  to  this  circuit  VC-p,  no  packet  has  been  lost. 
Thus  the  lost  packet  li  belonging  to  the  virtual  circuit 
VC-a  blocks  the  delivery  of  the  packets  of  the  virtual  cir- 
cuit  VC-p. 
[001  3]  The  aim  of  the  present  invention  is  therefore  to 

40  resolve  this  problem  in  the  case  of  multiplexing  of  sev- 
eral  virtual  circuits  on  the  transmission  link. 
[0014]  In  order  to  achieve  this  aim,  an  error  control 
method  according  to  the  present  invention  is  character- 
ised  in  that,  between  the  moment  when  a  packet  has 

45  been  received  erroneously  and  the  moment  when  this 
packet  has  once  again  been  received  but  correctly,  the 
received  packets  belonging  to  the  same  virtual  circuit  as 
the  said  packet  are  not  delivered  and  are  kept,  whilst  the 
received  packets  belonging  to  virtual  circuits  different 

50  from  the  said  virtual  circuit  are  processed  normally,  the 
kept  packets  being  delivered  to  the  output  multiplex  only 
when  the  said  packet  which  has  once  again  been 
received  but  correctly  has  for  its  part  also  been  deliv- 
ered. 

55  [0015]  According  to  another  characteristic  of  the 
invention,  the  said  method  consists,  at  the  transmitter, 
of  allocating  to  each  packet  to  be  transmitted  over  the  or 
a  transmission  line,  two  indices,  one  giving  the 
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sequence  number  of  the  said  packet  and  the  other 
pointing  to  the  last  packet  which  was  previously  trans- 
mitted  belonging  to  the  same  virtual  circuit  as  the  said 
packet,  and,  at  the  receiver,  of  determining,  on  receipt 
of  a  packet  which  has  been  received  correctly,  the 
packet  pointed  to  by  the  said  received  packet,  and,  if 
this  packet  pointed  to  has  been  delivered  to  the  output 
multiplex,  then  delivering  the  said  packet,  otherwise  not 
delivering  it  and  keeping  it. 
[0016]  According  to  another  characteristic  of  the 
invention,  the  said  method  consists,  on  receiving,  at  the 
receiver,  a  packet  which  has  been  received  correctly  but 
which  corresponds  to  a  packet  which  had  previously 
been  received  incorrectly,  of  delivering  the  said  packet 
and  then  seeking  the  packet  which,  if  it  exists,  points  to 
it  and  then  delivering  the  said  packet,  and  once  again 
seeking,  if  it  exists,  the  packet  which  points  to  the  latter 
packet  and  delivering  it  and  so  on  until  the  kept  packets 
belonging  to  the  same  virtual  circuit  are  all  delivered. 
[001  7]  Advantageously,  the  index  which  points  to  the 
last  packet  which  was  previously  sent  belonging  to  the 
same  virtual  circuit  as  the  said  considered  packet  repre- 
sents  the  sequence  number  of  the  said  packet  pointed 
to. 
[0018]  According  to  a  variant  embodiment,  the  index 
which  points  to  the  last  packet  which  was  previously 
sent  belonging  to  the  same  virtual  circuit  as  the  said 
considered  packet  represents  the  difference  between 
the  sequence  numbers  of  the  said  packet  pointed  to  and 
the  said  considered  packet. 
[0019]  According  to  another  characteristic  of  the 
invention,  it  consists,  at  the  transmitter,  of  allocating  to  a 
packet  to  be  transmitted  a  specific  value  as  a  second 
index  when  the  value  which  the  said  second  index 
should  normally  take  is  higher  than  the  value  upwardly 
delimiting  the  said  second  index  and,  at  the  receiver,  on 
the  receipt  of  a  packet  whose  second  index  has  this 
specific  value,  of  determining  whether  all  packets  of  the 
sequence  belonging  to  all  virtual  circuits  previously  sent 
by  the  transmitter  have  already  been  received  by  the 
receiver  and  delivered  to  the  output  multiplex,  and  if  this 
is  the  case,  the  packet  just  received  is  delivered,  other- 
wise  the  packet  just  received  will  be  kept  until  all  the 
previous  packets  are  delivered. 
[0020]  According  to  another  variant  embodiment,  the 
index  which  indicates  the  last  packet  which  was  previ- 
ously  transmitted  belonging  to  the  same  virtual  circuit 
as  the  said  considered  packet  also  bears  an  item  of 
information  on  the  transmission  line  over  which  the  said 
indicated  packet  was  transmitted. 
[0021  ]  The  characteristics  of  the  invention  mentioned 
above,  along  with  others,  will  emerge  more  clearly  from 
a  reading  of  the  following  description  of  several  embod- 
iments  of  the  invention,  the  said  description  being  given 
with  regard  to  the  accompanying  drawings,  amongst 
which: 

Fig.  1  is  a  block  diagram  of  a  transmission  system 

to  which  the  present  invention  can  be  applied, 
Fig.  2  is  a  diagram  illustrating  an  error  control 
method  in  accordance  with  the  methods  of  the  prior 
art, 

5  Fig.  3a  is  a  diagram  illustrating  a  first  implementa- 
tion  of  an  error  control  method  according  to  the 
present  invention, 
Fig.  3b  is  a  diagram  illustrating  a  second  implemen- 
tation  of  an  error  control  method  according  to  the 

10  present  invention, 
Fig.  4  is  another  diagram  illustrating  another  aspect 
of  an  error  control  method  according  to  the  present 
invention, 
Fig.  5  is  a  block  diagram  of  a  transmission  system 

15  to  which  the  present  invention  applies,  the  said  sys- 
tem  being  provided  with  a  plurality  of  transmission 
lines  into  the  transmitter  and  receiver, 
Fig.  6  is  a  diagram  illustrating  an  error  control 
method  according  to  the  invention  in  the  case  of  an 

20  application  to  a  transmission  system  according  to 
Fig.  5. 

[0022]  The  present  invention  applies  to  a  transmission 
system  of  the  type  depicted  in  Fig.  1  ,  which  comprises  a 

25  transmitter  10  which  receives,  from  an  input  multiplex 
1  1  ,  packets  which  it  transmits  in  the  form  of  a  sequence 
of  packets,  over  a  transmission  line  20,  to  a  receiver  30. 
On  receipt  of  the  packets  from  the  transmission  line  20, 
the  receiver  30  implements  a  control  method  according 

30  to  the  present  invention.  The  packets  received  correctly 
by  the  receiver  30  are  then  delivered  to  an  output  multi- 
plex  31. 
[0023]  According  to  the  present  invention,  at  the  trans- 
mitter  10,  two  indices  i  and  j  are  allocated  to  each 

35  packet  to  be  transmitted  over  the  transmission  line.  The 
first  index  i  represents  the  sequence  number  in  the 
sequence  of  the  packet  to  be  transmitted  and  the  sec- 
ond  index  j  constitutes  a  pointer  pointing  to  the  last 
packet  in  the  same  virtual  circuit  which  was  previously 

40  transmitted  over  the  transmission  link  20. 
[0024]  At  the  receiver  30,  on  receipt  of  a  packet  lj  j, 
which  will  subsequently  be  referred  to  as  the  packet  just 
received,  a  check  is  made  whether  its  sequence 
number  i  corresponds  to  the  one  expected.  If  such  is  not 

45  the  case,  this  means  that  at  least  one  packet  has  been 
lost.  Negative  acknowledgements  are  then  sent  to  the 
transmitter  10. 
[0025]  On  the  other  hand,  if  its  sequence  number  i 
corresponds  to  the  one  expected,  the  last  packet 

so  received  and  belonging  to  the  same  virtual  circuit  as  the 
packet  just  received  lj  j,  also  referred  to  as  the  packet 
pointed  to,  is  determined  by  means  of  the  second  index 
j 
[0026]  If  this  packet  pointed  to  has  previously  been 

55  delivered  to  the  output  multiplex  31  ,  the  packet  lj  j  is  also 
delivered. 
[0027]  On  the  other  hand,  if  the  packet  pointed  to  has 
not  been  delivered,  either  because  it  has  still  not  been 
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received,  or  because  it  has  been  kept,  the  packet  lj  j  just 
received  is  also  kept,  that  is  to  say  it  is  stored  in  a  buffer 
memory  without  being  delivered. 
[0028]  In  addition,  if  the  packet  I,  j  just  received  is  a 
packet  whose  receipt  is  awaited,  it  is  delivered  to  the  s 
output  multiplex  31.  Then,  amongst  the  kept  packets, 
the  one  which,  if  it  exists,  points  to  it  is  sought.  Then  the 
packet  which  points  to  the  packet  just  received  is  also 
delivered.  Also  the  packet  which,  if  it  exists,  points  to  the 
first  packet  pointed  to  is  sought  and  delivered,  and  so  on  w 
until  the  kept  packets  of  the  same  virtual  circuit  are  all 
delivered, 
[0029]  According  to  a  first  embodiment  of  the  inven- 
tion,  the  second  index  j  represents  the  sequence 
number  in  the  sequence  of  the  last  packet  of  the  same  is 
virtual  circuit  which  was  previously  transmitted  over  the 
transmission  link  20.  Thus  the  first  index  of  the  packet 
pointed  to  by  the  packet  just  received  lj  j  is  necessarily 
equal  to  the  second  index  j  of  the  packet  just  received  lj  j 
and  is  therefore  identified  by  lj  x.  The  index  x  signifies  20 
that  it  exists  but  that  it  is  not  significant  in  the  method. 
[0030]  According  to  another  embodiment  of  the 
present  invention,  the  second  index  j  represents  the  dif- 
ference  between  the  sequence  numbers  of  the  packet 
considered  and  the  last  packet  belonging  to  the  same  25 
virtual  circuit. 
[0031  ]  In  this  second  embodiment,  at  the  receiver,  on 
receipt  of  a  packet  lj  j,  the  last  packet  received  which 
belongs  to  the  same  virtual  circuit  is  determined.  Its  first 
index  is  equal  to  the  difference  between  the  two  indices  30 
i  -  j  and  is  then  denoted  Ij.j  x. 
[0032]  As  before,  if  the  packet  thus  pointed  to  lj.j  x  has 
previously  been  delivered  to  the  output  multiplex  31  ,  the 
packet  lj  j  is  itself  delivered.  On  the  other  hand,  if  it  has 
not  been  delivered,  the  packet  lj  j  is  kept.  35 
[0033]  Fig.  3a  illustrates  an  example  implementation 
of  this  second  embodiment.  It  can  be  seen  notably  that 
the  packets  which  belong  to  two  virtual  circuits  VC-a 
and  VC-p  of  the  input  multiplex  1  1  are  transmitted  over 
a  transmission  line  20.  Each  new  packet  transmitted  40 
over  the  transmission  line  has  its  first  index  i  incre- 
mented  by  one  unit  with  respect  to  the  previous  one.  It 
can  be  seen  that  the  second  index  of  each  packet  rep- 
resents  the  difference  between  the  sequence  numbers 
in  the  sequence  respectively  of  the  packet  considered  45 
and  the  packet  belonging  to  the  same  virtual  circuit  pre- 
ceding  it. 
[0034]  Thus,  by  way  of  example,  the  packet  l4  1  is  the 
packet  with  sequence  number  4  in  the  transmission 
sequence  and  refers  to  the  packet  with  sequence  so 
number  4-1=3,  that  is  to  say  l3  3,  which  is  indeed  the 
packet  preceding  the  packet  l4  1  belonging  to  the  same 
virtual  circuit.  Likewise,  by  way  of  example,  the  packet 
l3  3  is  the  packet  with  sequence  number  3  in  the  trans- 
mission  sequence  and  refers  to  the  packet  of  the  same  55 
virtual  circuit  with  sequence  number  3-3  =  0,  that  is  to 
say  l0  0. 
[0035]  In  the  diagram  in  Fig.  3a,  it  can  be  seen  that  the 

third  packet  l2  1  in  the  sequence  has  not  been  received. 
This  event  is  represented  by  an  asterisk  between  the 
line  representing  the  transmitter  10  and  the  line  repre- 
senting  the  receiver  30. 
[0036]  When  the  packet  l3  3  is  received,  the  receiver 
30  notes  that  its  sequence  number  does  not  correspond 
to  the  sequence  number  of  the  expected  packet,  in  this 
case  the  packet  l2  1  with  sequence  number  2.  A  nega- 
tive  acknowledgement  NAK2  (the  index  2  signifying  that 
it  concerns  the  packet  l2  1  with  sequence  number  2)  for 
the  expected  packet  l2  1  is  then  sent  to  the  transmitter 
10. 
[0037]  The  received  packet  l3  3  is  then  processed.  To 
do  this,  the  difference  is  calculated  between  the  two 
indices  and  0  is  found.  The  packet  then  pointed  to, 
which  is  the  packet  l0,o.  has  been  delivered  to  the  output 
multiplex  31  .  The  packet  l3  3  is  then  also  delivered. 
[0038]  The  process  is  the  same  for  the  packet  l4  1  . 
[0039]  As  for  the  packet  l5  3,  it  points  to  the  packet  l5_ 
3  x,  which  is  in  this  case  the  packet  l2  1  .  The  latter  packet 
has  not  yet  been  received  and  it  follows  that  it  is  not 
delivered  to  the  multiplex  31  and  is  then  kept. 
[0040]  On  reception,  at  the  transmitter,  of  the  negative 
acknowledgement  NAK2,  the  packet  l2  1  is  re-transmit- 
ted  over  the  transmission  line.  When  it  is  received,  at 
the  receiver,  the  packet  l2  1  is  delivered  to  the  output 
multiplex  31  since  it  had  previously  been  transmitted 
without  having  been  received.  The  packet  which  points 
to  it,  namely  the  packet  l5  3,  is  also  delivered  to  the  mul- 
tiplex  31  .  The  latter  packet  l5  3  is  not  pointed  to  by  any 
other  packet. 
[0041  ]  It  will  be  noted  that  the  first  packet  transmitted 
which  belongs  to  a  given  virtual  circuit  has  a  second 
index  which  is  equal  to  0. 
[0042]  The  same  applies  to  a  packet  where  all  the  pre- 
vious  packets  belonging  to  the  same  virtual  circuit  have 
been  the  subject,  at  the  transmitter,  of  the  receipt  of  a 
positive  acknowledgement.  The  same  also  applies  to  a 
packet  where  all  the  previous  packets  have  been 
rejected  because  they  have  not  been  the  subject  of  an 
acknowledgement  after  the  expiry  of  a  predetermined 
time. 
[0043]  With  regard  to  the  example  illustrated  by  the 
diagram  of  Fig.  3a,  it  can  be  seen  that,  by  means  of  the 
present  invention,  all  the  packets  which  belong  to  the 
virtual  circuit  of  a  previous  packet  which  had  not  been 
received  are  kept,  the  packets  belonging  to  the  other  vir- 
tual  circuits  being  delivered  independently.  Thus  the 
loss  of  a  packet  does  not  block  subsequent  packets 
which  do  not  belong  to  the  same  virtual  circuit  as  itself. 
[0044]  Fig.  3b  depicts  another  example  of  an  illustra- 
tion  of  the  method  of  the  present  invention.  The  packet 
li  0  is  the  packet  which  has  not  been  received.  On 
reception  of  the  packet  l2  2,  the  receiver  transmits  a 
negative  acknowledgement  NAK1  to  the  transmitter. 
The  packet  l2  2  is  also  delivered  to  the  output  multiplex. 
Because  it  belongs  to  the  same  virtual  circuit,  the 
packet  l4  3  is  kept  whilst  awaiting  the  packet  li  0  in  order 

4 
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to  be  delivered  with  it.  However,  at  time  tM  correspond- 
ing  to  the  expiry  of  a  maximum  waiting  period,  also 
referred  to  as  the  lifetime,  as  from  the  time  t0  corre- 
sponding  to  the  moment  when  the  receiver  notes  the 
loss  of  the  packet  li  0,  the  packet  li  0  has  still  not  been  5 
delivered.  In  this  case,  the  packet  l4  3  is  in  spite  of  eve- 
rything  delivered  to  the  output  multiplex. 
[0045]  It  will  be  noted  that  a  second  negative  acknowl- 
edgement  NAK1  has  been  transmitted  by  the  receiver  at 
the  expiry  of  a  maximum  period  of  awaiting  reception  of  10 
the  second  transmission  of  the  packet  li  0- 
[0046]  In  general  terms,  and  therefore  all  the  more  so 
in  the  embodiments  described  above,  the  second  index 
is  coded  digitally  in  a  certain  number  of  bits,  for  example 
4  bits.  The  result  of  this  coding  is  that  the  second  index  is 
can  take  only  a  limited  number  of  values,  for  example  1  6 
values.  The  said  second  index  is  therefore  upwardly 
delimited. 
[0047]  It  may  happen  that,  for  a  given  virtual  circuit, 
the  value  which  the  said  second  index  should  normally  20 
take  is  higher  than  the  value  which  delimits  this  second 
index  (for  4  bits,  the  value  of  the  upper  delimiter  is  15). 
This  may  be  the  case,  if  the  second  index  represents 
the  difference  between  the  sequence  numbers  of  the 
packets  of  the  same  virtual  circuit,  when  this  difference  25 
is  greater  than  this  delimiter  value. 
[0048]  According  to  the  invention,  at  the  transmitter,  a 
second  index  j  is  then  allocated  a  specific  value  j*.  At 
the  receiver,  on  reception  of  a  packet  lj  j  whose  second 
index  j  has  this  specific  value  j*,  it  is  first  determined  30 
whether  all  packets  of  the  sequence  belonging  to  all  vir- 
tual  circuits  previously  sent  by  the  transmitter  have 
already  been  received  by  the  receiver  and  delivered  to 
the  output  multiplex. 
[0049]  If  the  previous  packets  of  the  seqence  have  35 
been  delivered,  then  the  packet  just  received  lj  j  is  also 
delivered.  On  the  other  hand,  if  such  is  not  the  case,  the 
packet  just  received  lj  j  will  be  kept  until  all  the  previous 
packets  are  delivered. 
[0050]  This  aspect  of  the  invention  is  illustrated  by  the  40 
diagram  of  Fig.  4,  where  a  packet  \0  0,  which  belongs  to 
a  virtual  circuit  VC-a,  has  been  re-transmitted  twice 
before  being  delivered.  At  the  last  re-transmission,  17 
packets  belonging  to  a  second  virtual  circuit  VC-p  have 
already  been  transmitted,  but  the  last  one  l17  1  has  not  45 
been  received.  The  second  packet  of  the  virtual  circuit 
VC-a  is  transmitted  just  after  the  second  re-transmis- 
sion  of  the  packet  l0,o-  It  should  be  identified  by  l-|8  18  but 
the  coding  of  the  second  index,  being  assumed  to  be  in 
4  bits,  has  its  value  upwardly  delimited  at  1  5.  It  therefore  so 
bears  the  second  index  of  specific  value  j*,  which  is  in 
this  case  15. 
[0051]  On  reception  of  this  packet  l18  15,  the  receiver 
verifies  that  all  the  previous  packets  in  the  sequence  (lj  x 
with  j  =  0  to  1  7)  have  been  delivered.  In  the  example,  ss 
this  is  not  the  case  because  the  packet  l17  1  has  not 
been  received.  So,  the  packet  just  received  l18  15  is  kept 
until  the  packet  I17  1  is  received  and  delivered. 

[0052]  For  implementing  the  method  of  the  invention, 
the  use  of  two  octets  can  be  provided  for,  which  are  then 
allocated,  at  the  transmitter,  to  the  packet  to  be  sent 
over  the  transmission  line.  The  first  octet  gives  the 
sequence  number  of  the  packet  in  the  sequence  and 
the  second  gives  the  sequence  number  of  the  packet 
pointed  to  in  7  bits,  the  eighth  bit  being  used  as  a  flag  in 
order  to  know  whether  or  not  reference  is  being  made  to 
another  packet. 
[0053]  Another  implementation  would  consist  of 
reserving  the  octet  00H  (the  letter  H  signifies  that  the 
value  is  given  in  hexadecimal)  for  cases  where  refer- 
ence  is  not  made  to  another  packet  and  the  octets  01  H 
to  FFH  for  indicating  the  difference  between  the  num- 
bers  of  the  present  packet  and  the  packet  pointed  to. 
Thus  255  packets  are  able  to  be  pointed  to. 
[0054]  Another  implementation  would  consist  of  allo- 
cating  only  4  bits  to  the  second  index,  as  follows: 

OH  for  cases  where  reference  is  not  made  to 
another  packet, 
1H  to  EH  for  indicating  the  number  of  packets 
between  the  present  packet  and  the  packet  pointed 
to, 
FH  for  indicating  that  the  previous  packet  is  the  last 
packet  in  the  sequence  and  not  the  last  packet  of 
the  virtual  circuit  considered. 

[0055]  The  present  invention  also  applies  to  a  trans- 
mission  system  of  the  type  depicted  in  Fig.  5.  In  this  Fig. 
5,  a  transmitter  1  0  can  be  seen  which  receives,  from  an 
input  multiplex  1  1  ,  packets  which  may  belong  to  several 
different  virtual  circuits.  This  transmitter  1  0  transmits  the 
packets  which  it  receives  from  the  multiplex  11,  no 
longer  over  a  single  transmission  line  20,  but  over  sev- 
eral  transmission  lines  20  to  2n.  This  transmission  over 
several  transmission  lines  is  governed  by  a  process 
which  does  not  form  an  integral  part  of  the  present 
invention  and  which  will  therefore  not  be  described  in 
any  more  detail.  Nevertheless,  it  will  just  be  noted  that 
this  process  is  such  that  it  is  possible  that  packets  which 
belong  to  the  same  virtual  circuit  may  not  be  transmitted 
over  the  same  transmission  line. 
[0056]  On  receipt  of  the  packets  from  one  of  the  trans- 
mission  lines  20  to  2n,  the  receiver  30  implements,  as 
before,  an  error  control  method  of  the  ARQ  (automatic 
repeat  request)  type,  which  is  the  subject  of  another 
embodiment  of  the  present  invention.  The  packets 
received  correctly  by  the  receiver  30  are  then  delivered 
to  an  output  multiplex  31  . 
[0057]  According  to  this  embodiment,  at  the  transmit- 
ter  1  0,  there  are  allocated  to  each  packet  to  be  transmit- 
ted  over  one  of  the  transmission  lines,  two  indices  i,j 
which,  as  before,  represent  respectively  the  sequence 
number  in  the  transmission  sequence  over  the  trans- 
mission  line  where  the  packet  considered  is  transmitted 
and  an  identifier  pointing  to  the  last  packet  transmitted 
belonging  to  the  same  virtual  circuit.  In  this  case,  the 
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index  j  has  two  dimensions  and  can  therefore  be  written 
as  a  combination  of  two  indices  j1  and  j2  representing 
respectively  the  identifier  of  the  transmission  line  over 
which  the  said  last  packet  was  transmitted,  and  a 
pointer  giving  the  sequence  number  in  the  transmission 
sequence  of  the  last  packet  transmitted  over  this  trans- 
mission  line. 
[0058]  On  receipt  of  a  packet  lj   ̂ -]2  on  a  transmission 
line,  the  last  packet  received  belonging  to  the  same  vir- 
tual  circuit  is  determined.  This  packet  was  transmitted 
over  the  transmission  line  identified  by  j1  and  its  trans- 
mission  sequence  number  is  given  by  j2.  It  can  there- 
fore  be  designated  by  lj2jX,y  anc)  is  t0  De  sought,  at  the 
receiver,  in  the  packets  received  from  the  transmission 
line  j1. 
[0059]  If  this  packet  lj2,x,y  nas  previously  been  deliv- 
ered  to  the  output  multiplex  31,  the  packet  Ijji  j2  is  also 
delivered.  On  the  other  hand,  if  the  packet  lj2iX,y  nas  not 
been  delivered  to  the  output  multiplex  31,  either 
because  it  has  not  yet  been  received  or  because  it  has 
been  kept,  the  packet  \  -̂ -]2  is  kept. 
[0060]  As  previously,  if  the  received  packet  lj  ji  j2  cor- 
responds  to  a  packet  which  had  not  yet  been  received 
and  was  therefore  awaiting  reception,  a  search  will  be 
made  in  the  kept  packets  for  the  one  which,  if  it  exists, 
points  to  it.  If  it  is  assumed  that  the  packet  \̂ -]2  has 
been  received  on  reception  from  the  transmission  line 
whose  identifier  is  n,  the  packet  which  points  to  it  is  then 
the  packet  lx  n  i.  The  packet  Ijji  j2  and  the  packet  lx  n  i 
are  then  delivered  to  the  output  multiplex  31.  A  search 
will  also  be  made  for  the  packet  which,  if  it  exists,  points 
to  this  last  packet  lx  n  j  and  it  will  be  delivered,  and  so  on, 
until  the  kept  packets  belonging  to  the  same  virtual  cir- 
cuit  are  all  delivered. 
[0061  ]  Fig.  6  illustrates  this  process,  in  the  case  where 
three  virtual  circuits  VC-a,  VC-p  and  VC-y  are  multi- 
plexed  on  two  transmission  lines  whose  identifiers  are 
respectively  denoted  a  and  b. 
[0062]  It  can  be  seen  that,  for  each  transmission  line 
a  and  b,  the  first  index  of  the  transmitted  packets 
increases  progressively  as  they  are  transmitted. 
[0063]  If  for  example  the  packets  belonging  to  the  vir- 
tual  circuit  p  are  considered,  it  can  be  seen  that  the 
packet  l1iX  is  the  packet  with  sequence  number  1  (sec- 
ond  packet)  in  the  transmission  sequence  which  has 
been  transmitted  over  the  transmission  line  identified  by 
b,  and  that  the  packet  l2  bi,  which  is  the  packet  with 
sequence  number  2  (third  packet)  in  the  transmission 
sequence  of  the  transmission  line  identified  by  a,  points 
to  it.  This  is  because  the  second  index  b1  of  the  packet 
l2  bi  indicates  that  it  is  a  case  of  the  packet  whose 
sequence  number  in  the  transmission  sequence  of  the 
transmission  line  identified  by  b  is  1  .  It  is  indeed  a  case 
of  the  packet  li  x. 
[0064]  It  can  be  seen,  from  the  asterisk  on  the  trans- 
mission  line  a,  that  the  packet   ̂ b0  has  not  been 
received.  It  can  also  be  seen  that  the  following  packets 
belonging  to  the  same  virtual  circuit  VC-a,  that  is  to  say 

the  packets  a2  and  a3  transmitted  via  the  transmission 
line  b  by  the  respective  packets  l3  ai  and  l4  b3,  are  kept, 
until  the  packet  li  b0  has  been  received  correctly,  at  the 
receiver  for  the  transmission  line  a.  The  packet  li  b0  is 

5  re-transmitted  when  the  transmitter  for  the  transmission 
line  a  has  received  the  negative  acknowledgement 
NAK-|. 
[0065]  On  reception  of  the  packet   ̂ b0  at  the  receiver 
for  the  transmission  line  a,  this  packet   ̂ b0  is  delivered 

10  and  then  the  packet  which  points  to  it  is  sought.  The 
second  index  of  this  packet  is  necessarily  a1  since  the 
packet  li  b0  has  been  sent  over  the  transmission  line 
referenced  a  and  is  the  packet  with  sequence  number  1 
thereof,  and  it  will  be  sought  at  the  receiver  both  for  the 

15  transmission  line  a  and  for  the  transmission  line  b. 
[0066]  It  can  be  seen  that  it  is  a  case  of  the  packet 
l3  ai  received  at  the  reception  of  the  transmission  line  b 
which  is  then  also  delivered. 
[0067]  It  is  also  sought  whether  this  packet  l3  ai  is 

20  pointed  to  by  another  packet.  If  this  packet  exists,  its 
second  index  is  necessarily  b3.  It  can  be  seen  that  it  is 
then  a  case  of  the  packet  l4  b3  which  is  then  also  deliv- 
ered. 
[0068]  Thus,  again  as  before,  only  the  packets  belong- 

25  ing  to  the  same  virtual  circuit  of  a  previous  packet  which 
has  not  been  received  are  kept,  the  other  packets  being 
processed  independently. 

Claims 
30 

1.  Method  of  controlling  errors  in  the  transmission  of 
packets  transmitted  over  at  least  one  transmission 
link  between  a  transmitter  and  a  receiver,  the  said 
transmitter  receiving  from  an  input  multiplex  pack- 

35  ets  belonging  to  a  plurality  of  virtual  circuits  and 
transmitting  them  in  the  form  of  sequences  of  pack- 
ets  over  a  or  the  said  transmission  line,  the  said 
receiver,  on  reception  of  a  packet,  verifying  whether 
it  is  in  the  order  of  the  sequence  and  if  so,  delivering 

40  it  to  an  output  multiplex,  and  if  not,  sending  to  the 
said  transmitter  a  negative  acknowledgement  of  the 
packet  or  packets  which  have  not  been  received  so 
that  the  latter  re-transmits  them,  characterised  in 
that,  between  the  moment  when  the  receiver  has 

45  found  that  a  packet  has  not  been  received  and  the 
moment  when  either  this  packet  has  been  received 
after  re-transmission  or  this  packet  has  not  been 
received  after  a  predetermined  time,  the  received 
packets  belonging  to  the  same  virtual  circuit  as  the 

so  said  packet  are  not  delivered  and  are  kept,  whilst 
the  received  packets  belonging  to  virtual  circuits  dif- 
ferent  from  the  said  virtual  circuit  are  processed 
independently,  the  kept  packets  being  delivered  to 
the  output  multiplex  only  either  when  the  said 

55  packet  has  been  received  after  re-transmission  or 
after  the  expiry  of  the  said  predetermined  time. 

2.  Control  method  according  to  Claim  1  ,  characterised 
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in  that  it  consists,  at  the  transmitter,  of  allocating,  to 
each  packet  to  be  transmitted  over  the  or  a  trans- 
mission  line,  two  indices,  one  giving  the  sequence 
number  of  the  said  packet  and  the  other  pointing  to 
the  last  packet  which  was  previously  transmitted  5 
belonging  to  the  same  virtual  circuit  as  the  said 
packet,  and,  at  the  receiver,  determining,  on  recep- 
tion  of  a  packet  which  has  been  received  correctly, 
the  packet  pointed  to  by  the  said  received  packet, 
and,  if  this  packet  pointed  to  has  been  delivered  to  w 
the  output  multiplex,  then  delivering  the  said 
packet,  otherwise  not  delivering  it  and  keeping  it. 

3.  Control  method  according  to  Claim  2,  characterised 
in  that  it  consists,  on  receiving,  at  the  receiver,  a  15 
packet  which  has  been  received  correctly  but  which 
corresponds  to  a  packet  which  had  previously  been 
received  incorrectly,  of  delivering  the  said  packet 
and  then  seeking  the  packet  which,  if  it  exists, 
points  to  it  and  then  delivering  the  said  packet,  and  20 
once  again  seeking,  if  it  exists,  the  packet  which 
points  to  the  latter  packet  and  delivering  it  and  so  on 
until  the  kept  packets  belonging  to  the  said  virtual 
circuit  are  all  delivered. 

25 
4.  Control  method  according  to  Claim  2  or  3,  charac- 

terised  in  that  the  index  which  points  to  the  last 
packet  which  was  previously  transmitted  belonging 
to  the  same  virtual  circuit  as  the  said  considered 
packet  represents  the  sequence  number  of  the  said  30 
packet  pointed  to. 

5.  Control  method  according  to  Claim  2  or  3,  charac- 
terised  in  that  the  index  which  points  to  the  last 
packet  which  was  previously  transmitted  belonging  35 
to  the  same  virtual  circuit  as  the  said  considered 
packet  represents  the  difference  between  the 
sequence  numbers  of  the  sait  packet  pointed  to  and 
the  said  considered  packet. 

40 
6.  Control  method  according  to  one  of  Claim  5,  char- 

acterised  in  that,  at  the  transmitter,  there  is  allo- 
cated  to  a  packet  to  be  transmitted  a  specific  value 
as  a  second  index  when  the  value  which  the  said 
second  index  should  normally  take  is  higher  than  45 
the  value  upwardly  delimiting  the  said  second  index 
and,  at  the  receiver,  on  the  receipt  of  a  packet 
whose  second  index  has  this  specific  value,  it  is 
determined  whether  all  packets  of  the  sequence 
belonging  to  all  virtual  circuits  previously  sent  by  so 
the  transmitter  have  already  been  received  by  the 
receiver  and  delivered  to  the  output  multiplex,  and  if 
this  is  the  case,  the  packet  just  received  is  deliv- 
ered,  otherwise  the  packet  just  received  will  be  kept 
until  all  the  previous  packets  are  delivered.  55 

7.  Control  method  according  to  Claim  4,  5  or  6,  char- 
acterised  in  that  the  index  which  indicates  the  last 

packet  which  was  previously  transmitted  belonging 
to  the  same  virtual  circuit  as  the  said  considered 
packet  also  bears  an  item  of  information  on  the 
transmission  line  over  which  the  said  packet 
pointed  to  was  transmitted. 
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