
1                EP 0 306 291 B1                    2 Description
es. The advantage of the invention is that the plurality of paths can
provide higher transmission The present invention relates to a communica-
rates, higher total capacity and greater fault toler- tions switch. In
particular the invention relates to a  ance. The total capacity of the
multi-layer switch is type of communications switch wherein information   5
substantially equal to the sum of the maximum is transferred through the
switch in a packet format,  capacities of the individual synchronised
packet packets pass through the switch with constant de-  switches. lay and
in a parallel formation which is referred to  In a preferred embodiment,
all the synchronis- as a wave. If contention for resources occurs in a  ed
packet switches have substantially similar delay switch of this type, the
unsuccessful packets can  10  characteristics: All substantially have the
same con- be recirculated back to an earlier stage of the   stant delay
between their inputs and the recircula- switch and will be provided with a
recirculation  tion path entry point; all substantially have the entry and
leaving point. A switch of this type is  same delay between the
recirculation path entry from this point referred to as a synchronised
pack-  point and the recirculation path leaving point; all et switch.
15  substantially have the same delay between the Synchronised packet
switches may be used to   recirculation path leaving point and the outputs.
In form a communications network which may transfer  this preferred
embodiment the synchronised packet information of a variety of services
including high  switches can be operated relatively out of phase speed
applications such as high speed data and   such that the recirculated
packets of one synch- video. An example of a synchronised packet switch
20  ronised packet switch can be fed into the recircula- is described in an
article titled "Applications of  tion path entry point of the synchronised
packet Self-Routing Switches to LATA Fiber Optic Net-    switch which is
closest behind in phase. A cyclic works" by C. Day, J.N. Giacopelli and J.
Hickey for  arrangement of synchronised  packet switches "Proceedings of
the International Switching Sympo-  wherein each synchronized packet switch
recir- sium" in 1987. The switch described can switch 45   25  culate
packets to the next synchronised packet megabit per second information
channels with 128  switch in the  cycle is preferred. Preferably the of
these channels being switched in parallel, pro-  phase delay between
consecutive layers is greater viding a maximum capacity of approximately 6
than the phase delay of the recirculation path. The gigabit per second.
advantage of this preferred embodiment is that the Packet switches with
greater fault tolerance,  30  higher transmission rates and the higher
total ca- higher information channel rates and a higher total  pacity can
be achieved without changing the order capacities may be required if the
switches are to  of the packets passing through the switch. Prefer-
reliably carry a large number of high speed ap-   ably the synchronised
packet switches give pref- plications. The present invention is concerned
with  erence to packets according to the number of seeking to provide a
packet switch capable of  35  times they have been recirculated. carrying
higher information channel rates, to pro-   In a preferred embodiment, the
multi-layer vide a switch with a greater total capacity and to  switch
comprises N synchronised packet switches provide a switch which has a high
degree of fault  and M output switch nodes wherein each of the M tolerance.
Such a packet switch with these im-    output switch nodes is accessed by
at least one proved characteristics is required not to alter the   40
output of each of the N synchronised packet order of the packets of a
connection.             switches. An advantage of this preferred embodi-
According to the invention there is provided a  ment is that it provides
improved flexibility allowing communications switch comprising a plurality
of   transmission from an input switch node to any of packet switches
connected by data links to a plu-  the M output switch nodes via any of the
synch- rality of switch input nodes and with the synch-  45  ronised packet
switches which the input switch ronised packet switches connected by data
links to  node has access to. a plurality of switch output nodes,
characterised in  Preferred embodiments of the invention will that the
packet switches are synchronised packet  now be described, by way of
example, with refer- switches, and in that at least one of the synch-  ence
to the accompanying diagrammatic drawings, ronised packet switches
recirculates packets to an-  50  in which: other of the synchronised packet
switches via a     Figure 1 is a view of a general synchronised
recirculated data highway.                          packet switch and its
recirculation path; The synchronised packet switches can each        Figure
2 is a synchronised packet switch of the switch packets of information
independently.        STARLITE type; Such a configuration provides a
plurality of  55  Figure 3 is a view of an embodiment of the paths between
input switch nodes and output         invention using two modified
synchronised pack- switch nodes wherein the plurality of paths can be  et
switches with associated input and output through a plurality of
synchronised packet switch-  nodes; 2 



3                EP 0 306 291 B1                   4 Figure 4 is a view of
an embodiment of the      the packets from the pre-circulation stage 12.
invention using four synchronised packet switch-   The intermediate stage
16 consists of a merg- es and associated switch input and output       ing
network 26 which merges the sorted inputs nodes;
from the pre-circulation stage 12 with the sorted Figure 5 Is a view of an
input switch node with   5   inputs from the circulation stage 15 into one
sorted access to two synchronised packet switches;    sequence of inputs to
the recirculation exit stage Figure 6 is a view of an output switch node
with  17. accesses from two synchronised packets switch-     The
recirculation exit stage 17 consists of a es;
trapping network 27 which detects multiple inputs Figure 7 is a view of the
interconnections be-  10  with packets to the same destination address and
tween the synchronised packet switches such    lets only one packet pass to
each destination ad- that some degree of fault tolerance is achieved.
dress through to the final switch stage 18. It traps Referring to Figure 1,
this shows a synch-    the other packets and recirculates them to the
ronised packet switch configuration that can be   recirculation stage 15.
The recirculation stage 15 used within the invention. A synchronised packet
15  consists of a concentrator network 25 which takes a switch 10 comprises
a pro-circulation stage 12, a  number of inputs which have either active or
inac- circulation re-entry stage 14, an intermediate stage  tive packets
and concentrates them so that all 16, a recirculation exit stage 17, a
recirculation  active packets are output at one end of the recir- stage 15
and a final switch stage 18. Each stage  culation stage. accepts parallel
inputs of synchronised packets. In  20  The final switch stage 18 consists
of a con- this example the packets have a fixed length of 36  centrator
network and an expander network 28 bytes so that the period of each wave is
constant  which together switch the active packets to the and each of the
stages accepts inputs and trans-  output ports indicated by their
destination address- mits outputs at the channel rate of 140 Mbit/s. Note
es. that the delay across each stage of the switch 12  25  Referring now to
Figure 3, this shows a multi- to 18 is constant and the packets pass
through   layer switch comprising two synchronised packet each stage as a
synchronised wave. The channel    switches 31, 31' arranged in parallel and
modified rate of each switch stage is maintained by a master  relative to
the configuration shown in Figure 1 or 2 clock (not shown) and from this
master clock a    together with three switch input nodes 32 and three
packet start signal (not shown) is derived for each   30  switch output
nodes 34. In a preferred embodiment stage to indicate that a new wave of
packets is  there would be 128 switch input nodes 32 and 128 entering that
stage. Elastic buffers (not shown) can  switch output nodes 34. be used at
the input of any stage to align the wave  Comparison with Figure 1 shows
that the recir- of input packets.                                 culation
stage 15, 15' of each synchronised packet Referring now to Figure 2, this
shows a specific  35  switch 31, 31' is not connected to the recirculation
form 20 of the synchronised packet switch 10 and  entry stage 14, 14' of
its own synchronised packet similar to that described  in US  Patent No.
switch 31, 31', but is instead connected to the 4,516,238 (Huang et al) and
in an article by A   recirculation entry stage 14, 14' of the other synch-
Huang and S Knauer entitled "Starlite: A Wideband  ronised packet switch
31, 31' via a recirculated Digital Switch" for the "Proceedings of the IEEE
40  data highway 35. Such a configuration of synch- Conference on Global
Communications 1984". The   ronised packet switches can be considered as a
switch 20 is thus conveniently referred to as the  multi-layer switch.
Starlite switch.                                     Note that each switch
input node 32 has ac- The packets passing through each stage of the  cess
to each synchronised packet switch 31, 31' switch 20 consist of an
information field and a   45  and that each synchronised packet switch 31,
31' header with a destination address and an activity  has access to each
switch output node 34. indicator. If the activity indicator is TRUE there
is a  Each of the synchronised packet switches have packet to be switched
to the outputs and if it is  the same channel rate which in this example is
45 FALSE there is not a packet to be switched.       Mbit/s. The channel
rate for all synchronised pack- The operation of the Starlite switch 20 and
its  so  et switches is maintained by a single master clock classification
as a synchronised packet switch is  29. The synchronised packet switches
are the explained by the following:                       same size and
have substantially similar delay The pro-circulation stage 12 consists of a
sorting  characteristics which can be maintained by elastic network 22
which sorts the inputs in order of their  buffers where necessary.
destination address.                         56      Each synchronised
packet switch accepts 128 The circulation re-entry stage 14 consists of a
packets as inputs to its pre-circulation stage. These 



realignment network 24 which realigns the recir-  packets are all 36 bytes
long. The circulation re- culated packets from the recirculation stage 17
with  entry stage can accept 128 packets as inputs from 3    5
EP0306291 B1                       6 the pre-circulation stage and 128
packets from the  arriving on that transmission line before sending
circulation stage.                               them out on their output
bus 53. The bandwidth of The packet boundary of one synchronised       the
bus 53 should be greater than the bandwidth of packet switch 31, 31' is
displaced relative to the  the transmission line 51 being terminated. other
synchronised packet switch so that two pack-   5  The select logic 54
determines the times when ets never arrive at the same switch output node
34  the transmission interface sends a packet, if it has simultaneously.
Ideally, the packet boundaries of  one, via the switched communications bus
53. The the two synchronised packet switches are dis-     select logic 54
also controls the switching of the placed by 18 bytes so that packets from
one       bus 53 and determines the switch setting using a synchronised
packet switch will arrive 18 bytes  10  signal from a central controller 59
which indicates behind the last packets from the other synchronis-  which
of the synchronised packet switches should ed packet switch and 18 bytes in
front of the next  be used next via a broadcast signal to all switch
packets from the other synchronised packet switch.  input nodes. A faulty
layer can hence be ignored By using low delay stages, each synchronised
through instruction from the central controller 59. packet switch can pass
packets through its recir-  15  The packet transfer buffers 56, 56' accept
culation stage 15 and into the circulation re-entry  packets sent to them
and pass them to the synch- stage of the next synchronised packet switch in
ronised packet switches at the appropriate time. time to be combined with
the next wave of packets.  The bandwidth of the input bus 53 may be much
Packets can also be recirculated by one synch-       greater than the
bandwidth of the line 57 to the ronised packet switch 31, 31' and by the
next  20  synchronised packet switch. synchronised packet switch 31, 31'
back to the first  Referring now to Figure 6, this shows details of
synchronised packet switch 31, 31'. This can be   one switch output node 34
which is interconnected done so that the packets that enter one synch-
with two synchronised packet switches 31. The ronised packet switch can be
recirculated repeat-  switch output node consists of a packet transfer edly
and eventually recombined with the next wave  25  buffer 62 for each
synchronised packet switch 31, of packets that pass through that particular
synch-  select logic 64 and a transmission interface 66. ronised packet
switch and so on. The synchronised  This switch output node 34 is typical
of all switch packet switches give preference to packets accord-  output
nodes of the system. This arrangement for a ing to the number of times they
have recirculated.  switch output node can be easily extended for a In this
way, a packet is given every chance to be   30  switch output node
interconnected with more syn- switched through the final switch stage of
each   chronised packet switches. layer and so non-blocking operation can
be pro-      The packet transfer buffers 62 accept packets vided and packet
mis-ordering avoided.            from the synchronised packet switches 31
and Referring now to Figure 4, this now shows the  pass them to the
transmission interface 66 at the multi-layer switch with four synchronised
packet  35  appropriate time. The bandwidth of the output bus switches,
using the arrangement described in Fig-  63 should be greater than the sum
of the band- ure 3. Each switch input node 32 is still connected  widths of
the lines 61 from the synchronised packet to each synchronised packet
switch 31 and each     switches 31. synchronised packet switch is connected
to each      The select logic 64 determines when a packet switch output
node 34. The system can be ex-  40  is passed from a packet transfer buffer
62 to the panded easily until the gap between packet bound-  transmission
interface 66. The select logic also aries of consecutive synchronised
packet switches  controls the switching of the switched bus 63 and 31 is
not sufficient for the recirculation without  determines the switch setting
of the bus using a packet mis-ordering to be provided.
broadcast signal from the central controller 59 to Referring now to Figure
5, this shows details of  45  each switch output node which indicates which
of one switch input node 32 which is interconnected  the synchronised
packet switches should have with two synchronised packet switches. The
switch  packets available next. A faulty layer can hence be input node
consists of a transmission interface 52,  ignored through instruction from
the central control- select logic 54 and as many packet transfer buffers
ler 59. 56, 56' as there are synchronised packet switches  50  The
transmission interface 66 accepts packets 31 to be interconnected with.
This switch input   from the bus 63, buffers them and then puts them node
32 is typical of all switch input nodes in the  onto the transmission line
67. In the example, the multi-layer switch. This arrangement for a switch
bandwidth of the transmission line 67 would be as 



input node can be easily extended for a switch    great as the bandwidth of
the bus 63, but It could input node interconnected with more synchronised
55  be less if statistical multiplexing is significantly packet switches.
used. The transmission interface 52 must terminate a    Referring now to
Figure 7, this shows details of transmission line and buffer the packets
that are  an enhancement of the multi-layer switch 70 to 4    7
EP 0 306 291 B1                    8 provide tolerance of faults within a
synchronised  that rate. From the point of view of the input lines, packet
switch 31. In this example, the enhanced  the system appears as a single
high speed synch- multi-layer switch 70 consists of four synchronised
ronised packet switch. Each synchronised packet packet switches 31 and four
selectors 72.         switch, however, operates at a lower speed and so In
the multi-layer switch 30 shown in Figure 4,   5   a minimum amount of high
speed logic is required. each synchronised packet switch 31 recirculates
Another advantage of the multi-layer switch is packets to the next
synchronised packet switch. In  that each of the synchronised packet
switches is the enhanced multi-layer switch 70 each synch-    largely
independent, and synchronised packet ronised packet switch recirculates
packets to the  switches 31 can be added to or removed from the selectors
72 of the two synchronised packet  10   multi-layer switch without
isolating any inputs from switches next in succession. The selectors deter-
any outputs. Should a synchronised packet switch mine which of the
recirculated data highways 35   31 fail, then the throughput of the
multi-layer switch should be accepted by this layer using a signal  is
correspondingly reduced, but the remainder of from the central controller
59 and appropriately  the system would survive intact. A certain amount
aligns that wave of packets. Using its control of the   15  of redundancy
may be built in so that satisfactory selectors 72 and input node select
logic 54 and  levels of service are maintained even if a failure output
node select logic 64, the central controller  occurs (eg through a failure
of a stage of one 59 can hence cause a faulty layer to be avoided.
synchronised packet switch). The central controller 59 should act upon
receipt of  The major advantage of the multi-layer switch a fault detection
signal or under command from an   20  is that a higher throughput
non-blocking switch can operator. This scheme can be easily extended to
be provided using parallel synchronised packet tolerate faults from more
than one layer.         switches which are themselves non-blocking. This In
the embodiment of the multi-layer switch    provides a high speed
communications switch us- described, any of the switch input nodes 32 can
ing low speed technology with minimal blocking. transmit a packet to any of
the switch output nodes  25 34 via any of the synchronised packet switches
31  Claims of the multi-layer switch. It is convenient that the
synchronised packet switches 31 run at the same   1. A communications
switch comprising a plural- rate and have substantially similar delay
character-  ity of packet switches (31) connected by data istics. The
staggering of packet boundaries is con-  30  links to a plurality of switch
input nodes (32) venient to avoid contention problems at the inputs   and
with the synchronised packet switches (31) and outputs and to enable the
recirculation of pack-  connected by data links to a plurality of switch
ets which contend unsuccessfully for resources be-   output nodes (34),
characterised in that the tween synchronised packet switches 31.
packet switches (31) are synchronised packet Although the examples were of
multi-layer  35     switches (31), and in that at least one of the switches
with four or two synchronised packet        synchronised packet switches
(31) recirculates switches 31, it will be appreciated that there may
packets to another of the synchronised packet be any of a convenient number
of synchronised        switches (31) via a recirculated data highway
packets switches 31. In the optimum arrangement,     (35). the maximum
number of synchronised packets  40 switches 31 is restricted by the
necessary phase  2. A communications switch according to claim 1 delay
between synchronised packet switches 31 if     characterised in that each
synchronised packet packets recirculated from one wave of packets are
switch (31) has access to each of the switch to be recombined with packets
from the next wave.     output nodes (34). It has also been stated that the
multi-layer  45 switch has a master clock 29 which synchronises   3.  A
communications switch according to claims all the synchronised packet
switches 31. It is im-    1 or 2 characterised in that each switch input
portant that the clock rate is the same for all      node (32) has access
to each synchronised synchronised packet switches 31, but the synch-
packet switch (31). ronising pulse transmitted to each synchronised   50 



packet switch 31 need not be in phase.            4. A communications
switch according to claim 1, The multi-layer switch described has a number
2 or 3 characterised by control means (54, 64) of advantages. First of all,
it is capable of switching  for controlling the selection of packets at
many parallel high speed channels without mis-       switch input nodes
(32) or output nodes (34). ordering the packets. Channels operating at
speeds   55 in excess of 45 Mbit/s are possible in synchronised  5. A
communications switch according to any one packet switches 31 and N
parallel synchronised       of claims 1 to 4, characterised in that a com-
packet switches can effectively provide N times      mon clock generator
(29) ensures that all of 5    7                 EP 0 306 291 B1
8 provide tolerance of faults within a synchronised  that rate. From the
point of view of the input lines, packet switch 31. In this example, the
enhanced   the system appears as a single high speed synch- multi-layer
switch 70 consists of four synchronised  ronised packet switch. Each
synchronised packet packet switches 31 and four selectors 72.
switch, however, operates at a lower speed and so In the multi-layer switch
30 shown in Figure 4,   5   a minimum amount of high speed logic is
required. each synchronised packet switch 31 recirculates       Another
advantage of the multi-layer switch is packets to the next synchronised
packet switch. In  that each of the synchronised packet switches is the
enhanced multi-layer switch 70 each synch-     largely independent, and
synchronised  packet ronised packet switch recirculates packets to the
switches 31 can be added to or removed from the selectors 72 of the two
synchronised packet  10   multi-layer switch without isolating any inputs
from switches next in succession. The selectors deter-  any outputs. Should
a synchronised packet switch mine which of the recirculated data highways
35   31 fail, then the throughput of the multi-layer switch should be
accepted by this layer using a signal   is correspondingly reduced, but the
remainder of from the central controller 59 and appropriately  the system
would survive intact. A certain amount aligns that wave of packets. Using
its control of the   15  of redundancy may be built in so that satisfactory
selectors 72 and input node select logic 54 and   levels of service are
maintained even if a failure output node select logic 64, the central
controller  occurs (eg through a failure of a stage of one 59 can hence
cause a faulty layer to be avoided.   synchronised packet switch). The
central controller 59 should act upon receipt of   The major advantage of
the multi-layer switch a fault detection signal or under command from an
20  is that a higher throughput non-blocking switch can operator. This
scheme can be easily extended to    be provided using parallel synchronised
packet tolerate faults from more than one layer.         switches which are
themselves non-blocking. This In the embodiment of the multi-layer switch
provides a high speed communications switch us- described, any of the
switch input nodes 32 can   ing low speed technology with minimal blocking.
transmit a packet to any of the switch output nodes   25 34 via any of the
synchronised packet switches 31  Claims of the multi-layer switch. It is
convenient that the synchronised packet switches 31 run at the same    1. A
communications switch comprising a plural- rate and have substantially
similar delay character-  ity of packet switches (31) connected by data
istics. The staggering of packet boundaries is con-  30  links to a
plurality of switch input nodes (32) venient to avoid contention problems
at the inputs    and with the synchronised packet switches (31) and outputs
and to enable the recirculation of pack-  connected by data links to a
plurality of switch ets which contend unsuccessfully for resources be-
output nodes (34), characterised in that the tween synchronised packet
switches 31.                packet switches (31) are synchronised packet
Although the examples were of multi-layer  35      switches (31), and in
that at least one of the switches with four or two synchronised packet
synchronised packet switches (31) recirculates switches 31, it will be
appreciated that there may    packets to another of the synchronised packet
be any of a convenient number of synchronised         switches (31) via a
recirculated data highway packets switches 31. In the optimum arrangement,
(35). the maximum  number of synchronised packets  40 switches 31 is
restricted by the necessary phase  2. A communications switch according to
claim 1 delay between synchronised packet switches 31 if      characterised
in that each synchronised packet packets recirculated from one wave of
packets are     switch (31) has access to each of the switch to be
recombined with packets from the next wave.     output nodes (34). It has
also been stated that the multi-layer  45 switch has a master clock 29
which synchronises    3. A communications switch according to claims all
the synchronised packet switches 31. It is im-    1 or 2 characterised in
that each switch input 



portant that the clock rate is the same for all       node (32) has access
to each synchronised synchronised packet switches 31, but the synch-
packet switch (31). ronising pulse transmitted to each synchronised   50
packet switch 31 need not be in phase.             4. A communications
switch according to claim 1, The multi-layer switch described has a number
2 or 3 characterised by control means (54, 64) of advantages. First of all,
it is capable of switching  for controlling the selection of packets at
many parallel high speed channels without mis-        switch input nodes
(32) or output nodes (34). ordering the packets. Channels operating at
speeds   55 in excess of 45 Mbit/s are possible in synchronised  5. A
communications switch according to any one packet switches 31 and N
parallel synchronised        of claims 1 to 4, characterised in that a com-
packet switches can effectively provide N times       mon clock generator
(29) ensures that all of    9                 EP0306291 B1
10 the synchronised packet switches (31) operate   14. A communications
switch according to any one at the same speed.
of claims 10 to 13 characterised in that the synchronised packet switches
(31) have recir- 6. A communications switch according to claim 5
culated data highways (35) to more than one characterised in that all of
the synchronised   5  other synchronised packet switch (31) for the packet
switches (31) have substantially similar    purposes of carrying
recirculated packets. delay characteristics. 15. A communications switch
according to claim 7. A communications switch according to claim 6
14 characterised in that selector means (72) characterised in that each of
the synchronised   10  are provided to allow data on the recirculated
packet switches (31) are relatively out of         data highways (35) to be
selectively passed to phase.                                             an
associated packet switch (31). 8.  A communications switch according to
claim 7    16. A communications switch according to Claim characterised in
that the synchronised packet  16  15 characterised in that a central
controller (59) switches (31) are connected cyclically in order    can
control the selector means (72) and select of phase by recirculated data
highways (35)        logic (54, 64) of the control means to cause which
carry recirculated packets.                  one or more of the
synchronised packet switches to be bypassed. 9. A communications switch
according to claim 8   20 characterised in that the synchronised packet
17. A communications switch according to Claim switches (31) are
sufficiently out of phase to     16 characterised in that the central
controller enable packets to enter the first synchronised     (59) responds
to fault information or operator packet switch (31) and be repeatedly
recir-        requests. culated until they return to that first synch-  25
ronised packet switch before the next wave of  PatentansprUche packets
enters that first synchronised packet switch (31).
1. Kommunikationsvermittlungselement, das eine Vielzahl von
Paket-Vermittlungselementen (31) 10. A communications switch according to
claim 9   30  aufweist, die durch Datenverbindungen mit ei- characterised
in that each switch input node       ner Vielzahl von
Vermittlungselementeingabek- (32) is arranged to transmit packets to its
asso-  noten (32) verbunden sind, und wobei die syn- ciated synchronised
packet switch(es) (31)         chronisierten Paket-Vermittlungselemente
(31) such that packets enter the synchronised pack-     durch
Datenverbindungen mit einer Vielzahl et switch(es) (31) in relation to the
order that  36  von Vermittlungselementausgabeknoten  (34) they were
received by the switch input nodes       verbunden sind, (32).
dadurch gekennzelchnet, daB die Paket-Vermittlungselemente (31) syn- 11. A
communications switch according to claim         chronisierte
Paket-Vermittlungselemente (31) 10, characterised in that each switch input
40    sind, und daB zumindest eines der synchroni- node (32) includes a
transmission interface        sierten Paket-Vermittlungselemente (31) Pake-
(52) for receiving packets for transmission to     to zu einem  anderen der
synchronisierten the switches (31) via a transfer buffer (56).
Paket-Vermittlungselemente  (31) Ober eine rOckgefUhrte
Daten-Vielfachleitung (35) zurlck- 12. A communications switch according to
claim   45    f0hrt. 10 or 11 characterised in that each switch 



output node (34) accepts packets from its as-   2.
Kommunikationsvermittlungselement   gemAB sociated synchronised packet
switch(es) (31),      Anspruch 1, dadurch gekennzeichnet, daB je- buffers
them in a packet transfer buffer (62)      des synchronisierte
Paket-Vermittlungselement and passes them to a transmission interface   50
(31) Zugriff auf jeden der Verrnittlungselement- (66) in relation to the
order that they arrived    ausgabeknoten (34) hat. from the synchronised
packet switches (31). 3. Kommunikationsvermittlungselement  gemrB 13. A
communications switch according to claim         Anspruch 1 oder 2, dadurch
gekennzeichnet, 10, 11 or 12 characterised in that the synch-   65  daB
jeder Vermittlungselementeingabeknoten ronised packet switches (31) give
preference       (32) Zugriff auf jedes synchronisierte Paket- to packets
according to the number of times        Vermittlungselement (31) hat. they
have been recirculated.    11                EP0306291 B1
12 4. Kommunikationsvermittlungselement  gemAB        11.
Kommunikationsvermittflungselement  gemaB Anspruch 1, 2 oder 3,
gekennzeichnot durch         Anspruch 10, dadurch gekennzeichnet, daB je-
Steuerungseinrichtungen (54, 64) zum Steuern      der
Vermittlungselementeingabeknoten  (32) der Auswahl von Paketen an
Vermittlungsele-       eine Obertragungsschnittstelle (52) zum Emp-
menteingabeknoten (32), odor Ausgabeknoten   5    fangen von Paketen zur
Obertragung zu den (34).
Vermittlungselementen (31) Ober einen Uber- tragungspuffer (56) umfaut. 5.
Kommunikationsvermittlungselement gemfB ei- nem der AnsprOche 1 bis 4,
dadurch gekenn-     12. Kommunikaftonsvermittlungselement  gemaB zeichnet,
daB ein gemeinsamer Takterzeuger  10    Anspruch 10 und 11, dadurch
gekennzeichnet, (29) gewahrleistet, daB alle der synchronisier-   daB jeder
Vermittlungsslementausgabeknoten ten Paket-Vermittlungselemente (31) bei
der       (34) Pakete von seinen zugehorigen synchroni- gleichen
Geschwindigkeit arbeiten.                 sierten
Paket-Vermittlungselement(en) (31) ak- zeptiert, sie in einem
Paket-Obertragungspuffer 6. Kommunikationsvermittflungsslement  gemaB   16
(62) puffert und s8e zu einer Obertragungs- Anspruch 5, dadurch
gekennzeichnet, daB alle      schnittstelle (66) in Bezug auf die Ordnung,
in synchronisierten  Paket-Vermittlungselemente      der sie von den
synchronisierten Paket-Ver- (31) im wesentlichen hnliche Verz8gerungs-
mittlungselementen (31) angekommen sind, charakteristiken haben.
durchgibt. 20 7. Kommunikationsvermittlungselement  gemaB        13.
Kommunikationsvermittlungselement  gemAB Anspruch 6, dadurch
gekennzeichnet, daB je-        Anspruch 10, 11 odor 12, dadurch gekenn- des
der synchronisierten Paket-Vermittlungs-      zeichnet, daB die
synchronisierten Paket-Ver- elemente (31) relativ auBer Phase ist.
mittlungselemente (31) den Paketen gemAB 25      der Anzahl von Malen die
sie zuruckgef~hrt &  Kommunikationsvermittlungselement   gemaB
worden sind, den Vorzug geben. Anspruch 7, dadurch gekennzoichnet, daB die
synchronisierten  Paket-Vermittlungselemente   14.
Kommunikationsvermittlungselement gemi8 ei- (31) zyklisch in Phasenordnung
durch zurtck-      nom der AnsprOche 10 bis 13, dadurch ge- gefUhrte
Datenvielfachleitungen (35) verbunden   3o  kennzeichnet, daB die
synchronisierten Paket- sind, die zurackgefahrte Pakete tragen.
Vermittlungselemento (31) zurUckgeflhrte Da- tonvielfachleitungen (35) zu
mehr als einem 9. Kommunikationsvermittlungselement  gemafB
anderen synchronisiorten Paket-Vermittlungs- Anspruch 8, dadurch
gekennzeichnet, daB die        element (31) habon, um zurOckgefahrte Pakete
synchronisierten  Paket-Vermittlungselemente  3s   zu tragen. (31)
ausreichend auBer Phase sind, urn zu ermoglichen, daB Pakete in das ersto
synchro-  15. Kommunikationsvermittlungsolement   gemaB J       nisierte
Paket-Vermittlungselement (31) eintre-    Anspruch 14, dadurch
gekennzeichnet, daB ten, und daB sie wiederholt zurtckgef0hrt wer-    eine
Auswahleinrichtung (72) bereitgestellt ist, den, bis sie zu diesem ersten
synchronisierten   40  urn zu erlauben, daB Daten auf den zuruckge-
Paket-Vsrmittlungselement zurflckkehren bevor     fUhrten
Datenvielfachleitungen (35) selektiv zu die nachste Welle von Paketen in
dieses erste      einem  zugeordneten  Paket-Vermittlungsele-
synchronisierte Paket-Vermittlungselement (31)     ment (31) durchgegeben
worden konnen. eintritt. 



45  16. Kommunikationsvermittlungselement  gemaB 10.
Kommunikationsvermittlungselement   gemiaB        Anspruch 15, dadurch
gekennzeichnet, daB Anspruch 9, dadurch gekennzeichnot, daB jo-        eine
zentrale Steuerungseinrichtung (59) die der
Vermittlungselementeingabeknoten  (32)        Auswahleinrichtung (72) und
eine Auswahilogik angeordnet ist, urn Pakete zu seinen zugeord-      (54,
64) der Steuerungsoinrichtung steuern neten       synchronisierten
Paket-  5o      kann, um zu veranlassen, daB eines oder meh-
Vermittlungselement(en) (31) zu Ubertragen, so     rere der
synchronisierten Paket-Vermittlungs- daB Pakete in das (die)
synchronisierte(n)        elemente umgangen werden.
Paket-Vermittlungseolement(e) (31) in Bezug mit der Ordnung, in der sie von
den Vermittlungs-  17. Kommunikationsvermittlungselement   gemAB
elementeingabeknoten (32), empfangen wur-  55     Anspruch 16, dadurch
gekennzeichnet, daB die den, eintritt.
zentrale Steuerungseinrichtung (59) auf fehler- hafte Information odor
Bedieneranforderungen antwortet. 7    *
~~~~~~~~~~~~~~1;1111111 11ll111111111111 111 111 13                EP 0 306
291 B1                   14       *  c   L  M  S  * j Revendicatlons
mutateurs (31) A paquets synchronises sont reli6s de fagon cyclique dans
l'ordre de phase 1. Un commutateur de communications compre-          par
des canaux principaux (35) de donnees nant une serie de commutateurs (31),
a pa-        remises en circulation qui portent des paquets quets, relies
par des liaisons de donnees a   5   remis en circulation. une serie de
noeuds d'entree (32) de commu- tateurs, les commutateurs (31) a paquets
9. Un commutateur de communications selon la synchronis6s 6tant relies par
des liaisons de     revendication 8 caractdris6 en ce quo les corn- donnees
a une serie de noeuds de sortie (34)      mutateurs (31) a paquets
synchronises sont de commutateurs, caracteris6 on ce quo les  l0
suffisamment dephases pour permettre A des commutateurs (31) a paquets sont
des corn-        paquets d'entrer dans le premier commutateur mutateurs
(31) a paquets synchronises, at en      (31) a paquets synchronises et
d'etre remis on ce qu'au moins l'un des commutateurs (31) &
circulation de faQon rep6tee jusqu'L ce qu'ils paquets synchronises remet
en circulation des     reviennent a ce premier commutateur A pa- paquets
vers un autre des commutateurs (31)  t5   quets synchronis6s avant quo
l'onde suivante & paquets synchronises par l'intermediaire        de
paquets n'entre dans ce premier commuta- d'un canal principal (35) de
donndes remises     tour (31) a paquets synchronis6s. en circulation. Ki
10. Un commutateur de communications solon la 2. Un commutateur de
communications solon la  20     revendication 9 caract6ris6 en ce quo
chaque revendication 1 caracterise en co quo chaque      noeud d'entree
(32) de commutateur est agen- commutateur (31) a paquets synchronis6s ac-
ce pour transmettre des paquets vers son ou cede A chacun des noeuds de
sortie (34) de        ses commutateurs associes (31) a paquets
commutateurs.                                     synchronis6s d'une
maniere tolle quo des pa- 25      quets entrent dans le ou les commutateurs
3. Un commutateur de communications solon la         (31) & paquets
synchronises en fonction de revendication 1 ou 2 caracteris6 en ce quo
l'ordre dans lequel ils ont ete regu par les chaque nosud d'entrde (32) de
commutateur         noeuds d'entree (32) de commutateurs. accbde a chaque
commutateur (31) a paquets synchronises.                             30
11. Un commutateur de communications solon la revendication 10, caracterise
en co quo cha- 4. Un commutateur de communications selon la         quo
noeud d'entree (32) de commutateur inclut revendication 1, 2 ou 3
caracteris6 par un        une interface (52) de transmission de maniere
moyon de commande (54, 64) pour comman-           a recevoir des paquets &
transmettre au com- der les choix de paquets & des noeuds d'on-  35
mutateur (31) par l'intermediaire d'un tampon tr6e (32) ou des noeuds de
sortie (34) de         (56) de transfort. commutateurs. 12. Un commutateur
de communications solon la S. Un commutatour de communications solon
revendication 10 ou 11 caracterise en ce quo l'une quelconque des
revendications 1 a 4,  4o    chaque nooud de sortie (34) de commutateur 



caracteris6 en co qu'un gen6rateur commun         accepte des paquets
venant de son ou de ses (29) de signaux d'horloge assure quo tous les
commutateurs associ6s (31) a paquets synch- commutateurs (31) & paquets
synchronises          ronisds, les entre en tampon dans un tampon
fonctionnent a la mgme vitesse.                   (62) de transfort de
paquets et les envoie vers 45      une interface (66) de transmission en
fonction 6. Un commutateur de communications solon la         de l'ordre
dans lequel ils sont arriv6s des revendication 5 caracterise en ce quo les
ca-     commutateurs (31) a paquets synchronises. racteristiques de retard
de tous les commuta- tours (31) a paquets synchronises sont sensi-  13 Un
commutateur de communications solon la blement les mames.
50       revendication 10, 11 ou 12 caracterise en ce quo les commutateurs
(31) a paquets synchro- 7. Un commutateur de communications selon la
nises donnent une preference & des paquets revendication 6 caracterise on
ce quo chacun      en fonction du nombre de fois oO ils ont ete des
commutateurs (31) a paquets synchroni-        remis on circulation. ses est
relativement dephas6.             55 14. Un commutateur de communications
solon 8  Un commutateur de communications solon la         l'une quelconque
des revendications 10 a 13 revendication 7 caractdris4 en ce quo les corn-
caracteris6 en ce quo les commutateurs (31) a 8    15                EP 0
306 291 B1                   16   I!II 1         I paquets synchronisds
disposent, dans la but de transporter des paquets remis en circula- tion,
de canaux principaux (35) de donnees remises en circulation diriges vers
plus d'un autre commutateur (31) a paquets synchroni-   a s6s. 15. Un
commutateur de communications selon la revendication 14 caracterise en ce
que des moyens selecteurs (72) sont prdvus pour per-  lo mettre & des
donn6es situees sur les canaux principaux (35) de donnees remises en
circula- tion d'8tre envoyees de faQon s6lective a un commutateur associ4
(31) a paquets. 15 16. Un commutateur de communications selon la
revendication 15 caract~ris4 en ce qu'un dis- positif central de commande
(59) peut corn- mander les moyens selecteurs (72) et la logi- que de choix
(54, 64) du moyen de comman-  20 de, afin d'amener un ou plusieurs des
commu- tateurs a paquets synchronis6s a 8tre contour- n4s. 17. Un
commutateur de communications selon la  25 revendication 16 caracteris6 en
ce que le dis- positif central de commande (59) r6pond & une information
par ddfaut ou & des demandes d'un opdrateur. 30 35 40 45 50 55 9    


