
1                  EP 0 477 242 B1                2 Description
nected to the one data line is transmitted directly via the common data bus
to a destination switching mod- The present invention relates to nodes
forswitch-  ule connected to the selected other one of the data Ing a
number of data channels and is particularly con-  lines in response to a
control signal from the control cerned with nodes in digital networks used
to switch   5   means characterised in that the control means is ar-
multiplexed low speed data channels.              ranged to associate said
data received by said source Within a high bandwidth digital channel, it is
po-  switching module with the address of the destination tentially
possible to provide a large number of data  switching module and with a
respective logical chan- channels at rates as low as 400 bits persecond.
How-  nel of an outgoing multiplexed data frame of the des- ever at the
node where the low speed data channels  10  tination switching module, In
that the destination are interfaced with the rest of the network it is
neces-  switching module Is arranged to associate with that sary to provide
a multiplexer for switching data be-  logical channel a predetermined
number of free time tween selected channels and the network. In practice
slots in the outgoing data frame such as to provide the conventional
multiplexer designs constitute a bottle-  required capacityforthat channel,
and in that the des- neck which prevents the full channel-carrying poten-
15  tination switching module is arranged to assemble tial of the network
from being realised. If the main  said received date Into the associated
time slots of data path of the network has a bandwidth, for exam-  the
outgoing data frame in accordance with the mem- ple, of tens of kilobits
per second and the low speed  bers of a corresponding logical
channel-associated data paths have bandwidths of hundreds of bits per
circularlinked listof the outgoing time slots, each said second then it
would be theoretically possible to inter-  20  received data being
assembled into a respective one face as many as 100 of the low speed data
channels   of the time slots defined by a next temporally-occur- to the
networkvia a single node. Conventional matrix  ring member of said list in
relation to the time of re- switches used in multiplexers are essentially
serial  ceipt of said received data. devices and so the multiplexer needs
to function with  Preferably the control means includes a look-up the same
high bandwidth as the main data path.  25  table means arranged in response
to address infor- Known multiplexer designs, e.g. as disclosed in EP-
mation associated with the data from the one data line A-0186141 and
US-A-4858152, are Inefficient in han-  to provide the address of the
destination switching dling and switching large numbers of data channels at
module and to enable the said destination switching the high speeds which
would be required In practice  module so that it reads the data from the
common to provide this sort of bandwidth. In the designs of  30  data bus
and outputs it in the outgoing data frame on these prior art documents,
data in multiplexed frames  the selected other one of the data lines. is
received at a high speed data interface circuit for  The present invention
provides a distributed mul- distribution to a number of low speed Interface
cir-  tiplexer in which the switching functions are carried cults. A
translation map is addressed with the se-  out in parallel rather than
serially. It is known to use quence number of the Incoming data byte to
retrieve   35  line Interface modules distributed along a common the
address (identity) of the low speed Interface cir-  bus. The paper by A. S.
Acampora et al published at cuit and the data is placed on a common bus
together  pages 932 to 938 of IEEE International Conference with the
destination address. In the reverse direction  on Communications Vol.
2.1983 discloses one exam- the map is addressed with the sequence number of
pie of such a system. the outgoing data byte to obtain the identity of the
40  According to a second aspect of the present in- source interface
circuit. This identity is placed on the  vention there Is provided a method
of operating a mul- bus to command the source circuit to place its data
tiplexer Including receiving a plurality of channels and byte on the bus
for receipt and assembly into a frame  transmitting the channels in
respective interleaved for transmission by the high speed Interface
circuit.  time slots of an outgoing multiplexed data frame, According to
the present Invention a data switch-  45  characterised by the steps of
assigning to an incom- ing node comprises a plurality of data lines
including  ing channel a respective logical channel of an outgo- high speed
data (link) lines and low speed data (port)  ing data frame, associating
with that logical channel lines and a switch connected to the data lines
and ar-  a predetermined numberof free time slots in the out- ranged to
switch data from one of the data lines to a  going data frame such as to
provide the required ca- selected other one of the data lines, the switch
com-  5o  pacity for that channel, associating the data of the prising a
distributed multiplexer having a number of  time slots of the incoming
channel with the respective switching modules connected in parallel to a
common  assigned logical channel, and assembling the re- data bus and
arranged to communicate data with the  ceived data of the incoming channel
into respectively common data bus and a control means also connect-
associated time slots of the outgoing data frame in ed to the common data
bus and arranged to commu-  55  accordance with successive members of a
corre- nicate control signals with the common data bus to  sponding logical
channel-associated circular linked control and addressing of the switching
modules such  list of outgoing time slots, each said data being read that
data received by a source switching module con-  from the common data bus
and assembled into a re- 2    
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time slots of the outgoing data  pacity can be allocated to new data
channels. frame as defined by a next temporally-occurring     A data
switching node In accordance with the member of said list In relation to
the time of reading  present invention is now described in detail with ref-
of said data from the common data bus.            erence to the
accompanying drawings, in which:- The second aspect of the present
invention pro-   5  Figure 1 Is a block diagram of a multiplexer; vides a
method of operating a multiplexer which Is    Figure 2 Is a timing diagram
for the multiplexer of particularly suitable for multiplexers having
distribut-  Figure 1; ed switching modules. One possible drawback of dis-
Figure 3 Is a diagram showing the formatof a data tributed switching
architectures is that there is a high  frame; addressing overhead
associated with the transmis-  10  Figure 4 is a diagram showing
overlapping in- sion of data along the bus. This disadvantage can be
coming and outgoing frames; overcome by using, in particular, byte
interleaving in  Figure 5 Is a block diagram of a serial data input which
the addressing overhead is shared amongst a    stage; number of bits.
However with conventional multiplex-  Figure 6 is a diagram showing the
mapping of log- ing techniques byte interleaving tends to slow the op-  15
Ical channels Into a data frame; eration of the multiplexer because there
is a delay  Figure 7A is a diagram showing slip error be- equal to at least
the duration of a single frame of data  tween Incoming and outgoing frames;
before the outgoing frame of data can be assembled   Figure 7B is a diagram
showing the frames of Fig- and transmitted. Byte interleaving Increases the
ure 7A after realignment; length of the frame and so increases this delay.
The  20  Figure 8 is a block diagram of a serial data output present
Invention overcomes this problem by asso-   stage; and ciating data
channels with a logical channel rather  Figure 9 shows details of part of a
look-up table. than with a predetermined position within the data
Adistributed muitiplexerfor interfacing low speed frame. The logical
channels are mapped flexibly onto  data channels to a high-speed data
network compris- the byte positions of the outgoing frames so that the   25
es a number of switching modules connected In par- first available position
in the frame Is written to and  allel to a common data bus 1. A control
module 2 is the frame Is in this manner continuously filled. This  also
connected to the bus and arranged to transmit enables the incoming and
outgoing frames to overlap  and receive control signals via the bus 1.
Contention in time to the extent that they are substantially coin-  lines 3
link the switching modules In a daisy chain fig- cident and so reduces the
delay associated with con-  30  uration. ventional multiplexing techniques.
The switching modules include aggregate mod- Preferably the method includes
detecting the oc-  ulesAl-Am and ports P1-Pn. The aggregate modules
currence of slip between incoming and outgoing data  Al-Am are arranged to
transmit and receive time- and altering the correspondence between said re-
division multiplexed data streams via a high-speed ceived data of the
incoming channel and the members  35  data path (not shown). The ports
P1-Pn by contrast of the corresponding linked list.                 are
arranged to transmit and receive non-multiplexed This preferred aspect of
the present Invention re-  low-speed data streams via correspondingly low-
lates to timing jitter which results in the data arriving  bandwidth data
paths. at the multiplexer earlier or later than the expected  In use, when
a switching module receives data It time. This can potentially cause a slip
to occur, which  40  first transmits a contention signal via the contention
results in temporary corruption of the data stream. By  line 3 to gain
access to the bus I using a contention this aspect of the present invention
the probability of  mechanism such as a daisy chain. Having gained ac- a
further slip occurring Is substantially reduced.  cess to the bus the
switching module then outputs the A shortcoming of existing multiplexers
results  received data together with its device number which from the
strict mapping of data channels to byte pos-  45  uniquely identifies the
switching module in question itions which Is usually required. When a
channel is  and the byte slot number of the received data. The cleared, as
the terminal using the channel has com-  source device number and byte slot
number are plated Its call, the deallocated channel would normal-
transmitted via the bus to the control module 2. The ly be merged with
other deallocated channels forming  control module 2 includes a look-up
table 4 (see Fig- a pool of empty channel capacity from which new   5o  ure
9) which In practice is held in RAM and originally channels would be
allocated. With a multiplexing  configured via an associated
microprocessor. The strategy requiring strict mapping of channels to byte
look-up table 4 identifies the destination device num- positions it is
possible to have suff icient spare capaci-  ber and logical channel number
appropriate to the re- ty to create a new channel but for the spacing of
the  ceived source device number and byte slot number vacant byte positions
to be such that the channel can-  s5  and outputs this information onto the
bus. The destin- not be allocated. A property of the present invention
ation device then detects the signal from the control is that a strict
mapping of channels to byte positions  module Identifying it and in
response to this signal is not required, and hence any unused channel ca-
reads the data transmitted from the source device to- 3    



5                  EP 0 47 242 B1                  6 getherwith the logical
channel number transmitted by  ber is local to the specific device. If the
destination is the control module. The destination device then out-  a
multiplexed output the logical channel number iden- puts the data, directly
on its associated low-speed  tifies the set of byte positions that the data
may be data channel In the case of a port module or alterna-  written to:
If the destination is a simple port the logical tively as part of a
byte-interleaved time-division mul-   5   channel number has no
significance. tiplexed frame in the case of an aggregate module.   Control
information relating to the state of the in- The timing of the above
operations Is Illustrated  terfaced lines may be transferred via the bus in
the schematically in Figure 2. Each dock cycle, which will  same way as
normal data. The control port is given a typically be of one microsecond in
duration, is divided  unique logical channel number but may not be used
into four phases. In the first phase the receiving mod-  10  for data
channels. This means that the Interface sta- ule contends for the bus, in
the next phase that mod-  tus may be carried across the network with the
data ule outputs the data, in the phase after that the look-  and will be
updated typically every 2OmS. In addition up table 4 outputs the
destination device number and  the interface status Is available via a
separate micro- logical channel number and in the final phase the des-
processor port and may be read or set Independently tination device detects
Its identity and then at the end   15  of the direct transfer mechanism.
Common channel of the cycle reads the data and the logical channel
signalling may be used to transferthe interface status number.
across the network using the signalling channel. The aggregate switching
modules Al-Am include     Incoming serial data Is converted into 8 bit
paral- on their output sides output buffers 5 which use a  lel format. When
a complete byte has been assem- linked list 6 to control the mapping of
data from the   20  bled the device ID and the byte position are used to
bus Into slots in the outgoing data frame. The aggre-  obtain the
destination device and logical channel us- gate switching modules Al-Am use
a multiplexing   ing a look-up table In the manner described above. method
described in greater detail belowwhich great-  The look-up table may be
held either within the serial ly reduces the delay between incoming and
outgoing  interface device or In external memory. If the device frames so
that the system as a whole is able to use  25  is configured as a simple
port, the byte position value byte interleaving without any significant
penalty in  has no significance and is pre-set to some arbitrary terms of
speed of operation.                      value. Figure 9 shows detail of
part of a look-up table Data is transmitted to and from the high speed  4
mapping byte positions from a given device to the data paths In byte
Interleaved frames as shown in Fig-  appropriate logical channel numbers
and destination ure 3. Each frame contains an 8 bit synchronisation   30
device numbers. pattern, a signalling channel and a number of data   In the
case of multiplexed data received via one bytes. Each byte within the frame
corresponds to a  of the aggregate switching modules Al-Am the in- 400
bit/s channel, hence a 1200 bit/s channel is allo-  coming multiplexed
frame contains synchronisation cated 3 bytes, a 2400 bit/s channel
allocated 6 bytes  information and hence the start of a frame may be and so
on. The byte positions associated with each   35  uniquely determined. Data
bytes are read sequential- channel are Identified by the logical channel
number  ly and their position within the incoming frame, that is of the
channel (Icn ). For high-speed composite data  their byte slot number, and
device ID converted via channels with speeds lower than 64 kbit/s the frame
the look-up (translation) table to give the destination length will be
proportionally shorter (140 bytes for 56  device and logical channel. When
the destination Is a kbits, 120 bytes for 48 kbits, 48 bytes for 19200 b/s
40  data port it has a single logical channel. The frame etc). The
signalling channel is normally part of the  buffer 5 associated with the
output stage Is used as frame header but may be extended to incorporate any
a FIFO queue to remove timing irregularities. unused data channels. The
bandwidth of the signal-   Simply by altering the mapping defined by the
ling channel may thus be dynamically controlled with-  look-up table the
method described above can carry out affecting data traffic. Using logical
channel map-  45  outanyform of switching operation including by-pass, ping
for the control of data switching, as shown sche-  drop and insert, cross
connect etc. matically in Figure 4, has the advantage that incoming  Figure
5 shows an input stage of an aggregate and outgoing frames may overlap and
may wander in  switching module Am. The input stage consists of 5 time with
respect to each other without corruption of  basic elements:- data.
Moreoverthe outgoing frame can be assembled   50  (I) bit level timing and
asynchronous/synchron- and output in a continuous process so that the
inter-  ous converter. Incoming serial data is sampled frame delay D is
reduced to a fraction of the frame's  using a receive clock and, if set to
asynchronous duration.                                            mode,
asynchronous to synchronous conversion In use switching modules are
interconnected us-   of the type defined in the CCITT V22 standard is ing
the bus. Data bytes output onto the bus are Iden-  55  applied. tified with
the information needed to identify correctly  (ii) frame synchronisation
and signalling channel the destination device and channel. This information
extraction - this element is only enabled if the re- is local to the
multiplexerand the logical channel num-  ceived data stream Is multiplexed.
The frame 4    
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pattern is detected (and correc-  process affects only the logical channel
concerned tive action taken if It is not detected for k succes-  and does
not interfere with any other channels. Figure sive frames). The bytes
corresponding to the sig-  7B shows the logical channel mapping after
re-align- nalling channels are extracted and routed to the  ment. input
signalling channel processing stage.  5      In addition to the buffer
control logic the output (iii) Byte alignment - as the multiplexer uses
byte  stage shown in Figure 8 contains the following ele- interleaving it
is necessary to align Incoming data  ments: in orderthatchannels may be
correctly extracted.   (i) frame synchronisation word generation and This
element consists essentially of a serial to   signalling channel insertion
circuits. parallel converter that can be reset on command   10  (ii) serial
output stage incorporating synchron- from the frame synchronisation stage.
ous/asynchronous conversion. (iv) Latch and buffer - a received byte is
tempor-  (iii) loopback data Insertion. arily held in a latch whilst the
device is contending  The operation of the remaining elements of the for
use of the bus.                             output stage are substantially
the inverse of the cor- (v) Byte slot counter - In order that received   15
responding element of the Input stage. frames can be de-multiplexed It Is
necessary to    As an alternative to the preferred embodiment provide the
received byte slot number and the de-  described above, the look up table 4
used to map in- vice ID. The first of these Is provided by a simple  coming
device number and byte slot number to out- counter which is incremented for
each byte re-  going device numberand logical channel numbermay ceived, and
the second is programmed during   20  be distributed amongst the switching
modules. Each system initialisation.                          switching
module would then hold a small look-up ta- The output stage (Figure 8) of
the aggregate    ble containing a destination device number and logi-
switching modules Al-Am is more complex than the   cal channel number. This
alternative embodiment has input but incorporates the heart of the
multiplexing  the advantages of reduced component count and im- technique.
From the bus, the stage receives a data  25  proved bus capacity
butthedisadvantageofrequiring byte and logical channel number. The key to
the op-  additional memory capacitywithin the switching mod- eration of the
stage is then the manner in which it de-  ule. termines where to write the
data.                      As a further alternative means of implementing
The output buffer contains 180 sets, each set   the present Invention the
memory used to hold the comprising a data byte, linked list pointer, read
flag   3o  linked lists pertaining to the output stage of the and written
flag. Within the linked list field 6 a circular  switching modules could be
physically located In a linked list exists for each active logical channel.
If the  common device, however the logic related to the con- output is a
simple port the list corresponds to a single  trol of the output remains
located within the switching logical channel. A separate index table
contains a  module. This alternative embodiment has the possi- write
pointer for each logical channel which corre-  35  ble advantage of
permitting the use of a standard sponds to the next empty position In the
buffer for that  memory integrated circuit rather than requiring mem-
logical channel. Figure 6 shows schematically the  ory to be available in
each switching module, and the manner in which linked lists are used to
allocate data  disadvantage of requiring a greater degree of activity bytes
to logical channels rather than literal byte pos-  on the bus connecting
the control logic to the memory itions within the outgoing data frame.
40  device during slip events which in the preferred em- The incoming
logical channel number provides di-  bodiment occurs Internally within each
switching rect access to the corresponding write pointer. The  module.
pointer is read and used to access the next empty buf-  It will be
appreciated that where in the described fer position for the channel. The
data byte Is written  embodiment mention is made of a logical channel to
the buffer, the corresponding written flag set, and   45  number in
relation to a low-speed non-multiplexed the nextwrite pointer readfrom the
link listand placed  data stream, this is merely a reference to the non-op-
back in the index table. A read pointer is used to ac-  erational number
output by the control module and cess the 160 data bytes sequentially. As
each byte is  which the port module does not process. read the written flag
is cleared and the read flag set. For the first byte written to a logical
channel a search   50 procedure is used to find the write pointer position
Claims corresponding to minimum delay. During the first frame following
initialisation buffer underflow may  1. A data switching node comprising a
plurality of occur resulting in errors in the logical channel output  data
lines including high speed data lines and low stream. Figure 7Ashows
slip-error of this type occur-  55  speed data lines and a switch connected
to the ring. A "slip-procedure" is used to allow the relative  data lines
and arranged to switch data from one positions of incoming and outgoing
data bytes to slide  of the data lines to a selected other one of the
Increasing the delay until nofurthererrors occur. This  data lines, the
switch comprising a distributed 5    
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pattern is detected (and correc-  process affects only the logical channel
concerned tive action taken if it is not detected for k succes-  and does
not interfere with any otherchannels. Figure sive frames). The bytes
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byte  stage shown in Figure 8 contains the following ele- interleaving it
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circuits. parallel converter that can be reset on command   io  (ii) serial
output stage incorporating synchron- from the frame synchronisation stage.
ous/asynchronous conversion. (iv) Latch and buffer - a received byte is
tempor-  (iii) loopback data insertion. arily held in a latch whilstthe
device is contending  The operation of the remaining elements of the for
use of the bus.                             output stage are substantially
the inverse of the cor- (v) Byte slot counter - in order that received   15
responding element of the Input stage. frames can be de-multiplexed it is
necessary to     As an alternative to the preferred embodiment provide the
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each byte re-  going device number and logical channel number may ceived,
and the second is programmed during   20   be distributed amongst the
switching modules. Each system initialisation.
switching module would then hold a small look-up ta- The output stage
(Figure 8) of the aggregate    ble containing a destination device number
and logi- switching modules Al-Am Is more complex than the    cal channel
number. This alternative embodiment has input but incorporates the heart of
the multiplexing  the advantages of reduced component count and im-
technique. From the bus, the stage receives a data  25   proved bus
capacity but the disadvantage of requiring byte and logical channel number.
The key to the op-  additional memory capacity within the switching mod-
eration of the stage Is then the manner in which it de-  ule. termines
where to write the data.                      As a further alternative
means of implementing The output buffer contains 160 sets, each set   the
present invention the memory used to hold the comprising a data byte,
linked list pointer, read flag   30  linked lists pertaining to the output
stage of the and written flag. Within the linked list field 6 a circular
switching modules could be physically located in a linked list exists for
each active logical channel. If the  common device, howeverthe logic
related to the con- output is a simple port the list corresponds to a
single  trol of the output remains located within the switching logical
channel. A separate index table contains a  module. This alternative
embodiment has the possi- write pointer for each logical channel which
corre-  35  ble advantage of permitting the use of a standard sponds to the
next empty position in the bufferforthat  memory integrated circuit rather
than requiring mem- logical channel. Figure 6 shows schematically the   ory
to be available in each switching module, and the manner in which linked
lists are used to allocate data  disadvantage of requiring a greater degree
of activity bytes to logical channels rather than literal byte pos-  on the
bus connecting the control logic to the memory itions within the outgoing
data frame.        40  device during slip events which in the preferred em-
The incoming logical channel number provides dl-  bodiment occurs
internally within each switching rect access to the corresponding write
pointer. The  module. pointer is read and used to access the next empty
buf-  It will be appreciated that where in the described fer position for
the channel. The data byte is written  embodiment mention is made of a
logical channel to the buffer, the corresponding written flag set, and   45
number in relation to a low-speed non-multiplexed the nextwrite pointerread
from the link list and placed  data stream, this is merely a reference to
the non-op- back in the index table. A read pointer is used to ac-
erational number output by the control module and cess the 160 data bytes
sequentially. As each byte is  which the port module does not process. read
the written flag is cleared and the read flag set. For the first byte
written to a logical channel a search   50 procedure is used to find the
write pointer position  Claims corresponding to minimum delay. During the
first frame following initialisation buffer underflow may  1. A data
switching node comprising a plurality of occur resulting in errors in the
logical channel output  data lines including high speed data lines and low
stream. Figure 7Ashows slip-error of this type occur-  55  speed data lines
and a switch connected to the ring. A "slip-procedure" is used to allow the
relative  data lines and arranged to switch data from one positions of
incoming and outgoing data bytes to slide  of the data lines to a selected
other one of the increasing the delay until no further errors occur. This
data lines, the switch comprising a distributed 5    



9                  EP 0 477 242 B1                10 multiplexer having a
number of switching mod-    to transmit on the common data bus (1) the
iden- ules (Al-Am, P1-Pn) connected in parallel to a   tity of said logical
channel associated with the common data bus (1) and arranged to communi-
destination switching module. cate data with the common data bus (1) and a
control means (2) also connected to the common   5   5. A data switching
node according to any one of the data bus (1) and arranged to communicate
con-    preceding claims, in which said predetermined trol signals with the
common data bus to control  number of free time slots are the first such
num- the addressing of the switching modules (Al-Am,   ber of the free time
slots in the outgoing data P1-Pn) such that data received by a source
frame with respect to the start of the frame. switching module connected to
the one data line  10 is transmitted directly via the common data bus  6. A
method of operating a multiplexer including re- (1) to a destination
switching module connected  ceiving a plurality of channels and
transmitting to the selected other one of the data lines in re-  the
channels in respective interleaved time slots sponse to a control signal
from the control means  of an outgoing multiplexed data frame, character-
(2), characterised in that the control means (2) is  15  ised by the steps
of assigning to an incoming arranged to associate said data received by
said  channel a respective logical channel of an outgo- source switching
module with the address of the  Ing frame, associating with that logical
channel a destination switching module and with a respec-  predetermined
number of free time slots in the tive logical channel of an outgoing
multiplexed  outgoing data frame such as to provide the re- data frame of
the destination switching module,  20  quired capacity for that channel,
associating the in that the destination switching module Is ar-  data of
the time slots of the Incoming channel ranged to associate with that
logical channel a  with the respective aligned logical channel, and
predetermined number of free time slots in the   assembling the received
data of the incoming outgoing data frame such as to provide the re-
channel into respectively associated time slots of quired capacity for that
channel, and in that the   25  the outgoing data frame in accordance with
suc- destination switching module is arranged to as-  cessive members of a
corresponding logical semble said received data into the associated
channel-associated circularlinked listof outgoing time slots of the
outgoing data frame in accor-  time slots, each said data being read from
the dance with the members of a corresponding log-   common data bus and
assembled into a respec- ical channel-associated circular linked list of
the  30  tive one of the time slots of the outgoing data outgoing time
slots, each said received data be-  frame as defined by a next
temporally-occurring ing assembled Into a respective one of the time
member of said list in relation to the time of read- slots defined by a
next temporally-occurring     ing of said data from the common data bus.
member of said list in relation to the time of re- ceipt of said received
data.             35  7. A method according to Claim 6, including detect-
ing the occurrence of slip between Incoming and 2. A data switching node
according to Claim 1, In    outgoing data and altering the correspondence
which the control means (2) includes a look-up ta-  between said received
data ofthe incoming chan- ble means (4) arranged in response to address in-
nel and the members of the corresponding linked formation associated with
the data from the one  40  list. data line to provide said address of the
destina- tion switching module and to enable the said des-  8. A method
according to Claim 6 or Claim 7, for op- tination switching module so that
it reads the data  erating a multiplexer which includes a plurality of from
the common data bus and outputs it in the   switching modules connected to
a common data outgoing data frame on the selected other one of  45  bus,
each switching modules including a look-up the data lines.
table, the method further comprising the step of mapping incoming data
channels at each switch- 3. A data switching node according to Claim 2, In
ing module to outgoing logical channels by refer- which the look-up table
means (4) is in the form  ence to the respective look-up table. of
respective look-up tables included within the  50 switching modules and
arranged In response to  9. Amethod according to Claim 6 or Claim 7, forop-
address information associated with the data     erating a multiplexer
which includes a plurality of from the one data line to provide the address
of  switching modules connected to a common data the said destination
switching module.           bus and a control module connected to the com-
55      mon data bus and Including a look-up table, the 4. A data switching
node according to Claim 2 or     method further comprising the step of
mapping Claim 3, in which the look-up table means (4) is  Incoming data
channels at each switching module arranged in response to said address
information  to outgoing logical channels by reference to the 6    



11                 EP 0 477 242 B1                12 look-up table in the
control module.             herausgehenden Datenrahmens geeignet ist, ge-
mMil den Mitgliedern elner entsprechenden logi- 10. A method according to
Claim 8 or Claim 9, forop-  schen, Kanalzugeh8rigkeits- und kreisformigen
erating a multiplexer in which at least one switch-  Verbindungslilste der
herausgehenden Zeitschlit- ing module includes an output buffer, the method
5  ze, wobei die empfangenen Daten in einen ent- further comprising mapping
outgoing logical      sprechenden Zeltschitz eingebrachtwerden, der
channels to outgoing time slot positions in the or  durch eln nachstes
temporir auftretendes Mit- a respective output buffer.
glied der Liste definiert ist, im Verhiltnis zur Empfangszeit der
empfangenen Daten. 11. A method according to any one claims 6 to 9,  10
wherein said predetermined number of free time  2. Datenschaltknoten gemaR
Anspruch 1, in dem slots are the first such number of the free time  die
Steuermittel (2) Suchtabellenmittel (4) ent- slots in the outgoing data
frame with respect to  halten, die zum Vorsehen der Adresse des the start
of the frame.                          Zielschaltmoduls vorgesehen sind, in
Reaktion 15     zu Adrellinformation im Zusammenhang mit den Daten von der
einen Datenleitung, und zum der- PatentansprOche
artigen Aktivleren des Zielschaltmoduls angeord- net sind, daB es die Daten
von dem gemeinsa- 1. Datenschaltknoten, der mehrere Datenleltungen     men
Datenbus liest und sie in den herausgehen- enthalt, mit
Hochgeschwindigkeitsdatenleitun-  20  den Datenrahmen auf die ausgewahlte
andere gen und Niedriggeschwindigkeitsdatenleitungen    Datenleitung
ausgibt. und einem Schalter, der mit den Datenleitungen verbunden ist und
zum Schalten der Daten von ei-  3. Datenschaltknoten nach Anspruch 2, in
dem die ner der Datenleitungen zu elner ausgewahiten     Suchtabelienmittel
(4) die Form von entspre- anderen der Datenleitungen angeordnet ist, wo-
25  chenden Suchtabellen aufweisen, welche in den be! der Schalter einen
dezentralen Multiplexer   Schaltmodulen enthalten sind und zum Vorsehen
enthilt, mit elnerAnzahl von Schaltmodulen (Al-  der Adresse des
Zielschaltmoduls angeordnet Am, PI-Pn), die parallel miteinem gemeinsamen
sind, In Reaktion auf Adraeinformation im Zu- Datenbus (1) verbunden sind
und zum Obertra-     sammenhang mitden Daten von dereinen Daten- gen von
Daten mit dem gemeinsamen Datenbus  30   leltung. (1) angeorndet sind, und
weiterhin Steuermittel (2) enthalt, die ebenso mit dem gemeinsamen   4.
Datenschaltknoten nach Anspruch 2 oder 3, in Datenbus (1) verbunden sind
und zum Obertra-     dem die Suchtabellenmittel (4) zum Obertragen gen von
Steuersignalen uber den gemeinsamen      der Identitat des logiachen
Kanals, weicher zu Datenbus angeordnet sind, zum Steuern des  35    dem
Zielschaltmodul gehort, angeordnet ist, in Adressierens der Schaltmodule
(Al-Am, PI-Pn)     Reaktion auf die Adrelinformation. derart, daB die
Daten, welche von einem mit der elnen Datenleitung verbundenen
Quellachaltmo-  5. Datenschaltknoten nach irgendeinem der voran- dul
empfangen werden direkt Ober den gemein-     gehenden Anspr~che, in dem die
vorbestimmte samen Datenbus zu einem Bestimmungsschalt-  40   Anzahl der
freien Zeitschlitze die erste Anzahl modul fObertragen werden, das mit der
ausge-     der frelen Zeitschlitze in dem herausgehenden wihlten anderen
Datenleitung verbunden Ist, In    Datenrahmen ist, beziglich dem Start des
Rah- Reaktion auf ein Steuersignal von den Steuermit-  mens. teln (2),
dadurch gekennzeichnet, daB              45  6. Verfahren zum Betrelben
elnes Multiplexers mit die Steuermittel (2) zum Zuordnen der von dem    dem
Schritt des Empfangens von mehreren Ka- Quellschaltmodul empfangenen Daten
zu der        nflen und des Obertragens des Kanals In ent- Adresse des
Zielschaltmoduls und zu einem ent-   sprechende sich Oberlappende
Zeitschlitze el- sprechenden Logikkanal eines herausgehenden      nes
herausgehenden multiplexten Datenrah- multiplexten Datenrahmen des
Zielachaltmoduls  so  mens, angeordnet sind, daB das Zielschaltmodul zum
gekennzeichnet durch Zuordnen dieses Logikkanals zu elner vorbe-      die
Schritte des Zuordnens eines entsprechen- stimmten Anzahl von freien
Zeitschlitzen In dem  den Logikkanals elnes herausgehenden Rah-
herausgehenden Datenrahmen derart angeord-       mens zu elnem
hereinkommenden Kanal, des net ist, daB die erforderilche Kapazitat fOr
diesen  5s  Zuordnens einervorbestimmten Anzahl von frei- Kanal  vorgesehen
wird  und  daB  das           en Zeitschlitzen in dem herausgehenden Daten-
Zielschaltmodul zum Einbringen der empfange-     rahmen zu dem Logikkanal
derart, dal die erfor- nen Daten in die zugehorigen Zeltschlitze des
derliche Kapazitit dieses Kanals vorgesehen 7    
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I wird, des Zuordnens der Daten der Zeitschlitze   Zeitschlitzen die erste
derartige Anzahl der frel- des hereinkommenden Kanals zu dem entspre-
en Zeitschlitze in dem herausgehenden Daten- chenden abgeglichenen
Logikkanal und des Ein-    rahmen bezfglich dom Start des Rahmens lst.
bringens der empfangenen Daten des herein- kommenden Kanals in
entsprechende zugeh8ri-   5 ge ZoKschlitze des herausgehenden Datenrah-
Revendlcations mens, gemAfl den sukzessiven Mitgliedern einer
entsprechenden logischen Kanalzugehorigkeits-  1. Noeud de commutation de
donn6es, comprenant und kreisformigen Verbindungslistb der heraus-   une
pluralite de lignes de donnees comportant gehenden Zeitschlitze, wobel die
Daten von dem   1O  des lignes de donnies A grand debit et des lignes
gemeinsamen Datenbus gelesen worden und In       de donndes A faible debit,
et un commutateur einen entsprechenden Zeitschlitz des herausge-   connect6
aux lignes de donn6es et dispose pour henden Datenrahmens eingebracht
warden, die      commuter des donnees entre une des lignes de durch ein
nichstes temporfir auftretendes Mit-   donnees et une autre des lignes de
donn6es s6- glied der Listb definlert lst, In Beziohung zu der  15
lectionn6e, le commutatbur comprenant un mul- Zeit des Lesens der Daten von
dem gemeinsa-      tiplexeur reparti ayant un certain nombre de mo- men
Datenbus.                                    dules de commutation (Al-Am,
P1-Pn) conneo- t6s on paralileo avec un bus de donnees commun 7. Verfahren
nach Anspruch 6, mit elnem Erfassen    (1) et dispose pour transmettre les
donnees au des Auftreotns einerVerzogerung zwischen den  20  bus de donnees
commun (1), et des moyens de hereinkommenden und den herausgehenden Da-
commando (2) egalement connectes au bus de ten und einem VerAndern des
Bezugs zwischen      donn6es commun (1) et disposes pour transmet- den
empfangenen Daten des heroinkommenden        tre des signaux de commando au
bus de donn6es Kanals und den Mitgliedern der entsprechenden    commun en
vue de commander l'adressage des Verbindungslistb.
25      modules de commutation (Al-Am, PI-Pn), de sorts quo les donn6es
reoues par un module de 8. Verfahren nach Anspruch 6 oder 7, zum Betrel-
commutation de source connect6 a ladite une li- ben eines Multiplexers, der
mehrere Schaltmo-    gne de donn6es sontdirectoment transmises, via dule
enthilt, welche mit einem gemeinsamen Da-   Is bus de donnees commun (1), a
un module de tenbus verbunden sind, wobei jedes Schaltmodul  3o
commutation de destination connecte A ladito eine Suchtabelle enthalt, das
Verfahren enthalt  une autre ligne de donn6es s6lectionnee, en re-
weibtrhin den Schritt des Zuordnens von herein-  ponse A un signal de
commando provenant des kommenden Datenkanflen an jedem Schaltmo-
moyens de commando (2), caracte6rs6 en ce quo dul zu herausgehenden
Logikkanalen durch don     les moyens de commando (2) sont dispos6s pour
Bezug zu der entsprechenden Suchtabelle.  35     associer lesdites donn6es
reoueso par le module de commutation de source a l'adresse du module 9.
Verfahren gemaPIAnspruch 6 odor 7, zum Betrei-    de commutation de
destination et A une voie lo- ben sines Multiplexers mit mehreren Schaltmo-
gique respective d'une trame sortante multi- dulen, die mit einem
gemeinsamen Datenbus        plexee du module de commutation de destina-
verbunden sind und mit einem Steuermodul, des  40  tion, en ce quo le
module de commutation de des- mit dem gemeinsamen Datenbus verbunden ist
tination eat dispos6 pour assoclerA cette voie lo- und eine Suchtabelle
enthalt, wobel das Verfah-  gique un nombre pr6d6termine de tranches de ron
weiterhin den Schritt des Zuordnens von her-  temps libres de la trame
sortantb de fagon A ob- einkommenden Datbnkanfilen an jedem Schalt-
tenir la capacite requise pour cette vole, et en co modul zu herausgehenden
Logikkanflen enthilt,  45  quo le module de commutation de destination est
durch sine Bezugnahme zu der Suchtabelle in      dispos6 pour assembler
lesdites donnees reQues dem Steuermodul.
dane les trenches de temps associees de la tra- me sortanto en fonction des
elements d'une lists 10. Verfahren nach Anspruch 8 oder 9, zum Betrei-
chatn6e en boucle associee A la vole logique ben sines Multiplexers in dem
zumindest sin  5o  correspondantb des trenches de temps sortan- Schaltmodul
eonen Ausgangspuffer enthilt, wo-    tes, chacune desditbs donn6es reques
etant as- be! das Verfahren ferner das Zuordnen von her-   semblee dana une
des trenches de temps res- ausgehenden Logikkanalen zu herausgehenden
pective et definie par l'el6ment sulvant de ladite Zeitschlitzpositionen in
dem oder einem entspre-  lists apparaissant chronologiquement, par rap-
chenden Ausgangspuffer enthflt.          55      portau momentde la
receptlon desdites donnees rogues. 11. Verfahren nach irgendeinem
derAnspr~che 6 bis 9, in dem die vorbestimmte Anzahl von frelen  2. Noeud
de commutation de donnees selon la re- 8    
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i1111l! IN1i vendication 1, dans lequel les moyens de           finie
parl'el6mentsuivantde ladite listeapparais- commands (2) comprennent des
moyens A table       sant chronologiquement, par rapport au moment A
consulter (4) disposes en reponse aux informa-   de la lecture desdites
donn6es A partir du bus de tions d'adresses assoclies aux donnees prove-
donnees commun. nant de ladite une ligne de donn6es en vue de   5 fournir
ladite adresse du module de commutation  7. Proced6 selon la revendication
6, comportent la de destination et d'activer ledit module de
d6tection de I'apparition d'un glissement entre commutation de destination
de fagon qu'il lise les  les donnees entrantes et sortantes et la modifi-
donn6es provenant du bus de donnees commun         cation de la
correspondance entre lesdites don- et les transmettent a la trame sortante
de ladite  10  nees recues de la vote entrants et les 6lements autre ligne
de donnees selectionn6e.               de la liste chatnee correspondents.
3. Noeud de commutation de donn6es selon la re-    8. Proced6 selon la
revendicatlon 6 ou 7, pour la vendication 2, dans lequel les moyens A table
a    miss en oeuvre d'un multiplexeur comportant une consulter (4) so
trouvent sous la forms de tables  15  pluralite de modules de commutation
connect6s A consulter respectives comprises dans les mo-     A un bus de
donn6es commun, chaque module de dules de commutation et dispos6es en
reponse       commutation comprenant une table A consulter, aux
informations d'adresses associees aux don-    Is procede comportant en
outre l'etape consis- nees provenantde laditb une ligne de donnees on
tant a mettre en correspondence les voies de vue de transmettre l'adresse
dudit module de   20  donnees entrantes, A chaque module de commu- "..W.
commutation de destination.                       tation, avec les voles
logiques sortantes, en se r6f6rant A la table A consulter respective. 4.
Noeud de commutation de donn6es selon la re- vendication 2 ou 3, dans
lequel les moyens A ta-  9. Proc6de selon la revendication 6 ou 7, pour la
ble aconsultbr(4) sontdispos6es en reponse aux   25  miseenoeuvred'un
multiplexeurcomportantune informations d'adresses en vue de transmettre
pluralite de modules de commutation connectes au bus de donn6es commun (1)
l'identit6 de ladite  A un bus de donnees commun et un module de voie
loglque associee au module de commutation     commande connect6 au bus de
donn6es de destination.                                    commun et
comportent une table A consulter, le 30      proc6d6 comportant en outre
l'etape consistent A 5. Noeud de commutation de donnees selon l'une
mettre en correspondence lea voies de donnees quelconque des revendications
pr6cedentes,         entrantes, A chaque module de commutation, dans lequel
ledit nombre pred6termine de tran-     avec lee voles logiques sortantes,
en se r6f6rant ches de temps libres est le premier nombre de      a la
table A consulter du module de commando. tranches de temps libres de ce
type de la trame   35 sortante par rapport au d6but de la trame.     10.
Procede selon la revendication 8 ou 9, pour la mise en oeuvre d'un
multiplexeur dans lequel au 6. Procede de mise en oeuvre d'un multiplexeur,
moins un module de commutation comporte une comportant la r6ception d'une
pluralite de voies   memoire tampon de sortie, Is proced6 compor- et la
transmission aux voles selon des trenches  4o  tant en outre l'6tape
consistant A la mise en de temps imbriquees respectives d'une trame
correspondence des voles logiques sortantes multiplex6e sortantb,
caract6ris6 par les Mtapes  avec les positions des trenches de temps
sortan- consistant A assigner A une voie entrants la vole  tes dans la, ou
une, memoire tampon de sortie logique respective d'une trame sortante, A
asso-  respective. cier A cettb vole logique un nombre pr6d6termine   45 de
trenches de temps libres de fagon A obtenir la  11. Procede selon l'une
quelconque des revendica- capacite requise pour cetto vole, A associer les
tions 6 A 9, dans lequel ledit nombre pred6termi- donn6es des trenches de
temps de la vole en-       ne de trenches de temps libres est le premier
tranto A la voie logique align6e, et A assembler   nombre de trenches de
temps libres de ce type les donnees reoues de la vole entrants dans lea  5o
de la trame sortante par rapport au d6but de la trenches de temps associ6es
respectivement de      trame. Ia trame sortanto en fonction des 6lements
suc- cessifs d'une lists chatehe en boucle assoclie A la vole logique
correspondents des trenches de temps sortantes, chacune desditos donn6es
5C 6tant lue a partir du bus de donnees commun et assembl6e dans ladite une
tranche de temps res- pective de la trame sortantb tolls qu'elle est de- 9


