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node switch comprises a two-stage interconnection pattern connecting all
inputs to all outputs, and Present invention relates to switching appara-
each packet is routed directly from an input to the tus for interconnecting
a plurality of incoming and  correct output on the basis of its address. No
outgoing transmission links in the nodes of a com-   5   transfer of
circuit switched information is provided munication network, or for
exchanging data be-    as this is a pure packet switching network. tween
incoming and outgoing computer and work-       The paper "An Experimental
Synchronous station connection links. In particular, the apparatus
Composite Switching System" by T.Takeuchi et al. directs circuit switched
as well as packet switched  Proceedings of the IEEE 1986 International
Zurich traffic from the incoming links selectively to the  10  Seminar on
Digital Communications, pp.149-153, outgoing links.
describes a switch structure for interconnecting a plurality of trunk
lines. The switch basically com- BACKGROUND
prises plural synchronous, slotted transmission rings to which each of the
trunks is connected by a Fast switching of information, be it samples of
15  switch module. Each switch module can insert ad- analog signals or
alphanumeric data, is an impor-  dressed packets into empty time slots, and
the tant task in a communication network. The network  packets are
extracted at the destination switch nodes in which lines or transmission
links from   modules. Both  packet switched  and  circuit various
directions are interconnected for exchang-  switched data can be
transferred. However, TDM ing information between them are often the cause
20  switching operations with random reordering ac- of delay in the
transmission. If much traffic is  cording to destinations are required
separately in concentrated in a node, and if in particular most of  each of
the trunk switches, and combination of the traffic passes through a few of
the links, in-  equal switches of this type to configure larger creased
delays or even loss of information are    switch systems is not possible.
encountered. It is therefore desirable to have   25  In  German  Published
Patent Application switching nodes or exchanges which are fast and
2.441.099 entitled "System zur Vermittlung und practically non-blocking.
Such switching nodes    Uebertragung  digitaler Nachrichten  ueber ein
should further be able to accomodate different
Stufenvermittlungsnetzwerk (System for switching kinds of traffic such as
information from circuit  and transferring digital messages through a
staged switched (CS) voice channels or data from packet  30  switching
network)" a packet switching network is switched (PS) links.
disclosed in which each packet has a self-routing Various solutions for
exchanges or switching   address of which each field is associated with a
apparatus have been proposed in the literature and  particular node and
determines which output is to in patents.
be taken from that node. This publication does not The  article
"Integration  of Circuit/Packet  35  show the integration of different
services and is not Switching by a SENET Concept" by G.J.Coviello et
suited for transfer of circuit switched information. al., published in the
Proceedings of the National    U.S.Patent 4,679,190 describes a method for
Telecommunications Conference NTC 1975, pp.42-    switching synchronous and
asynchronous data 12 .. 42-17 describes a nodal switch for transfer of
packets through a multistage switching matrix con- circuit switched and
packet switched information   40  necting a plurality of input port
adapters associated between trunk lines. Input demultiplexers and out-
with incoming lines to a plurality of output port put multiplexers connect
the trunk lines to one   adapters associated with outgoing lines. The
common bus for CS traffic and another common      switching matrix,
consisting of subswitches, pro- bus for PS traffic. Addressed words are
transferred  vides overlapping paths between the input ports sequentially
over these busses. The different han-  45  and output ports. Due to the
crossing of paths In dling of PS and CS traffic prevent a uniform inter-
the switch, packets can meet and block each other. nal structure, and the
carrying of an address for  The described method allows a guaranteed for-
each single word (i.e. byte) of CS traffic creates  warding of synchronous
packets through the much overhead on the bus. Furthermore, a signifi-
switch. However, it requires the sending of test cant portion of the
switching functions is done in  so  packets for path setup and restricts
the choice of the multiplexers and demultiplexers which perform
simultaneously available paths for synchronous TDM switching operations for
assigned time slots,  packets. Furthermore, asynchronous packets may each
assignment being kept for the duration of the  be discarded when meeting a
synchronous packet respective CS connection.                         in a
subswitch and then must be retransmitted. U.S.Patent 4,314,367 entitled
"Switching Circuit  55  International Published  Patent Application for
Digital Packet Switching Network" discloses a  (PCT) No. WO  86/02510
discloses a packet switch structure for interconnecting incoming and
switched multiple queue NxM switch node and outgoing links in a packet
network node. Each such  processing method. The described switch directly 3



3                 EP0312628B1                        4 interconnects all
inputs with all outputs without in-  the storage blocks of these adapters
for generat- termediate switches, but requires a set of M com-    ing
minipackets and for depacketizing the in- plete FIFO queues at each of the
N inputs. Thus, a    formation; very high number of separate FIFO queues is
re-       Fig.4 is a schematic representation of a first quired for large
numbers of input and output ports,   5  embodiment of the switch; which
need each a separate FIFO queue control         Fig.5 shows schematically
the overall structure and have to be read out by a round-robin or other
of the switch fabric used in the first embodi- procedure.
ment; Fig.6 shows the basic structure of one single OBJECTS OF THE
INVENTION                       to    tree of the switch fabric of Fig.5;
Fig.7 shows the circuit logic of a single tree It is a primary object of
the invention to devise  node of the switch fabric tree; a fast switching
apparatus which can accomodate       Fig.8 is a survey diagram of the
following figures very high speed circuit switched and packet
which are a more detailed representation of the switched traffic in a
unified manner.         is    first embodiment; A further object of this
invention is a high      Fig.9 is a listing of the bit clock signals used
in speed switching apparatus supporting a variety of    the switch system;
interfaces such as ISDN services. as well as high     Fig.10 is a block
diagram of a module selector speed LAN (local area network)
interconnections      in a multiple-module switch implementation; and high
speed data processors or workstations.  20   Fig.11 shows one tree of the
switch fabric with Another object of the invention is to provide a
associated clock signals for the switch elements switch for interconnecting
transmission links, which  in the nodes; has a unified architecture and a
unified protocol     Fig.12 is a survey block diagram of the output and
control algorithm within the switch for both,     configuration of the
first embodiment of the circuit and packet switched information.      25
switch; A further object is a switching apparatus for     Fig.13
illustrates the arrangement of minipacket interconnecting transmission
links, which can be      shift registers for one output branch of a routing
constructed from basic uniform switching modules      tree; where each
module can be implemented on a             Fig.14 represents schematically
the output FIFO single VLSI chip to allow modularity and flexibility  30
queue buffers and their interconnection; of expansion.
Fig.15 shows the arrangement of output shift registers for one output port
of the switch fabric; SUMMARY OF THE INVENTION
Fig.16 (A...D) schematically illustrates the corn- bination of basic switch
modules for forming These objects are achieved by the invention as   35
higher capacity switches; defined in Claim 1.
Fig.17 illustrates how a 64 x 64 switch can be The construction from
uniform basic building      built using only basic 16 x 16 switch modules
as blocks allows for modularity and flexibility of ex-  shown in Fig.16A;
pansion. Because of the self-routing technique         Fig.18 schematically
illustrates the structure of a used, control of the switch is not
concentrated in  40  second embodiment of the high speed switch; one
processor element but rather distributed. The     Fig.19 is a more detailed
block diagram of one switch service distribution between packet and cir-
slice of the second embodiment; cuit traffic is completely dynamic and
intrinsic.     Fig.20 (A and B) shows details of the control Further
features and advantages of the inven-     logic of one S/P converter in a
switch slice as tion will become apparent from the following de-  45  shown
in Fig.19, and the status diagram for this tailed description of preferred
embodiments which     control logic. are disclosed in connection with the
accompanying     Fig.21 shows details of the control logic of the drawings.
output P/S converter in a switch slice as shown in Fig.19. UST OF DRAWINGS
50 DETAILED DESCRIPTION Fig.1 is a schematic block diagram of the switching
apparatus in its environment:          1) Basic Structure of the Switch
Fig.2 (A and B) shows examples of minipacket formats;
55      Fig.1 shows the basic switching system con- Fig.3 (A ... F) shows
block diagrams of the switch  figuration. The system consists of a switch
fabric adapter circuitry at the input and output ports,  11, input switch
adapters 13 (13-1 ... 13-k) which are respectively, and the information
organization in  connected to the switch fabric at input ports 15 4  



5                  EP 0 312 628 B1                     6 (15-1 ... 15-k),
and output switch adapters 17 (17-  CTL (1 byte) which Is used by the
switch fabric; it ...17-p) which are connected to the switch fabric
contains e.g. information designating the length (L) at output ports 19
(19-1 ...1 9-p).                  of the minipacket and identifying the
priority (P) of Incoming and outgoing transmission links 21      the
information. (21-1 ...21-q) and 23 (23-1 ...23-r) are connected to   5  The
last portion of each minipacket is the in- the switch system by line (link)
adapters 25 (25-   formation field. It contains the data bytes or voice 1
...25-q) and 27 (27-1 ... 27-r), respectively. The  samples which were
received on an incoming transmission links carry circuit switched or packet
transmission link and have to be delivered to an switched traffic from and
to attached units such as  outgoing transmission link. work stations,
telephone sets, or the like (links   10  The format of Fig.2A is suitable
for switches designated WS), from and to local area networks      having
only one switching stage and in which only (links designated LAN), from or
to Integrated Ser-   one link is attached to each port of the switch vices
Digital Network facilities (links designated   fabric. ISDN), or from and
to any other communication           For multiple-stage switches and for
switches systems. Furthermore, processors may be attached   15  having
several links or channels per switch fabric directly to switch adapters 13
and 17. The line      port, an extended format must be used as is shown
adapters (LA) and switch adapters (SA) have a        in Fig.2B. Here, the
address consists of several common interface.
bytes A1, A2, A3 (and more, if necessary). One of At the input switch
adapters, various services   the address bytes (e.g. A1) is at the
minipacket from packet switched and circuit switched inter-  20   head for
controlling routing through one switch faces are collected and converted
into uniform       stage. Between the stages, address byte positions
minipackets (having one of several possible fixed    are shifted so that in
the next stage, another ad- lengths), with a header containing routing
informa-  dress byte (e.g. A2) is at the minipacket head and tion
designating the required output port (and out-  controls routing. The
control byte CTL would al- going link) of the switch. Some details on the
25   ways remain in the second position. minipacket format and on
minipacket generation in       In addition, a channel identification byte
CID the input switch adapters and on depacketization in  may be provided
for distinguishing between the the output switch adapters will be given in
the next  different transmission links connected to the same sections.
output port and  between  the different time The switch fabric routes the
minipackets via a   30  slots/channels of each TDM link (bus). This byte is
fast self-routing interconnection network from any   to be used by the
output switch adapter and thus input port to any output port. The structure
of the  would be transferred through the switch fabric out- self-routing
network is such that minipackets can    put port with the information field
of a minipacket. be routed simultaneously internally without any      The
CID byte would be shifted like the other ad- conflicts.
35   dress bytes, to be in the first position when need- The heart of the
switching system is the switch  ed. fabric. Two different implementations
are consid- ered and will be described separately. In one im-    3)
Generation of Minipackets In Input Switch plementation, the switch fabric
comprises a self-    Adapters and Depacketization in Output Switch routing
binary tree for each input port, connecting   40   Adapters the respective
input port to all output ports; the switch fabric comprises k such trees in
combina-        Fig.3 shows block diagrams of the circuitry in tion (if k
input ports are provided). In the other   an input switch adapter 13-i and
in an output switch implementation, a bus structure with an output
adapter 17-i, and the information organization used. RAM is provided as a
slice for each output port,  45  In Fig.3A there can be seen the input
switch adapt- connecting all input ports to the respective output  er
cicuitry for attaching a TDM link, which consists port; the switch fabric
comprises p such slices in   of a storage block 51, a packetizer element
53, and combination (if p output ports are provided). More   a micro
controller 55. Information arriving on the details on these implementations
will be described   link (TDM bus) is adapted in line adapter 25-i and in
later sections.                              50  then distributed in
storage 51 for forming a plurality of minipackets; packetizer element 53
transfers 2) Minipacket Structure                             each full
minipacket from storage 51 to the switch fabric input port (15-i)
associated with the respec- The minipacket structure is illustrated in
Fig.2  tive adapter. (A and B). The simplest form of the minipackets is  55
The read and write operations in the input shown in Fig.2A. It comprises as
first portion the   switch adapter circuitry of Fig.3A are now ex- routing
address A (1 byte) designating the required  plained with reference to
Fig.3B which shows the output port. The second portion is a control field
information organization in storage 51. The storage  



7                 EP0312628B1                       8 comprises two
sections for alternate usage, and the  (slot). All other TCI bits are not
used in the present contents of one section is shown in Fig.3B. It
example. comprises one storage segment for each time slot      For the
transfer of minipacket contents from of the TDM bus, e.g. 120 segments.
Each time slot  switch fabric output ports to TDM communication segment
contains the following fields:        5   links, a similar arrangement is
used. Fig.3C shows - TCI: holding a segment control word the con-  a block
diagram of the circuitry for a TDM link in tents of which is shown in the
lower portion of  an output switch adapter 17-i. It comprises a stor-
Fig.3B                                       age block 61 whose output is
connected to the line - A: Address byte designating the required out-
adapter 27-i of the respective outgoing communica- put of the switch (as
already explained   to  tion link. A depacketizer element 63 is connected
above)                                       between the output port of the
switch fabric and the - CTL: the minipacket control byte already     input
of storage 61. Micro controller 65 is provided mentioned above
for the management of storage 61. CID: Channel identification (designating
the     The information organization in storage 61 Is destination output
link and the time slot on   15  shown in Fig.3D. A plurality of FIFO
buffers is the output TDM bus)                          provided, one for
each TDM channel (slot), and can - Di: Data bytes
be identified by the channel identifier CID in each Instead of only one
address byte as shown in   minipacket. Each FIFO buffer comprises a buffer
Fig.3B, the output address may comprise a plural-  control word TCO whose
format is shown in the ity of address bytes as was mentioned above. The
20  lower portion of Fig.3D, and a number of data byte number of data bytes
is a design choice and may   fields Di whose total capacity corresponds to
sev- be e.g. 29 if the minipackets hold 32 bytes       eral minipackets
(e.g. 94 bytes per FIFO buffer). (including three bytes for A/CTUCID), or 5
data   For each minipacket appearing at the associated bytes for short
8-byte minipackets. Control byte  output port, depacketizer element 63
inspects the (CTL) and addressing bytes (A, CID) in each time   25  channel
address CID, selects the respective FIFO slot segment are prestored, and
their contents is  buffer, eliminates the non-data bytes of the determined
in advance by the micro controller 55,  minipacket, and stores the data
bytes in consecu- e.g. when a connection is set up. The contents of  tive
empty fields of the selected FIFO buffer. segment control word TCI is also
determined by       At the ouput side of storage 61, FIFO buffers the micro
controller.                        30  are served cyclically and one data
byte Di is read Consecutive bytes arriving on the input of stor-  from each
FIFO buffer per cycle and transferred to age 51 are placed in
equal-numbered byte posi-      the line adapter so that it is transmitted
in the tions of consecutive time slot segments. Thus all  correct time slot
of the TDM trunk. bytes of one TDM cycle are distributed to the time
Contents of the TCO control word is as follows: slot segments in storage
and will all occupy the   36  Field Y contains an active/idle indicator and
is set same byte positions Di. In the next TDM cycle,    to one by
depacketizer 63 when the respective byte positions D(i + 1) will be filled,
and so on.  buffer receives valid data bytes to be transferred. If When all
byte positions have been used (e.g. D29  this bit is zero, no data bytes
are transferred to the was filled in the last cycle), a read-out operation
is  TDM bus. The status of bit S indicates whether a started for that
storage section, and byte insertion   40  skew is pending (to be explained
below). Bits 0 is switched over to the other section of storage 51.  and U
indicate whether an overflow or underflow If short minipackets are used,
read-out is started  occured in the FIFO buffer. Field "STOR" contains
already when byte position D5 was filled.         the address of the byte
field where the next data Reading out is done by packetizer element 53.
byte is to be stored, and its contents is increased It transfers the
contents of each time slot segment,  45  by depacketizer 63 after each byte
storing opera- except for control word TCI, as a minipacket to the  tion.
Field "OUTP" contains the address of the switch fabric input port, and thus
empties one time-  data byte field from where the next byte is to be slot
segment after the other until a minipacket for  read for transfer to the
TDM bus. Its contents is the last one (No.120 in this case) was
transferred.  also increased by one after each byte read opera- Then the
read-out operation switches to the other  50  tion. storage section which
was filled during the last     The field "SKEW" is provided to allow
initial TDM cycle.                                        partial filling
of each FIFO buffer so that when The first bit Y of control word TCl is an
some jitter occurs, underflow of the buffer will be active/idle indicator.
If it is zero, no data are in-  avoided. The contents of this field is the
number of serted in the respective time slot segment and no   55  bytes
which should be stored initially before any read-out is done by packetizer
53. The indicator bit  read-out starts. Micro controller 65 initially sets
all is set to one by micro controller 55 when a connec-  S bits in TCO
words to one thus preventing read- tion is established for the respective
TDM channel  out. It compares for each FIFO buffer the numbers 6 



9                 EP0312628B1                        10 stored in "SKEW"
and "STOR", and when the          link/channel (as is explained below).
store address exceeds the skew number, the S bit      In Fig.3, separate
storage and control units is reset to zero thus allowing the start of
read-out  were shown for the input switch adapter and the operations for
the respective buffer.              output switch adapter (Fig.3A/C/ElF).
It is of course Packet switched communication can be effec-   5   possible
to provide for the incoming and outgoing ted over virtual TDM channels and
in this case data  portions of one TDM trunk a single micro controller
packets can be handled the same way as was just    executing the tasks of
micro controllers 55 (56) and described. These virtual channels are
established  65 (66), and a single storage unit combining the in advance
and thus the micro controller can set up  contents of storage blocks 51
(52) and 61 (62), i.e. the contents of TCI words accordingly. However,  10
including two storage sections as shown in Fig.3B an alternative solution
is described below.        plus one FIFO buffer arrangement as shown in
Input switch adapter circuitry for generating   Fig.3D, or a packet FIFO
storage plus a packet minipackets from normal data packets received on
assembler storage. packet switched channels is shown in the block
Arrangement when several links are connected diagram of Fig.3E. This
circuitry comprises packet  15  to the same input switch adapter (as shown
in FIFO storage block 52, a packetizer element 54,    Fig.1): micro
controller  56,  and   an  additional          If plural links are
connected to the same Input address/control storage block 58.
port / switch adapter, a respective number of stor- When a packet arrives
through link adapter 25-  age blocks 51 (or 52) as the one shown in Fig.3A
i, its destination address (and other control informa-  20  (and in Fig.3E)
must be provided. They are all tion) is evaluated by micro controller 56
which    connected to a single packetizer element 53' which contains
prestored tables associating packet des-  serves all the storage blocks 51
(and 52) in a tination addresses with local routing addresses (for
round-robin fashion. At the output side, a similar switch output ports). MC
56 stores the required    arrangement is provided: A plurality of storage
local routing address (and control information and   25  blocks 61 (or 62),
one for each output TDM (or CID) in storage block 58.
packet) link, is served by a single depacketizer The whole arriving packet,
including its destina-  element 63'. This depacketizer uses one portion of
tion anddress, source address, control information  the minipacket address
(shown in Fig. 2B as CID) etc. is stored without modification in FIFO
storage  for selecting one of the storage blocks 61/62, and 52. MC 56
detects the length of the packet and   30  for the TDM case it can then use
the remaining holds this information available. Packetizer 54    portion of
the ClD for selecting one FIFO buffer. forms minipackets (as shown in
Fig.2) by extracting address and control bytes from storage block 58    4)
First Embodiment of Switch Fabric Module and appending the necessary number
of of packet bytes from  FIFO storage 52. It sets respective   35  a)
Principles marker bits in each minipacket control byte for distinguishing
first, intermediate, and last minipac-  In the first embodiment, the switch
fabric mod- ket of each sectioned large packet.                ule consists
of a self-routing decoder tree (routing Output switch adapter circuitry for
reassem-    tree) 71 for each input port as is shown schemati- bling normal
packets from minipackets is shown in  40  cally in Fig.4. The tree has one
input branch at the the block diagram of Fig.3F. This circuitry com-
respective input port (e.g. IN-1), and it has one prises a packet assembler
storage block 62, de-    separate output branch at each of the output ports
packetizer element 64, and micro controller 66.    (e.g. OUT-1 ...OUT-p).
At each output branch of a The storage block is organized in several FIFO
routing tree, there is provided one minipacket shift buffers, and the
depacketizer inserts the first  45  register 73 (MPSR), e.g. MPSR-11,
MPSR-12. minipacket of each user packet to be reassembled   MPSR-1p. All
minipacket shift registers associated Into a new empty FIFO buffer. Futher
(intermediate)  with one output port, e.g. MPSR-11 MPSR-21. ... minipackets
are inserted in the following spaces of  MPSR-k1 for output port OUT-1,
form a block of the same FIFO buffer, and when the last minipac-   shift
registers whose outputs are connected, via an ket is inserted, the
depacketizer gets a new FIFO   50  output server 75, to the associated
output port of buffer ready for the next "first" minipacket (of   the
switch and thus to the corresponding output another user packet) which It
will receive. Thus,  switch adapter. each user packet gets reassembled in a
separate        Each minipacket appearing at an input port is FIFO buffer.
automatically gated, in response to the bits (bytes) When several packet
switched links or chan-  55  of the output address it carries, through the
routing nels are attached to the same output port, they are  tree to the
MPSR at the desired output port where distinguished by the CID byte, and
several storage  it is intermediately stored. The associated output blocks
62 will be provided, one for each output    server reads out sequentially
the minipackets from 
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it serves, to the respective output  either AND gate 85 for output 1 or AND
gate 87 for port so that they enter the corresponding output   output 2, so
that it forwards the arriving minipacket switch adapter one after the
other. A pair of      data stream to the desired output. No resetting of
minipacket shift registers which are used alternatin-  the node latches is
necessary before the next gly is provided at each output branch of each   5
minipacket is gated if certain inhibit, circuits are decoder tree so that a
new minipacket can be       provided, as will be seen in the detailed
example to received from the tree while the previous one is   be described
in the following. waiting to be read out by the respective server. To avoid
loss of minipackets in situations      b) Detailed Example for First
Embodiment where much of the traffic trough the switch is  10 concentrated
on one or a few output ports, output      A more detailed example for the
first embodi- FIFO (first-in first-out) queueing buffers can be  ment of
the switch system will now be described in provided as is shown in Fig.5.
For each group of m  connection with Figs.8 through 15. MPSR registers
(register pairs) at an output port,     The following values and conditions
were se- there is provided one pair of FIFO buffers 77. The   15  lected
for this example: first buffer of each pair is for traffic having a higher
Basic building unit = switch module having priority (class 1), e.g. circuit
switched traffic which  16 input ports and 16 output ports; compris- must
be dispatched within a given cycle time, and       ing 16 routing trees
each having one input the  second FIFO buffer is for lower priority (class
branch and 18 output branches [err] traffic, e.g. packet switched traffic
which may   20   Whole switching system  having 128 input suffer some
delay. The contents of each MPSR of         ports and 128 output ports;
built as array of 8 a group is gated through gating means 79 to one of
x 8 = 64 basic switch modules the two FIFO buffers in response to a
priority bit    * Minipacket routing addresses are 8 bit long: contained in
the control information field of the       - 1 not used (reserve)
respective minipacket. All of the FIFO buffers asso-  25  - 3 for selecting
module ciated with one output port are read out by the         - 4 for
selecting output port within module respective output server 75 for
sequentially trans-     Two sizes of minipackets: either 64 bits or ferring
minipackets to the output port. Class 1 FIFO    256 bits buffers must be
served first; only if no minipacket     - 1 byte (8 bit) for address is
waiting any more in a class 1 buffer can the   30    - 1 byte (8 bit) for
control information (1 bit class 0 buffers be served. It is possible of
course        for distinguishing short and long minipac- to provide only a
single pair of FIFO buffers per          kets) output port if such buffers
have enough capacity        - remaining 6 bytes or 30 bytes for data for
the traffic from all inputs.                           (and for CID if
required) Principles of one routing tree (self-routing de-  35  Common
clock system for all modules, i.e. all coder tree) will now be described in
connection         modules are bit synchronized (but each mod- with Figs. 6
and 7. The tree 71 is a multi-stage        ule has sixteen individual clock
pulse coun- [err] with a plurality of branching nodes, and          ters,
one for each input, started by a data ne switching element 81 is provided
at each node.         indicator signal when a minipacket begins) Each
switching element has one input and two   40      As is indicated above,
the system is built up as outputs and gates the data entering it to one of
its  an array of 8 x 8 basic modules each being a 16 x two outputs. The
selection of the output is made by  16 array. Some details of this
combination will be a single bit of the minipacket routing address. Thus
given later. However, It should be noted already the network acts as a
binary tree which gates      that in each module of the array, three
routing bits minipackets from the input branch to one single  45  will be
required for selecting one module out of a output branch without any delay
or intermediate    subgroup of eight modules (which are all con- storage.
nected to the same subgroup of sixteen system One single switching element
of the routing    input ports), and four routing bits will be used for tree
is shown in Fig.7. It consists of a latch circuit  directing a minipacket
within a module to the re- 83 and two AND gates 85 and 87. The latch
circuit  so  quired one of the sixteen outputs. receives, on its data input
D, the full stream of      A block diagram of the basic switch module is
minipacket bits. In reponse to one single bit of this  shown in Fig.8. It
has sixteen slices, and each slice bit stream, which is selected by a
specific clock  consists of a selector portion 89 (shown in more pulse
entering the clock input C, the setting of the  detail in Fig.10), a
routing tree 91 (shown In more latch will be selected. Thus, when the
routing ad-  55  detail in Fig.1 1), and an output portion 93 (shown in
dress bit associated with the respective stage of  detail in Figs. 12, 13,
14, and 15). The sixteen the tree has passed through it, the latch of this
output terminals of each of the sixteen routing trees 



node will have the correct setting and will open   (one per slice), and the
sixteen input terminals of 8    13                EP 0 312 628 B1
14 each of the sixteen output portions (one per slice),  Routing Tree: are
interconnected by a wiring network as was indicated already in connection
with Fig.4 (and        Fig.11 illustrates the routing tree 91 of one
Fig.5).                                            module slice, having one
input IP-i and sixteen It should be noted that on the input side, eight   5
outputs OP-i.00 ... OP-i.15. This figure corresponds basic modules (forming
a subgroup) are connected   to the tree 71 of Fig.6 except that it
additionally in parallel to one subgroup of sixteen system input  shows the
clock signal lines. Each of the blocks is ports (of the total of 128 inputs
ports which are  a switching element 81 as shown in Fig.7. As can separated
into eight subgroups). Thus, e.g. system  be seen, during clock interval
C004, the setting of input port 061 in the fifth subgroup of input ports
10   the single node circuit of the first (leftmost) tree (064...079) is
connected in parallel to the input 003  stage is determined by the fourth
addresss bit of of each of eight basic modules which form the fifth  the
incoming minipacket, so that the fifth (and all subgroup of modules
(serving system input ports    following) address bits are gated either
through the 064 ... 079). On the output side, however, the 128  upper or
the lower output. Similarly, during clock outputs of the eight modules
forming the subgroup   15  interval C005, the fifth adress bit of the
incoming are each connected (through a buffer) to a different  minipacket
will determine the setting of either the system output port (as will become
apparent from   upper or the lower of the two node circuits of the the
examples of Fig.16).                           second stage of the tree. At
the end of clock The timing scheme for the whole system is      interval
C007, i.e. when all minipacket routing ad- illustrated in Fig.9. It
corresponds to the format of  20  dress bits have passed the tree, only one
of the each minipacket. The first eight clock intervals   sixteen outputs
will be connected to the single C000 ... C007 are associated with the
address bits;  input. Thus, all the data bytes (and also the CTL the next
56 clock intervals C008 ... C063 are asso-  and CID bytes) of the
minipacket will be gated ciated with the fields CTL, CID (if necessary),
and  through that single output without any delay. the information field of
the short minipackets (the   25  It should be noted that despite the random
first bit time C008 being associated with the      setting of the nodes at
the start of a minipacket short/long indicator bit appearing as first bit
in the  (which setting was determined by the previous, output buffer).
Three further groups of 64 bit inter-  independent minipacket), causing the
gating of ini- vals  each  (C064...C1 27,.  C128....C191,  and    tial
address bits of the new minipacket to any C192...255) are associated with
further .64-bit por-  30   output of the tree, this will have no effect
because tions of the information field of long minipackets.   in the output
portion 93, all address bits are inhib- ited and only data bits are gated
into output regis- Selector Portion:                                  ters.
Fig. 10 is a block diagram of the selector   35   Output Portion: portion
89 of each module slice. it comprises three latches 95-1, 95-2, 95-3 and
four AND gates 97-1,      The output portion 93 of each switch slice will
97-2, 97-3, and 99. Data inputs D of all three     now be described in
connection with Figs.12 ... 15. latches are connected to the input terminal
of the     Fig.1 2 is a block diagram of all units of an respective slice,
and each of the clock inputs C is  40  output portion. There are 18 inputs
IP-00j ... IP-15.j connected to one of the three clock lines C001,    each
connected to the j-th output (OP-ij) of a C002, and C003. After occurrence
of the three      different routing tree. To each input there is con- clock
pulses C001 ...C003, the setting of the three  nected a pair 101 of shift
register blocks (101a and latches will reflect the first three address bits
of the  101b) which correspond to the minipacket shift routing address of
the incoming minipacket. Each   45  registers 73 (MPSR) shown in Figs.4 and
5, and of of the eight selector portions in the slices i of eight  which
more details are shown in Fig.13. modules of a subgroup, which are
connected to the      The outputs of all shift register blocks 101 are same
system input port i, receives a different com-  connected, via a common bus
103, to the input of a bination of binary values A1, A2, and A3 represent-
FIFO storage 105 which represents the FIFO queu- ing its selector address.
The combination of these   50  ing registers 77 of Fig.5. The FIFO,storage
105 is selector address bits and the setting of the three  illustrated in
more detail in Fig.14. latches will condition only in one of the eight
slices  Output of the FIFO storage 105 is connected, i of the respective
module subgroup the selector to  via a bus 107, to an output shift register
arrange- have its AND gate 99 opened for the following      ment 109 which
serves for sequentially shifting out incoming address bits and data bits of
the current  55  the data of each minipacket received at the respec-
minipacket. All other seven selectors will be inhib-  tive switch output
port (OUT-j), to an output line ited until the next minipacket cycle
starts.       which is connected to the input of the switch adapt- 



er of the respective output port (cf. Fig.1 or Fig.4). 9    15
EP0312628B1                          16 Fig.13 is a block diagram of one
shift register    field of each minipacket indicates the length of the
block 101a (two such blocks are provided as one        packet; it is zero
for long packets and one for short shift register block pair 101). The
heart of this      packets. arrangement is a group of four pairs of 32-bit
shift      If bit L is equal to one, AND gate 121 will registers 111-1
...111-4. The total capacity of these    5   produce an output pulse at
clock time C-063, which four shift register pairs is 256 bits which corre-
pulse will set latch 125 so that it produces a "full" sponds to one long
minipacket. The two shift regis-    signal on line 127 which propagates to
the FIFO ters of each pair store consecutive bits of the        control
logic 135, indicating that the minipacket is minipacket bit stream
alternatingly (to enhance       ready to be stored in the FIFO. It also
causes speed). A demultiplexer 113 is provided for each   10   active input
state of the shift register pair to shift register pair to switch inputs
after each bit.   change, allowing another minipacket to be stored Thus,
the upper register of each pair holds odd-       while the just filled
register awaits transfer to the numbered bits and the lower one holds
even-num-       FIFO. If the L bit is equal to zero, clock signal C- bered
bits. Bus 103 actually consists of an odd bus     063 will have no effect
but clock signal C-255 will 103a and an even bus 103b which are connected
15  set, through OR gate 123, latch 125 which only to all odd shift
registers or all even shift registers,  then (at the end of a long
minipacket) will furnish a respectively. Each bus has 32 parallel bit
lines.      "full" signal on line 127. Thus, the two registers of a pair
can be read out in      A block diagram of FIFO storage 105 is shown
parallel.                                             in Fig.14. It
comprises two sections 131 and 133 For distributing the data bits of a
minipacket to   20  for the two priorities 0 and 1. Bus 103, as was the
different shift registers, a 1:4 selector 115 is   mentioned earlier,
actually consists of two busses provided. It receives the input data on a
line 117     each for transferring in parallel 32 bits so that the and
gates them to one of four outputs which are        contents of each shift
register pair 111-i (i.e. 64 connected to the four 1:2 demultiplexers 113-
bits) can be transferred in parallel to the FIFO 1 ...113-4, respectively.
Selector circuit 115 has four   25   storage. A priority selector 135 is
responsive to the clock inputs which are up during clock intervals C-
priority bit of the minipacket (which appears on a 008...C-063, C-064 ...
C-127, C-128...C-191, and C-    specific one of the 32 parallel lines of
bus 107) to 192...C-255, respectively. During clock interval C-    gate the
32 bits either to FIFO 131 or FIFO 133. 008 ...C-064, the incoming data
bits are gated to the  (The width of the FIFOs is such that one complete
first shift register pair 111-1. Thus, the selector   30  long minipacket
can be stored in one row of the inhibits transfer of the first byte, i.e.
the address  FIFO storage.) Each of the two FIFO stores has an bits, of
each minipacket. The first byte stored in      output bus 137 carrying 64
parallel bits. A second shift register pair 111-1 is actually the second
byte  priority selector 139 is provided to gate the con- of the minipacket,
i.e. the control byte (LOOPTTAA     tents of only one FIFO storage to
output bus 107. as indicated in Fig.13). This control byte includes   35
An extra bit line 141 with bus 137b indicates as first bit the length
indicator L, and also a priority  whether the higher priority FIFO storage
133 still bit P indicating whether the respective minipacket     contains
data or not. If no more data are waiting in )ntains circuit switched data
having high priority   FIFO 133, selector 139 switches to gate the data or
packet switched data having lower priority.         from bus 137a to output
bus 107. It should be noted that the first shift register   40  The present
example provides two priorities. It pair 111-1 will contain only 56 bits
(because the      is of course possible to have more than two priority
eight address bits are not stored). When bit interval  categories. A
respective number of FIFO queue C-064 starts, selector 115 switches to its
second      stores would have to be provided (and of course a output to
gate the following 64 bits into shift regis-  sufficient number of priority
bits in the control byte ter pair 111-2. The other two shift register pairs
are   45   of the minipacket format). filled during the clock intervals
indicated at the        Reading-out of FIFO buffer stores 131 and 133 third
and fourth clock input of selector 115.          occurs under control of
output control logic (not For developing an indicator signal when a full
shown). Any time either FIFO has one or more minipacket (either a short one
or a long one) was      minipackets stored (FIFO not empty), the output
received in the shift register block, an AND gate   50   control will cause
a minipacket to be forwarded to 121, OR gate 123, and a latch 125 with
output line    the output register (Fig.15) via priority selector 139. 127
are provided. Furthermore, a line 129 is pro-      The priority FIFO is
always served until it is empty, vided which connects the bit position in
shift regis-  then the normal FIFO is serviced. ter 111-1 holding the ninth
bit of a minipacket          The output shift register arrangement 109 is
(which is the first bit of the control field) to one   65  shown as a block
diagram in Fig.15. It comprises input of AND gate 121 whose other input is
con-        four shift registers 151-1 ...151-4 each with a capac- 



nected to a line furnishing clock signal C-063. As     ity of 64 bits.
These shift registers are loaded in was mentioned earlier, the first bit
(L) of the control  parallel and read out sequentially, i.e. they are 10
17                EP 0 312 628 B1                   18 actually
parallel-to-serial converters. A 1:4 selector  form a path between the 32
switch inputs and the 153 distributes the 64 parallel bits of each block
first 16 switch outputs. Input ports of M1 are con- which arrive on bus 107
to the four shift registers  nected to switch inputs 00 through 15, and
input 151-1 ... 151-4. The selector is controlled by a signal  ports of M2
are connected -to switch inputs 16 on line 155 from the output control
logic. A 4:1   5   through 31. Each of switch outputs 00 through 15
selector 157 selects the four shift registers in se-  is connected in
parallel to the two equal-numbered quence for transferring their contents
in bit-serial  output ports of both modules M1 and M2. Similarly, form to
output line OUT-j which represents output  the two modules M3 and M4 are
connected to form port j of the switch and which is connected to a  a path
between all 32 switch inputs and the second respective switch adapter (cf.
Figs. 1 and 4).     10   16 switch outputs (i.e. outputs 16 ... 31). Once a
segment of the output shift register 109   Fig.16C shows how four of the 32
x 32 super- has been loaded, the selector 157 starts shifting  modules
shown in Fig.16B can be combined to that segment out through the output j
provided the  form a 64 x 64 switch (connections being made in output has
received an active control signal on line  an analogous manner as for the
switch of Fig.16B). 159. Control signal on line 159 comes from the   15  In
this case, two selector bits should be provided in output control logic.
Each output has associated  the routing addresses: The first could be kept
al- with it two external signal lines: token receive and  ways zero, the
second would indicate the super- token send. (This is needed when output
links of  module selection, and the third would indicate the several
modules are tied together in multi-module  basic module selection as
described already in stages as exemplified in Figs. 16B, 16C, and 16D.)  20
connection with Fig.16B. The second selector bit in When the output has
received a token and has a    each address, i.e. the supermodule selector
bit, minipacket with priority equal or higher than the  would cause the
selection between two parallel token, the control signal on line 159 can
then be  supermodules (either SM1 and SM3, or SM2 and activated upon the
indication that no other minipac-  SM4) in the arrangement of Fig.1 6C. ket
is being sent on the output lines. When the   25  Fig.16D illustrates how
sixteen of the 32 x 32 control line 159 is activated and a minipacket has
supermodules shown in Fig.16B could be com- been started, the received
token is sent onto the  bined to form a 128 x 128 switch configuration. No
token send line to the next linked output. If no other  further explanation
need be given on interconnec- links are tied to output j, the token send
line is  tions because they would be analogous to those for connected to
the token receive line.         30  the switches of Fig.16B and Fig.16C.
However, all three module selector bits of the routing adresses Combination
of Basic Modules to Form  Larger      in the minipackets would have to be
used in this Switches:                                         case. The
first two selector bits distinguish be- tween four parallel supermodules
(as indicated by As was indicated above already and was as-  35  the
two-bit addresses shown in the upper right sumed for the detailed
embodiment described,      comers of the supermodules in Fig.17). The third
larger switching systems can be formed by corn-   selector bit determines
one of the two parallel bining a plurality of the basic 16 x 16 switch
basic switching modules in a supermodule. Ac- modules described. Figs.16
and 17 illustrate sche-  tually, the selection Is made by the three
selector matically some of the possibilities.         40  bits within those
basic switching modules in the In Fig.16A there is shown the basic 16 x 16
supermodules, which are connected to the input module which has 16 input
ports and 16 output     ports. ports and consists of 16 routing trees as
shown in   It should be noted that a 128 x 128 switch Fig.1 1. In addition,
a module selector as shown. in  could not only be formed by interconnecting
a four Fig.10 is attached between each of the sixteen   45  by four array
of sixteen 32 x 32 supermodules, but input ports and the entrance terminal
of the respec-  also by interconnecting an eight by eight array of tive
routing tree. Furthermore, at each output    sixty-four basic 16 x 16
modules, as was assumed branch of each routing tree there is provided a
in the case for which a detailed description was minipacket shift register
arrangement for one     given above (with reference to Figs.8 and 10). In
minipacket (similiar to that shown in Fig.13).  50  this case, all three
selector bits are used to distin- Fig.16B shows how four such basic modules
guish between eight parallel basic modules forming can be combined to form
a 32 x 32 switch (or      one subgroup, each of said eight parallel basic
supermodule). In this case, only one selector bit  modules being connected
to another group of six- need be used to distinguish between two modules
teen switch output ports but all of which are con- (M1/M3 or M2/M4); i.e.
of the three selector bits in   55  nected to the same group of sixteen
switch input 



the routing address, the first two can be kept zero  ports. and the third
designates the required output mod-    The fabric configurations shown in
Figs.16B, ule. Two modules M1 and M2 are connected to       16C, and 16D
have the same full switching capabil-    19                 EP 0 312 628 B1
20 ities as each single basic 16 x 16 switching module    When the right
amount of address bits has (Fig.16A).
been received (which is determined by an output It is however possible to
build staged combine-  pulse of control logic 177-i), the contents of ad-
tions for increasing the number of input/output    dress separator 175-i is
compared to the contents ports, which use less basic 16 x 16 switching   5
of local slice address register 179. If the addresses modules than the
previously explained extension    match, nothing happens. More data will
flow into combinations. This saving in modules has to be     the S/P
register until a count of k is reached. Then traded in, however, for a
possible longer delay in  a request latch is set, indicating a request for
the switch (accumulation of delays in buffers). Any-  service by the
respective S/P converter. That re- way, no adaptations have to be made to
the basic  10  quest is scanned by slice controller 185 (see be- modules
for combining them in this staged manner.  low). When the address compare
is negative Fig.17 shows the principle of the staged com-   (addresses do
not match), the process is stopped bination for the case of a 64 x 64
switch. Four input  in control logic 177-i by a pulse from the compara-
modules are connected to four output modules in    tor. No request for
service will be generated. such a way that from  each input module, a   is
it should be noted that, if the minipacket size Is minipacket can be gated
to any output module.      a multiple of the basic segment size k, S/P
convert- Each line in the drawing represents four separate  ers 171 must
convert each segment of a minipac- connecting lines, each of which connects
one mod-  ket separately so that the minipacket is chopped output to one
module input.                     into basic segments. Each S/P converter
171 com- 20  prises a pair of registers each of basic segment 5) Second
Embodiment of Switch Fabric              size (k bits) and suitable control
so that the two registers will be used alternatingly for serial data In the
second embodiment, the switch fabric    insertion and parallel read-out.
consists of a plurality of switching slices 169, each  Some additional
detail of the control logic and of which connects all input ports to one
particular  25  operation of one S/P converter is explained further output
port, as is shown in Fig.1 8. Thus, for a 16 x  below in connection with
Fig.20 (A and B). 16 switch, there would be provided 16 switching
All S/P converters 171-00 ...171-15 are connect- slices each having 16
inputs and a single output.  ed by a common bus 181 to a minipacket FIFO It
is assumed that the size of each minipacket  storage (RAM) 183. Write and
read operations in is an integer multiple of a basic segment size   30  the
FIFO storage 183 are controlled by a slice which is a power of 2. As in the
first embodiment  controller 185. Bus 181 is k bit wide so that a described
above, the basic segment size in this      whole basic segment (k bits),
i.e. the full contents second embodiment is k = 64, and the minipacket
of one S/P converter register can be transferred in sizes used are either
64 bits or 256 bits (short or  parallel. long minipacket).
35       The output of minipacket FIFO storage 183 is A block diagram of
one switching slice 169 is   connected by a bus 187 which is also k bits
wide shown in Fig.19. The switching slice comprises for  to a common
parallel-to-serial converter 189. This each input port:
P/S converter is similar to the S/P converters 171 - one k-bit
serial-to-parallel converter 171 com-  in that it also comprises two
registers which each prising two registers which can both hold a   40  can
hold a whole basic segment of k bits, and whole basic segment of k bits,
which are used alternatingly. The output of of P/S - one address comparator
173 with an asso-       converter 189 is connected to that output port of
ciated address separator 175, and             the switch fabric which is
associated with the re- - control logic 177.
spective slice. Each S/P converter 171 is directly connected   45  Control
logic 191 (similar to control logic 177) to its associated input IP-i. Each
comparator 173  is provided for the output P/S converter 189. Its has one
of its inputs connected to the associated  function and operation is
described later in connec- address separator 175, and the other one to a
tion with Fig.21. common local slice address register 179 which
The FIFO storage 183 must have a word size holds the address of the
associated output port of  so   which is equal to the bus width and the
basic the respective slice. Output of the comparator is  segment size, i.e.
k bits. Slice controller 185 must connected to an input of control logic
177.        assure that all portions (segments) of a large Whenever the
first bits of a minipacket arrive at  minipacket are kept together; i.e. as
the large an input IP-i, the address bits are copied in the  minipacket
size is 256 bits and k = 64 bits, four address separator 175-i. They also
flow into that  55  consecutive storage locations must be provided in 



one of the two registers of S/P converter 171-i,   FIFO storage 183 for
holding the four segments. which is presently empty. This occurs in all
slices    Furthermore, FIFO storage 183 is logically di- simultaneously for
the input IP-i of each slice.   vided into two separate FIFO spaces for two
prior- 12    21                 EP 0 312 628 B1                   22 ity
categories (e.g. one for circuit switched and the  register of S/P
converter 171 for transfer of its other for packet switched data). A
priority bit in  contents to bus 181, and connect the other register each
minipacket which can be recognized by slice   of the pair to the data input
line for now receiving controller 185 must control the directing of each
serially incoming data bits. minipacket into the correct priority space of
the   5  When slice controller 185 scans the respective FIFO storage. An
output server which is part of    S/P converter and detects a service
request on line slice controller 185 causes consecutive read-out of  211,
it addresses a storage word in FIFO storage minipackets (segments) from the
FIFO storage, and  183 and sends a select signal on line 213 to the it
first empties the space of the higher priority class  S/P converter select
logic 207 which will then re- before reading out minipackets (segments)
from   10  lease the contents of the filled S/P converter regis- the lower
priority class space.                    ter to bus 181. Latch 205 is then
reset by a Operation of the S/P converter and its control  service-done
pulse on line 215. logic is now explained with reference to Fig.20A      If
the minipacket contains four segments, this and 20B. In Fig.20A there are
shown some details    switchover and data transfer procedure will occur of
control logic 177 in connection with the S/P  15  three more times. When
the count reaches 255, a converter (register pair) 171, comparator 173, and
pulse is sent to sequencing logic 201 which will address separator 175.
Control logic 177 comprises  then transit to the WAIT FOR DATA INDICATOR a
sequencing logic 201, a counter 203 having a     FALL state, and will
return to the WAIT state capacity of 256, a latch 205 and S/P converter
(resetting the counter to zero) when the data in- select logic 207. Also
provided is a data indicator  20  dicator signal on line 209 is down. line
209 which is a parallel line to the data input    The two most significant
bits of counter 203 line; the input switch adapter which is connected to
are copied at counts 63, 127, 191, and 255 and are the respective input
IP-i raises the data indicator  made available to slice controller 185 on
line 217, signal on line 209 as long as it transmits data bits  as segment
count value. They indicate whether the on the data input line.
25  first, second, third, or fourth segment of a minipac- The different
states of the sequencing logic    ket is presently received, and thus allow
the slice 201 and the events causing a transition between    controller to
correctly address FIFO buffer 183. states are shown in Fig.20B.
Fig.21 is a block diagram of control logic 191 Initially, the sequencing
logic is in a WAIT    of the P/S converter 189. It operates in a manner
state, and its output signals keep the counter con-  30  analogous to that
of S/P converter control logic 177 tents at zero and do not enable counting
or shifting  described above. Control logic 191 comprises of data from the
S/P converter registers. When the  sequencing logic 221, a counter 223
having a ca- data indicator signal on line 209 is raised, the   pacity of
256, selection logic 225 for the P/S con- sequencing logic goes to a COUNT
state in which    verter registers 189, and a service request latch it
enables bit counting by counter 203 (which re-  35  227, a transfer-type
latch 229, and a length indica- ceives bit clock pulses on Its input). At a
count of 8  tor latch 231. Two latches 233a and 233b are (eight address
bits plus priority indicator bit re-  provided In connection with the P/S
converter reg- ceived) the address comparator is enabled. If the  isters
for indicating whether they contain data or addresses do not match, a
control pulse is sent to  not. the sequencing logic which then enters its
third  40   A service request has to be generated from the state WAIT FOR
DATA INDICATOR FALL in which        P/S converter (by setting service
request latch 227) it disables further counting and also disables shift-
when it needs a minipacket from the FIFO buffer ing of S/P converter
contents. Thus, when the      storage 183. This is the case whenever at
least one address of the minipacket does not fit to the ad-  of the two
registers of the P/S converter is empty, dress of the respective slice,
nothing further will  45   which is determined by ORing the output signals
of occur until the data indicator signal on line 209  latches 233a and
233b. If a request for service Is falls, which will bring the sequencing
logic back to  honored (by transferring a minipacket (or segment) its WAIT
state, resetting the counter contents to  from the FIFO buffer over bus
187), service request zero.
latch 227 is reset and the appropriate one of the However, if the addresses
match, sequencing   so  empty-indicator latches (233a, 233b) is reset by a
logic will stay in the COUNT state and the counter  service-done signal on
a line 235. will be further advanced. When a count of 63 (or       As long
as counter 223 has a contents not 127 or 191 or 255) is reached, i.e. when
a minipac-  equal to zero, a data indicator signal is active on a ket
segment of 64 bits has been stored in one of   line 237, and data is
transmitted bit-serially over 



the S/P converter registers, a counter output pulse  55  the data output
line 239 (OUT-j). will set service request latch 205 and it will also
Addressing of FIFO storage 183 by slice con- cause a switchover of S/P
converter select logic   troller 185 is effected as follows: For each of
the 207. Logic 207 will then select the recently filled  two priority
sections, there is a register for a NEXT- 13    23                 EP 0 312
628 B1                    24 FREE pointer (designating the next free
256-bit     would be interconnected as shown in Figs.16 and block where a
minipacket is to be stored) and a     17 to serve an increased number of
input ports and register for a NEXT-OUT pointer (designating the    output
ports. next 256-bit block from which data is to be read). Furthermore, one
current-minipacket address regis-   5   Claims ter is provided for each
input S/P converter. This register holds a minipacket FIFO address for the
1. Communication switching apparatus for trans- respective input until all
four segments have been     ferring information from a plurality- of
incoming stored.
transmission links (21-i) to a plurality of out- When an S/P converter
requests service, the   10    going transmission links (23-i). each said
trans- following happens depending on the two-bit seg-         mision link
carrying packet switched or circuit ment number indicator (available on
line 217):          switched traffic, said apparatus comprising (a) If a
first segment is indicated (number 00),        - a plurality of input
switch adapters (13-i) the slice controller fetches a new FIFO storage
each connected to at least one incoming address from the NEXT-FREE pointer
register;  15          transmission link, for forming uniform stores the
received segment at that address;              minipackets each containing
information and retains the FIFO storage address in the
received on a transmission link and rout- current-minipacket address
register for the re-           ing information identifying an output of
spective Input (S/P converter). Contents of the           the switching
apparatus, NEXT-FREE pointer register is incremented so   20       - a
self-routing switching fabric (11) having that it points to the next
following 256-bit stor-        a plurality of input ports (15-i) each con-
age block.                                                nected to an
input switch adapter, and a (b) If a second, third, or fourth segment is
in-          plurality of output ports (19-i), and dicated (numbers 01, 10,
11), slice control does        - a plurality of output switch adapters (17-
not fetch a new address from the NEXT-FREE   25           i), each
connected between an output pointer register but rather uses the old FIFO
port of said switching fabric and at least address  stored  in the
respective  current-             one outgoing transmission link: minipacket
address register and amends it by              characterized by the segment
count to access the correct                 - the self-routing switching
fabric (11) con- quarter-portion of the respective 256-bit storage   30
sisting of a plurality of routing trees (71) block.
each associated with one of the input The slice controller also receives a
priority            ports, each said routing tree having one indicator bit
from the respective S/P converter 171         input branch connected to the
associated to initially select the correct priority section of FIFO
input port (IN-i) and a plurality of output storage 183 when a first
segment (count 00) is  35           branches each associated with one of
the received.                                                    output
ports (OUT-j); said routing trees Correct sequencing of segmented
minipackets              providing non-overlapping paths between occurs as
follows: The request for service from the        input ports and output
ports; each routing P/S converter is accompanied by a signal indicat-
tree including switching elements (81) re- ing the type of request, i.e.
whether a new minipac-  40     sponsive to local routing address infor- ket
is expected or whether trailing segments of a            mation of a
minipacket for forwarding it minipacket are required. If a comparison of
the              from the input branch of the respective NEXT-OUT pointer
and the NEXT-FREE pointer                  tree to a selected output
branch; reveals that the FIFO is empty, then a request for a      - shift
register buffering means (73, 101) at new minipacket is not honored. A
request for a   45          each output branch of each routing tree
trailing segment (to complete a previously started          for holding a
minipacket; and minipacket transfer) is always honored.                   -
output server means (75) and common Memory space in the FIFO storage is
allocated            FIFO queue means (77, 105) at each in blocks which can
store long minipackets (four             output port for forwarding the
contents of segments, 256 bits). A short minipacket gets an   so
said shift register buffering means of all allocation slot for a long
minipacket, which leaves          associated tree output branches sequen-
some space unused. This is done to keep the                  tially through
the respective output port. control logic within reasonable bounds. 



Modular construction as shown in Figs.16 and    2. Communication switching
apparatus in accor- 17 is also possible with the switching slices of this
55  dance with claim  1, each said input switch second embodiment. In this
case, the basic module       adapter (13-i) comprising for each incoming is
constituted by an arrangement of switching          transmission link
connected to it: slices as shown in Fig.18; several such modules 14    23
EP 0 312 628 B1                   24 FREE pointer (designating the next
free 256-bit    would be interconnected as shown in Figs.16 and block where
a minipacket is to be stored) and a    17 to serve an increased number of
input ports and register for a NEXT-OUT pointer (designating the   output
ports. next 256-bit block from which data is to be read). Furthermore, one
current-minipacket address regis-   5   Claims ter is provided for each
input S/P converter. This register holds a minipacket FIFO address for the
1. Communication switching apparatus for trans- respective input until all
four segments have been     ferring information from a plurality, of
incoming stored.                                               transmission
links (21-i) to a plurality of out- When an S/P converter requests service,
the   10    going transmission links (23-i), each said trans- following
happens depending on the two-bit seg-        mision link carrying packet
switched or circuit ment number indicator (available on line 217):
switched traffic, said apparatus comprising (a) If a first segment is
indicated (number 00),       - a plurality of input switch adapters (13-1)
the slice controller fetches a new FIFO storage          each connected to
at least one incoming address from the NEXT-FREE pointer register;  15
transmission link, for forming uniform stores the received segment at that
address;             minipackets each containing information and retains
the FIFO storage address in the              received on a transmission
link and rout- current-minipacket address register for the re-          ing
information identifying an output of spective input (S/P converter).
Contents of the          the switching apparatus, NEXT-FREE pointer
register is incremented so   20      - a self-routing switching fabric (11)
having that it points to the next following 256-bit stor-       a plurality
of input ports (15-i) each con- age block.
nected to an input switch adapter, and a (b) If a second, third, or fourth
segment is in-         plurality of output ports (19-i), and dicated
(numbers 01, 10, 11), slice control does       - a plurality of output
switch adapters (17- not fetch a new address from the NEXT-FREE   25
i), each connected between an output pointer register but rather uses the
old FIFO            port of said switching fabric and at least address
stored  in the  respective  current-             one outgoing transmission
link: minipacket address register and amends it by
characterized by the segment count to access the correct                -
the self-routing switching fabric (11) con- quarter-portion of the
respective 256-bit storage   30   sisting of a plurality of routing trees
(71) block.                                                   each
associated with one of the Input The slice controller also receives a
priority            ports, each said routing tree having one indicator bit
from the respective S/P converter 171         input branch connected to the
associated to initially select the correct priority section of FIFO
Input port (IN-i) and a plurality of output storage 183 when a first
segment (count 00) Is  35          branches each associated with one of the
received.                                                   output ports
(OUT-j); said routing trees Correct sequencing of segmented minipackets
providing non-overlapping paths between occurs as follows: The request for
service from the           input ports and output ports; each routing P/S
converter is accompanied by a signal indicat-           tree including
switching elements (81) re- ing the type of request, i.e. whether a new
minipac-  40    sponsive to local routing address infor- ket is expected or
whether trailing segments of a           mation of a minipacket for
forwarding it minipacket are required. If a comparison of the
from the input branch of the respective NEXT-OUT pointer and the NEXT-FREE
pointer                 tree to a selected output branch; reveals that the
FIFO is empty, then a request for a     - shift register buffering means
(73, 101) at new minipacket is not honored. A request for a   45
each output branch of each routing tree trailing segment (to complete a
previously started          for holding a minipacket; and minipacket
transfer) is always honored.                  - output server means (75)
and common Memory space in the FIFO storage is allocated           FIFO
queue means (77, 105) at each in blocks which can store long minipackets
(four            output port for forwarding the contents of segments, 256
bits). A short minipacket gets an   so        said shift register buffering
means of all allocation slot for a long minipacket, which leaves
associated tree output branches sequen- some space unused. This is done to
keep the                 tially through the respective output port. 



control logic within reasonable bounds. Modular construction as shown in
Figs.16 and    2. Communication switching apparatus in accor- 17 is also
possible with the switching slices of this  55  dance with claim 1, each
said input switch second embodiment. In this case, the basic module
adapter (13-i) comprising for each incoming is constituted by an
arrangement of switching          transmission link connected to it: slices
as shown in Fig.18; several such modules 14    25                EP 0 312
628 B1                    26 - a storage block (51) including a plurality
ing a consecutive sequence (CL-4, CL-5, of segments corresponding to
transmis-             CL-6, CL-7), so that after the passing of sion link
time slots: each said segments           those minipacket bits
corresponding in having a plurality of prestorage byte po-          time to
the clock pulses of said consecu- sitions (C, A1, A2, A3, CID) and a
plural-   5     tive sequence, further received minipac- ity of data
insertion byte positions (Di);         ket bits will all be passing through
the - microcontrol means (55); and                       routing tree to
one output determined by - packetizing means (53);
the respective previous bits of the - said microcontrol means being
provided              minipacket. for storing local routing address and
con-   10 trol bytes into said prestorage byte posi-  S. Communication
switching apparatus in accor- tions independent of minipacket data
dance with claim 1, comprising a plurality of transfer operations;
basic switching modules, each having an equal - said data insertion byte
positions being       number of input terminals and output termi- provided
for storing data bytes arriving   15  nals, each said basic switching
module includ- on the respective incoming transmission       ing: link;
- a plurality of routing trees (71), each as- - said packetizing means
being provided               sociated with one of the input terminals, for
reading the contents of each storage           each said routing tree
having one input block segment, including the contents of  20       branch
connected to the associated input said prestorage byte positions and of
terminal and  a  plurality  of output said data insertion byte positions,
as a           branches each associated with one of the minipacket when all
data insertion byte            output terminals; each said routing tree
positions of said segment received a               including switching
elements responsive data byte.                            25           to
the local routing address of a minipac- ket, for forwarding said minipacket
from 3. Communication switching apparatus in accor-             the input
terminal of the respective tree dance with claim 1, each said switching
ele-            to a selected output branch; ment (81) including:
- shift register buffering means (73) at - one data input, first and second
data  30           each output branch of each routing tree outputs, and a
clock input connected to a          for holding a minipacket; and clock
line furnishing one particular clock       - output server means (75) and
common pulse from  each one of cyclic clock               FIFO queue means
(77, 105) at each pulse sequences, each cyclic clock pulse           output
terminal for sequentially gating to sequence corresponding to a minipacket
35         the respective output terminal minipac- duration;
kets from  said shift register buffering - a latch circuit (83) connected
to the data          means (73) of all tree output branches input and the
clock input for being set or         associated with the respective output
ter- reset in accordance with an incoming               minal; minipacket
bit coinciding with a received   40   - said basic switching modules being
inter- clock pulse; and                                   connected in a
cascaded form between - first and second AND gates (85, 87),
said input ports (IN-I) and said output each having one of its inputs
connected            ports (OUT-j) of said switch fabric, there- to the
data input and having its other             by establishing a separate
minipacket input connected to a true output or a   45         path from
each input port to each output complementary output of said latch cir-
port. cuit, respectively, the outputs of the AND gates constituting said
first and second   6. Communication switching apparatus in accor- data
outputs, respectively.                   dance with claim 5, each of said
basic switch- 50     ing modules comprising: 4. Communication switching
apparatus in accor-           - selecting means (89) between each input 



dance with claim 3, in which said routing tree          terminal and the
input branch of the as- is a binary tree having Id n stages, n being the
sociated  routing tree, said  selecting number of output branches,
means being responsive to a portion of - all switching elements (81) of the
same   55       the local routing adress bits of an incom- stage receiving
the same particular clock          ing minipacket, to inhibit transfer of
se- pulse (CL-i), and the clock pulses fur-            quential bits of
said incoming minipacket nished to consecutive stages represent-
if a local module address does not match 15    27                EP 0 312
628 B1                    28 said portion of the local routing address
105) an Jedem Ausgangs-Port zum se- bits.
quentiellen Weiterleiten des Inhalts der Schieberegister-Puffermittel aller
zuge- Patentanspriiche                                           ordneten
Baumausgangsverzweigungen 5           durch den entsprechenden Ausgangs- 1.
Kommunikationsvermittlungseinrichtung    zur            Fort. Obertragung
von Informationen von zahireichen ankommenden Obertragungsleitungen (21-i)
zu    2. Kommunikationsvermittlungseinrichtung  nach zahireichen abgehenden
Obertragungsleitun-         Anspruch 1, wobei jeder Eingangsschaltadap- gen
(23-i), wobei jede Obertragungsleitung pa-  10  ter (13-i) fMr jede
ankommende Obertragungs- ketvermittelten Verkehr oder Durchschaltver-
leltung mit folgendem verbunden ist: kehr Ubermittelt, und die Einrichtung
folgendes      - elnem Speicherblock (51) mit zahireichen umfaBt:
Segmenten, die Zeit-Slots der Obertra- - zahireiche Eingangsschaltadapter
(1 3-i),          gungsleitung entsprechen; wobel jedes die jeweils mit
mindestens einer ankom-   75       Segment Ober zahireiche zuvor gespel-
menden Obertragunsleitung verbunden                cherte Byte-Positionen
(C, Al, A2, A3, sind, um gleiche Minipakete zu bilden,             CID)
sowle zahireiche Byte-Positionen die jeweils die auf einer Obertragungslel-
(Di) zum Dateneinftlgen verfUgt; tung empfangenen Informationen sowie
- einem Mikrosteuermittel (55); und Routing-Informationen zur
Identifizierung   20  - elnem Paketbildungsmittel (53); eines Ausgangs der
Vermittlungseinrich-         - das Mikrosteuermittel ist dabel zum tung
enthalten,                                    Spoichern lokaler
Routing-Adressen und - elne  Selbstleitungs-Vermittlungsstruktur
Steuerbytes auf die zuvor gespeicherten (11) mit zahireichen Eingangs-Ports
(15-           Byte-Positionen, unabhangig  von der i), die jeweils mit
elnem Eingangsschalta-  25     Minipaket-Daten0bertragungsoperation, dapter
verbunden sind, sowie zahireiche            vorgesehen; Ausgangs-Ports
(19-i), und                      - die Byte-Positionen f[r die DateneinfU-
- zahireiche Ausgangsschaltadapter (17-i),           gung stehen zum
Speichem Mr Datenby- die jeweils zwischen einem Ausgangs-              tes
zur Verftigung, die auf den entspre- Fort der Vermittlungsstruktur und
minde-  30       chenden ankommenden Obertragungslel- stens einer
abgehenden Obertragungslei-           tungen eintreffen; K>      tung
angeschlossen sind;                         - das Paketbildungsmittel dient
zum Lesen gekennzeichnet durch                           des  Inhalts Jedes
Speicherblockseg- - elne  Selbstleltungs-Vermittlungsstruktur
ments, einschliefllch des Inhalts der zu- (11) mit zahlreichen
Routing-Biumen   35           vor gespeicherten Byte-Positionen und (71),
die jeweils einem der Eingangs-              der Byte-Positionen zur
DateneinfOgung, Ports zugeordnet sind, wobei jeder                 wobei
der Inhalt als Minipaket gelesen Routing-Baum  eine  Eingangsverzwei-
wird, wenn alle Byte-Positionen zur Da- gung hat, die mit dem  zugeordneten
teneinfUgung des Segments ein Daten- Eingangs-Fort (IN-i) verbunden ist,
sowie  40      Byte empfangen haben. zahireiche Ausgangsverzweigungen, die
einem der Ausgangs-Ports (OUT-j) zuge-    3
Kommunikationsvermittlungseinrichtung  nach ordnet sind; wobel die
Routing-Baume          Anspruch 1, bei der jedes Vermittlungselement
nicht-Oberlappende Pfade zwischen den         (81) folgendes umfalt:
Elngangs- und Ausgangs-Ports bereitstel-  45    - einen Dateneingang, erste
und zweite len; jeder Routing-Baum  mit Vermift-
Datenausgange, oenen Takteingang, der lungselementen (81) auf lokale
Routing-            mit einer Taktleitung verbunden ist, die
Adreffinformationen eines Minipakets ant-          einen bestimmten
Taktimpuls von jeder wortet, um das Paket von der Eingangs-             der
zyklischen Taktimpulsfolgen liefert, verzweigung des entsprechenden Baums
so          wobel jede zyklische Taktimpulsfolge ei- 



bis zu einer ausgewAhIten Ausgangsver-             ner Minipaketdauer
entspricht; zweigung zu teiten;                             - enen
Verriegelungsschaltkreis (83), der - Schieberegister-Puffermittel (73, 101)
an          mit dem Dateneingang und dem Taktoin- jeder Ausgangsverzweigung
der Routing-             gang verbunden ist und In Obereinstim- B1iume zum
Speichem eines Minipakets;  55          mung mit einem ankommenden Minipa-
und                                                ketbit, das gleichzeitig
mit einem emp- - Ausgangs-Servermittel (75) und gemein-
fangenen Taktimpuls eintrifft, eingestellt same  FIFO-Warteschlangemittel
(77,               odor zurlckgesetzt wird; und 16    29
EP0312628B1                        30 - erste und zweite UND-Gatter (85,
87), bei          Ausgangs-Terminals             vom denen einer der
Eingange mit dam Da-               Schieberegister-Puffermittel  (73)
aller teneingang verbunden ist und deren an-
Baumausgangsverzweigungen, die dem derer Eingang mit einem wahren Aus-
entsprechenden Ausgangs-Terminal zu- gang bzw. einem komplementgren Aus-
5            geordnet sind, sequentiell gatterzusteu- gang des
Verriegelungsschaltkreises ver-          em; bunden ist, wobei die AusgAnge
der              - wobei die Grundvermittlungsmodule da- UND-Gatter die
ersten bzw. zweiten Da-             be] in  Kaskadenform  zwischen  den
tenausg~nge darstellen.                            Eingangs-Ports (IN-i)
und den Ausgangs- 10           Ports (OUT-j) der Schaltstruktur miteinan-
4. Kommunikationsvernittlungseinrichtung  nach             der verbunden
sind, wodurch ein separa- Anspruch 3, bei der der Routing-Baum ein
ter Minipaketpfad von jedem Eingangs- binarer Baum mit Id n-Stufen ist,
worin n die           Fort zu jedem Ausgangs-Port entsteht. Anzahl der
Ausgangsverzweigungen ist, - alle Vermittiungselemente (81) der glel-  is
6. Kommunikationsvermttimungseinrichtung  nach chen Stufe empfangen den
gleichen be-         Anspruch 5, bel der jedes Grundvermittlungs- stimmten
Taktimpuls (CL-I), wahrend die       modul folgendes umfaSt: Taktimpulse,
die zu den aufeinanderfol-         - Auswahimittel  (89)  zwischen  jedem
genden Stufen gehen, Gine fortlaufende             Eingangs-Terminal und
der Eingangsver- Folge (CL-4, CL-5, CL-S, CL-7) ist, so   20
zweigung des zugeordneten  Routing- daB nach dem Weiterleiten der Minipa-
Baums, wobel die Auswahimittel auf ae- ketbits, die gleichzeitig mit den
Taktim-          nen Teil der lokalen Routing-Adresse ei- pulsen der
fortlaufenden Folge auftreten,          nes ankommenden Minipakets
antworten, weitere empfangene Minipaketbits alle              urn die
Obertragung sequentieller Bits durch den Routing-Baum zu einem Aus-  25
des ankommenden Minipakets zu unter- gang gehen, der vom entsprechenden
drUcken, wenn Gina lokale Moduladresse vorherigen Bit des Minipakets
festgelegt           nicht mit dem Teil der lokalen Routing- wird.
AdreBbits Uberelnstimmt. 5. Kommunikationsvermittlungseinrichtung  nach
3o   Revendications Anspruch 1 mit zahireichen Grundvermittlungs- modulen,
von denen jedes elne gleiche Anzahl   1. Appareil de commutation de
communication von Erngangs-Terminals und Ausgangs-Termi-         pour
transf~rer des informatlons entre une plu- nals hat, wobel jedes
Grundvermittlungsmodul       ralite de liaisons de transmission entrantes
(21- umfaBt:                                   35      i) et une pluralite
de liaisons de transmissions - zahireiche Routing-Baume (71), die Ia-
sortantes (23- i), chacune desdites liaisons de wells elnem der
Eingangs-Terminals zu-       transmission transportant du trafic par commu-
geordnet sind, wobel jeder Routing-Baum      tation par paquets ou de
circuits, ledit apparell eine Eingangsverzweigung hat, die mit
comprenant: dem  zugeordneten  Eingangs-Terminal  4o         une pluralite
d'adaptateurs de commuta- verbunden ist, sowie zahireiche Aus-         tion
d'entree (13- i) connectds chacun & au gangsverzweigungen, die  einem  der
moins une liaison de transmission entrante Ausgangs-Terminals zugeordnet
sind; ja-       pour former des mini-paquets uniformes conte- der
Routing-Baum  mit Vermittlungsele-        nant chacun des informations
reoues sur une menten, die auf die lokale Routing-Adres-  45  liaison de
transmission et router des informa- se eines Minipakets antworten, urn das
tions identifiant une sortie de i'appareil de Minipaket vom
Eingangs-Terminal des          commutation, entsprechenden Baums zu einer
ausge-             un systeme de commutation A auto-routa- wahIten
Ausgangsverzweigung weiterzu-         ge (11) ayant une pluralite de ports
d'entrde leiten;                              50       (15- i) connectes
chacun a un adaptateur de 



- Schieberegister-Puffermittel (73) an jeder    commutation d'entr6e, et
une pluralit6 de ports Ausgangsverzweigung  jedes  Routing-          de
sortie (19- i), et Baums zum Speichem eines Minipakets;             une
pluralite d'adaptateurs de commuta- und
tion de sortie (17- i) connect6s chacun entre - Ausgangs-Servermittel (75)
und gemein-  5s    un port de sortie dudit systhme de commuta- same
FIFO-Warteschlangenmittel (77,         tion et au moins une liaison de
transmission 105) an jedem Ausgangs-Terminal, um           sortante: die
entsprechenden  Minipakete  des             caract6rise en ce que 17    31
EP 0 312 628 B1                  32 le systeme de commutation a
auto-routage      sertion de donn6es dudit segment ont regu un (11)
consiste en uns pluralit6 d'arbres de rou-  multiplet de donn6es. tage (71)
associ6s chacun a un des ports d'entree, chaque arbre de routage ayant une
3. Appareil de commutation de communication branche d'entree connect6e au
port d'entree   5  selon la revendication 1, chacun desdits ele- associ6
(ENTREE-i) et une pluralit6 de bran-     ments de commutation (81)
compronant: ches de sortie associees chacune a un des            une entree
de donn6es, une premiere et ports de sortie (SORTIE-j); lesdits arbres de
une deuxieme sorties de donnees, et une en- routage foumissant des chemins
sans chevau-      trde d'horloge connectee a une ligne d'horloge chement
entre les ports d'entree et les ports  to  fournissant une impulsion
d'horloge particuliere de sortie; chaque arbre de routage compronant    a
partir do chacune des s6quences d'impul- des e6lments de commutation (81)
sensibles       sions d'horloge cycliques, chaque sequence aux informations
d'adresse de routage local      d'impulsions d'horloge cyclique
correspondant K-.>' d'un mini-paquet pour le transmettre d'une      a une
dur~e de mini-paquet; branche d'entree de l'arbre respectif A une  is
un circuit de vertouillage (83) connecte a branche de sortie selectionnee.
I'entree de donn6es et a l'entr6e d'horloge des moyens de m6moire
intermddiaire de        pour 8tre enclenche ou restaur6 conformement
registres a decalage (73, 101) a chaque bran-    au bit du mini-paquet
entrant cohncidant avec che de sortie de chaque arbre de routage pour
l'impulsion d'horloge regue; et emmagasiner un mini-paquet; et           20
une premiere et une seconde portes ET des moyens serveurs de sortie (75) et
des     (85,87) ayant chacune une de leurs entr6es moyens d'attente FIFO
communs (75, 105) a        connect6e a l'entr6e de donn6es et ayant l'au-
chaque port de sortie pour transmettre le        tre entr6e connectee a une
sortie vraie ou a contenu desdits moyens de memoire interme-       une
sortie complementee dudit circuit de ver- diaire de registres a decalage de
toutes les  2S  rouillage, respectivement, les sorties des por- branches de
sortie d'arbre associ6es de fagon    tes ET constituant lesdites premibre
et deuxib- s6quentielle par le port de sortie respectif.    me sorties,
respectivement. 2. Appareil de commutation de communication      4.
Appareil de commutation de communication selon Ia revendication 1, chacun
desdits adap-  30  selon la revendication 3, dans lequel ledit arbre
tateurs de commutation d'entr6e (13- i) corn-    de routage est un arbre
binaire ayant n 6tages, _,   prenant pour chaque liaison de transmission
n 6tant le nombre de branches de sortie, entrante qui lui est connectie:
tous les 6i6ments de commutation (81) du un bloc d'emmagasinage (51)
comprenant        mgme etage recovant la m8me impulsion une pluralit6 de
segments correspondant a des  35  d'horloge particulibre (CL-i), et les
impulsions tranches de temps de liaison de transmission;    d'horloge
fournies aux etages consecutifs re- chacun desdits sepents ayant une
pluralite de     presentant une sequence consecutive (CL-4, positions de
multiplets de pr6-emmagasinage       CL-5, CL-6, CL-7) de sorte qu'apres le
passa- (C, At. A2, A3, CID) et une pluralit4 de position  ge des bits du
mini-paquet correspondant dans de multiplets d'insertion de donndes (Di);
40   le temps aux impulsions d'horloge de ladite des moyens de
microcommande (55); et          s6quence conskcutive, les bits du
mini-paquet des moyens de formation de paquets (53);      regus ensuite
passeront tous par l'arbre de lesdits moyens de microcommande reali-
routage vers une sortie determiner par les bits sant l'emmagasinage de
l'adresse de routage      precedents respectifs du mini-paquet. local et
des multiplets de commande dans des  45 positions de multiplets de
pre-emmagasinage   5. Appareil de commutation de communication
independantes des operations de transfort de     selon la revendication 1
compronant une plura- donnees de mini-paquets;                         lite
de modules de commutation de base, cha- lesdites positions de multiplets
d'insertion  cun ayant un nombre egal de bomes d'entree de donrines
realisant l'emmagasinage des mul-  so  et de bornes de sortie, chaque
module de 



tiplets de donn6es arrivant sur la liaison de    commutation de base
comprenant: transmission entrante respective;                    une
pluralite d'arbres de routage (71), cha- lesdits moyens de formation de
paquet         cun associe a une des bornes d'entree, cha- realisant la
lecture du contenu de chaque seg-   cun desdits arbres de routage ayant une
bran- ment de bloc d'emmagasinage, comprenant le  56   che d'entree
connectee a la bome d'entree contenu desdites positions de multiplets d'in-
associee et une pluralit6 de branches de sortie sertion de donnees, en tant
quo mini-paquet,     associ6es chacune & une des bornes de sortie; lorsque
toutes les positions de multiplets d'in-  chaque arbre de routage
comprenant des ele- 18    33                EP0312628B1
34 ments de commutation sensibles a l'adresse de routage local d'un
mini-paquet, pour tran- smettre ledit mini-paquet de la borne d'entr6e de
l'arbre respectif a une branche de sortie s6lectionnee;
5 des moyens de m~moire intermediaire de registres a d~calage (73) a chaque
branche de sortie de chaque arbre de routage pour emma- gasiner un
mini-paquet; et des moyens serveurs de sortie (75) et des  lo moyens
d'attente FIFO communs (77, 105) a chaque borne de sortie pour transmettre
se- quentiellement a la borne de sortie respective lee mini-paquets
provenant desdits moyens de m6moire interm6diaire de registres a d6calage
i5 (73) de toutes les branches de sortie d'arbre associees A la borne de
sortie respective; lesdits modules de commutation de base . tant
interconnectes sous forme de cascade entre lesditse ports d'entr6e
(ENTREE-i) et les-  20 dits ports de sortie (SORTIE-j) dudit systeme de
commutation, etablissant ainsi un chemin des mini-paquets separe de chaque
port d'en- tree a chaque port de sortie. 25 6. Appareil de commutation de
communication selon la revendication 5. chacun desdits modu- les de
commutation de base comprenant: des moyens de s6lection (89) entre cha- que
borne d'entr~e et la branche d'entree de   30 I'arbre de routage associde,
lesdits moyens de Y..'    selection etant sensibles A la partie des bits
d'adresse de routage local d'un mini-paquet entrant pour inhiber le
transfert des bits s6- quentiels dudit mini-paquet entrant si une   35
adresse de module local ne correspond pas a ladite partie des bits
d'adresse de routage local. 40 45 50 55    


