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status words cycled to a port controller defines an available destination
channel requested by a circuit Technical Field
setup request signal, the port controller transmits the circuit setup
request signal and subsequent This invention relates to packet switching
ar-   5   data to the network. The network responds to the rangements and,
more particularly, to the control  circuit setup request signal by
establishing a circuit structures associated with high capacity packet   to
the requested destination channel. The port con- switches.
trollers of the Orsic system use the cycled status words to advantage to
control the transmission of Background of the Invention                  10
packets by the communications modules. However, the network in the Orsic
system is relatively com- When the techniques of packet communication
plex because it must respond to circuit setup re- are extended beyond
digital data communications   quest signals very quickly to establish the
request- to other types of Information transfer, e.g., voice  ed circuits
to destination channels, and because It and image communication, the packet
handling   15  must distinguish between the request signals and capacities
required of the packet network elements  the packets themselves since both
are conveyed in must necessarily be increased manifold. One ex-   the same
channel. ample of a high capacity packet network element is   WO-A-8 602
510 discloses a packet switched the fast packet switching system disclosed
in U. S.  multiple queue NxM switch node and processing Patent 4,550,397,
issued to J. S. Turner et al. on   20   method. The packet switch has a
separate conduc- October 29, 1985. In the Turner system, a high   tor
between each queue set and each output ar- packet capacity is achieved in a
self-routing net-  bitrator. The switch does not include a control ring
work comprising multiple stages of switching nodes  with transmit control
nodes, selector control nodes employing variable buffering techniques to
de-    and means for interconnecting such control nodes. crease the packet
delay across the network. An   25   EP-A-0 020 255 similarly does not
include a alternate routing mechanism is used to improve the  control ring.
network capacity under unbalanced traffic condi-     In view of the
foregoing, a recognized problem tions that would otherwise cause a number
of      in the art is the difficulty in achieving a high- routes
communicating a large amount of traffic to  capacity packet switch without
requiring large, be channeled through one node. As a consequence   30
complicated networks and complex packet pro- of the alternate routing,
packets are not necessarily  cessing techniques. Ancillary deficiencies of
the received at their destination in the same order they  prior art are the
cumulative delay and the need for were transmitted and, in many cases, some
packet  packet reordering as in a multi-stage self-routing reordering
mechanism must be implemented at the   packet network and the network
complexity atten- destination. Although the Turner et al. system re-  35
dant with distinguishing between packets and re- presents an important
advance in self-routing net-  quest signals conveyed in the same channel
and works, the cumulative delay of packets through the  meeting stringent
network requirements in estab- multi-stage network and the reordering of
packets  lishing circuits rapidly in response to circuit setup required
when alternate network routes are used to  request signals as in the Oric
system. convey order-sensitive traffic, are significant prob-  40
According to the present invention there is lems in many applications.
provided a switch as defined in claim 1. A second known approach to the
problem of         The foregoing problems are solved and a tech- switching
packetized information is disclosed in U.  nical advance is achieved in
accordance with the S. Patent 4,524,440, issued to M. Orsic. The Orsic
principles of the invention in an exemplary single- system is referred to
as a fast circuit switching   45  stage packet switch where there are
permanent system since a separate circuit is established for  connections
between every incoming packet chan- each packet-sized data communication.
Information  nel and each of a plurality of selectors individual to is
conveyed from a number of communications       each outgoing packet
channel, and where a simple modules in source channels to a number of port
control ring structure is used to selectively enable controllers and to a
network. Information is con-  so  the selectors to connect incoming
channels to out- veyed from the network to destination channels.   going
channels In response to headers included in Each communications module
includes a transmit-   received packets and network state definitions con-
ter that transmits circuit setup request signals de-  veyed on the control
ring. fining destination channels and also transmits data.  A packet switch
in accordance with the inven- Each Port controller stores one of a number
of  55  tion is used to switch packets received on a plural- status words
defining the availability of the destina-  ity of incoming packet channels
to a plurality of tion channels and each of these status words is
outgoing packet channels. The packet switch in- cycled to each port
controller. When one of the   cludes a number of packet buffers each for
storing 2    



3                 EP 0 259118 B1                    4 packets received from
at least one of the incoming  packet channel as available for receiving
packets. packet channels and further includes a number of     A number of
outgoing time-multiplexed links selectors each permanently connected to
each of   each convey multiple circuit-switched channels and the packet
buffers and each associated with at    at least one of the outgoing packet
channels. Each least one of the outgoing packet channels for se-   5   of
the outgoing packet channels includes an out- lectively connecting any of
the packet buffers to an  going packet buffer interposed between one of the
outgoing packet channel associated with that selec-  selectors and one of
the outgoing time-multiplexed tor. A packet switch control mechanism
responds   links for storing packets received from the selector to packets
stored in the packet buffers by control-  for insertion In the outgoing
packet channel on the ling the selective connections made by the selec-  70
outgoing time-multiplexed link. tors based on headers included in the
stored pack- ets.                                              Brief
Description of the Drawing In an exemplary embodiment of the invention, the
control mechanism also responds to the stored    A more complete
understanding of the present packets by selectively effecting the
transmission of  15  Invention may be obtained by a consideration of the
stored packets from the packet buffers. The   the following description
when read in conjunction control mechanism is a control ring comprising a
with the drawing in which: number of transmit control nodes and selector
con-   FIG. 1 is a block diagram of an exemplary trol nodes and multiple
conductors interconnecting  embodiment of a packet switch illustrating the
the nodes for transmitting signals to the transmit  20  principles of the
present invention; control nodes and the selector control nodes defin-
FIGS. 2 and 3, when arranged in accordance ing the present connection state
of ones of the     with FIG. 11, present a block diagram of an packet
buffers to ones of the outgoing packet chan-  illustrative switching system
employing the nels. Each of the selector control nodes controls    packet
switch of FIG. 1; the selective connections made by at least one of  25
FIGS. 4 and 5 are diagrams of a circuit switch- the selectors and each of
the transmit control      ing unit and an associated control unit included
nodes effects the transmission of packets from at   in the system of FIGS.
2 and 3; least one of the packet buffers. Each transmit con-  FIGS. 6
through 8 are diagrams of a transmit trol node responds to a receipt by an
associated     control node, a selector control node, and a ring packet
buffer of a given packet, including a header  30    repeater which are
interconnected in a control defining a given outgoing packet channel, and
to     ring as shown in FIG. 3; signals transmitted by the control ring
conductors   FIG. 9 is a diagram of an incoming packet buffer defining a
connection state wherein none of the      used for inter-module packet
communication in packet buffers is presently connected to the given  the
system of FIGS. 2 and 3; and outgoing packet channel, by effecting a change
of  35  FIG. 10 is a diagram of a communication inter- the signals
transmitted by the control ring conduc-  face used to convey inter-module
control pack- tors to define a connection state wherein the asso-  ets,
user information packets and access sig- ciated packet buffer is connected
to the given       naling packets in the system of FIGS. 2 and 3. outgoing
packet channel, and by effecting the transmission of the given packet from
the asso-  40  General Description ciated packet buffer. Each selector
control node responds to signals transmitted by the control ring   FIG. 1
is a block diagram of an exemplary conductors defining a connection state
wherein a  packet switch 2012 illustrating the principles of the given
packet buffer is connected to an outgoing   present invention. Packet
switch 2012 is used to packet channel associated with that selector control
45  switch packets received on a plurality of incoming node, by controlling
the associated selector to con-  packet channels, e.g., 81, to a plurality
of outgoing nect the given packet buffer to that outgoing packet  packet
channels, e.g., 82. The incoming packet channel.
channel 81 comprises 64 predetermined packet In the exemplary embodiment,
the signals      time slots out of 256 time slots on an incoming
transmitted by the control ring conductors also  50  time-multiplexed link
15. The outgoing packet define the availability of each of the outgoing
pack-  channel 82 comprises 64 predetermined packet et channels for
receiving packets. Transmit control  time slots out of 256 time slots on an
-outgoing nodes do not effect a change of the signals trans-
time-multiplexed link 13. Packet switch 2012 in- mitted by the control ring
conductors to define a  cludes a number of incoming packet buffers, e.g.,
connection to an outgoing packet channel or con-  55  2120-1 and 2120-2,
for storing packets received trol the transmission of packets to the
outgoing  from the associated incoming packet channels on packet channel
unless the signals transmitted by  incoming links, e.g., 15 and 23. Packet
switch 2012 the control ring conductors define that outgoing  further
includes a number of selectors, e.g., 2128-1 3    



5                 EP 0 259 118 B1                   6 and 2128-2 each
associated with one of the out-   not effect a change of the signals
transmitted by going packet channels for selectively connecting  bus 2111
to define a connection to the outgoing any of the incoming packet buffers
via a multi-   packet channel on link 21 or control the transmis- conductor
bus 2102 to the associated outgoing     sion of a packet to the outgoing
packet channel on packet channel. A control ring 2110 comprises a   5
link 21 unless the signals transmitted by bus 2111 number of transmit
control nodes, e.g., 2123-1 and  define the outgoing packet channel on link
21 as 2123-2, and selector control nodes, e.g., 2124-1  available for
receiving packets, and 2124-2, and a multi-conductor bus 2111 for
Packet switch 2012 is not separately shown in transmitting signals defining
the present connection  switching system 10 of FIGS. 2 and 3, but rather is
state of incoming packet buffers to outgoing packet  io  shown integrated
Into a circuit/packet time-multi- channels. Each of the selector control
nodes con-  plexed switch 2010. [err] the selective connections made by an
asso- ciated one of the selectors and each of the transmit  Detailed
Description control nodes effects the transmission of packets from an
associated one of the packet buffers.  15     FIGS. 2 and 3, when arranged
in accordance Transmit control node 2123-1, for example, re-    with FIG.
11, present a block diagram of the exem- sponds to a receipt by its
associated incoming    plary switching system 10. Switching system 10
packet buffer 2120-1 of a given packet including a  includes a plurality of
ISDN switching modules, header defining the outgoing packet channel on
e.g., 1000 and 1050, to provide both circuit switch- link 21 and to signals
transmitted by multi-conduc-  20  ing and packet switching service via a
plurality of tor bus 2111 defining a connection state wherein  access
ports, e.g., P1, P2, P5 and P6, to a plurality none of the incoming packet
buffers is presently  of user stations, e.g., 1001, 1002, 1005 and 1006,
connected to the outgoing packet channel on link  representing, for
example, customer teleterminals, 21, by effecting a change of the signals
transmitted  vendor databases, telephone operator position ter- by bus 2111
to define a connection from incoming   25   minals or packet access ports.
The switching mod- packet buffer 2120-1 to the outgoing packet chan-  ules
1000 and 1050 are referred to as ISDN switch- nel on link 21. Selector
control node 2124-2 re-  ing modules because they provide integrated ser-
sponds to the signals transmitted by bus 2111     vices digital network
(ISDN) capabilities. An in- defining the connection state wherein incoming
tegrated services digital network is defined as a packet buffer 2120-1 is
connected to the outgoing   30  network evolved from the telephony
integrated digi- packet channel on link 21, by storing the connec-  tal
network that provides end-to-end digital connec- tion definition in a latch
2129-2 to control selector  tivity to support a wide range of services,
including 2128-2 to connect incoming packet buffer 2120-1   voice and
non-voice services, to which users have via conductor 1P of multi-conductor
bus 2102 to  access by a limited set of standard multipurpose the outgoing
packet channel on link 21.      35  customer interfaces. Each user station,
e.g., 1002, Each outgoing time-multiplexed link conveys    transmits
information to and receives information multiple circuit-switched channels
and one of the  from its associated switching module, e.g., 1000, in
outgoing packet channels. Each of the outgoing     two 64 kilobits per
second channels referred to as packet channels includes an outgoing packet
buffer  B-channels and in one 16 kilobits per second chan- interposed
between one of the selectors and one of  40  nel referred  to as a
D-channel. The B-channels the outgoing time-multiplexed links for storing
may be used to convey digitized voice samples at packets from the selector
for insertion in the out-  the rate of 8000, eight-bit samples per second
or to going packet channel on the outgoing time-mul-    convey digital data
at a rate of 64 kilobits per tiplexed link. For example, outgoing packet
channel  second. Each B-channel is separately circuit- 82 on
time-multiplexed link 13 includes outgoing   45  switched by switching
system  10 to other user packet buffer 2130-1 for storing packets from se-
stations, e.g., 1001, 1005 or 1006. The D-channel lector 2128-1. A
multiplexer 2133-1 combines the  from a user station is used both to effect
message packet channel from outgoing packet buffer 2130-1  signaling
between that user station and switching with multiple circuit-switched
channels (not shown)  system 10 and to convey data packets among user for
transmission on outgoing time-multiplexed link  50  stations. The D-channel
is packet switched either to 13.
other user stations or to a control unit 1017 which The signals transmitted
on bus 2111 also de-   controls the establishment of both circuit-switched
fine the availability of each of the outgoing packet  calls and
packet-switched calls within switching channels for receiving packets. For
example, if   module 1000. The message signaling between user outgoing
packet buffer 2130-1 is unable to receive   55  stations and control unit
1017 can be of either the a packet, it transmits a logic zero throttle bit
via   functional or stimulus types. Functional signaling conductor 2127-1
for transmission on bus 2111.    involves a degree of intelligent
processing in its Transmit control node 2123-1, for example, does
generation or analysis whereas stimulus signaling 4    



7                 EP0259118B1                       8 is either generated
as a result of a single event at a  through 1600-5, each associated with a
group of 16 user station, e.g., a key depression, or contains a  protocol
handlers. Each user station, e.g., 1002, is basic instruction from
switching system 10 to be  associated with one of the protocol handlers
1700-0 executed by a user station.                       through 1700-95,
and, more particularly, with one In the present exemplary embodiment,
informa-   5   of 32 High-level Data Link Control (HDLC) circuits tion is
conveyed between a user station, e.g., 1002,  (not shown) included in that
associated protocol and switching module 1000 via a four-wire, user
handler. In the present embodiment, communica- access line 1004 using one
pair of wires for each  tion links are established between the HDLC cir-
direction of transmission. User line 1004 transmits  cuits of the protocol
handlers and peer HDLC cir- a serial bit stream at the rate of 192 kilobits
per  10  cuits (not shown) in the user stations at system second which
comprises 144 kilobits per second    initialization. These links are used
to convey pack- for the above-mentioned two 64 Kilobits per second  ets
within HDLC frames in accordance with the B-channels and one 16 kilobits
per second D-      well-known HDLC protocol. channel and which further
comprises 48 kilobits per  The packets conveyed on the D-channel com-
second used for a number of functions including   15  munication links
between user stations and asso- framing, DC balancing, control and
maintenance.   ciated protocol handlers are, in general, of variable User
line 1004 represents what is referred to by  length. Each user station,
e.g., 1002, transmits and the International Telegraph and Telephone Con-
receives packets via one or more logical links. In sultative Committee
(CCITT) as the T-interface.   accordance with the present example, logical
link The use of the T-interface in the present system is  20  LL0 is used
to convey signaling packets to set up only exemplary. The invention is
equally applicable  both circuit-switched and packet-switched calls to to
systems using other access methods.            and from user station 1002
and logical link LL1 Is In switching module 1000, the user lines, e.g.,
used to convey data packets during packet- 1003 and 1004, are terminated by
two digital line  switched calls to and from user station 1002. The units
1101 and 1102. Circuit-switched information is  25  logical link LL1 can be
further subdivided into a conveyed between each of the digital line units
plurality of logical channels for use when user 1101 and 1102 and a circuit
switching unit 1011 via  station 1002 is engaged in a number of simulta- a
plurality of 32-channel bidirectional data buses,  neous packet-switched
data calls. The logical link e.g., 1211, 1212, 1213 and 1214. Although the
data  and logical channel numbers of each packet are buses such as bus 1211
are used primarily to  30  defined by part of a header of that packet. Each
convey B-channel information which is circuit     packet received by a
protocol handler from a user switched by circuit switching unit 1011 either
to  station is stored in a random access memory (not user stations served
by switching module 1000 or  shown) in that protocol handler. If the
received to a circuit/packet time-multiplexed switch 2010,  packet is a
signaling packet, i.e., it was received in the data buses may also be used
to convey D-  35  logical link LL0, it is transmitted via packet inter-
channel information which is further conveyed via  connect 1800 to
communication interface 1900 for predetermined circuit switching unit 1011
channels  subsequent transmission to control unit 1017. If the and via a
32-channel bidirectional data bus 1205 to  received packet is a data
packet, i.e., it was re- a packet switching unit 1400. Each channel or time
ceived in one of the logical channels of logical link slot on the data
buses such as bus 1211 can   40  LL1, and a packet-switched call has
previously include eight B-channel bits from one user station  been
established to one of the user stations asso- or two D-channel bits from
each of four different  ciated with switching module 1000, the data packet
user stations. Packet-switched information is con-  is transmitted via
packet interconnect 1800 to the veyed between each of the digital line
units 1101  protocol handler associated with the destination and 1102 and
packet switching unit 1400 via a   45  user station for subsequent
transmission thereto. (if second plurality of 32-channel bidirectional data
the packet-switched call is established between two buses, e.g., 1215,
1216, 1217 and 1218. Each      user stations that are associated with the
same channel or time slot on data buses such as 1213 or  protocol handler,
the data packets need not be 1205 can include two D-channel bits from each
of  transmitted via packet interconnect 1800. Instead four different user
stations.                 50  the protocol handler simply transmits the
data In the present exemplary embodiment, packet    packets in the
appropriate channel to the destina- switching unit 1400 includes 96
protocol handlers  tion user station.) If a received data packet is 1700-0
through 1700-95, and packet interconnect   received in a logical channel
which has previously 1800 which interconnects protocol handlers 1700-0
been established for use in a packet-switched call through 1700-95 and a
communication interface   55  to a user station served by one of the other
switch- 1900. Access from the digital line units 1101 and  ing modules,
e.g., user station 1006 served by 1102 to the protocol handlers 1700-0
through 1700-  switching module 1050, the data packet is transmit- 95 is
obtained via six data fanout units 1600-0   ted via packet interconnect
1800 to communication 5    



9                 EP 0 259 118 81                   10 interface 1900 for
subsequent transmission via a  transmission to a time-slot interchanger
410. Time- link Interface 441 included in circuit switching unit  slot
interchanger 410 performs the circuit switching 1011 (FIG. 4), and via
time-multiplexed switch 2010  function of interchanging the order of time
slots in to a protocol handler in switching module 1050 that  accordance
with instructions read from a control is associated with the destination
user station 1006.   5   random access memory (RAM) 411. The reordered When
a given protocol handler, e.g., 1700-0,   time slots are transmitted;on a
512-channel time- has received a complete packet from a user station
multiplexed line 412 to a multiplexer/demultiplexer and has determined the
destination of that packet,  414, which demultiplexes the 512 channels onto
i.e., either one of the other protocol handlers or  two 256-channel
time-multiplexed lines 415 and communication interface 1900, it transmits a
logic  10  417. Lines 415 and 417 are received by a pair of zero Request To
Send (RTS) signal on one con-     link interfaces 441 and 442, which
perform syn- [err] of a six-conductor bus 1701-0 to packet   chronizing and
signal conditioning functions and interconnect 1800. Similarly, when
communication  then transmit the 256 channels received on each of interface
1900 has a packet ready for transmission  the lines 415 and 417, to
time-multiplexed switch to one of the protocol handlers, it transmits a
logic  16  2010 via 256-channel incoming links 15 and 16. zero RTS signal
on one conductor of six-conductor    In the  reverse direction,
time-multiplexed bus 1901. Packet interconnect 1800 enables each   switch
2010 transmits information on two 256-chan- of the protocol handlers and
communication inter-  nel outgoing links 13 and 14 to link interfaces 441
face 1900 to transmit in a predetermined se-      and 442. The 256 channels
from each of the links quence. Since communication interface 1900 trans-
20  13 and 14 are then transmitted by link interfaces mits signaling
packets and inter-module data pack-  441 and 442 on two 256-channel
time-multiplexed ets to all of the user stations served by switching  lines
418 and 416 to multiplexer/demultiplexer 414 module 1000, the sequence
effected by packet      which multiplexes the information onto a single
interconnect 1800 enables communication interface  512-channel
time-multiplexed line 413 to time-slot 1900 sixteen times for each enabling
of an individ-  25  interchanger 410. Time-slot interchanger 410 re- ual
protocol handler. When the packet interconnect  orders the received time
slots in accordance with 1800 sequence reaches protocol handler 1700-0,
instructions read front control RAM 411, and trans- packet interconnect
1800 responds to the RTS      mits the reordered time slots on a
512-channel signal on bus 1701-0 by transmitting a logic zero
time-multiplexed   line -     409       to Clear To Send (CTS) on a second
conductor of bus  30   multiplexer/demultiplexer        407. 701-0 to
protocol handler 1700-0. Protocol handler  Multiplexer/demultiplexer 407
demultiplexes the 1700-0 responds to the CTS signal by transmitting  512
channels onto two 256-channel time-multiplex- its stored packet at a high
rate, e.g., 10 megabits  ed lines 404 and 406 to the data interfaces 401
and per second, via packet interconnect 1800 to its   402, which further
demultiplex the information onto destination. All of the protocol handlers
and com-  35  the 32-channel data buses such as 1211, 1212, munication
interface 1900 can receive the packet,  1213, 1214 and 1205. [err] in the
present embodiment, typically only one    Circuit/packet time-multiplexed
switch (TMS) destination as defined by the packet header ac-    2010 (FIG.
3) operates to provide Inter-module con- tually stores the packet for
subsequent transmis-  nections for both circuit-switched and packet- sion.
Only after the complete packet has been   40  switched calls as well as for
conveying inter-mod- transmitted by protocol handler 1700-0, does the  ule
control packets between the control units of the packet interconnect 1800
sequence resume. The     switching modules, e.g., between control unit 1017
receipt of the packet by the destination protocol  of switching module 1000
and a corresponding handler or by communication interface 1900 is ac-
control unit in switching module 1050. The follow- knowledged by the
transmission of an acknowledg-  45  ing description pertains to the
operation of TMS ment packet back to protocol handler 1700-0.      2010 in
providing inter-module connections for Circuit-switching unit 1011 is shown
in greater  circuit-switched calls. TMS 2010 includes a time- detail in
FIG. 4. Incoming information is received  shared space division switch
which operates in on the 32-channel bidirectional data buses such as
frames of 256 time slots or channels of approxi- buses 1211 and 1212 front
digital line unit 1102,  so   mately 488 nanoseconds each to complete paths
buses 1213 and 1214 from digital line unit 1101,  from its input ports IP1
through IP255 to its output and bus 1205 from packet switching unit 1400. A
ports OP1 through OP255. Each switching module pair of data interfaces 401
and 402 multiplex the  Is connected to two input ports and two output
received information onto a pair of 256-channel   ports. For example,
switching module 1000 is con- time-multiplexed  lines  403  and  405.  A
55  nected via 256-channel incoming links 15 and 16 to
multiplexer/demultiplexer 407 further multiplexes  input ports IP1 and IP2
and via 256-channel out- the two 256-channel lines 403 and 405 onto a
going links 13 and 14 from output ports OP1 and single 512-channel
time-multiplexed line 408 for  OP2. TMS 2010 comprises two substantially
iden- 6    



11                EP0259118B1                       12 tical switch units,
odd switch unit 2100 and even  six-bit segments into repetitions of time
slot TS1 on switch unit 2200. Within odd switch unit 2100,    incoming link
15 to input port IP1. During each conductors from every input port, e.g.,
conductor 1  occurrence of time slot TS1, input port IP1 is from input port
IP1 and conductor 253 from input  connected to output port OP255 and the
six-bit port IP253, are combined into a multi-conductor E-   5   segments
of the control message are conveyed via bus 2102, and are coupled via bus
portion 2103 to  output port OP255 to a message switch 2031 which 128 input
terminals of each of 128 selectors asso-  accumulates the bits of the
control message and ciated with the 128 output ports OP1  through    then
forwards the complete message on to admin- OP255 of odd switch unit 2100.
Only selector      istrative module 2030. Similarly control messages 2131-1
associated with output port OP1 and selec-  10  from administrative module
2030 to control unit tor 2131-2 associated with output port OP253 are  1017
are transmitted via message switch 2031, shown in FIG. 3. Selector 2131-1,
for example,   input port IP255, output port OP1 and outgoing link operates
in response to instructions stored in a   13 to link interface 441 where
the six-bit segments control RAM 2132-1 to connect different ones of its
are extracted from time slot TS1 and conveyed via input terminals to a
multiplexer 2133-1 during each   15  path 440 and DMA unit 558 to memory
567 within of the 256 time slots of each frame. The output  control unit
1017. terminal of multiplexer 2133-1 is connected to out-  In addition to
providing inter-module circuit- put port OP1. As part of the process of
establishing  switched connections, TMS 2010 also provides a conventional
circuit-switched call from user sta-  inter-module packet-switched
connections, for con- tion 1002 to user station 1006, for example, a time
20  veying both inter-module data packets for calls slot is selected that
is available both to connect  between user stations on different switching
mod- input port IP1 to output port OP253 and to connect  ules and
inter-module control packets between the input port IP253 to output port
OP1. Assume that  control units of different switching modules. In the time
slot TS43 is selected. As part of the establish-  present example, 64 of
the 256 time slots on each ment of the call, a TMS controller 2101 writes
26  incoming and outgoing link connected to the odd instructions via a
control bus (not shown) into the  input and output ports of TMS 2010 are
collectively control RAMs 2132-1 and 2132-2. The instructions  used as a
packet channel between communication written into control RAM 2132-1 define
that during  interface 1900 and TMS 2010. The 64 time slots, time slot
TS43, conductor 253 is to be selected by  referred to herein as the packet
time slots, each selector 2131-1 for connection to output port OP1   30
include 12 bits of a packet. Thus the bit rate of the The instructions
written into control RAM 2132-2  packet channel on incoming link 15 to
input port define that during time slot TS43, conductor 1 is to  IP1 and
the packet channel on outgoing link 13 be selected by selector 2131-2 for
connection to  from output port OP1 is 6.144 megabits per sec- output port
OP253.                                ond. The single packet channel
between a switch- One time slot on each link between a switching   35  ing
module and TMS 2010 is used to provide module and TMS 2010 is reserved for
control com-  packet communication to and from a family of munications
between the switching module control  processors on that switching module.
For example, units and an administrative module 2030 which     in switching
module 1000, the family of processors represents the central control of
switching system  comprises control unit 1017 and the protocol han- 10. For
example, time slot TS1 is the reserved   40  dlers 1700-0 through 1700-95.
Inter-module pack- control time slot on link 15 to input port IP1 and on
ets each include as part of their headers an ad- link 13 from output port
OP1. During time slot TS1,  dress field comprising a module subfield
defining input port IP1 is always connected to output port  the destination
switching module and a processor OP255 and input port IP255 is always
connected to  subfield defining the particular destination proces- output
port OP1. Time slot TS2 is the reserved   45  sor on that switching module.
Communication inter- control time slot on link 16 to input port IP2 and on
face 1900 (FIG. 2) operates to combine inter-mod- link 14 from output port
OP2. During time slot TS2,  ule data packets received from packet switching
input port IP2 is always connected to output port  unit 1400 with
inter-module control packets re- OP255 and input port IP255, is always
connected  ceived from control unit 1017, for transmission to to output
port OP2. Similarly, the links to and from   50  link interface 441 for
insertion on the 6.144 each of the other input/output port pairs have
megabits per second packet channel on link 15 to unique reserved control
time slots. Control mes-  input port IP1. Similarly, packets received by
link sages are generated by processor 566 (FIG. 5)     interface 441 on the
6.144 megabits per second within control unit 1017 and stored in a memory
packet channel on link 13 from output port OP1, 567. A control message for
administrative module  55  are transmitted to communication interface 1900,
2030 is transmitted from memory 567 via a direct  for separation based on
the processor subfield and memory access (DMA) unit 558 and path 440 to
subsequent transmission to control unit 1017 or link interface 441 where
the message is inserted in  packet switching unit 1400. The functions of
insert- 7    



13                EP 0 259 118 B1                   14 ing and extracting
the packet time slots forming the  Such packets are transmitted to the RAM
8015 packet channels are carried out in link interface  section associated
with controller 8008. Controller 441 in accordance with packet time slot
definitions  8008 reads the packets from RAM 8015 and trans- stored in a
control RAM (not shown).              mits them via bus 1901  and packet
interconnect Communication interface 1900 (FIG. 10) in-   5   1800 to the
particular destination protocol handler. cludes three communications
controllers 8001,        In addition to control unit 1017, each of the
8008, and 8012 to coordinate communication be-    protocol handlers 1700-0
through 1700-95 can tween communication interface 1900 and control
transmit packets via communication interface 1900 unit 1017, packet
switching unit 1400, and link   and link interface 441 on the 6.144
megabits per interface 441, respectively. Communication inter-  10  second
packet channel on incoming link 15 to Input face 1900 further Includes a
dual port, random    port IP1. Signaling packets received by a protocol
[err] memory (RAM) 8015, which may be imple-     handler from a user
station will be transmitted by mented, for example, as 22 memories each
having  that protocol handler to communication interface 256K, one-bit
locations. RAM 8015 is used for the  1900 with a module subfield defining
switching intermediate storage of packets being conveyed  15   module 1000
and a processor subfield defining among communication controllers 8001,
8008, and  control unit 1017. As part of the process of estab- 8012, which
are connected via a bus 8017 to one  lishing a packet-switched data call,
for example, port of RAM 8015. A processor 8014, operating    between user
station 1002 on switching module under instructions stored in a memory
8016, is   1000 and user station 1006 on switching module connected to a
second port of RAM 8015 and   20  1050, the protocol handler associated
with user performs protocol processing of inter-module con-  station 1002,
e.g., protocol handler 1700-0, will trol packets and user signaling packets
as an inter-  determine which protocol handler in switching mod- mediate
step in the transfer of such packets. RAM  ule 1050 is associated with user
station 1006. Pro- 8015 has four sections each comprising a se-     tocol
handler 1700-0 stores such information in a quence of contiguous locations
used for the inter-  25  routing table such that data packets received
there- mediate storage of packets in a first-in-first-out  after from user
station 1002 in the particular logical manner for a destination associated
with that sec-  channel being used for the call, are transmitted by tion.
The four sections are associated with control-  protocol handler 1700-0 via
packet interconnect lers 8001, 8008, 8012, and processor 8014.        1800
to communication interface 1900 with a mod- Within control unit 1017,
processor 566 (FIG. 5)  30  ule subfield defining switching module 1050 and
a generates inter-module control packets and stores  processor subfield
defining the protocol handler such packets in memory 567. The address field
of  associated with user station 1006. Both user sig- an inter-module
control packet includes a module  naling packets and user information poets
are re- subfield defining the destination switching module  ceived by
communications controller 8008 from and a processor subfield defining the
control unit in  35  packet interconnect 1800 via bus 1901. Commu- the
destination switching module. A DMA unit 561  nications controller 8008
subsequently stores-user ansmits the packets from memory 567 via a path
signaling packets in the RAM 8015 section asso- 562 to communications
controller 8001 which sub-  ciated with processor 8014. Processor 8014 per-
sequently stores each received packet in the RAM  forms necessary protocol
processing on the user 8015 section associated with processor 8014. Pro-
40  signaling packets and then stores them in the RAM cessor 8014 reads
such packets from RAM 8015,    8015 section associated with communications
con- performs necessary inter-module control packet   troller 8001. The
packets are subsequently read by processing, and determines based on the
module   controller 8001 from RAM 8015 and transmitted via subfield
defining a destination switching module  path 562 and DMA unit 561 to
memory 567. Com- other than switching module 1000, that a received   45
munications controller 8008 stores user information packet is to be
transmitted to controller 8012. Ac-  packets received from packet
interconnect 1800 in cordingly, processor 8014 stores the packet in the
the RAM 8015 section associated with communica- memory 8015 section
associated with controller   tions controller 8012. Controller 8012 then
reads 8012. The packet is subsequently read by control-  the packets from
RAM 8015 and transmits them to ler 8012 and transmitted to link interface
441 for  50  link interface 441 for insertion in the 6.144 insertion in the
6.144 megabits per second packet  megabits per second packet channel on
incoming channel on incoming link 15 to input port IP1.   link 15 to input
port IP1. Processor 566 may also generate packets to be        Packets
received on the 6.144 megabits per transmitted to the protocol handlers
1700-0 through  second packet channel on outgoing link 13 from 1700-95. In
that case, the module subfield of the   55  output port OP1, are extracted
from the 64 pre- packet defines switching module 1000 and the pro-
determined packet time slots by link interface 441 cessor subfield defines
the particular one of the  and are conveyed via path 8013 to communications
protocol handlers which is to receive the packet.  controller 8012, which
subsequently stores  re- 8    



15                EP 0 259 118 B1                   16 ceived inter-module
control packets in the RAM    and the particular seven-bit status word
defines 8015 section associated with processor 8014. Pro-  which of the 128
incoming packet buffers is pres- cessor 8014 subsequently performs protocol
pro-   ently transmitting a packet to that selector. The ring cessing on
such inter-module control packets and  cycle of 128 status words repeats 32
times during then stores them in the RAM 8015 section asso-   5   each
125-microsecond frame. Assume that a pack- ciated with communications
controller 8001. Con-  et has been received by incoming packet buffer
troller 8001 reads the packets and effects their  2120-1 and that the
module subfield of the packet transfer via path 562 and DNA unit 561 to
memory  address defines that the packet is destined for 567. Communications
controller 8012 stores user   switching module 1050. Incoming packet buffer
information packets received from link interface   10  2120-1 transmits a
signal, referred to herein as a 441 in the RAM 8015 section associated with
com-  packet present signal, on a conductor 2119-1 to munications
controller 8008. Controller 8008 subse-  transmit control node 2123-1.
Incoming packet quently reads them and effects their transmission  buffer
2120-1 also transmits a request pulse on a via bus 1901 and packet
interconnect 1800 to the  conductor 2121-1 to transmit control node 2123-1
appropriate destination protocol handlers.   15  coincident with the
arrival of the status word defin- Within TMS 2010 (FIG. 3), the information
in  ing the status of selector 2128-2. If that status word the 64 packet
time slots received on incoming link  is 0000000 defining that selector
2128-2 is pres- 15 at input port IP1 is stored in an incoming packet  ently
idle, transmit control node 2123-1 substitutes buffer 2120-1. The
definitions of the time slots on  a nonzero status word 0000001 defining
input port incoming link 15 that are packet time slots are  20  IP1, or
equivalently switching module 1000. When stored in control RAM 2132-1 at
system initializa-  selector control node 2124-2 subsequently receives tion
by TMS controller 2101. Such definitions are  the nonzero status word
0000001 at the time asso- then conveyed from control RAM 2132-1 to incom-
ciated with selector 2128-2, node 2124-2 transmits ing packet buffer 2120-1
such that the proper time  the status word 0000001 via a path 2126-2 for
slots from link 15 are extracted. Each input port  25  storage in a latch
2129-2. The storage In latch has a similar associated incoming packet
buffer.  2129-2 is effected by the transmission of a strobe For example,
input port IP253 has associated in-  pulse from selector control node
2124-2 via a con- coming packet buffer 2120-2. The output conduc-   ductor
2125-2 to latch 2129-2. The contents of tors from every incoming packet
buffer, e.g., con-  latch 2129-2 define which of the 128 input termi-
ductor 1P from incoming packet buffer 2120-1 and   30  nals Is selected by
selector 2128-2 for connection conductor 253P from incoming packet buffer
2120-  to an outgoing packet buffer 2130-2. The status 2, are combined into
multi-conductor E-bus 2102,  word 0000001 in latch 2129-2 defines that
selector and are coupled via bus portion 2104 to 128 input  2128-2 is to
connect conductor 1P to outgoing terminals of each of 128 selectors
associated with  packet buffer 2130-2. Transmit control node 2123-1 the 128
output ports OP1 through OP255 of odd   35  subsequently transmits a go
signal via a conductor switch unit 2100. Only selector 2128-1 associated
2122-1 to incoming packet buffer 2120-1. The go with output port OP1 and
selector 2128-2 asso-    signal is transmitted by transmit control node
2123- ciated with output port OP253 are shown in FIG. 3.  1 at least one
ring cycle after the request signal The transmission of packets from
incoming packet  was received from incoming packet buffer 2120-1 buffers,
e.g., 2120-1 and 2120-2, and the selection   40  in order to assure that
selector 2128-2 has been of input conductors by the selectors, e.g., 2128-1
appropriately set. In response to the go signal, and 2128-2, are controlled
by a control ring 2110  incoming packet buffer 2120-1 transmits the re-
interconnecting  a plurality of transmit control  ceived packet via
conductor 1 P of E-bus 2102 and nodes, e.g., 2123-1 and 2123-2, a plurality
of selec-  selector 2128-2 to outgoing packet buffer 2130-2. tor control
nodes, e.g., 2124-1 and 2124-2, and a   45   Control RAM 2132-2 controls
the operation of a ring repeater 2140. Control ring 2110 includes an
multiplexer 2133-2 to combine circuit-switched in- eight-conductor bus 2111
comprising a seven-bit   formation  from  selector 2131-2  and  packet-
status bus and a single throttle bit The status bus  switched information
from outgoing packet buffer is used to define the status of the selectors,
e.g.,   2130-2 onto the single 256-channel time-multiplex- 2128-1 and
2128-2, as to whether they are pres-  50  ed link 21 from output port
OP253. During each of ently being used to convey a packet or not. The   the
64 predetermined packet time slots, outgoing status bus defines the status
of each of the 128  packet buffer 2130-2 transmits a 12-bit segment of
selectors by a sequence of 128 status words repet-  the stored packet via
multiplexer 2133-2 to output itively transmitted around ring 2110. A status
word  port OP253 for transmission to switching module comprising seven
logic zeroes (0000000) defines  55  1050. During the remaining time slots,
the circuit- that the selector is presently idle, i.e., it is not  switched
information from selector 2131-2 is trans- conveying a packet. A nonzero
status word defines  mitted via multiplexer 2133-2 to output port OP253
that the selector is presently conveying a packet  for transmission to
switching module 1050. 9    



17                EP 0 259 118 B1                    18 Once the complete
packet is transmitted by    signal on conductor 2119-1. A counter 906
receives incoming packet buffer 2120-1, it removes the     a
32.768-megahertz clock signal C1 and an 8.0- packet present signal from
conductor 2119-1. In   kilohertz synchronizing signal SYNC from a system
response to such removal, transmit control node   clock 2150. Counter 906
is a seven-bit counter 2123-1 substitutes the idle status word.0000000 for
5   which is incremented from 0000000 to 11.11111 the status word 0000001
defining the status of    once during each cycle of  control ring 2110.
Coun- selector 2128-2.                                  ter 906 counts an
internally, delayed version of -the Even if the selector 2128-2 is idle at
a particu-  synchronizing signal SYNC. The amount of internal lar time such
that the status word 0000000 is     delay depends on the position of
incoming packet present at the appropriate point of each ring cycle,  10
buffer 2120-1 with respect to control ring 2110. A the outgoing packet
buffer 2130-2 may not be     comparator 907 compares the count present in
[err] to receive a packet. If not, outgoing packet  counter 906 with the
module subfield stored. in buffer 2130-2 transmits a logic zero throttle
bit via  header latch. 905. When the count present in coun- a conductor
2127-2 to selector control node 2124-  ter 906 is equal to the module
subfield stored in 2. The logic zero throttle bit is inserted on control
15  header latch 905, comparator 907 transmits a logic ring 2110 by
selector control node 2124-2, at the  one request pulse on a conductor
2121-1 to trans- same point in the ring cycle that the status word  mit
control node 2123-1. When the module subfield associated with selector
2128-2 is transmitted. The  defines switching module 1050, for example, as
the logic zero throttle bit prevents any of the transmit  packet
destination, the request pulse transmitted control nodes from effecting the
transmission of a   20  by comparator 907 coincides with the presence on
packet to selector 2128-2.                        control ring 2110 at
transmit control node 2123-1 of Incoming packet buffer 2120-1 (FIG. 9) in-
the status word defining the status of selector cludes a memory 901 for
storing bits received in  2128-2. the packet time slots on incoming link 15
to input   When transmit control node 2123-1 returns a port IP1. Such
packets are conveyed to memory  25  go signal on conductor 2122-1, the go
signal is 901 via conductor 1. The writing and reading of   received by
read address generator 904, which memory 901 are controlled by a write
address      initiates the transmission of the packet (including generator
903 and a read address generator 904,   the packet header) on. conductor
1P. When flag which selectively access memory 901 via a selec-  detector
930 detects the packet closing flag, detec- tor 902. Signals on conductor
2135-1 from control  30  tor 930 transmits a stop signal on conductor 932
to RAM 2132-1 define the input port IP1 packet time   reset flip-flop 910
such that the packet present slots to write address generator 903 and to a
flag  signal on conductor 2119-1 is removed. An AND detector 920, which
detects the opening and clos-  gate 934, which receives the stop signal on
con- ing flags of each received packet. When flag detec-  ductor 932 and
the go signal on conductor 2122-1 tor 920 informs write address generator
903 that an   35  at its two input terminals, transmits a logic  one
opening flag has been received, write address gen-  signal to packet
counter 935 to decrement counter rator 903 effects the writing of the bits
of the  935 by one to properly account for the transmitted packet into
memory 901. When flag detector 920     packet. An additional counter (not
shown) is used informs write address generator 901 that the clos-  to
assure that write address generator 903 does not ing flag has been
received, write address generator  40  overtake read address generator 904.
controls the termination of writing into memory 901  Transmit control node
2123-1 (FIG. 6) includes and also increments by one a packet counter 935,
a word recognition circuit 601 that receives the used to count the number
of packets. stored in    seven-conductor status bus 610-S of control ring
memory 901. After the complete packet has been    2110. and transmits a
logic one signal to one input stored, read address generator 904 effects
the   45  terminal of a four-input AND gate 604 whenever transmission of
the initial bits of the packet to a flag  status bus 610-S defines the idle
status word detector 930, which upon detecting the packet     0000000. The
other three input terminals of AND opening flag, controls the subsequent
transmission  gate .604 receive the request pulse and packet of the module
subfield of the packet header (with  present signal on conductors 2121-1
and 2119-1 any inserted zero bits deleted) to a header latch  50  from
incoming packet buffer 2120-1, and a throttle 905. Read address generator
904 transmits a logic  bit conductor 610-T of control ring 2110. Assume one
signal on conductor 933 to cause the storage  again that the request pulse
defines selector 2128- of the module subfield in latch 905 and to set a S-
2 associated with switching module 1050. AND R flip-flop 910. An AND gate
936, which receives at  gate 604 generates a logic one pulse coincident its
two input terminals the output signal from flip-  55  with the request
pulse received on conductor 2121- flop 910 and a signal from packet counter
935     1 only when: 1) the packet present signal is indicating that at
least one packet is available in  present on conductor 2119-1, 2) word
recognition memory 901, then transmits the packet present    circuit 601 is
generating a logic one indicating  the 10    



19                EP0259118B1                       20 presence of the idle
status word 0000000 on status  on status bus 611-S again defining selector
2128-2 bus 610-S, and 3) the throttle bit associated with  as idle. the
idle status word 0000000 is a logic one indicat-  Selector control node
2124-2 (FIG. 7) receives ing that outgoing packet buffer 2130-2 is
presently  via eight-conductor bus 2111 each status word and able to
receive a packet Status bus 610-S is also   5   associated throttle bit
from control ring 2110 on a received by a selector 603 which, in the
absence of  status bus 710-S and a throttle bit conductor 710-T. a logic
one signal from AND gate 604, transmits   The status words are stored in
flip-flops 707-1 the status word on status bus 610-S via AND gates  through
707-7 and subsequently transmitted in re- 606-1 through 606-7 for storage
in flip-flops 607-1  sponse to the clock signal C1. A seven-bit counter
through 607-7. However, when AND gate 604 trans-  10  701 receives the
clock signal C1 and the synchro- mits a logic one signal, selector 603
instead trans-  nizing signal SYNC from system clock 2150 and Is mits the
status word stored in register 602 to AND  sequentially Incremented from
0000000 to 1111111 gates 606-1 through 606-7 for storage in flip-flops
once during each ring cycle. A comparator 703 607-1 through 607-7. For
transmit control node    compares the count generated by counter 701 with
2123-1, register 602 stores the status word  15  a seven-bit word stored in
a register 702 defining 0000001 defining the associated input port IP1 and
the output port or switching module associated with switching module 1000.
Each status word and as-   that selector control node. In selector control
node sociated throttle bit stored by flip-flops 607-1  2124-2, the word
stored in register 702 is 1111110 through 607-7 and 608 are subsequently
transmit-  defining the output port OP253 and the associated ted via status
bus 611-S and throttle bit conductor  20  switching module 1050.
Accordingly, comparator 611 -T to control ring 2110 in response to the
clock  703 generates a logic one strobe pulse which co- signal C1. The
logic one pulse generated by AND   incides with the presence on control
ring 2110 at gate 604 is also transmitted to a flip-flop 621,  selector
control node 2124-2 of the status word which in turn sets a S-R type
flip-flop 622. A    defining the status of selector 2128-2. The logic
selector 623, which is controlled by the request  25  one strobe pulse is
delayed by one cycle of clock pulse on conductor 2121-1, receives the Q
output  signal C1 by a flip-flop 721 and is then transmitted signal from
flip-flop 622 and the Q output signal  on conductor 2125-2 to latch 2129-2
to effect the from a flip-flop 624. When the request pulse occurs  storage
in latch 2129-2 of the status word on the again on conductor 2121-1 after
the completion of  output status bus 711-S from  flip-flops 707-1 a full
ring cycle, the logic one signal generated at  30  through 707-7. The
throttle bit from outgoing pack- the Q output of flip-flop 622 is
transmitted by   et buffer 2130-2 is transmitted via conductor 2127-
selector 623 to be stored by flip-flop 624. Since the  2 to a selector 704
which also receives the throttle Q output of flip-flop 624 is returned to
selector 623,  bit conductor 710-T from control ring 2110. The it remains
at a logic one level until flip-flop 624 is  throttle bits from conductor
710-T are all transmit- subsequently reset as described herein. The logic
35  ted by selector 704 to a flip-flop 705 with the one level is
transmitted as the go signal via con-  exception of the throttle bit
coinciding with the ductor 2122-1 to incoming packet buffer 2120-1.
strobe pulse from  comparator 703. When the The D and S-R flip-flops of
transmit control node  strobe pulse is present, the throttle bit on conduc-
2123-1 operate synchronously.                     tor 2127-2 from outgoing
packet buffer 2130-2 is When incoming packet buffer 2120-1 com-   40
instead transmitted to flip-flop 705 for subsequent pletes the transmission
of the packet, it removes  transmission via conductor 711-T to control ring
the packet present signal on conductor 2119-1.    2110. In this manner, a
logic zero throttle bit from Such removal is detected by a three-input NAND
outgoing packet buffer 2130-2, which indicates that gate 605, which
receives conductor 2119-1 at an   outgoing packet buffer 2130-2 is unable
to receive inverting input terminal, and which receives the   45  a packet,
is inserted on control ring 2110 in associ- request pulses generated on
conductor 2121-1 and  ation with the status word defining the status of the
logic one signal generated by flip-flop 622 at its  selector 2128-2. two
non-inverting input terminals. When the packet    System clock 2150 (FIG.
3) derives Its timing present signal is removed on conductor 2119-1,
from an external source, e.g., another switching NAND gate 605 transmits a
logic zero pulse co-  50  system, and distributes its 32.768-megahertz sys-
incident with the next request pulse received on  tem clock signal C1 and
its 8.0-kilohertz synchro- conductor 2121-1. The logic zero pulse
transmitted  nizing signal SYNC via E-bus 2102 to the various by NAND gate
605 acts to reset flip-flops 622 and  components within TMS 2010. The clock
signals 624 such that they are ready to control the trans-  are delayed as
they traverse E-bus 2102. A ring mission of another packet. The logic zero
pulse is  56  repeater 2140 which joins the beginning of control also
coupled to input terminals of the AND gates  ring 2110 with the end of
control ring 2110 op- 606-1 through 606-7 such that the idle status word
erates to resynchronize the status words and throt- 0000000 is substituted
for the status word 0000001  tle bits received on the conductors of control
ring    21                EP 0 259118 B1                    22 



2110 as they begin their next cycle. Ring repeater  all interprocessor
communication needed for pro- 2140 (FIG. 8) includes eight synchronizing
circuits  cessing calls could be effected using the packet 801-1 through
801-8, one for each conductor of    switching capability of
time-multiplexed switch bus 2111, and two clock circuits 802 and 803.
2010 without involving message switch 2031 and Synchronizing circuit 801-1
includes four flip-flops   5   administrative module 2030. 811 through 814
which sequentially receive and        Recall that the establishment of an
inter-mod- store four bits from a first conductor of bus 2111 in  ule
circuit-switched call in the present embodiment response to the delayed
clock signal C1. The four  requires the selection of  one time-multiplexed
bits stored in flip-flops 811 through 814 are si-  switch 2010 time slot.
Time slot Interchanger 410 multaneously stored in a latch 815 in response
to a   10  in circuit switching unit 1011 (FIG. 4) is capable of clock
signal derived by clock circuit 803 from the  looping back time slots used
for intra-module delayed clock and synchronizing signals, C1 and
circuit-switched calls. Even through intra-module [err]. The contents of
latch 815 are subsequently   call information is not conveyed on
time-multiplex- transmitted in parallel to four flip-flops 816 through  ed
lines 412 and 413, two time slots (one for each 819 In response to a clock
signal derived by clock  is  direction of transmission) on each of the
lines 412 circuit 802 from the non-delayed clock and syn-   and 413 are
made unavailable for conveying inter- chronizing signals C1 and SYNC.
Multiplexers 827,  module circuit-switched calls when a single intra- 828,
and 829 select either the parallel inputs from  module call is established
within time-slot inter- latch 815 for storage in flip-flops 817, 818 and
819  changer 410. In the present embodiment, intra- respectively, or the
output signals from the preced-  20  module circuit-switched calls can be
established ing flip-flops 816, 817 and 818. The four bits stored  such
that the time slots made unavailable on lines in flip-flops 816 through 819
are sequentially trans-  412 and 413 correspond to the predetermined mitted
on the first conductor of bus 2111 in re-  packet time slots comprising the
packet channel to sponse to the non-delayed clock signal C1. Seven
time-multiplexed switch  2010. Whenever an intra- additional synchronizing
circuits, e.g., synchroniz-  25  module circuit-switched call, is being
established, ing circuit 801-8, perform the same function for the  the time
slot selections are made such that the other seven conductors of bus 2111.
Thus any      time slots on lines 412 and 413 that are made timing skew
which may result from the traversal of  unavailable correspond to two of
the 64 packet the signals around control ring 2110 is removed   time slots.
Accordingly, up to 32 intra-module before the next ring cycle is initiated.
30  circuit-switched calls can
be established within The call processing required to establish both
switching module 1000 without reducing the num- circuit-switched calls and
packet-switched calls   ber of inter-module circuit-switched calls that can
within system 10 is performed cooperatively by the  also be established.
control units of the switching modules, e.g., control unit 1017 in
switching module 1000, and by admin-  35   Claims istrative module 2030. In
the present embodiment, administrative module 2030 stores global data such
1. A packet switch (2012) ..for switching packets [err] the available
circuit-switched paths through       received on a plurality of incoming
packet time-multiplexed switch 2010. Recall that establish-  channels,
(e.g. 81), to a plurality of outgoing ing a circuit-switched path between
modules 1000   40  packet channels, (e.g. 82), said packet switch and 1050
involves selecting an available circuit-     comprising         - switched
time slot on the links between modules          a plurality of packet
buffers, (e.g. 2120-1), 1000 and 1050 and time-multiplexed switch 2010.
each for storing packets received from at  least Administrative module 2030
stores the global data     one of said incoming packet channels,    -
defining the availability of circuit-switched time   45   a plurality of
selectors, (e.g. 2128-1), each slots to time-multiplexed switch 2010 and
performs    permanently connected to each of said packet the selection of
the time slot to be used for a given  buffers and each associated with at
least one inter-module circuit-switched call. Administrative    of said
outgoing packet channels for selec- module 2030 also stores the data
defining the         tively connecting any of said packet buffers to
association of protocol handlers, e.g., 1700-0, to  50  an outgoing packet
channel associated with user stations. Such data is used during the estab-
said each selector, lishment of a packet-switched call to generate the
means responsive to said stored packets required routing table entries in
the protocol han-  for controlling the selective connections made dlers
associated with both the originating and ter-   by said selectors based on
headers included in minating user stations. Although, administrative   55
said stored packets, module 2030 is used to store such global data in
CHARACTERIZED IN THAT the present embodiment a switching module could
said  packet switch further comprises also be used to store that data. In
the latter case,  means responsive to said stored packets for 12    21
EP0259118B1                        22 



2 110 as they begin their next cycle. Ring repeater  all interprocessor
communication needed for pro- 2140 (FIG. 8) includes eight synchronizing
circuits  cessing calls could be effected using the packet 801-1 through
801-8, one for each conductor of     switching capability of
time-multiplexed switch bus 2111, and two clock circuits 802 and 803.
2010 without involving message switch 2031 and Synchronizing circuit 801-1
includes four flip-flops   5   administrative module 2030. 811 through 814
which sequentially receive and        Recall that the establishment of an
inter-mod- store four bits from a first conductor of bus 2111 in  ule
circuit-switched call in the present embodiment response to the delayed
clock signal C1. The four  requires the selection of one time-multiplexed
bits stored in flip-flops 811 through 814 are si-  switch 2010 time slot.
Time slot interchanger 410 multaneously stored in a latch 815 in response
to a   io  In circuit switching unit 1011 (FIG. 4) is capable of clock
signal derived by clock circuit 803 from the  looping back time slots used
for intra-module delayed clock and synchronizing signals, C1 and
circuit-switched calls. Even through intra-module [err]. The contents of
latch 815 are subsequently  call information is not conveyed on
time-multiplex- transmitted in parallel to four flip-flops 816 through  ed
lines 412 and 413, two time slots (one for each 819 in response to a clock
signal derived by clock   15  direction of transmission) on each of the
lines 412 circuit 802 from the non-delayed clock and syn-    and 413 are
made unavailable for conveying inter- chronizing signals C1 and SYNC.
Multiplexers 827,  module circuit-switched calls when a single intra- 828,
and 829 select either the parallel inputs from  module call is established
within time-slot inter- latch 815 for storage in flip-flops 817, 818 and
819  changer 410. In the present embodiment, intra- respectively, or the
output signals from the preced-  20  module circuit-switched calls can be
established ing flip-flops 816, 817 and 818. The four bits stored  such
that the time slots made unavailable on lines in flip-flops 816 through 819
are sequentially trans-  412 and 413 correspond to the predetermined mitted
on the first conductor of bus 2111 in re-   packet time slots comprising
the packet channel to sponse to the non-delayed clock signal C1. Seven
time-multiplexed switch 2010. Whenever an intra- additional synchronizing
circuits, e.g., synchroniz-  25  module circuit-switched call is being
established, ing circuit 801-8, perform the same function for the  the time
slot selections are made such that the other seven conductors of bus 2111.
Thus any      time slots on lines 412 and 413 that are made timing skew
which may result from the traversal of  unavailable correspond to two of
the 64 packet the signals around control ring 2110 is removed   time slots.
Accordingly, up to 32 intra-module before the next ring cycle is initiated.
30  circuit-switched calls can be established within The call processing
required to establish both  switching module 1000 without reducing the num-
circuit-switched calls and packet-switched calls   ber of inter-module
circuit-switched calls that can within system 10 is performed cooperatively
by the  also be established. control units of the switching modules, e.g.,
control unit 1017 in switching module 1000, and by admin-  35  Claims
istrative module 2030. In the present embodiment, administrative module
2030 stores global data such  1. A packet switch (2012) for switching
packets .s the available circuit-switched paths through       received on a
plurality of incoming packet time-multiplexed switch 2010. Recall that
establish-   channels, (e.g. 81), to a plurality of outgoing ing a
circuit-switched path between modules 1000   40  packet channels, (e.g.
82), said packet switch and 1050 involves selecting an available circuit-
comprising switched time slot on the links between modules           a
plurality of packet buffers, (e.g. 2120-1), 1000 and 1050 and
time-multiplexed switch 2010.       each for storing packets received from
at least Administrative module 2030 stores the global data      one of said
incoming packet channels, defining the availability of circuit-switched
time   45   a plurality of selectors, (e.g. 2128-1), each slots to
time-multiplexed switch 2010 and performs     permanently connected to each
of said packet the selection of the time slot to be used for a given
buffers and each associated with at least one inter-module circuit-switched
call. Administrative    of said outgoing packet channels for selec- module
2030 also stores the data defining the         tively connecting any of
said packet buffers to association of protocol handlers, e.g., 1700-0, to
50  an outgoing packet channel associated with user stations. Such data is
used during the estab-    said each selector, lishment of a packet-switched
call to generate the        means responsive to said stored packets
required routing table entries in the protocol han-   for controlling the
selective connections made dlers associated with both the originating and
ter-    by said selectors based on headers included in minating user
stations. Although, administrative   55  said stored packets, module 2030
is used to store such global data in          CHARACTERIZED IN THAT the
present embodiment a switching module could           said  packet switch
further comprises also be used to store that data. In the latter case,
means responsive to said stored packets for 12    23                EP 0
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selectively effecting the transmission of said    each for connecting one
of said plurality of stored packets from said packet buffers, said
packet buffers to all of said plurality of. selec- effecting means
comprising a plurality of trans-  tors. mit control nodes, (e.g. 2123-1),
each for effec- ting the transmission of packets from at least   6   5. A
packet switch in accordance with claim 1 one of said packet buffers,
wherein each of said plurality of  selectors said controlling means
comprises a plural-    transmits packets therethrough from said plu- ity of
selector control nodes, (e.g. 2124-1),     rality of packet buffers to the
outgoing packet each for controlling the selective connections    channel
associated with said each selector. made by at least one of said selectors,
and  10 wherein said packet switch further corn-   6. A packet switch in
accordance with claim 1 prising a control ring (2110) comprising said
wherein transmit control nodes and said selector con-         said
interconnecting means (2111) also trol nodes and means (2111) for
interconnec-      conveys throttle bits indicating that ones of ting said
transmit control nodes and said se-  15  said transmit control nodes are to
defer trans- lector control nodes for transmitting signals to  mission of
packets. said transmit control nodes and said selector control nodes
defining the present connection  PatentansprOche state of ones of said
packet buffers to ones of said outgoing packet channels.            20  1..
Paketvermittlungseinrichtung (2012) zur Ner- mittlung von Paketen, die
UOber eine VIelzahl 2. A packet switch in accordance with claim 1
von ankommenden Paketkanglen (z.B. 81) wherein each of said transmit
control nodes is    empfangen werden, zu einer Vielzahl von ab- responsive
to a receipt by a packet buffer        gehenden Paketkanglen (z.B. 82) mit
einer associated with said each transmit control  25    Vielzahl von
Paketpuffem (z.B. 2120-1), die je node of a given packet, including a
header        zur Speicherung von Uber wenigstens einen defining a given
one of said outgoing packet      der ankommenden Paketkandle empfangenen
channels, and to signals transmitted by said      Paketen vorgesehen sind,
interconnecting means (2111) defining a con-      einer Vielzahl von WAhlem
(z.B: 2128-1), die je nection state wherein none of said packet buff-  so
permanent mit jedem Paketpuffer verbunden ers is presently connected to
said given out-    und je wenigstens elnem abgehenden Paketka- going packet
channel, for effecting a change of   nal zugeordnet sind, urn selektiv
jeden Paket- said signals transmitted by said interconnec-     puffer mit
sinem abgehenden, dern jeweiligen ting means (2111) to define a connection
state    W~hler zugeordneten Paketkanal zu verbinden, wherein said packet
buffer associated with said  35  und each transmit control node is
connected to        einer Einrichtung, die unter Ansprechen auf die said
given outgoing packet channel, and for       gespeicherten Pakete die
selektiven, durch die effecting the transmission of said given packet
WAhler hergestellten Verbindungen . auf der from said packet buffer
associated with said      Grundlage von Paketk6pfen steuert, die in den
each transmit control node.               40      gespelcherten Paketen
enthalten sind, dadurch gekennzelchnet, daB 3. A packet switch in
accordance with claim 2         die Paketvermiftfungseinrichtung femer eine
wherein each of said selector control nodes is    Einrichtung aufwelst, die
unter Ansprechen auf responsive to signals transmitted by said inter-  die
gespeicherten Pakete selektiv die Obertra- connecting means (2111) defining
a connection   46  gung der gespeicherten Pakete aus den Paket- state
wherein a given packet buffer is con-       puffern durchfUhrt, wobei die
DurchfUhrungs- nected to an outgoing packet channel asso-
einrichtung sine Vieizahl von Sendesteuerkno- ciated with said each
selector control node, for  ten (z.B. 2123-1) aufweist, die Jo fUr die
Durch- controlling the connection by a selector asso-    flhrung der
Obertragung von Paketen aus we- ciated with said each selector control node
of  6o  nigstens elnem Paketpuffer vorgesehen sind, said given buffer to
said outgoing packet chan-   dag die Steuereinrichtung eine Vielzahl von
nel associated with said each selector control    WAhlersteuerknoten (z.B.
2124-1) aufweist, die node.                                            ji
flr die Steuerung der selektiven, von wenig- stens einem WAhler
durchgefOhrten Verbin- 4. A packet switch in accordance with claim 1   55
dungen vorgesehen sInd, und daB die Paket- further comprising
vernmittlungseinrIchturVg ferner einen Steuerring multi-conductor bus means
(2102) com-          (2110) aufweist, der die Sendesteuerknoten, prising a
plurality of conductors (1 P. 253P)     die Wghlersteuerknoten und sine
Einrichtung 13    25                EP 0 259 118 B1                   20
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(2111) enthalt, urn die Sendesteuerknoten und  6.
Paketvermittlungseinrichtung nach Anspruch 1, die Wahlersteuerknoten zur
Obertragung von        bei der die Verbindungseinrichtung (2111) au-
Signalen zu den Sendesteuerknoten und den         Berdem  Drosselbits
Obertragt, die anzeigen, Wahlersteuerknoten zu verbinden, wobei die
daB einzelne Sendesteuerknoten die Obertra- Signals den augenblicklichen
Verbindungszu-   a   gung von Paketen verzogern sollen. stand von
Paketpuffern mit abgehenden Paket- kanglen definieren.
Revendicatlons 2. Paketvermittlungseinrichtung nach Anspruch 1,  1. Un
commutateur de paquets (2012) destinb A bei der jeder Sendesteuerknoten auf
den Emp-  io  commuter des paquets qui sont regus sur un fang sines
gegebenen Paketes einschlieBlich       ensemble de canaux de paquets
entrants (par :  ; eines Paketkopfes, der einen gegebenen abge-
exemple 81), de fagon & lee diriger vers un - v-' henden Paketkanal
definiert, durch einen Pa-     ensemble de canaux de paquets sortants (82),
ketpuffer, der jedem Sendesteuerknoten sines     ce commutateur de paquets
comprenant gegebenen Paketes zugeordnet ist, und auf  is        un ensemble
de tampons de paquets (par Signals anspricht, die von der Verbindungsein-
exemple 2120-1), chacun d'eux etant destin6 & richtung (2111) Ubertragen
worden sind und        enregistrer des paquets qui sont regus a partir
einen Verbindungszustand definieren, in wel-      de l'un au moins des
canaux de paquets en- chem kein Paketpuffer im Augenblick mit dem
trants, gogebenen abgehenden Paketkanal verbunden   20       un ensemble de
selecteurs (par exemple ist, urn eine Anderung der von der Verbin-
2128-1), chacun d'eux 6tant connect4 de fagon dungseinrichtung (2111)
Ubertragenen Signals      permanents a chacun des tampons de paquets
durchzuflhren, derart, daB sie einen Verbin-     et chacun d'eux etant
associ a l'un au moins dungszustand definieren, in welchern der je-
des, canaux de paquetsisortants, pour connec- dem  Sendesteuerknoten
zugeordnete Paket-  25    ter selectivement l'un qdelconque. des tampolIs
puffer mit dem gagebenen abgehenden Paket-        de paquets.a un canalvdo
paquets sortant qui kanal verbunden ist, und um die Obertragung       est
associd a chaque s~lecteur, . -' des gegebenen Paketes aus dem jedem Sen-
des -moyers qui fonctionnent sous la d6- desteuerknoten zugeordneten
Paketpuffer aus-      pendance des paquets enregistr~s.de fagon-:a
zufihren.                      .         30       commander* les connexions
selectives quitsont .tablies. par les selecteurs,.sur Ja base d'len- 3.
Paketvermittlungseinrichtung nach Anspruch 2,     t8tes inclus dans les
paquets;enregistr~si ' bei dem jeder Wahlersteuerknoten auf Signals
CARACTERISE EN. CE QUE anspricht, die von der Verbindungseinrichtung
le commutateur de paquets comprend' en (2111) Ubertragen werden und einen
Verbin-  35    outre des moyens qul reagissent aux paquets dungszustand
definieren, in welchem ein gege-    enregistres en effectuant selectivement
l'emis- bener Paketpuffer mit einem abgehenden, je-      sion des paquets
enregistr6s a partir des tam- dem Wahlersteuerknoten zugeordneten Paket-
pons de paquets, ces moyens d'Amisslon kanal verbunden ist, urn die
Verbindung des       comprenant un ensemble de noeuds de com- gegebenen
Puffers durch einen Wahler, der  40     mande d'emission (par exemple
2123-1), ayant jedem W~hlersteuerknoten zugeordnet ist, mit      chacun
pour fonction d'effectuer l'emission de dem abgehenden Paketkanal zu
steuem, der          paquets & partir de l'un au moins des tampons jedem
Wahlersteuerknoten zugeordnet ist.          de paquets, les moyens de
commande comprenant un 4. Paketvermittlungssinrichtung nach Anspruch 1   45
ensemble de noeuds de commande de s4lec- mit ferner einer mehradrigen
Buseinrichtung      teur (par exemple 2124-1), chacun d'eux etant (2102),
die eine Vielzahl von Adern (1 P, 253P)  destin6 & commander les connexions
s6lecti- aufweist, die je zur Verbindung eines der Viel-   ves qui sont
4tablies par l'un au moins des zahi von Paketpuffern mit allen Wahlern der
selecteurs, et Vielzahl von Wahlern vorgesehen sind.    so          le
commutateur de paquets comprend en outre un anneau de commands (2110) qui
5. Paketvermittlungseinrichtung nach Anspruch 1,     comprend les nosuds de
commande d'dmis- bei der jeder W~hler Pakete von der Vlelzahl     sion et
les noeuds de commands de s4lecteur, von Paketpuffern zu dem abgehenden
Paket-         et des moyens (2111) pour interconnecter les kanal
Obertragen, die jedem W~hler zugeord-  s5   noeuds de commands d'emission
et les net sind.                                         noeuds de commands
de. selecteur, t  aft d'6mettre vers les noeuds de commande d'emission et
les nosuds de commands de 14       .           .I    I 11111!l 111111 lIJI
11111 111111 27                EP0259118B1                       28
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selecteur des signaux definissant N'Wtat de   6  Un commutateur de paquets
selon la. revendi- connexion present de cortains des tampons de      cation
1, dans loquel           . paquets a certains des canaux de paquets
les moyens d'intercohnexion (2111)'ache- sortants.
minent egalement des bits de regulation de 5      debit indiquant quo
certains des noeuds de 2. Un commutateur de paquets salon la revendi-
commando d'emisslon doivent reporter: a un cation 1, dans lequel chacun des
noeuds de        moment ult6rieur l'4erission de paquets.Y commando
d'emission r6agit a one reception           .                          : <
par un tampon de paquets assocli & chaque              -T noeud de commando
d'emission d'un paquet  10                           . - donne, compronant
un en-tate d6finissant l'un donna des canaux de paquets sortants, et A \j
des signaux dmis par les moyens d'intercon- nexion (2111), d~finissant un
6tat de connexion dans lequel aucun des tampons de paquets  is n'est
connecte au moment present au canal de paquets sortant donne, en effectuant
un chan- gement des signaux qui sont 6mis par les moyens dinterconnexion
(2111), pour ddfinir un 6tat de connexion dans lequel le tampon de   20
paquets qui est associ6 a chaque noeud de commando d'dmission est connecte
au canal de paquets sortant donnd, et en effectuant 1'6mission du paquet
donne a partir du tampon de paquets qui est associM A chaque nooud de   25
commando d'dmission. 3  Un commutateur de paquets salon la revendi- cation
2, dans lequel chacun des noeuds de commando de s6lecteur r6agit a des
signaux   3o qui sont 6mis par les moyens dOinterconnexion (2111) et qui
d~finissent un Mtat de connexion dans lequel un tampon de paquets donne est
connecte a un canal de paquets sortant asso- cid & chaque noeud de commando
de selec-  35 tour, en commandant la connexion par un se- lecteur associ6 a
chaque noeud de commando Ka     de s~lecteur d'un tampon donn6, au canal de
paquets sortant qui est associe a chaque noeud de commando de selecteur.
40 4. Un commutateur de paquets solon la revendi- cation 1, comprenant en
outre un bus multiconducteur (2102) qui coin- porte un ensemble de
conducteurs (1 P, 253P),  45 chacun d'eux 6tant destin6 a connecter un
tampon de l'ensemble de tampons de paquets a tous les selecteurs de
l'ensemble de sWlec- teurs. 50 5. Un commutateur de paquets solon la
revendi- cation 1, dans lequel chacun des s6lecteurs de l'ensomble de
selecteurs transmet a travers lui des paquets provenant de l'ensemble de
tam- pons de paquets, vers le canal de paquets  56 sortant qui est associ6
a chaque salecteur.    


