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ring the packets individually from the shared mem- ory to appropriate
facilities for subsequent trans- Technical Field
mission to destination control units defined by the packet headers.
However, the sequential nature of This invention relates to distributed
control   5   the packet switching mechanism substantially limits switching
systems and, more particularly, to ar-  the capacity of the control
distribution unit to switch rangements for communicating control
information  control packets. Such limitation becomes particu- between the
control units of such systems.        larly significant when the system
control proces- sors are used to implement features associated Background
of the Invention                  10  with the provision of integrated
services digital net- work (ISDN) capabilities. Stored  program  controlled
communication        WO-A-8 505 237 discloses an integrated pack- switching
systems comprise some form of intel-    et switching and circuit switching
system having a ligence which controls switching functions in re-
plurality of switching modules. The time multiplex- sponse to a program
stored in memory. Histori-  15  ed switch 10 is a circuit switch and does
not switch cally, such systems included a single processing  packets. There
are permanently established chan- entity for the control of the entire
system. As tech-  nels between each pair of module packet switching nology
and system design evolved, it became de-   units for intermodule packet
communication. sirable to separate execution of certain routine      WO-A-
8 602 510 discloses a packet switch functions from the main processing
entity to save   20  which does not include a control ring comprising its
processing time for more complex system func-  transmit control nodes,
selector control nodes and tions and decisions. Today, systems are being
means for interconnecting such control nodes. The designed which also
separate execution of some of  packet switch has a separate conductor
between the more complex system functions and decisions   each queue set
and each output arbitrator. into several intelligent processors.         25
In view of the foregoing, a recognized problem Throughout the evolution of
switching system   in the art is the limited capacity of the sequential
control strategies, changes have occurred in the  packet switching
facilities used for interprocessor way the various processing entities
intercommuni-  control communication in known distributed control cate.
Some systems have provided a separate con-  switching systems. troller bus
structure to be used for all communica-  30 According to the present
Invention there is tions among the processors. Other systems have
provided a system as defined in claim 1. utilized the communication paths
of the switching    The foregoing problem is solved and a tech- system to
provide communication paths between     nical advance is achieved in
accordance with the the distributed system  processors and a central
principles of the invention in an exemplary distrib- controller which
interprets control information and   35  uted control switching system
where the control directs the overall operation of the switching sys-
units in the system switching modules commu- tem. These known systems,
however, require that   nicate rapidly by transmitting inter-module control
complex and time consuming operations be per-     packets via high speed
incoming packet channels formed in their implementation. Further such sys-
to an inter-module packet switch that concurrently tems cannot take full
advantage of distributed pro-  40  rather than sequentially packet switches
the inter- cessing due to their reliance on a central controller  module
control packets, advantageously via inde- to direct the distributed
processors.             pendent paths to high speed outgoing packet chan- A
control information communication arrange-   nels for transmission to
destination control units. ment in accordance with the invention of U. S.
The capability of the inter-module packet switch to Patent 4,322,843 of H.
J. Beuscher et. al. issued   45  concurrently convey multiple packet
streams be- Mar. 30, 1982, achieves the benefits of interproces-  tween
different control units greatly enhances the sor communication while
reducing the complexity   control communication capability of the system
and time consuming nature of previous arrange-    thereby increasing both
the system call processing ments. In accordance with one exemplary embodi-
capacity and the variety and complexity of features ment of the invention
of the Beuscher patent, con-  50  that can be implemented by the system
control trol units intercommunicate via certain switching  units. system
communication paths by means of control       A switching system  in
accordance with the messages or packets comprising a plurality of con-
invention includes a number of switching modules trol words. A control
distribution unit included in the  each having a plurality of access ports.
Incoming system  accumulates the received control words  55  and outgoing
packet channels are extended be- into control packets and stores all such
control  tween each switching module and an inter-module packets in a
shared memory. The control packets   packet switch. Each of the switching
modules in- are then sequentially packet switched by transfer-  cludes a
switching unit, e.g., a circuit switching unit 3    
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unit, that switches information  unused link portions, the circuit
switching unit is to and from the access ports. Each switching mod-
enabled to establish up to a predetermined number ule further includes a
control unit that controls the  of intra-module connections without
reducing the switching unit and that generates inter-module con-
inter-module circuit-switched traffic that can be trol packets, and a
communication interface that   5   conveyed on the link in addition to the
packet transmits inter-module control packets generated  channel. by the
control unit on the incoming packet channel   In a switching module, the
packet switching to the inter-module packet switch. The communica-  unit
provides signaling channels between the ac- tion interface also transmits
Inter-module control  cess ports and the communication interface for use
packets received on the outgoing packet channel  10  in transmitting access
signaling packets to effect from the inter-module packet switch to the
control  message signaling between the switching system unit. The
inter-module packet switch concurrently  and user stations or trunks
connected to the ac- packet switches inter-module control packets, re-
cess ports. In addition to conveying inter-module ceived on a number of the
incoming packet chan-   control packets and user information packets, the
nels, via multiple independent paths to a number of  15  communication
interface also conveys access sig- the outgoing packet channels.
naling packets between the packet switching unit In an exemplary embodiment
of the invention,   and the control unit to effect such message sig- ach
switching module includes both a circuit       naling. switching unit and a
packet switching unit. The circuit switching unit provides circuit-switched
con-  20   Brief Description of the Drawing nections between the access
ports and an inter- module connection unit. The inter-module connec-     A
more complete understanding of the present tion unit interconnects the
circuit switching units of  invention may be obtained by a consideration of
each of the switching modules for circuit-switched  the following
description when read in conjunction communication between access ports of
different  25  with the drawing in which: switching modules. The packet
switching unit pro-    FIG. 1 is a block diagram of an exemplary vides
packet-switched connections between the ac-   embodiment of a distributed
control switching cess ports and the communication interface. In
system illustrating the principles of the present addition to conveying
inter-module control packets  invention; between the control unit and the
inter-module pack-  30  FIGS. 2 and 3, when arranged in accordance et
switch, the communication interface in the exem-  with FIG. 11, present a
more detailed diagram of plary embodiment also conveys user information
the system of FIG. 1; packets between the packet switching unit and the
FIGS. 4 and 5 are diagrams of.a circuit switch- inter-module packet switch.
The inter-module pack-  ing unit and an associated control unit included et
switch concurrently packet switches inter-module  35    In the system of
FIGS. 2 and 3; control packets and user information packets, re-    FIGS. 6
through 8 are diagrams of a transmit ived on incoming packet channels, via
multiple      control node, a selector control node, and a ring independent
paths to outgoing packet channels.      repeater which are interconnected
in a control Incoming and outgoing time-multiplexed links     ring as shown
in FIG. 3; extend circuit-switched connections between each   40  FIG. 9 is
a diagram of an incoming packet buffer of the switching modules and the
inter-module con-   used for inter-module packet communication in nection
unit and convey the packet channels be-     the system of FIGS. 2 and 3;
and tween each of the switching modules and the inter-   FIG. 10 is a
diagram of a communication inter- module packet switch. Each switching
module in-     face used to convey inter-module control pack- serts the
incoming packet channel on the incoming   45  ets, user information packets
and access sig- time-multiplexed link and extracts the outgoing      naling
packets in the system of FIGS. 2 and 3. packet channel from the outgoing
time-multiplexed link. The incoming and outgoing packet channels   General
Description are similarly extracted from and inserted on the incoming and
outgoing time-multiplexed links, re-  50  FIG. 1 is a block diagram of an
exemplary spectively, by the inter-module packet switch. Al-  distributed
control switching system 10 illustrating though the circuit switching units
are capable of  the principles of the present Invention. FIGS. 2 and
completing intra-module circuit-switched connec-  3, when arranged in
accordance with FIG. 11, tions without involving the inter-module
connection  present a more detailed diagram of system 10. unit, such
connections still render a portion of the   55  Switching system 10 (FIG.
1) includes a plurality of incoming and outgoing time-multiplexed links un-
switching modules, e.g., 1000, 1020 and 1050; to available for inter-module
circuit-switched traffic.  provide both circuit switching and packet
switching By inserting the packet channel in such otherwise  service, via a
plurality of access ports, e.g., P1, P2, 4    
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plurality of user stations, e.g.,  the selectors and the outgoing packet
channels. 1001, 1002, 1009, and 1005. (Although the access  For example,
outgoing packet buffers 2130-1, ports provide system  access to and from
user     2130-3, and 2130-2 are interposed between selec- stations in the
exemplary embodiment, other ac-   tors 2128-1, 2128-3, and 2128-2 and the
outgoing cess ports can also provide system access to and   5   packet
channels on links 13, 17, and 21, respec- from trunks.) Each user station,
e.g., 1002, trans-  tively. Multiplexers 2133-1, 2133-3, and 2133-2 mits
information to and receives information from  combine the circuit-switched
information from inter- its associated switching module, e.g., 1000, in two
module connection unit 2011 with the outgoing circuit-switched  B-channels
and  one  packet-   packet channels from inter-module packet switch
switched D-channel. The B-channels are conveyed   to  2012 onto the
outgoing links 13, 17 and 21, respec- to a circuit switching unit 1011
where they are   tively. Although not shown in FIG. 1, the multiplexer
circuit switched either to other user stations served  output terminals are
connected to the switching by switching module 1000 or to an inter-module
modules by the outgoing links, e.g., 13, 17, and 21. connection unit 2011
for transmission to other    A control ring 2110 controls the selective
connec- switching modules. The D-channels from user sta-  15  tions made by
the selectors and also effects the tions are conveyed to a packet switching
unit 1400.  selective transmission of stored packets by the Packets
received in the D-channels may be either  incoming packet buffers.
Significantly, inter-module user information packets or access signaling
pack-  packet switch 2012 concurrently packet switches ets. Access
signaling packets are used to effect  inter-module packets vcia independent
paths to out- message signaling between the user stations and   20  going
packet channels. For the example shown in switching module control units,
e.g., 1017. Packet  FIG. 1, packets stored in incoming packet buffers
switching unit 1400 conveys access signaling pack-  2120-1, 2120-3, and
2120-2 are concurrently pack- ets between user stations and control unit
1017 via  et switched via independent paths 2001, 2003, and a communication
interface 1900. Packet switching  2002 to selectors 2128-3, 2128-2, and
2128-1, re- unit 1400 conveys user information packets among   25
spectively. In the illustrative embodiment, inter- the user stations served
by switching module 1000  module packet switch 2012 Is used both to convey
and between such user stations and an inter-mod-  inter-module control
packets between the switching ule packet switch 2012 via communication
interface  module control units, e.g., 1017, and to convey 1900 and the
link interfaces 441 and 441'. Control  inter-module user information
packets between the unit 1017 is used both to control the establishment  30
switching module packet switching units, e.g., of circuit-switched
connections by circuit switching  1400. unit 1011 and the establishment of
packet-switched   In the more detailed diagram of switching sys-
connections by packet switching unit 1400.        tem 10 shown in FIGS. 2
and 3, the link interfaces Each switching module, e.g., 1000, is connect-
441 and 441' of FIG. 1 are shown as a single ed to inter-module connection
unit 2011 and inter-  35  bidirectional link interface 441, and the
Inter-mod- module packet switch 2012 by a 256 time slot,     ule connection
unit 2011, inter-module packet incoming time-multiplexed link 15 and a 256
time    switch 2012 and multiplexers 2133-1 and 2133-2 slot, outgoing
time-multiplexed link 13. Of the 256  are combined in a single
circuit/packet time-mul- time slots on a link, 64 are reserved as packet
time  tiplexed switch 2010. In addition, only two switch- slots to form a
single packet channel. For example,  40  ing modules are explicitly shown
in FIG. 2 rather the 64 packet time slots on link 15 form the incom-  than
three. ing packet channel 81. On link 13, the 64 packet time slots form the
outgoing packet channel 82.   Detailed Description The remaining time slots
on each of the incoming links are circuit-switched by inter-module connec-
45  FIGS. 2 and 3, when arranged in accordance tion unit 2011 to non-packet
time slots on the    with FIG. 11, present a block diagram of the exem-
outgoing links. Packets received on the incoming  plary switching system
10. Switching system 10 packet channels are stored in incoming packet
includes a plurality of ISDN switching modules, buffers in inter-module
packet switch 2012. For   e.g., 1000 and 1050, to provide both circuit
switch- example, packets received on the incoming packet  so  Ing and
packet switching service via a plurality of channels on links 15, 19, and
23 are stored by    access ports, e.g., P1, P2, P5 and P6, to a plurality
incoming packet buffers 2120-1, 2120-3, and 2120-  of user stations, e.g.,
1001, 1002, 1005 and 1006, 2, respectively. A plurality of selectors, e.g.,
2128-  representing, for example, customer teleterminals, 1, 2128-3, and
2128-2, are each associated with   vendor databases, telephone operator
position ter- one of the outgoing packet channels and are each   66  minals
or packet access ports. The switching mod- capable of connecting any of the
incoming packet  ules 1000 and 1050 are referred to as ISDN switch- buffers
to the associated outgoing packet channel.  ing modules because they
provide integrated ser- Outgoing packet buffers are interposed between
vices digital network (ISDN) capabilities. An in- 5    
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digital network is defined as a  e.g., 1211, 1212, 1213 and 1214. Although
the data network evolved from the telephony integrated digi-  buses such as
bus-1211 are used primarily to tal network that provides end-to-trend
digital con-  convey  B-channel information which is circuit nectivity to
support a wide range of services, in-  switched by circuit switching unit
1011 either to cluding voice and non-voice services, to which   5   user
stations served by switching module 1000 or users have access by a limited
set of standard     to a circuit/packet time-multiplexed switch 2010,
multipurpose customer interfaces. Each user sta-   the data buses may also
be used to convey D- tion, e.g., 1002, transmits information to and re-
channel information which is further conveyed via ceives information from
its associated switching   predetermined circuit switching unit 1011
channels module, e.g., 1000, in two 64 kilobits per second   10  and via a
32-channel bidirectional data bus 1205 to channels referred to as
B-channels and in one 16   a packet switching unit 1400. Each channel or
time kilobits per second channel referred to as a D-    slot on the data
buses such as bus 1211 can channel. The B-channels may be used to convey
include eight B-channel bits from one userstation digitized voice samples
at the rate of 8000, eight-  or two D-channel bits from each of four
different bit samples per second or to convey digital data at   15 user
stations. Packet-switched information is con- a rate of 64 kilobits per
second. Each B-channel is  veyed between each of the digital line units
1101 eparately circuit-switched by switching system 10  and 1102 and packet
switching unit 1400 via a to other user stations, e.g., 1001, 1005 or 1006.
second plurality of 32-channel bidirectional data The D-channel from a user
station is used both to  buses, e.g., 1215, 1216, 1217 and 1218. Each
effect message signaling between that user station   20  channel or time
slot on data buses such as 1213 or and switching system 10 and to convey
data pack-   1205 can include two D-channel bits from each of ets among
user stations. The D-channel is packet   four different user stations.
switched either to other user stations or to a control  In the present
exemplary embodiment, packet unit 1017 which controls the establishment of
both  switching unit 1400 includes 96 protocol handlers circuit-switched
calls and packet-switched calls  25  1700-0 through 1700-95, and packet
interconnect within switching module 1000. The message sig-     1800 which
interconnects protocol handlers 1700-0 naling between user stations and
control unit 1017  through 1700-95 and a communication interface can be of
either the functional or stimulus types.  1900. Access from the digital
line units 1101 and Functional signaling involves a degree of intelligent
1102 to the protocol handlers 1700-0 through 1700- processing in its
generation or analysis whereas   30  95 is obtained via six data fanout
units 1600-0 stimulus signaling is either generated as a result of  through
1600-5, each associated with a group of 16 a single event at a user
station, e.g., a key depres-  protocol handlers. Each user station, e.g.,
1002, is sion, or contains a basic instruction from switching  associated
with one of the protocol handlers 1700-0 system 10 to be executed by a user
station.        through 1700-95, and, more particularly, with one In the
present exemplary embodiment, informa-  35  of 32 High-level Data Link
Control (HDLC) circuits n 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  cults of the protocol handlers and peer HDLC cir- a serial bit
stream at the rate of 192 kilobits per  40  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   46   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  so  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   55 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 6    
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channel numbers of each packet are    signal on bus 1701-0 by transmitting
a logic zero defined by part of a header of that packet. Each  Clear To
Send (CTS) on a second conductor of bus packet received by a protocol
handler from a user  1701-0 to protocol handler 1700-0. Protocol handler
station is stored in a random access memory (not  1700-0 responds to the
CTS signal by transmitting shown) in that protocol handler. If the received
5   its stored packet at a high rate, e.g., 10 megabits packet is a
signaling packet, i.e., it was received in  per second, via packet
interconnect 1800 to its logical link LL0, it is transmitted via packet
inter-  destination. All of the protocol handlers and com- connect 1800 to
communication interface 1900 for  munication interface 1900 can receive the
packet, subsequent transmission to control unit 1017. If the  but in the
present embodiment, typically only one received packet is a data packet,
i.e., it was re-  10  destination as defined by the packet header ac-
ceived in one of the logical channels of logical link  tually stores the
packet for subsequent transmis- LL1, and a packet-switched call has
previously    sion. Only after the complete packet has been been
established to one of the user stations asso-  transmitted by protocol
handler 1700-0, does the ciated with switching module 1000, the data packet
packet interconnect 1800 sequence resume. The is transmitted via packet
interconnect 1800 to the   15  receipt of the packet by the destination
protocol protocol handler associated with the destination  handler or by
communication interface 1900 is ac- user station for subsequent
transmission thereto. (If  knowledged by the transmission of an acknowledg-
the packet-switched call is established between two  ment packet back to
protocol handler 1700-0. user stations that are associated with the same
Circuit-switching unit 1011 is shown in greater protocol handler, the data
packets need not be   20  detail in FIG. 4. Incoming information is
received transmitted via packet interconnect 1800. Instead  on the
32-channel bidirectional data buses such as the protocol handler simply
transmits the data    buses 1211 and 1212 from digital line unit 1102,
packets in the appropriate channel to the destina-  buses 1213 and 1214
from digital fine unit 1101, tion user station.) If a received data packet
is  and bus 1205 from packet switching unit 1400. A received in a logical
channel which has previously  25  pair of data interfaces 401 and 402
multiplex the been established for use in a packet-switched call  received
information onto a pair of 256-channel to a user station served by one of
the other switch-  time-multiplexed  lines  403  and   405.  A ing modules,
e.g., user station 1006 served by    multiplexer/demultiplexer 407 further
multiplexes switching module 1050, the data packet is transmit-  the two
256-channel lines 403 and 405 onto a ted via packet interconnect 1800 to
communication   30  single 512-channel time-multiplexed line 408 for
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.  35  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  40  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- ductor 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  45  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-
so  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-  55  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 from control RAM 411, and trans- packet interconnect 1800
responds to the RTS      mits the reordered time slots on a 512-channel 7
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line      409       to       time slot TS43, conductor 253 is to be
selected by multiplexer/demultiplexer             407.       selector
2131-1 for connection to output port OP1. Multiplexer/demultiplexer 407
demultiplexes the  The instructions written into control RAM 2132-2 512
channels onto two 256-channel time-multiplex-  define that during time slot
TS43, conductor 1 is to ed lines 404 and 406 to the data interfaces 401 and
5   be selected by selector 2131-2 for connection to 402, which further
demultiplex the information onto  output port OP253. the 32-channel data
buses such as 1211, 1212,        One time slot on each link between a
switching 1213, 1214 and 1205.                             module and TMS
2010 is reserved for control com- Circuit/packet time-multiplexed switch
(TMS)   munications between the switching module control 2010 (FIG. 3)
operates to provide inter-module con-  10  units and an administrative
module 2030 which nections for both circuit-switched and packet-
represents the central control of switching system switched calls as well
as for conveying inter-mod-  10. For example, time slot TS1 is the reserved
ule control packets between the control units of the  control time slot on
link 15 to input port IP1 and on switching modules, e.g., between control
unit 1017  link 13 from output port OP1. During time slot TS1, of switching
module 1000 and a corresponding   15  input port IP1 is always connected to
output port control unit in switching module 1050. The follow-  OP255 and
input port 1P255 is always connected to g description pertains to the
operation of TMS  output port OP1. Time slot TS2 is the reserved 2010 in
providing inter-module connections for     control time slot on link 16 to
input port P2 and on circuit-switched calls. TMS 2010 includes a time-
link 14 from output port OP2. During time slot TS2, shared space division
switch which operates in  20  input port IP2 is always connected to output
port frames of 256 time slots or channels of approxi-  OP255 and input port
IP255 is always connected to mately 488 nanoseconds each to complete paths
output port OP2. Similarly, the links to and from from its input ports IP1
through IP255 to its output  each of the other input/output port pairs have
ports OP1 through OP255. Each switching module    unique reserved control
time slots. Control mes- is connected to two input ports and two output  25
sages are generated by processor 566 (FIG. 5) ports. For example, switching
module 1000 is con-  within control unit 1017 and stored in a memory nected
via 256-channel incoming links 15 and 16 to  567. A control message for
administrative module input ports IP1 and IP2 and via 256-channel out-
2030 is transmitted. from memory 567 via a direct going links 13 and 14
from output ports OP1 and  memory access (DMA) unit 558 and path 440 to
OP2. TMS 2010 comprises two substantially iden-  30  link interface 441
where the message is inserted in 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 1P1.
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-  35  segments of the control message are
conveyed via s 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-  40  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   45  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 ooh- tion 1002 to user station 1006, for example, a time
50  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
55  incoming and outgoing link connected to the Odd instructions via a
control bus (not shown) into the  input and output ports of TMS 20104are
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, 8    
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as the packet time slots, each  lers 8001, 8008, 8012, and processor 8014.
include 12 bits of a packet. Thus the bit rate of the  Within control unit
1017, processor 566 (FIG. 5) packet channel on incoming link 15 to input
port  generates inter-module control packets and stores IP1 and the packet
channel on outgoing link 13    such packets In memory 567. The address
field of from output port OP1 is 6.144 megabits per sec-   5   an
inter-module control packet includes a module ond. The single packet
channel between a switch-  subfield defining the destination switching
module ing module and TNS 2010 is used to provide        and a processor
subfield defining the control unit in packet communication to and from a
family of      the destination switching module. A DMA unit 561 processors
on that switching module. For example,  transmits the packets from memory
567 via a path in switching module 1000, the family of processors  10  562
to communications controller 8001 which sub- comprises control unit 1017
and the protocol han-  sequently stores each received packet in the RAM
dlers 1700-0 through 1700-95. Inter-module pack-  8015 section associated
with processor 8014. Pro- ets each include as part of their headers an ad-
cessor 8014 reads such packets from RAM 8015, dress field comprising a
module subfield defining  performs necessary inter-module control packet
the destination switching module and a processor  15  processing, and
determines based on the module subfield defining the particular destination
proces-  subfield defining a destination switching module sor on that
switching module. Communication inter-  other than switching module 1000,
that a received face 1900 (FIG. 2) operates to combine inter-mod-  packet
is to be transmitted to controller 8012. Ac- ule data packets received from
packet switching   cordingly, processor 8014 stores the packet in the unit
1400 with inter-module control packets re-  20  memory 8015 section
associated with controller ceived from control unit 1017, for transmission
to  8012. The packet is subsequently read by control- link interface 441
for insertion on the 6.144     ler 8012 and transmitted to link interface
441 for megabits per second packet channel on link 15 to  insertion in the
6.144 megabits per second packet input port IP1. Similarly, packets
received by link  channel on incoming link 15 to input port IP1. interface
441 on the 6.144 megabits per second   25  Processor 566 may also generate
packets to be packet channel on link 13 from output port OP1,   transmitted
to the protocol handlers 1700-0 through are transmitted to communication
interface 1900,  1700-95. In that case, the module subfield of the for
separation based on the processor subfield and  packet defines switching
module 1000 and the pro- subsequent transmission to control unit 1017 or
cessor subfield defines the particular one of the packet switching unit
1400. The functions of insert-  30  protocol handlers which is to receive
the packet. 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-  35  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-  40
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 access 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   45
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   so  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-  55  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    1800 to
communication interface 1900 with a mod-  tors from every incoming packet
buffer, e.g., con- 



ule subfield defining switching module 1050 and a  ductor 1 P from incoming
packet buffer 21200-1 and processor subfield defining the protocol handler
conductor 253P from incoming packet buffer 2120- associated with user
station 1006. Both user sig-  2, are combined into multi-conductor E-bus
2102, naling packets and user information packets are   5   and are coupled
via bus portion 2104 to 128 input received by communications controller
8008 from   terminals of each of 128 selectors associated with packet
interconnect 1800 via bus 1901. Commu-     the 128 output ports OP1 through
OP255 of odd nications controller 8008 subsequently stores user  switch
unit 2100. Only selector 2128-1 associated signaling packets in the RAM
8015 section asso-   with output port OP1 and selector 2128-2 asso- ciated
with processor 8014. Processor 8014 per-  10  ciated with output port OP253
are shown inFIG. 3. forms necessary protocol processing on the user   The
transmission of packets from incoming packet signaling packets and then
stores them in the RAM  buffers, e.g., 2120-1 and 2120-2, and the selection
8015 section associated with communications con-  of input conductors by
the selectors, e.g., 2128-1 troller 8001. The packets are subsequently read
by  and 2128-2, are controlled by a control ring 21:10 controller 8001 from
RAM 8015 and transmitted via  15  interconnecting a plurality of transmit
control path 562 and DMA unit 561 to memory 567. Comn-    nodes, eg.,
2123-1 and 2123-2, a plurality of selec- unications controller 8008 stores
user information  tor control nodes, e.g., 2124-1 and 2124-2; and a packets
received from packet interconnect 1800 in  ring repeater 2140. Control ring
2110 includes an the RAM 8015 section associated with communica-
eight-conductor bus 2111  comprising a seven bit tions controller 8012.
Controller 8012 then reads   20  status bus and a single throttle bit. The
status bus the packets from RAM 8015 and transmits them to   is used to
define the status of the selectors,.e.g., link interface 441 for insertion
in the 6.144     2128-1 and 2128-2, as to whether they are pres- megabits
per second packet channel on incoming    ently being used to convey  a
packet or not. The link 15 to input port IP1.                        status
bus defines the status of each of the 128 Packets received on the 6.144
megabits per  25  selectors by a sequence of 128 status words repet- second
packet channel on outgoing link 13 from    itively transmitted around ring
2110. A status word output port OP1, are extracted from the 64 pre-
comprising seven logic zeroes (0000000) defines determined packet time
slots by link interface 441  that the selector is presently idle, i.e., it
is not and are conveyed via path 8013 to communications   conveying a
packet. A nonzero status word defines controller 8012, which subsequently
stores re-  30  that the selector is presently conveying a packet 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-  35  each 125-microsecond frame.  Assume that a pack- ated 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 DMA 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
40  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 21 191
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.   45
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
50  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  55  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 10    17                EP 0
259 119 B1                   18 latch 2129-2 define which of the 128 input
termi-  which selectively access memory 901 via a selec- 



nals is selected by selector 2128-2 for connection  tor 902. Signals on
conductor 2135-1 from control to an outgoing packet buffer 2130-2. The
status   RAM 2132-1 define the input port IP1 packet time word 0000001 in
latch 2129-2 defines that selector  slots to write address generator 903
and to a flag 2128-2 is to connect conductor 1P to outgoing   5   detector
920, which detects the opening and clos- packet buffer 2130-2. Transmit
control node 2123-1  ing flags of each received packet. When flag detec-
subsequently transmits a go signal via a conductor  tor 920 informs write
address generator 903 that an 2122-1 to incoming packet buffer 2120-1. The
go   opening flag has been received, write address gen- signal is
transmitted by transmit control node 2123-  erator 903 effects the writing
of the bits of the 1 at least one ring cycle after the request signal  10
packet into memory 901. When flag detector 920 was received from incoming
packet buffer 2120-1   informs write address generator 901 that the clos-
in order to assure that selector 2128-2 has been  ing flag has been
received, write address generator appropriately set. In response to the go
signal,  controls the termination of writing into memory 901 incoming
packet buffer 2120-1 transmits the re-   and also increments by one a
packet counter 935, ceived packet via conductor 1P of E-bus 2102 and   15
used to count the number of packets stored In selector 2128-2 to outgoing
packet buffer 2130-2.  memory 901. After the complete packet has been
Control RAM 2132-2 controls the operation of a    stored, read address
generator 904 effects the multiplexer 2133-2 to combine circuit-switched
in-  transmission of the initial bits of the packet to a flag formation
from  selector 2131-2  and  packet-    detector 930, which upon detecting
the packet switched information from outgoing packet buffer  20  opening
flag, controls the subsequent transmission 2130-2 onto the single
256-channel time-multiplex-  of the module subfield of the packet header
(with ed link 21 from output port OP253. During each of  any inserted zero
bits deleted) to a header latch the 64 predetermined packet time slots,
outgoing  905. Read address generator 904 transmits a logic packet buffer
2130-2 transmits a 12-bit segment of  one signal on conductor 933 to cause
the storage the stored packet via multiplexer 2133-2 to output  25  of the
module subfield in latch 905 and to set a S- port OP253 for transmission to
switching module   R flip-flop 910. An AND gate 936, which receives at
1050. During the remaining time slots, the circuit-  its two input
terminals the output signal from flip- switched information from selector
2131-2 is trans-  flop 910 and a signal from packet counter 935 mitted via
multiplexer 2133-2 to output port OP253  indicating that at least one
packet is available in for transmission to switching module 1050.   30
memory 901, then transmits the packet present 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 90 is a seven-bit counter
2123-1 substitutes the idle status word 0000000 for  35   which is
incremented from 0000000 to 1111111 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,  40  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 ready 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  45  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   so  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  55  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    19                EP 0 259 119 B1
20 detector 930 detects the packet closing flag, detec-  again on conductor
2121-1 after the completion of tor 930 transmits a stop signal on conductor
932 to  a full ring cycle, the logic one signal generated at 



reset flip-flop 910 such that the packet present  the Q output of flip-flop
622 is transmitted by signal on conductor 2119-1 is removed. An AND
selector 623 to be stored by flip-flop 624. Since the gate 934, which
receives the stop signal on con-   5   Q output of flip-flop 624 is
returned to selector 623, ductor 932 and the go signal on conductor 2122-1
it remains at a logic one level until flip-flop 624 is at its two input
terminals, transmits a logic one  subsequently reset as described herein.
The logic signal to packet counter 935 to decrement counter  one level is
transmitted as  the go signal via con- 935 by one to properly account for
the transmitted  ductor 2122-i to incoming packet buffer 2120-1. packet. An
additional counter (not shown) is used   10  The D and S-R flip-flops of
transmit control node to assure that write address generator 903 does not
2123-1 operate synchronously. overtake read address generator 904.
When incoming packet buffer 2120-1 com Transmit control node 2123-1 (FIG.
6) includes  pletes the transmission of the packet, it removes a word
recognition circuit 601 that receives the  the packet present signal on
conductor 2119-1. seven-conductor status bus 610-S of control ring   15
Such removal is detected by a three-input NAND 2110 and transmits a logic
one signal to one input  gate 605, which receives conductor 2119-1 at an
terminal of a four-input AND gate 604 whenever    inverting input terminal,
and which receives the tatus bus 610-S defines the idle status word
request pulses generated on conductor 2121-1 and 0000000. The other three
input terminals of AND   the logic one signal generated by flip-flop 622 at
its gate 604 receive the request pulse and packet  20  two non-inverting
input terminals. When the packet present signal on conductors 2121-1 and
2119-1    present signal is removed on conductor 2119-1, from incoming
packet buffer 2120-1, and a throttle  NAND gate 605 transmits a logic zero
pulse co- bit conductor 610-T of control ring 2110. Assume  incident with
the next request pulse received on again that the request pulse defines
selector 2128-  conductor 2121-1. The logic zero pulse transmitted 2
associated with switching module 1050. AND   25  by NAND gate 605 acts to
reset flip-flops 622 and gate 604 generates a logic one pulse coincident
624 such that they are ready to control the trans- with the request pulse
received on conductor 2121-  mission of another packet. The logic zero
pulse is 1 only when: 1) the packet present signal is      also coupled to
input terminals of the AND gates present on conductor 2119-1, 2) word
recognition  606-1 through 606-7 such that the idle status word circuit 601
is generating a logic one indicating the   30  0000000 is substituted for
the status word 0000001 presence of the idle status word 0000000 on status
on status bus 61 1-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  35
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. 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-  40  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  45  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  50
switching module 1050. Accordingly, comparator 611-T to control ring 2110
in response to the clock  703 generates a logic onestrobe 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  55  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 12    21                 EP 0 259
119 B1                    22 output status bus 711-S from  flip-flops 707-1
the signals around control ring 2110 is removed through 707-7. The throttle
bit from outgoing pack-  before the next ring cycle is initiated. 



et buffer 2130-2 is transmitted via conductor 2127-    The call processing
required to establish both 2 to a selector 704 which also receives the
throttle  circuit-switched calls and packet-switched calls bit conductor
710-T from control ring 2110. The   5   within system 10 is performed
cooperatively by the throttle bits from conductor 710-T are all transmit-
control units of the switching modules, e.g., control ted by selector 704
to a flip-flop 705 with the    unit 1017 in switching module 1000, and by
admin- exception of the throttle bit coinciding with the  istrative module
2030. In the present embodiment, strobe pulse from  comparator 703. When
the        administrative module 2030 stores global data such strobe pulse
is present, the throttle bit on conduc-  10  as the available
circuit-switched paths through tor 2127-2 from outgoing packet buffer
2130-2 is   time-multiplexed switch 2010. Recall that establish- instead
transmitted to flip-flop 705 for subsequent  ing a circuit-switched path
between modules 1000 transmission via conductor 711-T to control ring   and
1050 involves selecting an available circuit- 2110. In this manner, a logic
zero throttle bit from  switched time slot on the links between modules
outgoing packet buffer 2130-2, which indicates that  15  1000 and 1050 and
time-multiplexed switch 2010. outgoing packet buffer 2130-2 is unable to
receive  Administrative module 2030 stores the global data a packet, is
inserted on control ring 2110 in associ-  defining the availability of
circuit-switched time ation with the status word defining the status of
slots to time-multiplexed switch 2010 and performs selector 2128-2.
the selection of the time slot to be used for a given System clock 2150
(FIG. 3) derives its timing   20  inter-module circuit-switched call.
Administrative from an external source, e.g., another switching   module
2030 also stores the data defining the system, and distributes its
32.768-megahertz sys-  association of protocol handlers, e.g., 1700-0, to
tern clock signal C1 and its 8.0-kilohertz synchro-  user stations. Such
data is used during the estab- nizing signal SYNC via E-bus 2102 to the
various   lishment of a packet-switched call to generate the components
within TMS 2010. The clock signals  25  required routing table entries in
the protocol han- are delayed as they traverse E-bus 2102. A ring    dlers
associated with both the originating and ter- repeater 2140 which joins the
beginning of control  minating user stations. Although, administrative ring
2110 with the end of control ring 2110 op-    module 2030 is used to store
such global data in erates to resynchronize the status words and throt-
the present embodiment, a switching module could tle bits received on the
conductors of control ring   30  also be used to store that data. In the
latter case, 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   35  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   40  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 SYNC. 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   45  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-  so   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., synchronis-  55   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 13    23                EP 0 259 119 B1                   24
time slots. Accordingly, up to 32 intra-module       and circuit-switched
calls can be established within        wherein said each switching module
com- 



switching module 1000 without reducing the num-      prises communication
interface means for co- ber of inter-module circuit-switched calls that can
ordinating the communication of inter-module also be established.
5       control packets between said control means of said each switching
module and said inter- Claims
module packet switch and the communication of access signaling packets
between said 1. A switching system (10) comprising                switching
means of said each switching mod- a plurality of switching modules (e.g.,
10   ule and said control means of said each 1000, 1050) each having a
plurality of access    switching module. ports (e.g., P1  P2), an
inter-module packet switch (2012) for   3. A switching system in accordance
with claims packet switching inter-module control packets,    1 or 2 an
incoming packet channel (e.g., 81) from   is  wherein said switching means
of said each each of said switching modules to said inter-    switching
module comprises packet switching module packet switch,
means (1400) for providing packet-switched an outgoing packet channel
(e.g., 82) from    connections between said access ports of said said
inter-module packet switch to each of said   each switching module and said
communica- switching modules,                       20      tion interface
means of  said each switching wherein each of said switching modules
module, comprises means for switching information to         wherein said
communication interface of and from  said access ports of said each
said each switching module also coordinates switching module, control means
(1017) for       the transmission of user information packets, controlling
said switching means, for generat-  25  received from said access ports of
said each ing and transmitting inter-module control pack-  switching module
via said packet switching ets to the incoming packet channel to said
means of said each switching module, on an inter-module packet switch, and
for receiving     incoming packet channel to said inter-module inter-module
control packets from said inter-     packet switch, and the transmission of
user module packet switch,                    30      information packets,
received on an outgoing CHARACTERIZED IN THAT
packet channel from said inter-module packet said inter-module packet
switch is directly   switch to said packet switching means of said
connected to the incoming packet channels        each switching module, and
from said switching modules and is directly         wherein said inter
module packet switch connected to the outgoing packet channels to  35
concurrently packet switches inter-module con- said switching modules,
trol packets and user information packets, re- said inter-module packet
switch comprises     ceived on said plurality of said incoming pack- means
(2120-1, 2120-2) for storing packets       et channels and stored by said
storing means, received on said incoming packet channels,       via said
plurality of independent paths to sald said inter-module packet switch for
concur-  40   plurality of said outgoing packet channels. rently packet
switching inter-module control packets, received on a plurality of said
incom-  4. A switching system in accordance with claim 1 ing packet
channels and stored by said storing   further comprising means, via a
plurality of independent paths to      an inter-module connection unit
(2011), a plurality of said outgoing packet channels.  46    wherein said
switching means of said each switching module comprises circuit switching
2. A switching system in accordance with claim 1     means (1011) for
providing circuit-switched wherein said each switching module com-
connections between said access ports of said prises control means
generating outgoing ac-     each switching module and said inter-module
cess signaling packets,                  50       connection unit, and
wherein said each switching module fur-           wherein said inter-module
connection unit ther comprises a communications interface         comprises
means (2102,2103, 2131-1, 2132.2) means (1900),
for interconnecting the ircuit switching means wherein said each switching
module com-      of each of said switching modules for circuit- prises
switching means for providing signaling   55  switched communication
between access ports channels between said access ports of said       of
differentones of said switching module each switching module and said
communica- tion interface of said each switching module, 14    23
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slots. Accordingly, up to 32 intra-module         and circuit-switched
calls can be established within          wherein said each switching module
com- 



switching module 1000 without reducing the num        prises communication
interface means for co- ber of inter-module circuit-switched calls that can
ordinating the communication of inter-module also be established.
5       control packets between said control means of said each switching
module and said inter- Clalms
module packet switch and the communication of access signaling packets
between said 1. A switching system (10) comprising
switching means of said each switching mod- a plurality of switching
modules (e.g.,  10     ule and said control means of said each 1000, 1050)
each having a plurality of access      switching module. ports (e.g., P1,
P2), an inter-module packet switch (2012) for    3. A switching system in
accordance with claims packet switching inter-module control packets,     1
or 2 an incoming packet channel (e.g., 81) from   15    wherein said
switching means of said each each of said switching modules to said inter-
switching module comprises packet switching module packet switch,
means (1400) for. providing packet-switched an outgoing packet channel
(e.g., 82) from      connections between said access ports of said said
Inter-module packet switch to each of said    each switching module and
said communica- switching modules,                         20      tion
interface means of said each switching wherein each of said switching
modules          module, comprises means for switching information to
wherein said communication interfaces of and from  said access ports of
said each           said each switching module also coordinates switching
module, control means (1017) for         the transmission of user
information packets, controlling said switching means, for generat-  25
received from said access ports of said each ing and transmitting
inter-module control pack-    switching module via said packet switching
ets to the incoming packet channel to said         means of said each
switching module, on an inter-module packet switch, and for receiving
incoming packet channel to said inter-module inter-module control packets
from said inter-      packet switch, and the transmission of user module
packet switch,                      30      information packets, received
on an outgoing CHARACTERIZED IN THAT                           packet
channel from said inter-module packet said inter-module packet switch is
directly     switch to said packet switching means of said connected to the
incoming packet channels          each switching module, and from said
switching modules and is directly            wherein said inter-module
packet switch connected to the outgoing packet channels to  35
concurrently packet switches inter-module con- said switching modules,
trol packets and user information packets, re- said inter-module packet
switch comprises       ceived on said plurality of said incoming pack-
means (2120-1, 2120-2) for storing packets         et channels and stored
by said storing means, received on said incoming packet channels,
via said plurality of independent paths to ;said said inter-module packet
switch for concur-  40    plurality of said outgoing packet channels.
rently packet switching inter-module control packets, received on a
plurality of said incom-  4. A switching system in accordance with claim 1
ing packet channels and stored by said storing     further comprising
means, via a plurality of independent paths to         an inter-module
connection unit (2011), a plurality of said outgoing packet channels.  45
wherein said switching means of said each switching module comprises
circuit switching 2. A switching system in accordance with claim 1
means (101 1) for providing circuit-switched wherein said each switching
module com-         connections between said access ports of said prises
control means generating outgoing ac-       each switching module and said
inter-module cess signaling packets,                    50      connection
unit, and wherein said each switching module fur-            wherein said
inter-module connection unit ther comprises a communications interface
comprises means (2102, 2103, 2131-1, 2132-2) means (1900),
for interconnecting the circuit switching:means wherein said each switching
module com-        of each of said switching modules for circuit- prises
switching means for providing signaling   55  switched communication
between access ports channels between said access ports of said         of
different ones of said switching module. each switching module and said
communica- tion interface of said each switching module, 14    25
EP 0 259 119 B1                   26        *   C  L  M  S   * 5. A
switching system in accordance with claim 1       said stored packets from
said packet buffers, wherein said each switching module fur-
said controlling means comprises a plural- 



ther comprises a communications interface          ity of selector control
nodes, (e.g. 2124-1), means (1900),
each for controlling the selective connections wherein said switching means
of said each   5   made by at least one of said selectors, and switching
module comprises packet switching            wherein said effecting means
comprises a means (1400) for providing packet-switched         plurality of
transmit control nodes, (e.g. 2123- connections for switching user
information         1), for effecting the transmission of packets packets
between said access ports of said          from at least one of said packet
buffers, each switching module and said communica-  10          said packet
switch further comprising a tion interface means of said each switching
control ring (2110) comprising said transmit module,
control nodes and said selector control nodes wherein  said  communication
interface         and means (2111) for interconnecting said means of said
each switching module is for         transmit control nodes and said
selector con- coordinating the communication of inter-mod-   16  trol nodes
for transmitting signals to said trans- ule control packets between said
control           mit control nodes and said selector control means of said
each switching module and said       nodes defining the present connection
state of inter-module packet switch and the commu-         ones of said
packet buffers to ones of said nication of user information packets between
outgoing packet channels. said switching means of said each switching   20
module and said inter-module packet switch,        A switching system in
accordance with claim 7 and
wherein said inter-module packet switch further wherein said inter-module
packet switch         comprises concurrently packet switches inter-module
con-         multi-conductor bus means (2102, 2104) trol packets and user
information packets, re-  25  comprising a plurality of conductors (1 P,
253P) ceivied on said incoming packet channels and       each for
connecting one of said plurality of stored by said storing means, via said
plurality   packet buffers to all of said plurality of selec- of
independent paths to said plurality of of said  tors. outgoing channels. 30
9. A switching system in accordance with claim 7 6. A switching system in
accordance with claims        wherein each of said plurality of selectors
2, 3, 4, or 5                                      transmits packets
therethrough from said plu- wherein  said  communication  interface
rality of packet buffers to the outgoing packet means comprises a packet
switch including a        channel associated with said each selector.
shared memory for storing at least two of three   36 types of packets:
access signaling packets,     Patentanspruche user information packets,
inter-module control packets.                                        1.
Vermittlungssystem (10) mit einer Vielzahl von Vermittlungsmodulen (z. B.
7. A switching system in accordance with claim 1   40  1000, 1050), die je
eine Vielzahl von Zugriff- wherein said inter-module packet switch com-
sports (z. B. P1, P2) besitzen, prises
einem  Zwischenmodul-Paketvermittler (2012) a plurality of packet buffers,
(e.g. 2120-1),   zur Paketvermittlung von Zwischenmodul-Steu- each for
storing packets received from at least    erpaketen, one of said incoming
packet channels,      45      elnem ankommenden Paketkanal (z. B. 81) von a
plurality of selectors, (e.g. 2128-1), each   jedem    Vermittlungamodul
zu    dem permanently connected to each of said packet
Zwischenmodul-Paketvermltfler, buffers ad each associated with at least one
of    einem abgehenden Paketkanal (z. B. 82) von said outgoing packet
channels for selectively      dem Zwischenmodul-Paketvermittler zu jedem
connecting any of said packet buffers to an   50   Vermittlungsmodul,
outgoing packet channel associated with said       wobei jedes
Vermittlungsmodul eine Elnrich- each selector,
tung zur Vermittlung von Informationen zu und means responsive to said
stored packets         von den Zugriffsports jedes Vermittlungsmo- for
controlling the selective connections made     duls und eine
Steuereinrichtung (1017) auf- by said selectors based on headers included
in  55  weist, die die Vermittlungseinrichtung steuert, said stored
packets, and                           Zwischenmodul-Steuerpakete  erzeugt
und means responsive to said stored packets         Uber den  ankommenden
Paketkanal zum for selectively effecting the transmission of
Zwlschenmodul-Paketvermittler UbertrAgt so- 15    27                EP 0
259 119 B1                    28           *  C  L  M  S  * wie
Zwischenmodul-Steuerpakete von dem            jedes Vermittlungsmoduls
empfangen worden Zwischenmodul-Paketvermittler empfingt,           sind,
auf einem ankommenden Paketkanal.-ku 



dadurch gekennzeichnet,                           dem
Zwischenmodul-Paketvermittler und die daB der Zwischenmodul-Paketvermiffler
direkt      Obertragung von Benutzerinformationspaketen, mit den
ankommenden Paketkandlen von den   5      die auf elnem  abgehenden
Paketkanal von Vermittlungsmodulen und direkt mit den abge-      dem
Zwischenmodul-Paketvermittler empfan- henden Paketkanglen zu den
Vermittlungsmo-        gen worden sind, zu der Paketvermittlungseln- dulen
verbunden ist,                              richtung jedes
Vermittlungsmoduls koordinlert, daB der Zwischenmodul-Paketvermittler eine
und Einrichtung (2120-1, 2120-2) zur Speicherung   io  bei dem  der
Zwischenmodul-Paketvermittler von Ober die ankommenden Paketkanale emp-
gleichzeitig Zwischenmodul-Steuerpakete und fangenen Paketen aufweist, und
daB der            Benutzerinformationspakete, die Ober die Viel-
Zwischenmodul-Paketvermittler   gleichzeitfg      zahl von ankommenden
Paketkanilen empfan- Uber eine Vielzahl der ankommenden Paketka-       gen
und durch die Speichereinrichtung gespei- nale empfangene und durch die
Speicherein-  i5    chert worden sind, Ober die Vielzahl von unab- richtung
gespeicherte Zwischenmodul-Steuer-       hangigen Wegen zu der Vielzahl von
abgehen- pakete Ober eine Vielzahl unabhangiger Wege       den Paketkanalen
paketvermittelt. zu einer Vielzahl abgehender Paketkanale pa- -
ketvermiftelt.                                 4. Vermittlungssystem nach
Anspruch 1 20      mit femer einer Zwischenmodul-Verbinidufngs- 2.
Vermittlungssystem nach Anspruch 1,                einheit .(2011).
ir bei dem jedes Vermittlungsmodul elne Steuer-      wobel die
Vermittungselnrichtung jedes Ver- einrichtung aufweist, die abgehende
Zugriffs-     mittlungsmoduls elne Stromkreis-Vermlitiungs-
Signalisierungspakete erzeugt,.                   einrichtung  (1011) - zur
Bereitstellung  von bei dem jedes Vermittlungsmodul ferner eine   25
stromkreis-vermittelten.Verbindungen zwischon
Kommunikations-Schnittstelleneinrichtung          den Zugriffsports jedes
Vermittlungsmoduls (1900) aufwelst,                                  und
der Zwischenmodul-Verbindungseinheit bei dem jedes Vermittlungsmodul eine
Vermift-     umfaBt, und lungseinrichtung zur Bereitstellung von Signali-
bei dem die Zwischenmodul-Verbindlungsein- sierungskandlen zwischen den
Zugriffsports je-  30  heit elne Einrichtung (2102, 2103, 2131-1, des
Vermittlungsmoduls    und    der           2132-2) zur Verbindung der
Stromkreis-Ver- Kommunikatlons-Schnittstelleneinrichtung  je-
mittlungseinrichtung jedes Vermittlungsmoduls des Vermittlungsmoduls umfaBt
und                 far eine stromkreis-vermittelte Obertragung bei  dem
jedes  Vermittlungsmodul  eine          zwischen Zugriffsports
unterschiedlicher Ver- Kommunikations-Schnittstelleneinrichtung  zur  35
miftlungsmodule umfaft.; Koordination    der    Obertragung    von
Zwischenmodul-Steuerpaketen zwischen der       5. Vermittlungssystem nach
Anspruch 1, Steuereinrichtung  jedes Vermittlungsmoduls       bei dem.
jedes Vermittlungsmodul: femer eine und dem Zwischenmodul-Paketvermiffler
sowie       Kommunikations-Schnlttstelleneinrichtuna der Kommunikation von
ZugrifFs-Signalisie-  40    (1900) autweist, rungspaketen zwischen der
Vermittlungsein-        bel dem die Vermittlungseinrichtung jedes Ver-
rchtung jedes Vermittlungsmoduls und der          mifflungsmoduls eine
Paketvermittlungseinfrih- Steuereinrichtung  jedes Vermittlungsmoduls
tung (1400) zur Bereltstellung paketvermittelter aufweist.
Verbindungen fUr die Obertragung von Benut- 45      zerinformationspaketen
zwischen den Zugriff- 3. Vermittlungssystem nach Anspruch 1 oder 2,
sports jedes Vermittlungsmoduls und der bei dem die Vermittlungseinrichtung
jedes Ver-    Kommunikations-Schnittftelleneinrichtung  Je- mittlungsmoduls
eine Paketvermittlungseinrich-    des Vermittlungsmoduls aufweist, tung
(1400) zur Bereitstellung paketvermittelter  bel dem die
Kommunikatlons-Schnittstellenpin- Verbindungen zwischen den Zugriffsports
Je-  50   richtung jedes Vermittlungsmoduls die: Kom- des
Vermittlungsmoduls    und    der           munikation von
Zwischenmodul-Steuerpaketen Kommunikations-SchnittstelIeneinrichtung  je-
zwischen der Steuereinrichtung jedes Vermift- des Vermifflungsmoduls
aufweist,                  lungsmoduls und demwZwischenmodul-Paket- bei dem
die Kommunikations-Schnittstellenein-     vertnittler sowie die
Kommunikatlon Beoutzer- richtung jedes Vermittlungsmoduls auBerdem   55
informationspaketen *-zWischen der Vermitt- die Obertragung von
Benutzerinformationspa-       lungseinrichtung jedes Vermittlungsmoduls und
keten, die von den Zugriffsports jedes Vermitt-   dem
ZwischenmodulWPaketvermittler kobrdi- lungsmoduls Oiber die
Vermittlungseinrichtung     niert, und 16    29                EP 0 259 119
B1                       30      *    C   L   M    S    * bei dem  der
Zwischenmodul-Paketvermittler        den Paketkanalen definieren.
gleichzeitig Zwischenmodul-Steuerpakete und 



Benutzerinformationspakete, die Uber die an-  8  Vermittlungsd tem nach
Anspruch 7, kommenden  Paketkanale  empfangen  und           be! dem  der
Zwischenmodul-Paketvermlittler durch die Speichereinrichtung gespelchert
wor-   5  ferner eine mehradrige Bus-Elnrichtung (2102, den sind, Ober die
Vielzahl von unabhangigen      2104) aufweist, die eine Visizahl von Adom
Wegon zu der Vielzahl von abgehenden Kana-       (1P, 253P) jo zur
Verbindung elnes der Viel- len paketvermittelt.
zahl von Paketpuffern mit alien Wahlem um- fa~t. Vermittlungssystem  nach
Anspruch 2, 3, 4   10 oder 5,                                       9.
Vermittlungssystem nach Anspruch 7, bei dem die
Kommunikations-Schnittstellenein-     bei dem jeder Wahler Pakete von der
Vielizahl richtung einen Paketvermittler mit einem ge-     von Paketpuffern
zu den abgeheniden, dem meinsam benutzten Speicher fUr wenigstens
Jewelligen Wahler zugeordneten Paketkanal zwei oder drei Pakettypen
aufweist: Zugriffs-  is  ObertrAgt. Signalisierpakete,
Benutzerinformationspakete, Zwischenmodul-Steuerpakete.
Revendlcatlons 7. Vermittlungssystem nach Anspruch 1, be! dem    1. Un
systeme de commutation (10) comprenant der Zwischenmodul-Paketvermittler
aufweist:    20    un ensemble de modules de commutation eine Vielzahl von
Paketpuffern (z. B. 2120-1),   (par exomple 1000; 1050), ayant chacun un
die je zur Speicherung von Paketen bestimmt      ensemble d'accbs (par
exemple P1, P2), sind, die von wenigstens einem der ankom-            un
commutateur de paquets inter-module menden Paketkanale empfangen worden
sind,         (2012) pour effectuer une commutation de pa- eine Vielzahl
von Wahlem (z. B. 2128-1), die je  25  quets portant sur des paquets de
commando permanent mit jedem Paketpuffer verbunden         inter-modules,
und wenigstens einem der abgehenden Paket-           un canal de paquets
entrant (par exemple kandle zur selektiven Verbindung jedes Paket-     81)
provenant de chacun des modules de puffers mit einem abgehenden, jedem
Wahler       commutation et dirig6 vers le commutateur de zugeordneten
Paketkanal zugeordnet sind,  30      paquets inter-module, eine
Einrichtung, die unter Ansprechen auf die       un canal de paquets sortant
(par exemple gespeicherten Pakete die selektiven, von den      82),
provenant du commutateur de paquets Wahlern hergesteliten Verbindungen auf
der       inter-module et dirige vers chacun des modu- Grundlage von
Paketkopfen in den gespeicher-     les do commutation, ten Paketen steuert,
und                 96          dans loquel chacun des modules de com- eine
Einrichtung, die unter Ansprechen auf die    mutation comprend des moyens
pour commu- gespeicherten Pakete selektiv die Obertragung    ter de
l'information qui est dirigee vers les der gespeicherten Pakete aus den
Paketpuf-        acces de chaque module de commutation et fern ausfOhrt,
qui provient de ces acces, des moyens de bei dem die Steuereinrichtung eine
Vieizahl  40  commando  (1017) pour commander les von Wahlersteuerknoten
(z. B. 2124-1) auf-        moyens de commutation, pour generer et waist,
die je zur Steuerung der selektiven        dmettre des paquets de commando
inter-mo- durch wenigstens einen Wahler hergestellten      dules vers le
canal de paquets entrant qui est Verbindungen vorgesehen sind, und
dirige vers le commutateur de paquets inter- bei dem die
Ausflhrungseinrichtung eins Viel-  45  module, et pour recevoir des paquets
de com- zahl von Obertragungssteuerknoten  (z. B.         mando
inter-modules provenant du commuta- 2123-1) zur AusfUhrung der Obertragung
von       tour de paquets inter-module, Paketen von wenigstens einem
Paketpuffer            CARACTERISE EN CE QUE aufweist,
Ie commutateur de paquets inter-module wobei der Paketvermittler ferner
einen Stouer-  so  est directement connect% aux canaux de pa- ring (2110)
umfalt, der die Obertragungssteu-     quets entrants qui provlennent des
modules de erknoten, die W~hlersteuerknoten und eine        commutation, et
il est directement connect6 Einrichtung (2111) zur Verbindung der Obertra-
aux canaux de paquets sortants qui sont dirn- gungssteuerknoten und der
W~hlersteuerkno-        ges vers les modules de commutation, ten enthalt,
um Signale zu den Obertragungs-  5s    le commutateur de paquets
inter-module steuerknoten und den Wghlersteuerknoten zu        comprend des
moyens (2120-1, 2120-2) pour Ubertragen, die den augenblicklichen Verbin-
enregistrer des paquets qui sont regus sur les dungszustand von
Paketpuffern zu abgehen-         canaux de paquets entrants, ce commutateur
17    31                EP 0 269 119 B1                    32      *   C
L   M   S   * de paquets inter-module etant destine a effec-   tateur de
paquets - inter-module, vers les tuer une operation de commutation de
paquets      moyens de commutatlon de paquets de ohia- simultande sur des
paquets de commande            quo module de commutation,et o.t: 



inter-modules qui sont regus sur un ensemble         dans loquel le
commutateur de paquets des canaux de paquets entrants et sont enre-   5
inter-module  commute  simultanement, ien gistr~s par les moyens
d'enregistrement, pour     mode de commutation -de paquets, des pa- les
diriger par un ensemble de lignes inddpen-   quets de commande
inter-modules et des pa- dantes vers un ensemble des canaux de pa-
quets d'information d'utillsateur, regus sur I'en- quets sortants.
semble de canaux de paquets entrants et en- 10     registr6s par les moyens
d'enregistroment, par 2. Un systhme de commutation selon la revendi-
l'interm~diaire de l'ensemble de lignes ind6- cation 1
pendantes, vers l'ensemble de canaux de pa- dans lequel chaque module de
commuta-         quets sortants. tion comprend des moyens de commando qui
g6enrent des paquets de signalisation d'accbs  16  4. Un systeme de
commutation solon la revendl- sortants,
cation 1, comprenant en outre dans loquel chaque module de commuta-
une unite de connexion  inter-module tion comprend en outre des moyens
d'interfa-     (2011), ce de communication (1900),
dans loquel lee moyens de commutation dans lequel chaque module de commuta-
20     de chaque module de commutation compren- tion comprend des moyens de
commutation           nent des moyens de commutation de circuits pour
6tablir des canaux de signalisation entre   (1011) qui sont destines I
etablir des les acces de chaque module de commutation         connexions en
commutation de circuits entre et l'interface de communication de chaque mo-
les accbs de chaque module de commutation dule de commutation, at
25       et l'unitN de connexion inter-module, et dans lequol chaque module
de commuta-             dans lequel l'unitN de connexion inter-mo- tion
comprend des moyens d'interface de           dule comprend des moyens
(2102, 2103, communication pour coordonner la transmis-        2131-1,
2132-2) pour Interconnecter. les sion de paquets de commando intermodules
moyens de commutation de circuits de chacun entre les moyens de commande de
chaque   30       des modules de commutation, pour la commu- module de
commutation et le commutabeur de        nication en commutation de circuits
entre des paquets inter-module, et la transmission de       accs de
diffdrents modules de commutation.. paquets de signalisation d'accbs entre
les moyens de commutation de chaque module de     5  Un systbme de
commutation salon la revondi- commutation et los moyens de commando de   96
cation 1 chaque module de commutation.                        dans lequel
chaque module de commuta- tion comprend en outre des moyens d'intbrfa- 3
Un systeme de commutation solon les revendi-      co de communication
(1900), cations 1 ou 2                                       dans lequel
les moyens de commutation dans lequel les moyens de commutation   40    de
chaque module de commutation compren- de chaque module de commutation
compren-          nent des moyens de commutation de paquets nent des moyens
de commutation de paquets        (1400) pour etablir des connexions en
conimu- (1400) qui sont destin6s & 6tablir des           tation de paquets,
pour commuter des paquets connexions en commutation do paquets entre
d'information d'utilisateur entre les accbs de les accbs de chaque module
de commutation   46    chaque module de commutation et les moyens et les
moyens d'interface de communication       dinterface de communication de
chaque mo- de chaque module de commutation,                  dule de
commutation, dans loquel l'interface de communication          dans loquel
les moyens d'interface de de chaque module de commutation coordonne
communication de chaque module de commu- 6galement l'4mission de paquets
d'information   56  tation sont destinds h coordonner la transmis-
d'utilisateur, regus a partir des acces de cha-  sion de paquets de
commando inter-modules quo module de commutation, par l'intermediai-
entre les moyens de commando de chaque re des moyens de commutation de
paquets de        module de commutation et le commutatour de chaque module
de commutation, sur un canal        pequeta inter-moduleset la
transmissionrIo de paquets entrant dirige vers. le commutateur  56
paquets' d'information d'utillsateur entrem les de paquets intermodule, et
I'emission de pa-      moyens de commutation de chaque modulO de quets
d'information d'utilisateur, rogus sur un   commutation et l- cormmutateur
de paquets canal de paquets sortant provenant du commu-     inter-module,
et 18    33                EP 0 259119B1                     34        *
C   L   M    S    * dans loquel le commutateur de paquets         outre un
anneau de commande (2110) qui inter-module commute simultanrment, en com-
comprend les noeuds de commando d6mis- mutation de paquets, des paquets de
comman-      sion et les noeuds de commando de s6lecteur, 



de inter-modules et des paquets d'information     et des moyens (2111) qui
sont destin~s & d'utilisateur, recus sur les canaux de paquets   5
interconnecter les noeuds de commando entrants et enregistres par les
moyens d'enre-   d'6mission et les noouds de commande de gistroment, par
l'interm6diaire de l'ensemble    s6lecteur, pour 6mettre vers les noeuds de
de lignes independantes, vers l'ensemble de       commande d'emission et
les noeuds de com- canaux sortants.                                  mando
de selecteur des signaux definissant 10     I'etat de connexion pr~sent de
certains des 6. Un systeme de commutation solon les revendi-      tampons
de paquets & certains des canaux de cations 2, 3, 4 ou 5,
paquets sortants. dans lequel les moyens d'interface de communication
comprennent un commutateur      8  Un systame de commutation salon la
revendi- de paquets qui comporte une memoire parta-  i5   cation 7, dans
lequel le commutateur de pa- g~e destin6e & enregistrer au moins deux ty-
quets inter-module comprend en outre peas de paquets parmi trois types: des
pa-           une structure de bus multfconducteur J-'    quets de
signalisation d'accbs, des paquets      (2102, 2104) comprenant un ensemble
de d'information d'utilisateur et des paquets de     conductours (1P,
253P), chacun d'eux 6tant commande inter-modules.                  20
destin6 a connecter un tampon de l'ensemble de tampons de paquets & tous
les s6lectours 7. Un systeme de commutation solon la revendi-       de
l'ensemble de selecteurs. cation 1, dans loquel le commutateur de pa- quets
Intermodule comprend                    9. Un systeme de commutation solon
la revendi- un ensemble de tampons de paquets (par  25    cation 7, dans
loquel chaque s~lecteur de l'en- exemple 2120-1), chacun d'eux etant
destine &     semble de s~lecteurs transmet a tiavers lul enregistrer des
paquets qui sont regus a partir   des paquets qui proviennent de l'ensemble
de de l'un au moins des canaux de paquets en-       tampons de paquets et
qui sont diriges vers le trants,
canal de paquets sortant qui est associe & un ensemble de s~lectours (par
exemple  3o    chaque selecteur. 2128-1), chacun d'eux etant connect6 de
fagon permanento a chacun des tampons de paquets et chacun d'eux 6tant
associe A l'un au moins des canaux de paquets sortants, pour connec- ter
selectivement l'un quelconque des tampons  35 de paquets a un canal de
paquets sortant qui est associ6 a chaque salecteur, des moyens rdagissant
aux paquets enre- gistres de fagon a commander les connexions s6lectives
qui sont etablies par les s6lectours  40 sur la base d'en-tftes inclus dans
les paquets enregistr~s, et des moyens r~agissant aux paquets enre- gistr~s
de fagon A effectuer s6lectivement - 'emission de ces paquets enregistrds a
partir  45 des tampons de paquets, les moyens de commande compronant un
ensemble de noeuds de commando de selec- tour (par exemple 2124-1), chacun
d'eux etant destine A commander les connexions selecti-  so ves qui sont
etablies par l'un au moins des s6lecteurs, et dans loquel les moyens
d'emission com- prennent un ensemble de noeuds de comman-
ii. de d'6mission (par exemple 2123-1), pour ef-  5. fectuer l'Mmission de
paquets & partir de lun                          .  .   *   . au moins des
tampons de paquets, le commutateur de paquets comprenant en 19    


