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The foregoing problem is solved and a technical advance is achieved in
accordance with the principles This invention relates to switching
networks.   of the invention in an exemplary switching network It is
possible for a customer facility connected to  advantageously including
both space division and a multistage switching network to occasionally be
5   time division switching stages and where a perma- blocked from being
connected as desired because the  nent connection arrangement, interposed
between nerwork happens to be interconnected in a manner   the network
input channels and a larger number of In- that prevents effecting the
desired interconnection.  ternal, time division channels at the input side
of the This, of course, is an undesirable situation which, in  space
division stage, provides permanent rather than an appropriately designed
network, is remedied by   10  switched connections between each input
channel dismantling one or more existing interconnections  and,
significantly, multiple internal channels. Advan- and rearranging the
Interconnection paths to accom-  tageously, the pattern of permanent
connections to modate the new request. When such a rearrange-     multiple
internal channels is designed such that the ment is possible, it is said
that the new assignment,  network is rearrangeable to avoid blocking to
connect which is the new set of interconnections desired to be   15  any
idle output channel of the network to any busy or established, is
realizable. A switching network which  idle input channel. Significant
economies are ob- can realize all possible assignments without rear-
tained because the elements of the network are used ranging existing
connections is said to be non-block-  on a time-shared basis.
Rearrangements are effected ing. while a network which can realize all
possible  without the possibility of open intervals or lost infor-
assignments only by occasionally rearranging exist-  20   mation by
changing the connections through the ing connections is said to be
rearrangeable. Typical  space division and time division switching stages
prior rearrangeable nerworks have many fewer cross-      to the next time
division frame. points than their non-blocking counterparts.
Aswitching network in accordance with the inven- U. S. Patent 4,566,007
issued to G. W. Richards  ton is operative in time division frames
comprising B on January 21, 1986, discloses a two-stage, rear-  25  time
slots of substantially fixed duration and provides rangeable
multiconnection (broadcast) switching net-  switched connections from [err]
input channels to [err] work including an innovative connection arrangement
output channels. The network includes AB internal that permanently connects
each network input chan-  channels comprising A links operative in the B
time nel to a multiplicity of first stage switch inlets in a pre-  slots. A
space division switching stage, connected to determined pattern. For any
given assignment of  30  the A links and having at least one output port,
pro- input channels to the network output channels con-  vides
space-switched connections from the A links to nected to a second stage
switch, the network can al-  the output port. A time division switching
stage con- ways be arranged such that each input channel is   nected to the
output port provides time-switched con- connected by a different first
stage switch to the sec-  nection from time slots at the output port to the
n2 ond stage switch and therefore to the output channels  35  output
channels. A connection arrangement perma- which are assigned that input
channel. Accordingly,  nently connects each of the [err] input channels to
mul- the switching network is a rearrangeable multicon-  tiple ones of the
AB internal channels. nection network that avoids blocking. The innovative
In the illustrative embodiments of the invention connection pattern
advantageously eliminates the   described herein, the connection
arrangement per- need for additional stages of switching thereby reduc-  40
manently connects each of the [err] input channels to ing both the total
number of network crosspoints and  multiple ones of the AB internal
channels such that for the number of crosspoints used to effect each inter-
any group of n2 of the input channels, the switching connection.
network is rearrangeable to avoid blocking to connect Although the network
disclosed in the above-    the group of n2 input channels to the n2 output
chan- mentioned Richards patent represents an important  45  nels. A
control processor is responsive to a blocked advance in the art, its
reliance on space division  condition of the network for controlling a
rearrange- switching techniques makes it relatively expensive. In  ment of
connections of the space division switching addition, rearrangements in
such space division net-  stage and the time division switching stage.
works sometimes result in open intervals or lost infor-  In one
illustrative embodiment of the invention, mation.
50  the connection arrangement permanently connects The Ninth International
Teletraffic Congress, Tor-  each of the [err] input channels to M of the AB
internal remolinos, 17 to 24 October 1979, pages 1 to 4, dis-  channels
such that for any group of n2 of the input closes the use of numerous
internal time slots in time  channels, that group of n2 input channels is
connected division to provide more freedom for regeneration and  to a
corresponding group of n2 of the internal chan- transportation of data.
55  nels, where each internal channel of the group of n2 In view of the
foregoing, a recognized problem in  Internal channels comprises a different
one of the B the art is the expense and reduced communication In-  time
slots. tegrity of known multiconnection networks.            In a second
illustrative embodiment of the inven- 2    



3                   EP 0 364 440 B1                 4 tion, the A links
comprise K groups each comprising  121, by connecting the input channels to
link 121 In at most C links. The space division switching stage  the
following fixed sequence during each frame of ten has at least K output
ports and comprises K space di-  time slots TS1 through TSIO: IC1, IC2,
IC3, IC4, IC5, vision switches each providing space-switched con-  IC1,
IC2, IC3, IC4, IC5. Similarly, multiplexer 112 con- nectionsfromoneofthe
Kgroupsoflinkstooneofthe   5   nects each of the five input channels IC6
through output ports. The time division switching stage is con-  IC10 to
two internal channels, comprising two time nected to the K output ports and
provides time-    slots on link 122, by connecting the input channels to
switched connections from time slots at the K output  link 122 in the
following fixed sequence: IC6,IC7,IC8, ports to the n2 output channels. The
connection ar-  IC9, IC10, IC10,IC6,IC7,IC8,IC9. These sequences rangement
permanently connects each of the [err] input  10  and the sequences
effected by multiplexers 113, 114 channels to M of the AB internal channels
such that  and 115 on links 123, 124, and 125 are given In FIG. for any
group of [err] of the input channels, that group  2. of n2 input channels
Is connected to a corresponding   Network 100 (FIG. 1) further includes a
time- group of n2 of the internal channels where, for each  shared, space
division switch 131, a time-multiplexed of the K groups of links, each
internal channel of the   15  switch, operative in frames comprising ten
time slots group of n2 internal channels that is on that group of  TS1
through TSI 0. Dig each time slot, switch 131 con- links comprises a
different one of the B time slots.  nects one of the links 121 through 125
to an output port 132. Switch 131 is reconfigured ten times per Drawing
Description                                frame in accordance with
instructions stored in a con- 20  trol memory 139 by a control processor
101 when a FIG.1 is a block diagram of a rearrangeable mul-  particular
switched connection is established. Infor- ticonnection network embodying
the invention;   mation is transmitted from switch 131 via output port FIG.
2 is a diagram showing the connections ef-  132 to a time division switch
141, a time-slot inter- fected by a connection arrangement included in
changer, Switch 141 performs a selection and reor- the network of FIG. 1;
25  dering of up to five of the ten time slots at output port FIG. 3 is a
block diagram of a second rearrange-  132 for transmission on a
time-multiplexed link 151 to able multiconnection network embodying the in-
a demultiplexer 161. Aframe comprising ten time slots vention;
at output port 132 corresponds to a frame comprising FIG. 4 is a diagram
showing the connections ef-  five time slots on link 151. Within switch
141, the se- fected by a connection arrangement included in  30  lection
and reordering of time slots is accomplished the network of FIG. 3;
based on instructions stored in a control memory 144 FIG. 5 shows a
connection matrix;               by control processor 101. Switch 141
performs a FIG. 6 is a block diagram of a prior art rearrange-  broadcast
function within network 100 by transmitting able multiconnection network
employing only  information from a single time slot at output port 132
space division switching and including a connec-  35  on as many as all
five time slots on link 151. The in- tion arrangement represented by the
connection  formation in the five time slots on link 151 is then dis-
matrix shown in FIG. 5; and                    tributed by a demultiplexer
161 in sequential fashion FIG. 7 is a block diagram of a space division
net-  to the five output channels OC1 through OC5. work representing an
intermediate step in the de-  For any group of five of the input channels
IC1 sign of the networks of FIGS. I and 3.     40  through IC25, network
100 is rearrangeable to avoid blocking to connect the group of five input
channels Detailed Description                               to the five
output channels OC1 through OC5. Con- sider the group of input channels
IC1, IC5,IC9, IC21, In FIG. 1, network 100 switches information from  and
IC22. The group of input channels is connected 25 input channels IC1
through IC25 to five output  45  to a corresponding group of five internal
channels channels OC1 through OC5. Network 100 has 50 in-   each comprising
a different one of the ten time slots ternal channels comprising five
time-multiplexed   TS1 through TS10 as indicated by the circled entries
links 121 through 125 each comprising ten time slots.  in the diagram of
FIG. 2. Input channel IC1 is connect- A permanent connection arrangement
110 connects    ed to the internal channel comprising link 121, time each
of the 25 input channels to two of the 50 internal  50  slot TS6; input
channel IC5 is connected to the inter- channels. The connections effected
by arrangement  nal channel comprising link 121, time slot TS5; input 110
are depicted in the diagram of FIG.2forone frame  channel IC9 is connected
to the internal channel com- comprising ten time slots TS1 through TS10 on
the  prising link 122, time slot TS4; input channel IC21 is links 121
through 125. Arrangement 110 includes five  connected to the internal
channel comprising link 125, fixed-assignment, time division multiplexers
111  55  time slot TS10; input channel IC22 is connected to the through
115. Multiplexer 111, for example, connects  internal channel comprising
link 125, time slot TS2. each of the five input channels IC1 through IC5 to
two  Thus In a particular example where output channels internal channels,
comprising two time slots on link  OC1 through OC5 are to be connected to
input chan- 3    



5                   EP 0 364 440 B1                 6 nels IC1, IC21,IC5,
IC9 and IC22, respectively, con-  port 262. Switches 231 and 261 are
reconfigured five trol processor 101 writes instructions into control
times per frame in accordance with Instructions stor- memory 139 such that,
dig time slots TS2, TS4, TS5,  ed in control memories 239 and 269 by a
control proc- TS6, and TS10, switch 131 connects links 125, 122,  essor
201. Information Is transmitted from switch 231 121, 121, and 125,
respectively, to output port 132.   5   via output port 232 and from switch
262 via output The information transmitted by switch 131 at output  port
262 to a time division switch 271, a time-slot in- port 132 is as shown in
FIG. 2. Control processor 101  terchanger. Switch 271 performs a selection
and re- also writes instructions into control memory 144 such  ordering of
up to five of the total of ten time slots at that switch 141 connects time
slots TS2, TS4, TS5,  output ports 232 and 262 for transmission on a time-
TS6, and TS10 at output port 132 to rime slots TS5,  10   multiplexed link
281 to a demultiplexer 291. In net- TS4, TS3, TS1, and TS2, respectively on
link 151.  work 200, all frames comprise five time slots. Within Thus
demultiplexer 161 sequentially distributes the  switch 271, the selection
and reordering of time slots information from input channels IC1, IC21,
IC5, IC9,  is accomplished based on instructions stored in a and IC22, to
output channels OC1 through OC5, re-  control memory 274 by control
processor 201. Switch spectively. Since a corresponding group of internal
15  271 performs a broadcast function within network channels comprising
different time slots can be found  200 by transmitting information from a
single time slot for any group of five input channels, network 100 is  at
output ports 232 or 262 on as many as all five time always rearrangeable to
avoid blocking.            slots on link 281. The information in the five
time slots In FIG. 3, network 200 switches information from  on link 281 is
then distributed by a demultiplexer 291 25 Input channels IC1 through IC25
to five output  20  In sequential fashion to the five output channels OC1
channels OC1 through OC5. Network 200 has 50 in-   through OC5. ternal
channels comprising ten time-multiplexed links  For any group of five of
the input channels IC1 221 through 225 and 251 through 255 each compris-
through IC25, network 200 Is rearrangeable to avoid ing five time slots. A
permanent connection arrange-  blocking to connect the group of five Input
channels ment 210 connects each of the 25 input channels to  25  to the
five output channels OC1 through OC5. Con- two of the 50 internal channels.
The connections ef-  sider the group of input channels IC1, IC5, IC9, IC21,
fected by arrangement 210 are depicted in the dia-  and IC22. Input channel
IC1 is connected to the inter- gram of of FIG. 4 for one frame comprising
five time  nal channel comprising link 251, time slot TS1 (FIG. slots TS1
through TS5 on the links 221 through 225  4); input channel IC5 is
connected to the Internal and 251 through 255. Arrangement 210 includes ten
30  channel comprising link 221, time slot TS5; Input fixed-assignment,
time division multiplexers 211   channel IC9 is connected to the internal
channel com- through 215 and 241 through 245. Multiplexers 211  prising
link 222, time slot TS4; input channel IC21 is and 241, for example,
connect each of the five input  connected to the internal channel
comprising link255, channels IC1 through IC5 to two internal channels,
time slot TS5; input channel IC22 is connected to the comprising one time
slot on link 221 and one time slot  35  internal channel comprising link
225, time slot TS2. on link 251. Multiplexer 211 connects the input chan-
Note that for the group of links 221 through 225 con- nels to link 221 in
the following fixed sequence during  nected to switch 231, each of the
three entries circled each frame of five time slots TS1 through TS5: IC1,
in the diagram of FIG. 4 comprises a different one of IC2, IC3,IC4, IC5.
Multiplexer 241 connects the input  the time slots TS1 through TS5.
Similarly, for the channels to link 251 in the sequence IC1, IC2, IC3,  40
group of links 251 through 255 connected to switch IC4, IC5. Similarly,
multiplexers 212 and 242 connect  261, the two circled entries comprise
different ones of each of the five input channels IC6 through IC10 to  the
time slots TS1 through TS5. Thus in a particular two internal channels,
comprising one time slot on link  example where output channels OC1 through
OC5 222 and one time slot on link 252. Multiplexer 212 con-     are to be
connected to inputchannels IC1, IC21,IC5, nects the input channels to link
222 in the sequence   45  IC9 and IC22, respectively, control processor 201
IC6,IC7,IC8, IC9, IC10. Multiplexer242 connects the  writes instructions
into control memory 239 such that, input channels to link 252 in the
sequence IC10, IC6,  during time slots TS2, TS4, and TS5, switch 231 con-
IC7,IC8, IC9. These sequences and the sequences    nects links 225, 222,
and 221, respectively, to output effected by multiplexers 213 through 215
and 243   port 232. Control processor 201 also writes instruc- through 245
on links 223 through 225 and 253 through   50  tions into control memory
269 such that, during time 255 are given in FIG. 4.
slots TS1 and TS5, switch 261 connects links 251 and Network 200 (FIG. 3)
further includes two time-  255, respectively, to output port 262. Thus the
infor- shared, space division switches 231 and 261, time-  mation
transmitted by switch 231 at output port 232 multiplexed switches, each
operative in frames com-  and by switch 261 at output port 262 is as shown
in prising five time slots TS1 through TS5. During each   55   FIG. 4.
Control processor 201 also writes instructions time slot, switch 231
connects one of the links 221  into control memory 274 such that switch 271
con- through 225 to an output port 232 and switch 261 con-  nects time
slots TS2, TS4, and TS5 at output port 232, nects one of the links 251
through 255 to an output  and time slots TS1 and TS5 at output port 262 to
rime 4    



7                   EP 0 364 440 B1                  8 slots TS5, TS4, TS3,
TS1, and TS2, respectively on  inlet connected to input channel IC21. It Is
possible link 281. Thus demultiplexer 291 sequentially distrib-  that for
certain sequences of connection requests for utes the information from
input channels IC1, IC21,  input channels IC1, IC5, IC9, IC21 and IC22,
network IC5, IC9, and IC22, to output channels OC1 through   1100 may
temporarily block one or more of the re- OC5, respectively. Since a
corresponding group of in-   5   quested input channels. However, it is
always possi- ternal channels comprising different time slots within  ble
to rearrange the connections of the first stage each group of links can be
found for any group of five  switches such that switches 1102, 1104, 1105,
1106, input channels, network 100 is always rearrangeable  and 1110 connect
input channels IC22, IC9, IC5, IC1, to avoid blocking.
and IC21, respectively, to inlets of second stage FIG. 6 is a block diagram
of a two-stage, rear-  10  switch 1191. The connections within second stage
angeable multiconnection network 1100 employing     switch 1191 can then be
rearranged such that the in- only space division switching. Network 1100 is
of a  put channels IC1,IC5, IC9, IC21, and IC22 are con- type disclosed in
U. S. Patent 4,566,007, issued to G.  nected to the output channels OC1
through OC5 in W. Richards on January 21, 1986. Network 1100 in-
accordance with the connection requests. Since this cludes ten 5 x 1 first
stage switches 1101 through   15  is possible for any group of five of the
Input channels 1110, each having five inletsand oneoutlet, and asin-  IC1
through IC25, network 1100 Is a rearrangeable gle 10 x 5 second stage
switch 1191 having each of   broadcast network. ten inlets connected to an
associated one of the first  In networks such as network 1100, N input
chan- stageswitches 1101 through 1110 and havingeachof     nels are
connected to the inlets of S first stage five outlets connected to one of
the output channels  20  switches in an assignment pattern where each input
OC1 through OC5. The 25 Input channels IC1 through    channel is connected
to M first stage switch inlets. IC25 the connected to the 50 first stage
switch Inlets  The assignment pattern is termed input channel re- by a
connection arrangement 1140. Arrangement       solvable if the input
channels can be partitioned into 1140 connects each first stage switch
inlet to an as-  MN/S factors, each factor including S/M input chan-
sociated predetermined one of the input channels IC1   25   nels, where
each first stage switch is connected to ex- through IC25. (Only the
connections to input channels  actly one input channel from each factor. In
network IC1 and IC25 are explicitly shown in FIG. 6.) The con-  1100 where
N=25, S=10, and M=2, the assignment nection pattern within arrangement 1140
is represent-  pattern is input channel resolvable since the Input ed by a
10 x 5 connection matrix shown in FIG. 5. The  channels can be partitioned
into the five factors: numbers in each of the ten rows of the matrix are
the   30  {IC1,IC2,IC3,IC4,IC5}, designations of the ones of the input
channels IC1  {IC6,IC7,IC8,IC9,IC10}, {IC11,IC12,IC13,IC14,IC15}, through
IC25 connected by arrangement 1140 to the   {IC16,IC17,IC18,IC19,IC20},
inlets of the one of the first stage switches 1101
{IC21,IC22,IC23,IC24,IC25}. through 1110 associated with that row. For
example,     Network 1100 can be used as a starting point to the numbers 1,
6, 11, 16, and 21 in the first matrix row   35   design the rearrangeable
broadcast networks 10 indicate that arrangement 1140 connects the five in-
(FIG. 1) and 200 (FIG. 3). Network 1200 (FIG. 7) is a putchannels
IC1,IC6,IC11,IC16,and IC21 tothefive     three-stage space division network
that represents inlets offirststage switch 1101. The numbers 2,7,12,  an
intermediate step in the design. In network 1200, 17, and 22 in the second
matrix row indicate that ar-  the ten 5 x 1 second stage switches 1201
through rangement 1140 connects the five input channels IC2,  40   1210 and
the 10 x 5 third stage switch 1291 are iden- IC7, IC12, IC17, and IC22 to
the five inlets of first  tical to the first stage switches 1101 through
1110 and stage switch 1102, etc.                             the second
stage switch 1191 of network 1100 (FIG. The characteristic of arrangement
1140 that      6). The connection arrangement 1140 of network makes network
1100 a rearrangeable broadcast net-    1100 is replaced in network 1200 by
five 5 x 10 first work can be stated as follows. For any group of five   45
stage switches 1241 through 1245 each having five of the input channels IC1
through IC25, there is a   Inlets connected to one of the five factors.
Switch group of five of the first stage switches 1101 through  1241, for
example, has five inlets connected to the 1110 each having one inlet
connected to a different  factor {IC1,IC2,IC3,IC4,IC5}. The input channels
can one of that group of input channels. For example, con-  clearly be
distributed in any arbitrary fashion to the sider the group of input
channels IC1, IC5, IC9, IC21   50  second stage switches 1201 througt 1210.
According- and IC22. Each switch of the group of first stage    ly, each of
the second stage switches 1201 through switches 1102,1104,1105,1106and
1110hasonein-         1210 has access to exactly one input channel from let
connected to a different one of that group of input  each factor. If the
distribution of input channels to sec- channels. Switch 1102 has an
inletconnected to input  ond stageswitches in network 1200 is madethesame
channel IC22, switch 1104 has an inlet connected to  55   as the
distribution of input channels to first stage input channel IC9, switch
1105hasan inletconnected   switches in network 1100, network 1200 is also a
re- to input channel IC5, switch 1106 has an Inlet con-  arrangeable
broadcast network. Furthermore, the nected to input channel IC1, and switch
1110 has an  connections through the first stage switches 1241 5    



9                   EP 0 364 440 B1                  10 through 1245 can be
fixed and still achieve this result.  ance on the network. The equivalent
of multiple ap- Network 1200 is then transformed into network    pearances
is achieved by having the multiplexers 100 (FIG. 1) as follows. The first
step is to replace all  transmit each input channel M times per frame to
links out of first stage switches and all links into third  space division
switch 131. Second, rearrangements stage switches with single links each
having a number   5   are effected without the possibility of open
intervals of time slots equal to the number of replaced links.  or lost
information. A rearrangement in network 100 The ten links in network 1200
out of first stage switch  simply means that the connections through space
di- 1241, for example, are replaced in network 100 by the  vision switch
131 and time division switch 141 are single link 121 having ten time slots.
The ten links into  changed before the next frame. third stage 1291 switch
in network 1200 are replaced   10  Network 100 has links operating at two
speeds by the single link having ten time slots at output port  since the
internal links such as links 121 through 125 132 in network 100. Second,
the space division first  and the links at output ports 132 and 133 each
have and third stage switches of network 1200 are replaced  ten time slots
whereas links 151 and 156 have only with corresponding time division
elements. Third    five time slots. This 2:1 ratio is equal to the
multiplicity stage switch 1291 of network 1200 is replaced by time   15
factor M. The number of time slots on all links can be division switch 141,
time-multiplexed link 151 having  made equal using an alternative
implementation hav- five time slots, and demultiplexer 161. Since the con-
ing multiple space division switches. Network 200 nections through the
first stage switches 1241       (FIG. 3) represents such an alternative for
network through 1245 of network 1200 can be fixed, the first  100. stage
switches 1241 through 1245 are replaced by   20   Network 200 can be
extended to serve additional multiplexers 111 through 115 in network 100
rather   output channels by providing space division switches than time
division switches. Multiplexers 111 through  231 and 261 with additional
switching capability to ac- 115 function as fixed time slot interchangers
to con-  cess additional output ports, and by adding additional nect input
channels to the ten time slots of the links  time division switches and
demultiplexers. To serve 121 through 125 as shown in FIG. 2. Finally the
sec-   25  five additional output channels OC6 through OC10, ond stage
switches 1201 through 1210 of network     space division switch 231 is
extended to selectively 1200 are replaced by space division switch 131 in
net-  connect any one of the links 221 through 225 to an ad- work 100.
ditional output port 233. Space division switch 261 is During each frame of
operation within network    extended to selectively connect any one of the
links 100, each of the multiplexers 111 through 115 trans-  30  251 through
255 to an additional output port 263. mits each input channel to switch 131
twice in a fixed  Switches 231 and 261 both have broadcast capability.
predetermined fashion. Thus time division switch 141  Information
transmitted by switch 231 from output has two opportunities per frame to
access a given in-  port 233 and by switch 261 from output port 263 is re-
put channel. Since network 100 is combinatorially    ceived by an
additional time division switch 276. equivalent to networks 1100 and 1200,
network 100   35   Switch 276 performs a selection and reordering of up is
a rearrangeable broadcast network.               to five of the total of
ten time slots at output ports 233 Network 100 can be extended to serve
additional  and 263 for transmission on a time-multiplexed link output
channels by providing space division switch   286 to a demultiplexer 296.
Within switch 276, the se- 131 with additional switching capability to
access ad-  lection and reordering of time slots is accomplished ditional
output ports, and by adding additional time di-  40   based on instructions
stored in a control memory 279 vision switches and demultiplexers. Two
serve five   by control processor 201. additional output channels OC6
through OCI 0, space     The above-referenced Richards patent 4,566,
division switch 131 is extended to selectively connect  007 discloses a
single design method for determining any one of the links 121 through 125
to an additional  the assignment pattern for the connection arrange- output
port 133. Switch 131 has broadcast capability  45   ment in a two-stage
rearrangeable space division in that any one of the links 121 through 125
can be si-  broadcast network. Any such space division broad- multaneously
connected to both output ports 132 and  cast network can be used to derive
a broadcast net- 133. Information transmitted by switch 131 from out-  work
employing both space and time division switch- put port 133 is received by
an additional time division  ing in accordance with the invention as long
as the as- switch 146. Switch 146 performs a selection and re-  50
signment pattern Is input channel resolvable. ordering of up to five of the
ten time slots at output port         Network 100 (FIG. 1) can be described
in more 133 for transmission on a time-multiplexed link 156 to  general
terms as follows. Network 100 is operative in a demultiplexer 166. Within
switch 146, the selection  time division frames comprising B time slots of
sub- and reordering of time slots is accomplished based on  stantially
fixed duration and provides switched con- instructions stored in a control
memory 149 by control  55   nections from [err] input channels to n2 output
channels, processor 101.                                      where B,
[err] and [err] are positive integers each greater Network 100 has
advantages over network 1100.    than one and where [err] is at most equal
to [err]. (in net- First, each input channel has only a single appear-
work 100, B = 10, [err] = 25 and [err] = 5 and the B time 6    



11                  EP 0 364 440 B1                 12 slots are the ten
time slots TS1 through TS10.) Net-  space-switched connections from one of
the K groups work 100 comprises AB internal channels comprising  of links
to one of the K output ports. (In network 200, A links each operative in
the B time slots, where A is  space division switch 231 provides
space-switched a positive integer greater than one. (In network 100,
connections from the group of links 221 through 225 A = 5 and the A links
are the five links 121 through   5   to output port 232 and space division
switch 261 pro- 125.) Network 100 includes space division switch 131  vides
space-switched connections from the group of connected to the A links and
having output port 132  links 251 through 255 to output port 262.) Network
for providing space-switched connections from the A  200 further includes
time division switch 271 and de- links to output port 132. Network 100
further includes  multiplexer 291 for providing time-switched connec- time
division switch 141 and demultiplexer 161 for  10  tions from time slots at
output ports 232 and 262 to the providing time-switched connections from
time slots  [err] output channels. Permanent connection arrange- at output
port 132 to the [err] output channels. Perma-  ment 210 permanently
connects each of the [err] input nent connection arrangement 110
permanently con-   channels to multiple ones of the AB internal channels
nects each of the [err] input channels to multiple ones  such that for any
group of [err] of the input channels, net- of the AB internal channels such
that for any group of  15   work 200 is rearrangeable to avoid blocking to
con- n2 of the input channels, network 100 is rearrange-  nect the group of
[err] of the input channels to the n2 able to avoid blocking to connect the
group of n2 of the  output channels. Network 200 also includes control
input channels to the [err] output channels. Network  processor 201
responsive to a blocked condition of also includes control processor 101
responsive to a  network 100 for controlling a rearrangement of con-
blocked condition of network 100 for controlling a re-  20  nections of
space division switches 231 or 261 and arrangement of connections of space
division switch  time division switch 271. In particular, permanent 131 and
time division switch 141. In particular, perma-  connection arrangement 210
connects each of the [err] nent connection arrangement 110 connects each of
input channels to M of the internal channels such that the [err] input
channels to M of the AB internal channels  for any group of [err] of the
input channels, the group of such thatfor any group of [err] of the input
channels, the   25  [err] of the input channels is connected to a
correspond- group of [err] of the input channels is connected to a cor-
ing group of n2 of the internal channels. For each of responding group of
[err] of the internal channels. Each  the K groups of links, each internal
channel of the internal channel of the group of n2 of the internal chan-
group of n2 internal channels that is on that group of nels comprises a
different one of the B time slots. M  links comprises a different one of
the B time slots. is a positive integer greater than one and at most  30
equal toAB/[err]. (In network 100, M = 2.) Network 200 (FIG. 3) can be
described in more   Claims general terms as follows. Network 200 is
operative in time division frames comprising B time slots of sub-  1. A
switching network (100; 200) for providing stantially fixed duration and
provides switched con-  35  switched connections from [err] input channels
nections from [err] input channels to [err] output channels,  (IC1-IC25) to
[err] output channels (OC1-OC5), [err] where B, [err] and [err] are
positive integers each greater  and n2 being positive integers each greater
than than one and where [err] is at most equal to [err]. (In net-  one, n2
being at most equal to N1, said switching work 200, B = 5, [err] = 25 and
[err] = 5 and the B time     network comprising slots are the five time
slots TS1 through TS5.) Net-  40    space division switching means (131;
231, work 200 comprises AB internal channels comprising     261) having at
least one output port (132; 232) for A links each operative in the B time
slots, where A is  providing space-switched connections, and a positive
integer greater than one. (In network 200,       connection means (110;
210) for perma- A= 10 and the Alinks art the ten links 221 through 225
nently connecting each of said [err] input channels and 251 through 255.)
The A links comprise K groups   45  to multiple ones of internal channels,
each comprising at most C links, where M is a positive      CHARACTERIZED
IN THAT integer greater than one and at most equal to AB/[err],        said
switching network is operative in time K is a positive integer greater than
one and most equal  division frames comprising B time slots of sub- to M,
and C is a positive integer greater than one and  stantially fixed
duration, B being a positive integer at most equal to [err], where [err]
denotes  50    greater than one, the smallest integer not less than x. (In
networks 200,     said internal channels comprise AB inter- M = 2,K = 2 and
the K groups of links are two groups   nal channels comprising A links
(121-125; 221- of five links--the group comprising links 221 through
225,251-255) operative in said B time slots, Abe- 225 and the group
comprising links 251 through 255.)  ing a positive integer greater than
one, Network 200 includes a space division switching  55         said space
division switching means is stage connected to the A links and having at
least K   connected to said A links for providing space- output ports. The
space division switching stage com-  switched connections from said A links
to said prises K space division switches each for providing    output port,
7    
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time slots TS1 through TS10.) Net-  space-switched connectionsfrom one of
the K groups work 100 comprises AB internal channels comprising  of links
to one of the K output ports. (In network 200, A links each operative in
the B time slots, where A is  space division switch 231 provides
space-switched -a positive integer greater than one. (In network 100,
connections from the group of links 221 through 225 A = 5 and the A links
are the five links 121 through   5   to output port 232 and space division
switch 261 pro- 125.) Network 100 includes space division switch 131  vides
space-switched connections from the group of connected to the A links and
having output port 132  links 251 through 255 to output port 262.) Network
for providing space-switched connections from the A  200 further includes
time division switch 271 and de- links to output port 132. Network 100
further includes  multiplexer 291 for providing time-switched connec- time
division switch 141 and demultiplexer 161 for  10  tions from time slots at
output ports 232 and 262 to the providing time-switched connections from
time slots  [err] output channels. Permanent connection arrange- at output
port 132 to the [err] output channels. Perma-  ment 210 permanently
connects each of the [err] input nent connection arrangement 110
permanently con-   channels to multiple ones of the AB internal channels
nects each of the [err] input channels to multiple ones  such
thatforanygroup of [err] of the input channels, net- of the AB internal
channels such that for any group of  15   work 200 is rearrangeable to
avoid blocking to con- [err] of the input channels, network 100 Is
rearrange-  nect the group of n2 of the input channels to the n2 able to
avoid blocking to connect the group of n2 of the  output channels. Network
200 also includes control input channels to the n2 output channels. Network
processor 201 responsive to a blocked condition of also includes control
processor 101 responsive to a  network 100 for controlling a rearrangement
of con- locked condition of network 100 for controlling a re-  20
nections of space division switches 231 or 261 and arrangement of
connections of space division switch  time division switch 271. In
particular, permanent 131 and time division switch 141. In particular,
perma-  connection arrangement 210 connects each of the [err] nent
connection arrangement 110 connects each of    input channels to M of the
internal channels such that the [err] input channels to M of the AB
internal channels  for any group of n2 of the input channels, the group of
such thatfor any group of n2 of the input channels, the   25  [err] of the
input channels is connected to a correspond- group of n2 of the input
channels is connected to a cor-  ing group of [err] of the internal
channels. For each of responding group of n2 of the internal channels. Each
the K groups of links, each internal channel of the internal channel of the
group of n2 of the internal chan-  group of n2 internal channels that is on
that group of nels comprises a different one of the B time slots. M  links
comprises a different one of the B time slots. is a positive integer
greater than one and at most  30 equal to AB/[err]. (In network 100, M =
2.) Network 200 (FIG. 3) can be described in more  Claims general terms as
follows. Network 200 is operative in time division frames comprising B time
slots of sub-  1. A switching network (100; 200) for providing stantially
fixed duration and provides switched con-  35  switched connections from
[err] input channels nections from [err] input channels to n2 output
channels,  (IC1-IC25) to n2 output channels (OC1-OC5), [err] where B, [err]
and [err] are positive integers each greater   and n2 being positive
integers each greater than than one and where n2 is at most equal to [err].
(In net-  one, n2 being at most equal to [err], said switching work 200, B
= 5, [err] = 25 and [err] = 5 and the B time     network comprising slots
are the five time slots TS1 through TS5.) Net-  40     space division
switching means (131; 231, work 200 comprises AB internal channels
comprising      261) having at least one output port (132; 232) for A links
each operative in the B time slots, where A is  providing space-switched
connections, and a positive integer greater than one. (In network 200,
connection means (110; 210) for perma- A= 10 and the A links art the ten
links 221 through 225  nently connecting each of said [err] input channels
and 251 through 255.) The A links comprise K groups   45  to multiple ones
of internal channels, each comprising at most C links, where M is a
positive       CHARACTERIZED IN THAT integer greater than one and at most
equal to AB/[err],         said switching network is operative in time K is
a positive integer greater than one and most equal  division frames
comprising B time slots of sub- to M, and C is a positive integer greater
than one and  stantially fixed duration, B being a positive integer at most
equal to [err], where [err] denotes   50    greater than one, the smallest
integer not less than x. (In networks 200,      said internal channels
comprise AB inter- M = 2,K = 2 and the K groups of links are two groups
nal channels comprising A links (121-125; 221- of five links--the group
comprising links 221 through   225,251-255) operative in said B time
slots,Abe- 225 and the group comprising links 251 through 255.)   ing a
positive integer greater than one, Network 200 includes a space division
switching   55         said space division switching means is stage
connected to the A links and having at least K    connected to said A links
for providing space- output ports. The space division switching stage com-
switched connections from said A links to said prises K space division
switches each for providing     output port, 7    
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network further comprises      AB internal channels such that for any group
of n2 time division switching means (141; 271) con-      of said input
channels, said group of n2 of said in- nected to said output port for
providing time-     put channels is connected a corresponding group
switched connections from time slots at said out-  of [err] of said
internal channels where, for each of put port to said [err] output
channels, and   5       said K groups of links, each internal channel of
said connection means permanently con-        said group of n2 of said
internal channels that is nects at least one of said [err] input channels
to    on that group of links comprises a different one of multiple ones of
said AB internal channels com-    said B time slots. prising different ones
of said B time slots. 10  6. A switching network (100) for providing
switched 2. A switching network in accordance with claim 1      connections
from [err] input channels (IC1-IC25) to CHARACTERIZED IN THAT
[err] output channels (OC1-OC5), [err] and n2 being said connection means
permanently con-        positive integers each greater than one, n2 being
nects each of said [err] input channels to multiple   at most equal to
[err], said switching network com- ones of said AB internal channels such
that for  15  prising any group of n2 of said input channels, said
space division switching means (131) hav- switching network is broadcast
rearrangeable to  ing at least one output port (232) for providing avoid
blocking to connect said group of n2 of said  space-switched connections,
input channels to said [err] output channels.               CHARACTERIZED
IN THAT 20           said switching network further comprises 3. A
switching network in accordance with claim 2           a plurality of
time-multiplexed links (121- CHARACTERIZED IN THAT
125) operative in frames comprising a plurality of said connections means
comprises multi-      time slots, plexer means (111-115; 211-215, 241-245)
for             said space division switching means Is multiplexing said
[err] input channels onto said A   25  connected to said links for
providing space- links such that each of said [err] input channels is
switched connections from said links to said out- assigned to multiple,
predetermined ones of said  put port, AB internal channels.
said switching network further comprises time division switching means
(141) con- 4. A switching network in accordance with claim 3    30  nected
to said output port for providing time- CHARACTERIZED IN THAT
switched connections from time slots at said out- said multiplexer means
(111-115) con-         put port to said [err] output channels, and nects
said group of n2 input channels to a corre-        a plurality of
multiplexer means (111-115) sponding group of [err] of said internal
channels,    each for multiplexing a subset of said [err] input each
internal channel of said group of n2 of said  35  channels one of said
links (for example, 121) internal channels comprising a different one of
such that of said subset of input channels is as- said B time slots.
signed to multiple, predetermined time slots of each of said frames on said
one of said links. 5. A switching network in accordance with claim 2
CHARACTERIZED IN THAT                40  7. A switching network in
accordance with claim 6 said A links comprise K groups each com-
CHARACTERIZED IN THAT prising at most C links, K being a positive integer
for any group of n2 of said input channels, greater than one and at most
equal to M, M being   said switching network is broadcast rearrange- a
positive integer greater than one and at most    able to avoid blocking to
connect said group of n2 equal to AB/[err], C being a positive integer
greater  45  of said input channels to said n2 output channels. than one
and at most equal to [err], said space division switching means has   8. A
switching network (200) for providing switched at least K output ports
(232, 262) and comprises   connections from [err] input channels (IC1-IC25)
to K space division switching means (231, 261)        n2 output channels
(OC1-OC5), [err] and [err] being each for providing space-switched
connections   50  positive integers each greater than one, n2 being from
one of said K groups of links to one of said  at most equal to [err], said
switching network com- K output ports,
prising said time division switching means is con-         space division
switching means (231) hav- nected to said K output ports and provides time-
ing at least one output port (232) for providing switched connections from
time slots at said K   55  space-switched connections, output ports to said
n2 output channels, and             CHARACTERIZED IN THAT said connection
means permanently con-             said switching network comprises a
plural- nects each of said [err] input channels to M of said  ity of
arrangements each comprising 8    
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time-multiplexed links (221-    wobei A sine positive ganze Zahl groIer als
Eins 225) operative in frames comprising a plurality of   ist, time slots,
da3 die Raummultiplex-Vermittlungseinrichtung said space division switching
means (231)      mit den A Zwischenleitungen verbunden ist, um is connected
to said links for providing space-   5  riumlich vermittelte Verbindungen
von den AZwi- switched connections from said links to said out-
schenleitungen zu dem Ausgangsport bereitzu- put port,
stellen, said each arrangement further comprises        daos das
Vermittlungsnetzwerk ferner sine Zeit- a plurality of multiplexer means
(211-215)     multiplex-Vermittlungseinrichtung (141; 271) auf- each for
multiplexing a subset of said [err] input  10  weist, die mit dem
Ausgangsport verbunden ist, channels onto one of said links such that each
of    um zeitlich vermittelte Verbindungen zwischen said subset of input
channels is assigned to a pre-  Zeitlagen am Ausgangsport zu den
n2Ausgangs- determined time slot of each of said frames on       kanalen
bereitzustellen, und said one of said links,
dal die Vermittiungseinrichtung wenigstens ei- said switching network
further comprises   15  non der N, Eingangskanale mit mehreren Kana- time
division switching means (271) for        len derAB internen Kanale, die
unterschiedliche providing time-switched connections to said n2
Zeitlagen der B Zeitlagen umfassen, dauerhaft output channels from time
slots at said output       verbindet. ports of said space division
switching means (231, 261) of each of said arrangements,    20  2.
Vermitflungsnetzwerk nach Anspruch 1, where one of said [err] input
channels is as-     dadurch gekennzeichnet, signed to a first time slot on
one of said links of a  daSi die Verbindungseinrichtung jeden der N, Emn-
first one of said arrangements (211-215, 221-        gangskanile
mitmehreren derAB internen Kani- 225, 231) and is assigned to a second time
slot      le dauerhaft verbindet, derart, dal far jede on one of said links
of a second one of said ar-  25  Gruppe von n2 Eingangskanilen das Vermitt-
rangements (241-245, 251-255, 261), said first      lungsnetzwerk zur
Vermeldung einer Blockie- and second time slots comprising different time
rung umfassend umgeordnet warden kann, um slots of a frame, and
die Gruppe von n2 Eingangskanilen mit den n2 where for any group of n2 of
said input        Ausgangskanalen zu verbinden. channels, said switching
networks is broadcast  30 rearrangeable to avoid blocking to connect said
3. Vermittiungsnetzwerk nach Anspruch 2, group of [err] of said input
channels to said [err] output  dadurch gekennzeichnet, channels.
daB die Verbindungseinrichtung elne Multiplexer- einrichtung (111-115;
211-215, 241-245) zum  ... -; ...... 35      Multiplexen der N,
Eingangskanile auf dieAZwl- PatentansprOche
schenleitungen aufweist, derart, daB jederder N1 Eingangskanale mehreren,
vorbestimmten Kani- 1  Vermittlungsnetzwerk (100; 200) zur Bereitstel-
len der AB internen Kanale zugeordnet ist. lung vermittelter Verbindungen
von N1 Eingangs- ;  kanalen (ICI-lC25) zu n2 Ausgangskanilen   40   4.
Vermittlungsnetzwerk nach Anspruch 3, (OC1-OC5), wobei N1 und n2jeweils
positive gan-     dadurch gekennzeichnet, ;           ze Zahlen gr6Ser als
Eins sind und n2 wenigstens     dalS die Multiplexereinrichtung (111-115)
die gleich N1 ist, mit                                   Gruppe von n2
Eingangskanilen mit einer ent- einer Raummultiplex-Vermittiungseinrichtung
(131;    sprechenden Gruppe von n2 internen Kanalen 231, 261), die
wenigstens einen Ausgangsport  45    verbindet, und (132; 232) zur
Bereitstellung raumlich vermittelter  daR jeder interne Kanal der Gruppe
von n2 inter- Verbindungen aufweist, und                           nen
Kanalen eine andere Zeitlage der B Zeitlagen einer Verbindungseinrichtung
(110; 210) zur dau-     umfalt. erhaften Verbindung jedes der N1
Eingangskani- Ie mit mehreren internen Kanilen,           50  5.
Vermiftlungsnetzwerk nach Anspruch 2, dadurch gekennzeichnet,
dadurch gekennzeichnet, dao das Vermittlungsnetzwerk mit Zeitmultiplex-
daP, die A Zwischenleitungen K Gruppen mit je- rahmen betrieben wird, die B
Zeitlagen im we-       weils h6chstens C Zwischenleitungen umfassen,
sentlichen fester Dauer umfassen, wobei B sine       wobei K eine positive
ganze Zahl gr6Ser als Eins positive ganze Zahl grO6Ier als 1 ist,      55
und h6chstens gleich M ist, M eine positive ganze daS die internen Kanile
AB interne Kanile mit A     Zahl grdl~er als Eins und h6chstens gleich
AB/Nj Zwischenleitungen (121-125; 221-225, 251-255)        ist, C sine
positive oder ganze Zahl gr6Ier als umfassen, die in B Zeitlagen betrieben
warden,       Eins und h6chstens gleich 1N/1B1 x rM/K1 ist, 9    
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Raummultiplex-Vermittlungseinrichtung      dadurch gekennzeichnet,
wenigstens K Ausgangsports (232, 262) besitzt      daB f0rjede Gruppevon
n2von EingangskanAlen und K Raummultiplex-Vermittlungseinrichtungen
das Vermittlungsnetzwerk zur Vermeidung von (231, 261) umfait, dieJe
ruumlich vermittelte Ver-  Blocklerungen umfassend umgeordnet werden
bindungen von einer der K Gruppen von Zwi-   5     kann, um die Gruppe von
n2 von Eingangskans- schenleitungen zu einem der K Ausgangsports        len
mit den n2 Ausgangskanilen zu verbinden. bereitstellen, daB die
Zeitmultiplex-Vermittiungseinnchtung mit  8. Vermitflungsnetzwerk (200) zur
Bereltstellung K Ausgangsports verbunden ist und zeillich ver-
vermiftelterVerbindungen von N1 Elngangskans- mittelte Verbindungen von
Zeitlagen an den K   lo  len (ICI-lC25) zu n2 Ausgangskanalen (OCI-
Ausgangsports zu den n2 Ausgangskanalen be-        OC5), wobel N. und n2
Jewelis positive ganze reltstellt, und
Zahlen gro~er als Elns sind und n2 wenigstens daB die
Vermittlungseinnchtung jeden der N, Ein-   gleich N, ist, mit gangskanale
mit M Kanfilen der AB internen Ka-     einer
Raummultiplex-Vermlttungseinrichtung nile dauerhaft verbindet, derart, daS
fur jede   15  (231) mit wenigstens einem Ausgangsport (232) Gruppe von n2
Eingangskanhien diese mit einer      zur Bereltstellung von riumlich
vermittelten Ver- entsprechenden Gruppe von n2 Internen Kanalen
bindungen, verbunden ist, wobei fur jede der K Gruppen von    dadurch
gekennzelchnet, Zwischenleitungen jeder interne Kanal der Grup-    daB das
Vermittlungsnetzwerk eine Vleizahl von pevon n2internen Kandlen,
derzudleserGruppe   20   Anordnungen umfaBt, die Je elne Vicizahl von
gehort, eine andere Zeitlage der B Zeitiagen
Zeitrnultiplex-Zwischenleltungen (221-225) auf- umfast.
welsen, welche In eine Vielzahl von Zeitlagen aufweisenden Rahmen betrieben
werden, 6  Vermittlungsnetzwerk (100) zur Bereltstellung       daS die
Raummultiplex-Vermi~tungseinrichtung von vermittelten Verbindungen von N,
Eingangs-  25  (231) mit den Zwischenleitungen verbunden ist, kanalen
(IC1-lC25) zu n2 Ausgangskanalen           um Raummultiplex-Verbindungen
von den Zwl- (OCI-OC5), wobei N1 und n2jeweils positive gan-
schenleltungen zu dem Ausgangsport bereitzu- ze Zahlen gr6Per als Eins sind
und n2 wenigstens   stellen, gleich N1 ist, mit
daBjedeAnordnungfernereineVieizahivonMul- einer
Raummultiplex-Vermittungseinrichtung (131),  30  tiplexereinrichtungen
(211-215) aufweist, die je die wenigstens einen Ausgangsport (232) zur Be-
eine Untergruppe der N1 Elngangskansle auf ei- reitstellung
vonriumlichvermitteltenVerbindungen   ne der Zwlschenleitungen
multiplexieren, derart, aufweist,
daB jede Untergruppe von Eingangskanalen ei- cldadurch gekennzeichnet,
ner vorbestimmten Zeitlage der Rahmen auf der daB das Vermittiungsnetzwerk
ferner eine Vieizahl  35  jeweiligen Zwischenleitung zugeordnet ist, von
Zeiltmultiplex-Zwischenleitungen (121-125)     daB das Vermittlungsnetzwerk
ferner elne Zelt- urnfalt, die mit einer Vieizahl von Zeltiagen um-
multiplex-Vermittiungseinrlchtung (271) zur Be- fassenden Rahmen betrieben
werden,                 reitstellung von zeitlich vermittelten Verbin- daB
die Raummultiplex-Vermittlungseinrichtung      dungen von Zeitlagen an den
Ausgangsports der mit den Zwischenleitungen verbunden ist, um   40
Raummultiplex-Vermittungseinrichtung (231, 261) raumlich vermittelte
Verbindungen von den Zwi-     jederderAnordnungen zu den n2Ausgangskang-
schenleitungen zu dem Ausgangsport bereltzu-       len aufweist, stellen,
wobei einer der N1 Eingangskanale einer ersten daB das Vermittlungsnetzwerk
ferner                Zeitlage auf einerderZwischenleitungen elnerer- eine
Zeitmultiplex-Vermittlungseinrichtung (141)  45  sten Anordnung (211-215,
221-225, 231) und ei- umfaBt, die mitdemAusgangsportverbunden ist,
ner zweiten Zeitlage auf der Zwischenleltung um zeitlich vermittelte
Verbindungen von Zeitla-   einer zweiten Anordnung (241-245, 251-255, gen
am Ausgangsport zu den n2 Ausgangskani-        261) zugeordnet ist, wobel
die erste und die zwei- len bereitzustellen, und
te Zeltlage unterschiedliche Zeitlagen eines Rah- eine Vielzahl von
Multiplexereinrchtungen (111-  5o  mens sind, und 115) zum jeweiligen
Multiplexieren einer Unter-    wobei fur jede Gruppe von n2 Eingangskanilen
gruppe der N1 Eingangskanfile auf eine der Zwi-    das Vermittlungsnetzwerk
zur Vermeidung von schenleitungen (z.B. 121), derart, daS jede
Blockierungen umfassend neugeordnet werden Untergruppe von Eingangskanilen
mehreren,          kann, um die Gruppe von n2Eingangskanhlen mit
vorbestimmten Zeitiagen jedes Rahmens auf der  55  den n2 Ausgangskanilen
zu verbinden. jeweiligen Zwischenleitung zugeordnet ist. 7.
Vermittungsnetzwerk nach Anspruch 6, 10    
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241-245) qui sont destinbs a multiplexer les N1 canaux d'entree sur les A
maliles, de fagon quo 1. Un reseau de commutation (100; 200) destinb A
chacun des N1 canaux d'entr6e solt affectb A des 6tablir des connexions
commut6es de N1 canaux      canaux multiples predbterminbs parml les AB ca-
-- -*    d'entree (IC1-lC25) vers n2 canaux de sortie   5  naux internes.
(OC1-OC5), N, et n2 btant des entiers positifs su- perieurs A un, et n2
etant au plus egal A Nj, ce re-  4. Un reseau de commutation solon la
revendication seau de commutation comprenant:                    3 des
moyens de commutation de type spa-             CARACTERISE EN CE QUE tial
(131; 231, 261) ayant au moins un accbs de   lo    les  moyens
multiplexeurs  (111-115) sortie (132; 232), pour btablir des connexions en
connectent le groupo de n2 canaux d'entreo A un commutation spatiale, et
groupe correspondant de n2 des canaux Inter- des moyens de connexion (110;
210) pour      nos, chaque canal interne du groupe de n2 des connector de
facon permanente chacun des N.        canaux internes correspondant A l'un
different canaux d'entrbe A de multiples canaux Internes,  15  des B
cr6neaux temporels. CARACTERISE EN CE QUE le reseau de commutation
travaille dens   5. Un r6seau de commutation solon la revendication des
trames de multiplex temporal comprenant B      2 creneaux temporels de
duree pratiquement fixe,          CARACTERISE EN CE QUE B btant un ontier
positif supbrieur a un,  20           lea A mailles comprennent K groupes
les canaux internes comprennent AB ca-       comprenant chacun au plus C
mailles, K btant un naux internes comprenant A mailles (121-125;
entier positif supbrieur a un et au plus bgal A M, 221-225, 251-255)
travaillant dans B creneaux      M btant un antier positif superieur a un
et au plus temporels, Aetant un entier positif supbrieur a un,  egal A
AB/N1, C btant un antier positif superleur A les moyens de commutation de
type spa-  25   un et au plus egal a rN,/BlxrM/K-1, tial sont connectbs aux
A mailles pour etablir des      les moyens de commutation de type spa-
connexions en commutation spatiale entre les A     tial ont au moins K
accbs de sortie (232, 262) et mailles et l'acces de sortie,
ils comprennent K moyens de commutation de - -            Ie reseau de
commutation comprend en         type spatial (231, 261) ayant chacun pour
but outre des moyens de commutation de type tem-  30   d'etablirdes
connexions en commutation spatialo porel (141; 271) qui sont connectes A
l'accbs de   de l'un des K groupes de mailles vers l'un des K sortie pour
btablir des connexions en commuta-     accbs de sortie, tion temporelle des
creneaux temporels sur l'ac-        les moyens de commutation de type tm-
cbs de sortie vers les n2 canaux de sortie, et     porel sont connectbs au
K accbs de sortie at Ils les moyens de connexion prbcitbs connec-  35
btablissent des connexions en commutation tem- tent de faQon permanents
l'un au moins des N1      porelle de creneaux temporels sur les K accbs de
canaux d'entreo A des canaux multiples parmi les   sortie vers les n2
canaux de sortie, et AB canaux internes correspondant a differents
les moyens de connexion connectent de creneaux parmi les B creneaux
temporels.           fagon permanento chacun des N, canaux d'en- 40
trbe A M des AB canaux internes, de fagon quo 2. Un rbseau de commutation
solon la revendication    pour n'importe quel groups de n2 des canaux 1
d'entree, ce groupe de n2 des canaux d'entrbe CARACTERISE EN CE QUE
soit connectb a un groups correspondant de n2 les moyens de connexion
connectent de        des canaux Internes, dans une condition dans la- fagon
permanents chacun des N1 canaux d'en-  45    quelle, pour chacun des K
groupes de mailles, tree A des canaux multiples parmi les AB canaux
chaque canal interne du groupo de n2 des canaux internes, de facon quo pour
n'importe quol grou-  intornes qui appartioent A co groups de mailles pe de
n2 des canaux d'entree, le reseau de         correspond A l'un different
des B creneaux tem- commutation salt rearrangeable, dans une confi-
porels. guration de diffusion, pour eviter le blocage dans   50 la
connexion du groupe de n2 des canaux d'en-  6. Un rbseau de commutation
(100) destinb a btablir tree aux n2 canaux de sortie.
des connexions commutees de N, canaux d'en- trbe (IC-1-C25) vers n2 canaux
de sortie (OC1- 3. Un reseau de commutation salon la revendication    OC5),
N1 et n2 btant des entiers positifs supe- 2
55      rieurs a un, n2 etant au plus egal a N., ce reseau CARACTERISE EN
CE QUE                        de commutation comprenant: les moyens de
connexion comprennent                des moyens de commutation de type spa-
des moyens multiplexeurs (111-115; 211-215;       tial (131) ayant au moins
un accbs de sortie 11   
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1 !   1 11111 (232), prevus pour l'etablissement de connexions    pour
etablir des connexions en commutation spa- en commutation spatlale,
tiale de ces mailles vers l'accbs de sortie, CARACTERISE EN CE QUE
chaque structure prbcites comprend en le rbseau de commutation comprend en
outre outre                                       6             un ensemble
de moyens multiplexeurs un ensemble de mailles en multiplex tem-
(211-215), ayant chacun pour fonction de multi- porel (121-125) travaillant
dans des trames qui     plexer un sous-ensemble des N1 canaux d'entr~e
comprennent un ensemble de creneaux tempo-          sur l'une des mailles,
de fagon que chaque sous- rels,
ensemble de canaux d'entr6e soit affectb a un les moyens de commutation de
type spa-  10    cr6neau temporel prbdbterminb de chacune des tial sont
connectbs aux mailles pr6citees pour     trames, sur la maille considbree,
btablir des connexions en commutation spatlale           le reseau de
commutation comprend en de ces mailles vers l'acces de sortie,
outre le rbseau de commutation comprend en                des moyens de
commutation de type tem- outre                                       15
porel (271) qui sont destinbs A btablir des des moyens de commutation de
type tem-        connexions en commutation temporelle vers les porel (141)
qui sont connectes A l'acces de sortie  n2 canaux de sortie, A partir de
creneaux tempo- pour etablir des connexions en commutation tem-     rels
sur les accbs de sortie des moyens de porelle de creneaux temporels sur
l'accbs de sor-   commutation de type spatial (231,261) de chacu- tie vers
les n2 canaux de sortie, et        20      ne des structures prbcitbes,
l'un des N1 canaux un ensemble de moyens multiplexeurs           d'entr~e
est affecte A un premier crbneau tempo- - (111-115), ayant chacun pour
fonction de multi-   rel surl'unedesmailles d'une premibredesstruc- plexer
un sous-ensemble des N, canaux d'entrbe      tures (211-215, 221-225, 231),
et il est affectb A sur l'une des mailles (par exemple 121), de faon   un
second creneau temporel sur l'une des mailles que chaque sous-ensemble de
canaux d'entree  25     d'une seconde des structures (241-245, 251- soit
affecte a des creneaux temporels multiples et  255, 261), ces premier et
second creneaux tem- predetermines de chacune des trames sur la
porels btant des crbneaux temporels diffbrents maille considbree.
d'une trame, et pour n'importe quel groupe de n2 des ca- 7. Un rbseau de
commutation selon la revendication   30  naux d'entree, le reseau de
commutation est --- - - t  6
rearrangeable, dans une configuration de diffu- CARACTERISE EN CE QUE
sion, pour eviter le blocage dans la connexion du pour tout groupe de n2
des canaux d'en-       groups de n2 canaux d'entree aux n2 canaux de tree,
le rbseau de commutation est rbarrangea-      sortie. ble, dans une
configuration de diffusion, pour  35 Aviter le blocage dans la connexion du
groupe de n2 des canaux d'entrbe aux n2 canaux de sortie. 8. Un reseau de
commutation (200) destine A etablir des connexions commutees de N. canaux
d'en-  40 tree (IC1-lC25) vers n2 canaux de sortie (OC1- OC5), N1 et n2
btant des entiers positifs supe- rieurs A un, et n2 etant au plus egal A
Nj, ce re- seau de commutation comprenant des moyens de commutation de type
spa-  45 tial (231) ayant au moins un accbs de sortie (232), prevus pour
etablir des connexions en commutation spatiale, CARACTERISE EN CE QUE le
reseau de commutation comprend un   50 ensemble de structures, chacune
d'elles compre- nant un ensemble de mailles en multiplex tem- porel
(221-225) travaillant dans des trames qui comprennent un ensemble de
creneaux tempo-  55 rels, les moyens de commutation de type spa- tial (231)
sont connectes aux mailles prbcitees 12    


