
means (16, 17) for each respective rate controller includes means for
determining the actual bandwidth available for the given path through the
associated switching node by reviewing the bandwidth allocated to the
individual paths through the switching node and the total bandwidth
capacity  5 of the node and allocating bandwidth to the given path in
accordance with a     predetermined algorithm.       4.    A network as
claimed in claim 3, wherein the algorithm is the Robin     Hood algorithm.
10     5.    A network as claimed in claim 2, 3 or 4 including control
means     (DBC2) associated with an end switching node (SWN) in the path
disposed     towards the output, for transmitting back along the path
towards the input a     path bandwidth signal (RM) representative of the
bandwidth available for the 15 path through the end switching node as
determined by the bandwidth     determining means of the rate controller
for said end switching node, all of     the rate controllers associated
with the switching nodes being operative to     allocate bandwidth for the
path at the respective associated node in     dependence upon the path
bandwidth signal. 20     6.    A network as claimed in any one of claims 2
to 5 wherein the rate     controllers each include means for transmitting
resource management signals     (RM) that include data (CR) representative
of the bandwidth available at the     node for the path as determined by
the bandwidth determining means of the 25  rate controller, and routing
data (H) representative of the route of the path     through the switching
nodes.       7.    A network as claimed in claim 6 wherein each of the
switching nodes     (SW) includes a plurality of signal input ports, a
plurality of signal output 30  ports, switching means for selectively
connecting the input and output ports     so as to feed data transmitted
from a source end system along the path, means     for selectively routing
the resource management signals to the rate controller   
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associated with the switching node, and routing means for selectively
directing      resource management signals from the rate controller to the
output port for      the path.    5  8.    A network as claimed in claim 7
wherein the rate controllers each      include route memory means (16), and
mapping means (16) responsive to the      routing data of the resource
management signals for providing in the memory      means data
corresponding to a map of the relationship between the input and
output ports of the switching node that are to be used for the path through
10 the switching node.       9.    A network as claimed in claim 8 wherein
the switching nodes (SW2)     are configured to transmit said resource
management signals along the path     both forwards to the next switching
node (SW3) along the path and 15 backwards to the preceding node (SW1) on
the path, and the mapping means     for each rate controller is operative
to collate the input and output ports that     receive the forward and
backward resource management signals from adjacent     switching nodes for
the path.   20  10.   A network as claimed in claim 7, 8 or 9 wherein the
rate controller     includes resource management signal reading means (15)
for reading resource     management signals directed thereto from the
associated switching node, and     resource management signal writing means
(19) for writing a resource     management signal with bandwidth data
determined by the bandwidth 25 determining means for transmission from an
output port as determined by the     routing means.  



11.   A network as claimed in claim 10 wherein the path bandwidth signal
comprises resource management signals transmitted from node to node 30
backwardly along the path by the rate controllers, and each of the rate
controllers along the path is configured (19) to wait for said backwardly
transmitted signal and allocate the bandwidth for the path through its
- 4 -      associated switching node in accordance with the bandwidth data
of said      backwardly transmitted resource management signal.        12.
A network as claimed in any one of claims 2 to 11 wherein the rate  5
controller includes path bandwidth memory means for storing the current
bandwidth allocated to the individual paths through its associated
switching      node, and means for updating the path bandwidth memory means
in response      to a resource management signal providing an indication
that one of the      current bandwidths has changed. 10      13.   A
network as claimed in any preceding claim wherein the dynamic
bandwidth controller is associated with one of the switching nodes, and
includes means for determining the bandwidth available for the path through
the associated node, and means for transmitting a signal representative of
the 15 available bandwidth through the associated node for the path, to the
rate     controller of the next switching node along the path so as to be
processed by     the bandwidth determining means thereof.       14.   A
network as claimed in claim 13 wherein the bandwidth controller is 20
configured to transmit said signal representative of the available
bandwidth     through the associated switching node to the next node along
the path as a     resource management signal (RM), and to receive a
backwardly transmitted     resource management signal from the said next
node corresponding to said     path bandwidth signal. 25 



15    A network as claimed in claim 14 wherein the bandwidth controller
(DBC1) is configured to respond to resource management signals from the
source end systems representative of the operational bandwidth thereof.
30  16.   A network as claimed in claim 15 wherein the bandwidth controller
is     configured to respond to resource management signals from the source
end     systems in a different format to those transmitted between the
switching
AMENDED SHEET                                                 - 5 -
nodes.        17.   A network as claimed in any one of claims 12 to 16
wherein the      bandwidth controller includes means responsive to the path
bandwidth signal  5  for transmitting an instruction to a source end system
to transmit data with a      bandwidth in accordance with a given value.
18.   A network as claimed in claim 17 wherein said given value corresponds
to the value of the path bandwidth signal.  10      19.   A network as
claimed in claim 17 or 18 wherein the instruction is      transmitted as a
resource management signal in a different format to those      transmitted
between the switching nodes.   15  20.   A network as claimed in claim 17,
18 or 19 wherein the dynamic      bandwidth controller includes means (12)
for determining whether the source      end system transmits data at a rate
within a bandwidth corresponding to said 



instruction.   20  21.   A network as claimed in any one of the preceding
claims wherein the     dynamic bandwidth controller includes buffer means
(11) for receiving signals     transmitted thereto by the source end
systems, and signal reshaping means for     reshaping signals from the
buffer means for onward transmission to the next     switching node along
the path. 25     22.   A network as claimed in any one of the preceding
claims including a     first said source end system connected to an input
and a second said source     end system connected to an output, whereby to
permit data to be transmitted     from the first to the second said system
through the network. 30     23.   A network as claimed in claim 22
including a second dynamic     bandwidth controller (DBC2) associated with
one of the switching nodes for
- 6 -      controlling data exchange between the network and the second
source end      system.        24.   A network as claimed in claim 22 or 23
wherein resource management  5 signal communication between the source end
systems and the dynamic      bandwidth controllers is in a first format,
and resource management signal      communication between the switching
nodes in the network is in a second      different format.   10  25.   A
network as claimed in any preceding claim wherein the signals
transmitted through the network comprise ATM signals.        26.   A rate
controller (RC1) for use with one of a plurality of switching      nodes
(SW1-SWN) connected in a network comprising input for signals from 



15 a plurality of source end systems, outputs for the signals, a plurality
of signal     communication paths between the respective inputs and outputs
through the     plurality of switching nodes, and a dynamic bandwidth
controller (DBC1) for     dynamically controlling the bandwidth allocated
to each of the paths for     signals from the respective source end
systems, the rate controller comprising: 20        means for transmitting a
signal (RM)  representative of the bandwidth     available to a given path
through the node, to the rate controller associated     with a next
switching node along the path,            bandwidth determining means (16,
17) for determining the bandwidth     available for the path through the
node as a function of the lowermost of the 25  actual available bandwidth
and the bandwidth signalled to be available     through the preceding node,
and     means for determining the actual bandwidth available for the path
through the     associated switching node by reviewing the bandwidth
allocated to the     individual paths through the switching node and the
total bandwidth capacity 30  of the node, and allocating bandwidth to the
path in accordance with a     predetermined algorithm.              27.
A rate controller as claimed in claim 26 including means for
transmitting resource management signals that include data representative
of      the bandwidth available at the node for the path as determined by
said      bandwidth determining means, and routing data representative of
the route of  5 the path through the switching nodes.        28.   A rate
controller as claimed in claim 27 including route memory means      (16),
and mapping means (16) responsive to the routing data of the resource
management signals for providing in the memory means data corresponding to
10 a map of the relationship between input and output ports of the
switching     node that are to be used for the path through the switching
node.       29.   A method of allocating bandwidth to a signal path through
a network     for signals of different bandwidth that comprises inputs for
signals from a 



15 plurality of source end systems, outputs for the signals, and a
plurality of     switching nodes for selectively providing signal
communication paths between     the respective inputs and outputs, the
method comprising:            dynamically controlling the bandwidth
allocated to a given path for     signals from a corresponding source end
system, in response to data 20 transmission activity at any of the
plurality of source end systems, and     successively, for each node in a
given path, transmitting a signal representative     of the bandwidth
available for the path through the node to the next     switching node
along the path, and determining the bandwidth available for     the path
through the node as a function of the lowermost of the actual 25 available
bandwidth and the bandwidth signalled to be available through the
preceding node.       30.   A method as claimed in claim 29 including
transmitting back along the     path towards the input a path bandwidth
signal representative of the 30 bandwidth available for the path through a
switching node at the end of the     path, and allocating bandwidth for the
path at all of the nodes in dependence     upon the path bandwidth signal.
WO 97/03189
PCT/GB96/01643        Referring to Figure 5, the DBC1 includes an activity
detector 10 which detects      when ATM signals are being transmitted by
the source end system SES1 or      SES2, and a buffer 11 which includes a
plurality of buffer circuits to receive      ATM signals received at inputs
I1,I2 to the switch SW1 respectively. A  5 signal indicative of the fill
level of the buffers is fed to a controller 12,      which,as explained in
PCT GB 95/00502 allocates bandwidth to the PVC's      1,2. Signals from the
buffer 11 are fed to a shaper/scheduler circuit 13 and,      under the
control of controller 12, are fed to an appropriate output port of      the
switch SW1 dependent upon the routing information in the header bits of  10
the ATM signal.  



Also, the controller 12 and shaper/scheduler 13 can be used to transmit RM
signals along the various PVC's. A typical example of the structure of a RM
signal used in this embodiment is shown in Figure 6 and comprises a series
of 15 header bits H which includes the VPI/VCI which constitutes routing
information that corresponds to the routing information of the ATM data
signals so that the RM signals can be routed along the same path as the ATM
data signals. Additionally, the RM signals include data bits ID indicating
the     DBC or RC which has generated the RM signals. Also, data bits CR
define 20  the cell rate or bandwidth available at the switch for the
signal path PVC at     which the RM signal was generated. Considering now
path PVC1 in more     detail, DBC1 generates an RM signal that indicates
the bandwidth available for     ATM signals passing through switch SW1, and
the resulting RM signal is     transmitted over control path 1-2 shown in
Figure 2 to switch SW2. 25  Referring again to Figure 5, DBC1 is arranged
to receive RM signals fed back     from the switch SW2 and the RM signals
are received by feedback circuits 14     which, in turn feed RM signals to
SES1 in order to control its operation.       The functional relationship
between switch SW2 and its associated rate 30 controller RC1 will now be
described with reference to Figures 2 and 3.     ATM data signals passing
along PVC1 from SES1 through switch SW1 are fed     to an input port of
switch SW2. The header bits of the ATM signals, which         WO 97/03189
PCT/GB96/01643                                        -9-      include
routing information are, in a conventional manner compared with a
routing table and as a result, the ATM switch directs the ATM data signals
to     an appropriate output port of switch SW2 so as to be routed on to
the next     switch along the path i.e. switch SW3.       However, for RM
signals received from DBC1, the switch SW2 is 



programmed to divert the RM signals to the rate controller RC1. As will be
described in more detail hereinafter, the rate controller RC1 is configured
to     review, in response to the RM signal from DBC1, the bandwidth
available to 10 signals on path PVC1 through switch SW2. The rate
controller then     compares this bandwidth with the bandwidth or cell rate
CR indicated by the     RM signal from DBC1 and chooses whichever is the
lower. It will be     appreciated that the lower value constitutes the
maximum bandwidth available     on the section of path PVC1 between the
input port to switch SW1 and the 15 output port of switch SW2.       The
rate controller RC1 then generates its own RM signal with header bits
corresponding to route information for the next section of the path PVC1,
namely control path 2-3 shown in Figure 2. The RM signal is received by 20
switch SW3 and associated rate controller RC2 which performs a control
function in a similar way to switch SW2 and RCI. The process is repeated
for further switches and rate controlling along the path PVC1 until an end
switch SWN is reached.   25 As shown in Figure 1, the end switch SWN has an
associated dynamic     bandwidth controller DBC2 which, as previously
explained, operates both to     provide DBC functions and rate control
functions in a similar way to the rate     controllers RC. Upon receipt of
the RM signal from the preceding switch     SW, namely switch SW3 as shown
in Figure 2, the switch SWN routes the 30 RM signal to DBC2. The controller
of DBC2 chooses the lowermost value of     the available bandwidth for
switch SWN and the value of the bandwidth     indicated by the bit CR in
the RM signal from RC2. It will be appreciated         WO 97/03189
PCT/GB96/01643                                        - 10-     that the
lowermost value is representative of the maximum bandwidth     available
along the entire path PVC1 since, for each switching node, it is
necessary to consider the lowermost bandwidth, which will act as a
restriction 



for the entire path.  5     DBC2 is configured to transmit a RM signal
backwardly along the path PVC1     to the switch SW3 and associated rate
controller RC2 which then operates to     allocate bandwidth to path PVC1
at switch SW3 according to the path     bandwidth signal generated by DBC2,
which is indicated by the cell rate CR 10 of the RM signal transmitted by
DBC2 to RC2.       Rate controller RC2 then itself generates a RM signal
which is transmitted     back to rate controller RC1 and has a CR bit
corresponding to the value of     the path bandwidth signal generated by
DBC2. The rate controller RC1 then 15  sets the available bandwidth for
PVC1 through SW2 according to the value of     the path bandwidth signal.
RC1 then in a similar manner, passes the path     bandwidth signal back to
DBC1, which allocates bandwidth to PVC1 through     switch SW1 according to
the path bandwidth signal.   20  Thus, all of the switches SW1-SWN in path
PVC1 are set to the maximum     available bandwidth for the entire path
PVC1. DBC1 then generates a RM     signal which is transmitted to SES1,
instructing the source to transmit data at     a rate corresponding to this
maximum available bandwidth for path PVC1.   25 The dynamic bandwidth
controller DBC1 then performs a policing function     for the signals
transmitted on PVC1. If the data rate exceeds the permitted     rate set by
the RM signal from DBC1, for more than a predetermined period,     cells
will be discarded by the DBC for the data transmission along path PVC1
in order to prevent SES1 unallowably capturing more than its allocated 30
bandwidth.       The structure of the rate controller RC1 will now be
described in more detail         



WO 97/03189
PCT/GB96/01643       with reference to Figure 4, it being understood that
all of the rate controllers     RC can have an identical architecture. The
rate controller RC1 comprises a     RM cell reader 15 which reads data from
RM cells fed thereto from the     corresponding switch SW2. The cell reader
15 reads the header bits from the s RM cell in order to determine routing
information, reads the ID information     to determine which RC/DBC has
generated the RM cell, and also the CR bits     in order to determine the
bandwidth information. This data is fed to a     controller 16, which is
typically microprocessor based, with an associated     operating memory,
and performs a number of different functions as now will 10 be explained.
The first function comprises bandwidth allocation as shown by     function
block 17. The controllers 16 reviews the bandwidth allocated to the
various PVCs (and other channels) which are routed through the switch
SW2, and also has information concerning the maximum available bandwidth
through the switch. The maximum available bandwidth which can be 15
allocated to a particular PVC can be determined by an algorithm known per
se, for example the so-called Robin Hood algorithm which is described in EP
94301673.3 which "robs" bandwidth from a path which is "rich" in bandwidth
and gives it to a "poor" path according to a predetermined function.   20
The controller 16 also performs a route discovery function 18 in which the
route is identified from the VPI/VCI header bits of the incoming RM signal.
A RM cell writer 20 is used to generate RM cells for transmission back to
the     switch SW with header bits corresponding to the relevant route as
determined     by function 18, an ID cell corresponding to the identity of
the rate controller 25 and a CR cell which indicates the lowermost of the
available bandwidth as     indicated by function 17 and the bandwidth
indicated by the incoming RM     cell read by cell reader 15. The resulting
RM cell is thus transmitted back to     the switch SW1 for onward
transmission forwardly along the path to switch     SW3.       As
previously explained, the switch SWN acts an end switching node and
DBC2 transmits back along the path a RM signal which constitutes a path
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signal representative of the bandwidth available for the entire path,
so that all of the rate controllers RC can allocate bandwidth for the path
at      their respective switches according to the path bandwidth signal.
To this      end, the controller 16 shown in Figure 4 includes a wait
function 19 during  5 which it waits for the reception of a RM signal
transmitted backwardly along     the path from rate controller RC2, which
contains a CR cell corresponding to     the path bandwidth signal derived
from DBC2. Upon receipt of this RM     signal by reader 15, the controller
16 operates to set the bandwidth for path     PVC1, using function 17, so
as to correspond to the path bandwidth signal. 10     When the ATM data
signals from SES1 go quiet, it is no longer necessary to     maintain a
bandwidth allocation for the path PVC1. In this situation, the     dynamic
bandwidth controller DBC1 transmits a RM signal to RC1 which     contains a
zero level CR bit.The processor has an associated bandwidth release 15
function 21, so that the controller 16 releases the bandwidth allocated to
path     PVC1 and the bandwidth allocation function 17 can be re-run so as
to     distribute the bandwidth amongst other active paths. From the
foregoing it     will be appreciated that the rate controller RC1 responds
to RM signals     transmitted both forwardly and backwardly along the path
PVC1. This 20 enables the route function 18 shown in Figure 4 to develop a
map of the     relevant input and output ports of switch SW1 for the
respective PVCs.     Thus, the memory of the controller 16 can be used to
build up a collation     between the input ports that receive RM signals
from a particular path that     are transmitted forwardly and a
corresponding output which receives an RM 25 signal from the next switching
node along the path, from which RM signals     are transmitted backwardly.
This information can be correlated with the     routing information of
forwardly directed RM signals so that when an RM     signal is received and
a further RM signal is to be generated and transmitted     forwardly by a
particular rate controller, the rate controller can refer to the 30 memory
map that has been built up to determine which output port the RM     signal
should be directed to so that it is correctly forwarded to the next
switching node on the path concerned.    
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Furthermore, the rate controller RC1 may use an internal RM signal
protocol,     which generates header bits according to a local standard.
The header bits     may be translated when the RM signal is fed to the
switch by internal     software associated with the switch itself, so as to
convert the local protocol s of the rate controller in to a common standard
used between the switches     SW1-SWN.       Also, the described network
permits different RM signal protocols to be used     in different parts of
the network. For example, communication between the 10  switches SW1 and
SWN and the respective source end systems SES1, SES3     may be carried out
with RM signals according to an internationally accepted     standard,
whereas the RM signals used between the switches SW1-SWN may     be to a
different standard preferred by the network operator. In this
situation, DBC1 and DBC2 include translation means in order to recognise 15
RM signals according to the international standard and then to generate RM
signals for forward transmission within the network according to a separate
network standard.         WO 97/03189
PCT/GB96/01643                                         - 14-      Claims
1.    A network for signals of different bandwidths, comprising:
an input (I1) for signals from a source end system;  5        an output (O)
for the signals; 



a plurality of switching nodes (SW1-SWN) for selectively providing a
signal communication path (PVC1) between the input and the output;
a dynamic bandwidth controller (DBC1, 2) for controlling the     bandwidth
allocated to the path for signals from the source end system; and 10
characterised by            a plurality of rate controllers (RC1, RC2,
DBC1, DBC2) each     associated with a respective one of the switching
nodes for determining the     bandwidth available for the path through the
node; the dynamic bandwidth     controller being operative to interrogate
the rate controllers such as to 15  determine the bandwidth available for
the path and provide a signal to     instruct the source end system of the
available bandwidth.       2.    A network as claimed in claim 1 wherein
the rate controllers each     include means for transmitting a signal (RM)
representative of the bandwidth 20  available for the path through its
associated node, to the rate controller     associated with a next
switching node along the path, and bandwidth     determining means (16, 17)
for determining the bandwidth available for the     path through the node
as a function of the lowermost of the actual available     bandwidth and
the bandwidth signalled to be available through the preceding 25  node.
3.    A network as claimed in claim 2 including control means (DBC2)
associated with an end switching node (SWN) in the path disposed towards
the output, for transmitting back along the path towards the input a path
30  bandwidth signal (RM) representative of the bandwidth available for the
path     through the end switching node as determined by the bandwidth
determining     means of the rate controller for said end switching node,
all of the rate         WO 97/03189
- 15 -                     PCT/GB96/01643   



controllers associated with the switching nodes being operative to allocate
bandwidth for the path at the respective associated node in dependence upon
the path bandwidth signal.    5 4.    A network as claimed in claim 2 or 3
wherein the rate controllers each     include means for transmitting
resource management signals (RM)that include     data (CR) representative
of the bandwidth available at the node for the path as     determined by
the bandwidth determining means of the rate controller, and     routing
data (H) representative of the route of the path through the switching 10
nodes.       5.    A network as claimed in claim 4 wherein each of the
switching nodes     (SW) includes a plurality of signal input ports, a
plurality of signal output     ports, switching means for selectively
connecting the input and output ports 15 so as to feed data transmitted
from the source end system along the path,     means for selectively
routing the resource management signals to the rate     controller
associated with the switching node, and routing means for     selectively
directing resource management signals from the rate controller to     the
output port for the path. 20     6.    A network as claimed in claim 5
wherein the rate controllers each     include route memory means (16), and
mapping means (16) responsive to the     routing data of the resource
management signals for providing in the memory     means data corresponding
to a map of the relationship between the input and 25 output ports of the
switching node that are to be used for the path through     the switching
node.       7.    A network as claimed in claim 6 wherein the switching
nodes (SW2)     are configured to transmit said resource management signals
along the path 30 both forwards to the next switching node (SW3) along the
path and     backwards to the preceding node (SW1) on the path, and the
mapping means     for each rate controller is operative to collate the
input and output ports that       
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the forward and backward resource management signals from adjacent
switching nodes for the path.       8.    A network as claimed in claim 5,
6 or 7 wherein the rate controller  5 includes resource signal reading
means (15) for reading resource management     signals directed thereto
from the associated switching node, and resource     management signal
writing means (19) for writing a resource management     signal with
bandwidth data determined by the bandwidth determining means     for
transmission from an output port as determined by the routing means. 10
9.    A network as claimed in claim 8 wherein the path bandwidth signal
comprises resource management signals transmitted from node to node
backwardly along the path by the rate controllers, and each of the rate
controllers along the path is configured (19) to wait for said backwardly
15 transmitted signal and allocate the bandwidth for the path through its
associated switching node in accordance with the bandwidth data of said
backwardly transmitted resource management signal.       10.   A network as
claimed in claim 9 including a plurality of said paths 20 (PVC1, PVC2)
which pass through the switching nodes, and said bandwidth     determining
means (16, 17) for each respective rate controller includes means     for
determining the actual bandwidth available for a given said path through
the associated switching node by reviewing the bandwidth allocated to the
individual paths through the switching node and the total bandwidth
capacity 25 of the node and allocating bandwidth to the given path in
accordance with a     predermined algorithm.       11.   A network as
claimed in claim 10 wherein the rate controller includes     path bandwidth
memory means for storing the current bandwidth allocated to 30 the
individual paths through its associated switching node, and means for
updating the path bandwidth memory means in response to a resource
management signal providing an indication that one of the current
bandwidths   
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PCT/GB96/01643                                         - 17-     has
changed.       12.   A network as claimed in any one of claims 2 to 11
wherein the     dynamic bandwidth controller is associated with one of the
switching nodes,  5 and includes means for determining the bandwidth
available for the path     through the associated node, and means for
transmitting a signal representative     of the available bandwidth through
the associated node for the path, to the     rate controller of the next
switching node along the path so as to be processed     by the bandwidth
determining means thereof. 10     13.   A network according to claim 12
wherein the dynamic bandwidth     controller (DBC1) includes means (10)
responsive to data transmission activity     of the source end system   15
14.  A network as claimed in claim 13 wherein the bandwidth controller is
configured to transmit said signal representative of the available
bandwidth     through the associated switching node to the next node along
the path as a     resource management signal (RM), and to receive a
backwardly transmitted     resource management signal from the said next
node corresponding to said 20  path bandwidth signal.       15    A network
as claimed in claim 14 wherein the bandwidth controller     (DBC1) is
configured to respond to resource management signals from the     source
end system (SES1) representative of the operational bandwidth thereof. 25
16.   A network as claimed in claim 15 wherein the bandwidth controller is
configured to respond to resource management signals from the source end
system in a different format to those transmitted between the switching
nodes.   



30  17.   A network as claimed in any one of claims 12 to 16 wherein the
bandwidth controller includes means responsive to the path bandwidth signal
for transmitting an instruction to the source end system (SES1) to transmit
WO 97/03189
PCT/GB96/01643                                         - 18 -      data
with a bandwidth in accordance with a given value.       18.   A network as
claimed in claim 17 wherein said given value corresponds     to the value
of the path bandwidth signal.       19.   A network as claimed in claim 17
or 18 wherein the instruction is     transmitted as a resource management
signal in a different format to those     transmitted between the switching
nodes.   10  20.  A network as claimed in claim 17, 18 or 19 wherein the
dynamic     bandwidth controller includes means (12) for determining
whether the source     end system transmits data at a rate within a
bandwidth corresponding to said     instruction.   15  21.  A network as
claimed in any one of claims 12 to 20 wherein the     dynamic bandwidth
controller includes buffer means (11) for receiving signals     transmitted
thereto by the source end system, and signal reshaping means for
reshaping signals from the buffer means for onward transmission to the next
switching node along the path. 20     22.   A network as claimed in any
preceding claim including a first said     source end system connected to
the input and a second said source end system     connected to the output,
whereby to permit data to be transmitted from the 



first to the second said system through the network. 25     23. A network
as claimed in claim 22 including a second dynamic     bandwidth controller
(DBC2) associated with one of the switching nodes for     controlling data
exchange between the network and the second source end     system. 30
24.   A network as claimed in claim 22 or 23 wherein resource management
signal communication between the source end systems and the dynamic
WO 97/03189
PCT/GB96/01643                                        - 19 -     bandwidth
controllers is in a first format, and resource management signal
communication between the switching nodes in the network is in a second
different format.   5  25.   A network as claimed in any preceding claim
wherein the signals     transmitted through the network comprise ATM
signals.       26.   A network for signals of different bandwidth,
comprising:            an input for signals from a source end system; 10
an output for the signals;            a plurality of switching nodes for
selectively providing a signal     communication path between the input and
the output;            means for producing network resource management
signals as a     function of bandwidth availability in the network; and 15
a dynamic bandwidth controller responsive to the resource     management
signals for controlling the bandwidth allocated to the path for     signals
from the source end system; characterised in that            the dynamic
bandwidth controller is configured to communicate with     the source end
system using resource management signals in a different format 20 to the
network resource management signals. 



27.   A rate controller (RC1) for use with one of a plurality of switching
nodes (SW1-SWN) connected in a network comprising an input for signals
from a source end system, an output for the signals, a signal communication
25 path between the input and the output through the plurality of switching
nodes, and a dynamic bandwidth controller (DBC1) for controlling the
bandwidth allocated to the path for signals from the source end system, the
rate controller comprising:             means for transmitting a signal
(RM) representative of the bandwidth 30  available for the path through the
node, to the rate controller associated with     a next switching node
along the path, and            bandwidth determining means (16,17) for
determining the bandwidth         WO 97/03189
PCT/GB96/01643                                         - 20 -     available
for the path through the node as a function of the lowermost of the
actual available bandwidth and the bandwidth signalled to be available
through the preceding node.    s 28. A rate controller as claimed in claim
27 including means for     transmitting resource management signals that
include data representative of     the bandwidth available at the node for
the path as determined by said     bandwidth determining means, and routing
data representative of the route of     the path through the switching
nodes. 10     29.   A rate controller as claimed in claim 28 including
route memory means     (16), and mapping means (16) responsive to the
routing data of the resource     management signals for providing in the
memory means data corresponding to     a map of the relationship between
input and output ports of the switching 15 node that are to be used for the
path through the switching node.   



30.   A rate controller as claimed in claim 27, 28 or 29 including means
for     determining the actual bandwidth available for a given said path
through the     associated switching node by reviewing the bandwidth
allocated to the 20 individual paths through the switching node and the
total bandwidth capacity     of the node, and allocating bandwidth to the
given path in accordance with a     predetermined algorithm.      31. A
method of allocating bandwidth to a signal path through a network 25 for
signals of different bandwidth that comprises an input for signals from a
source end system,     an output for the signals, a plurality of switching
nodes for selectively     providing a signal communication path between the
input and the output, the     method comprising: 30         controlling the
bandwidth allocated to the path for signals from the     source end system;
and being characterised by     successively, for each node in the path,
transmitting a signal representative of         WO 97/03189
PCT/GB96/01643                                        - 21 -     the
bandwidth available for the path through the node to the next switching
node along the path, and determining the bandwidth available for the path
through the node as a function of the lowermost of the actual available
bandwidth and the bandwidth signalled to be available through the preceding
5 node.       32.   A method as claimed in claim 31 including transmitting
back along the     path towards the input a path bandwidth signal
representative of the     bandwidth available for the path through a
switching node at the end of the 10 path, and allocating bandwidth for the
path at all of the nodes in dependence     upon the path bandwidth signal.


