Intellectuelle
du Canada

Un organisme
d'Industrie Canada

Office de la Propriete Canadian

Intellectual Property
Office

An agency of
Industry Canada

CA 2226073 C 2002/10/15

(11)(21) 2 226 073

12y BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCIT/PCT

(87) Date publication PCT/PCT Publication Date: 199//01/30
(45) Date de deéelivrance/lssue Date: 2002/10/15

(85) Entree phase nationale/National Entry: 1998/01/02

(86) N° demande PCT/PCT Application No.: GB 1996/001643

(87) N° publication PCT/PCT

(30) Prionte/Prionty: 1995/07/12 (9514206.3) GB

Filing Date: 1996/07/09 (51) CLInt.%/Int.C1.° HO4L 12/56

Publication No.: 199/7/003189

(72) Inventeurs/Inventors:

ADAMS, John Leonard,
SMITH, Avril Joy, GB

(73) Proprietaire/Owner:

GB:;

BRITISH TELECOMMUNICATIONS PUBLIC LIMITED

COMPANY, GB

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : CONTROLEUR DE VITESSE
(54) Title: RATE CONTROLLER

SES

PVC1 S SW2

SESt

N

SES by

1
] SWITCH 1 SWITCH 2

S

PVC2

SES2 RATE
DBC1
CONTROL

DBC1

(57) Abregée/Abstract:
A network for ATM signals Ir
through switch SW1....SVWN.

RC

F )
RATE
CONTROL

SW3
RC2

cludes source end systems SES1, S

Dynamic bandwidth controllers DBC1,

—S3 connected by a per
DBC2 operate as virtua

SWN
- / _

SES3

DBC2

manent virtual connection PVC1
source/virtual destinations. The

Individual switches, such as switch SW2 have associated rate controllers RC1 which determin

sighal path PVC1. Dynamic bandwidth controller

e the avallable bandwidth for the

DBC1 Interrogates the rate controller RC1, RC2 using resource management

RM signals which cascade from switching node to switching node along the path in a forward direction and then in a backward
direction. The DBC's communicate with the SES's using RM signals which may be of a different format to the RM signals which
pass from switching node to switching node.

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191

OPIC

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 02226073 1998-01-02

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 97/03189 ,
HO4L 12/56, H04Q 11/04 Al

(43) International Publication Date: 30 January 1997 (30.01.97)

(21) International Application Number: PCT/GB96/01643 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, |
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS,
(22) Internaticnal Filing Date: 9 Ju1y 1996 (09.07.96) J-P, KE, KG, KP’ KR’ KZ’ LK& LR’ LS: LT, LU’ LV! MD,

MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,
SE, SG, SI, SK, TJ, TR, TT, UA, UG, US, UZ, VN, ARIPO
(30) Priority Data: patent (KE, LS, MW, SD, SZ, UG), Eurasian patent (AM,
0514206.3 12 July 1995 (12.07.95) GB AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
(71) Applicant (for all designated States except US): BRITISH GN, ML, MR, NE, SN, TD, TG).
TELECOMMUNICATIONS PUBLIC LIMITED COM-
PANY [GB/GB]; 81 Newgate Street, London EC1A 7AJ

(GB). Published |
With international search report.
(72) Inventors; and Before the expiration of the time limit for amending the
(75) Inventors/Applicants (for US only): ADAMS, John, Leonard claims and to be republished in the event of the receipt of
[GB/GB]; 24 Keswick Close, Felixstowe, Suffolk IP11 ONZ amendments.

(GB). SMITH, Avril, Joy [GB/GB]; 3 Finchdale Close, |
Carterton, Oxfordshire OX18 3BT (GB). i

(74) Agents: READ, Matthew, Charles et al.; Venner, Shipley &
Co., 20 Little Britain, London EC1A 7DH (GB).

(54) Title: RATE CONTROLLER

(57) Abstract

A network for ATM signals includes source end systems SES1, SES3 connected by a permanent virtual connection PVC1 through |
switch SW1...SWN. Dynamic bandwidth controllers DBC1, DBC2 operate as virtual source/virtual destinations. The individual switches,
such as switch SW2 have associated rate controllers RC1 which determine the available bandwidth for the signal path PVC1. Dynamic |
bandwidth controller DBCI interrogates the rate controller RC1, RC2 using resource management RM signals which cascade from switching
node to switching node along the path in a forward direction and then in a backward direction. The DBC’s communicate with the SES’s
using RM signals which may be of a different format to the RM signals which pass from switching node to switching node.




WO 97/03189

10

15

20

25

30

CA 02226073 1998-01-02

PCT/GB96/01643

Rate Controller

Field of the Invention
This invention relates to a network for signals of different bandwidth, and a

rate controller for use in allocating bandwidth to a signal path through the

network.

Background

It is known to link multi-user systems over large distances through leased
telephone lines. For example, a workstation may be linked over a long
distance to a host computer through a leased line in a telephone system. The
line passes through a number of switching nodes and its bandwidth may be
shared by a number of different users connected to the same host or different
source end systems. The data is typically transmitted between the work
station and host in a bi-directional manner, in bursts. The transmissions may
be supported by asynchronous mode transmission mode (ATM) equipment.
The bandwidth available to a particular transmission is initially determined by
the signal source performing a routine in which the transmitted data rate 1s
progressively increased in a test routine. The system at the destination sends
back to the source a signal when the received signals become corrupted due to
the data rate becoming too high, and in this way the data transmission

bandwidth is set to the maximum value that the path can handle. Another

bandwidth allocation technique is disclosed in EP-A-0 603 099.

When a number of signal sources and destinations share the same line, an
unfair allocation of bandwidth can occur in which the shortest path tends to
grab the most bandwidth because the acknowledgement signal returned during
test routine occurs more quickly over a short path, so that the shorter path
can acquire bandwidth more quickly. As a result, long paths tend to operate
at a slower data rate than short paths. Another disadvantage 1s that the

customer has to lease the telephone lines on a continuous basis, whereas the

actual utilisation of the line varies greatly with time. For example, at night, a
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low utilisation rate.may be achieved so that the customer has to pay for rime

when rhe line is not acrually being used.

Recenrly, proposals have been made to integrate leased hines 1nto a telephone
network system so thar the available bit rare (ABR) of the leased line can be

used for other purposes during periods of low dara transnussion so as to

permit data users 1o be charged on the basis of rime that darta is actually

cransmitted rather than on a flar rate leasing basis.

One proposal is to use the so-called virtual source/destination (VS/VD)

canfiguration in which a source end system (SES) is connected to a public

telephonc nerweork through a node which acts as a so-called virtual source

(VS) chat feeds data from the SES inro the nerwork for onward transmission
to 2 destinarion end system (DES) for example a host computet or another
workstation. The DES is connected to the public nerwork through a so-called
virtual desrination (VD) that receives signals from the virtual source. Also,
the DES can communicare back to the SES so that the virtual source and

virrual destination operate bi-directionally and each comprise 2 V3/VD. In
WO 95/24812 a VS/VD system is described in which the bandwidth allocated to a

bi-directional ATM transmission path through a public telephone network 1s
controlled by means of a dynamic bandwidth controller (DBC). The DBC actsas a

- VS/VD and a copnection admission control finction (CAC) reviews the avallable

bandwidth of switching nodes disposed along the transmission path so that the DBC

can optimally allocate bandwidth to the path dep endmg on operational conditions in
the public network.

The DBC coammunicates with the SES using 2 specially configured form of

digiral ATM signal known as a resource management (RM) signal, whu:h IS

used ro instruct the SES to transmit ar a dara rate corrcspondmg to 2

particular bandwidth determined by the DBC to be acceprable for the -
network. Also, the DBC reviews data signals received from the SES to police

N
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_ 3.
the data transmission rare ro ensure that it falls within the acceprable

bandwidth. The DBC also buffers signals received from the SES and provides

certain dara re-shaping aad rate conrrol funcrions.

The use of VS/VD architecture avercomes the contention difficulries

associated with prior networks but has the disadvantage thar a CAC function
needs to be overlaid for all the swirches of the public telephone network in
order to provide the DBC with bandwidth conrrol informauon. However, in
practice, the nerwork provider may wish to introduce VS/VD facilities
progressively through the network and the introduction of 2 CAC aad a DBC
function as described in WO 95/24812 would be initially expensive as it implies that
all of the switches of the system would need to be replaced by switches that can

handle ABR formatted signals.

Summary of the Invention

With a view to overcoming the problem, the presenr invention provides a
network for signals of different bandwidth, comprnsing: an inpur for signals
from 2 source end system; an outpur for the signals; a plurality of switching

nodes for selectively providing a signal communicarion path berween the

inpur and the ourpur; a dynamic bandwidth controller for concrolling the

bandwidth allocared to the path for signals from the source end system; and a
plurality of rate controllers each associared with a respective one of the

swirching nodes for derermining the bandwidth available for the path through
the node; the dynamic bandwidrh conrreller being operative to interrogate the
rate controllers such as to determune the bandwidch available for the path and

provide a signal to instruct the source ead system of the available bandwidrh.

By the use of a plurality of individual rare controllers, each assoctared with a
respective switching node, rhe use of 3 separmé CAC s avaided, which
permirs the swirching nodes of an existing network progressively to be

changed to handle ABR signials so thar the ABR service can be progressively
introduced through the nerwork.
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Preferably the rate controllers each include means for transmitting a signal
representative of the bandwidth available for the path through 1ts associated
node, to the rate controller associated with a next switching node along the
path, and bandwidth determining means 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 node.

The invention also includes a rate controller for use with one of a plurality of
switching nodes connected in a network comprising an input for signals from
a source end system, an output for the signals, a signal communication path
between the input and the output through the plurality of switching nodes,
and a dynamic bandwidth controller for controlling the bandwidth allocated
to the path for signals from the source end system, the rate controller
comprising: means for transmitting a signal representative of the bandwidth
available for the path through the node, to the rate controller associated with
a next switching node along the path, and bandwidth determining means
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 node.

The invention also extends to a method of allocating bandwidth to a signal
path through a network 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: controlling
the bandwidth allocated to the path for signals from the source end system;
and successively, for each node in the 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

available bandwidth and the bandwidth signalled to be available through the
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preceding node.

Currently, international standards for an ABR service are being developed.

Reference is directed to ITU Draft Revised Recommendation 1.371, Traffic
Control and Congestion Control in B-ISDN. 1995 and Ed. Shirish Sathaye,
ATM Forum Traffic Management Specification, Version 4.0, 1995. The
proposed standards include predetermined formats for the RM signals that are
used to communicate between the VS/VD and the SES/DES. However, the

network provider may wish to use proprietary RM signals within the network

itself.

In accordance with the present invention there is provided a network for
signals of different bandwidth, comprising: 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; means for producing network resource management signals as a
function of bandwidth availability in the network; and 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;

the dynamic bandwidth controller is configured to communicate with the

source end system using resource management signals in a different tormat to

the network resource management signals.

Thus, in accordance with the invention, RM cells according to an agreed

standard can be used between the network and the SES or DES whereas

proprietary RM signal formats can be used within the network itself.

Brief Description of the Drawings

In order that the invention may be more fully understood an embodiment
thereof will now be described by way of example with reference to the
accompanying drawings in which:

Figure 1 is a block diagram of a network in accordance with the invention;
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Figure 2 is a block diagram showing in more detail the signal path PVC1 of
Figure 1;

Figure 3 illustrates in more detail the signal paths between one of the switches
shown in Figure 2 and its associated rate controller;

Figure 4 is a detailed block diagram of the rate controller;

Figure 5 is a more detailed block diagram of the dynamic bandwidth

controller (DBC); and

Figure 6 is a schematic diagram of a RM cell.

Detailed Description

Referring to Figure 1, source end systems SES1, SES2 send signals over
permanent virtual connections (PVC1, PVC2) through a switch network
which includes switches SW1-SW3, SWN. The switched network may
comprise a public telephone network. As shown i1n Figure 1, SES1
communicates with a source end system SES3 and the data tlow between the
source end systems is bi-directional. The source end systems transmit ATM
signals and can operate at different data rates in order to control the
bandwidth of the transmitted signals. As is well known in the art, the ATM

signals comprise a bit sequence comprising a series of header bits followed by

data bits.

Each of the switches SW1-SWN, comprise ATM switches which have a
plurality of input ports and a plurality of output ports so that a plurality of
switching paths can be set up through the switch under the control of
conventional internal switching circuitry, which may be software controlled.
ATM switches are well known per se and will not be described 1n detail
herein. The switch has an overall bandwidth capacity which can be allocated

between the various signal paths depending on the required bandwidth for

each of them.

As will be explained in more detail hereinafter, the bandwidth allocation for

the individual switches SW 1is f)erformed by a respective rate controller. As

PCT/GB96/01643
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shown in Figure 1, switches SW2, SW3 have respective rate controllers RC1,
RC2.

The system described herein utilises a virtual source and virtual destination
s VS/VD as described previously. Considering the path PVC1, switch SW1 1n

combination with a dynamic bandwidth controller DBC1 constitutes a VS 1n
the network for signals from SES1. Similarly, switch SWN and an associated

dynamic bandwidth controller DBC2 constitutes a virtual destination VD for

the signals from SW1 so that they can be communicated through output O1
10 to SES3. For signals travelling from SES3 to SES1, switch SWN and DBC2

constitute a virtual source with SW1/DBC1 constituting a virtual destination.
Similarly, SW1/DBC1 constitutes a VS for signals from SES2. The signal

transmission and bandwidth allocation for signal path PVC1 will now be
described in more detail. ATM signals from SES1 are directed through the

s switch SW1 to the dynamic bandwidth controller DBC1 which as previously
explained acts as a VS/VD for SES1. The structure of DBC1 is as described 1in

PCT GB 95/00502 and EP 943016173.3. It provides policing, buffering and

re-shaping and rate control functions.

20 The DBCI1 also acts as a VS for path PVC2 from SES2. The ATM signals

from the sources SES1 are fed to input ports 11,12 of the switch SW1 and are

directed to DBC1 and hence to output ports of the switch.

Bandwidth control in the network is achieved by the use of resource

25 management RM signals. These comprise ATM signals of the same general
structure as the data being transmitted and include header bits which
constitute routing data representative of the route of the path through the
switches known in the art as the virtual path or connection index VPI/VCIL
The RM signals also include control data which are used to control the

50 bandwidth settings of various devices in the network, as will be explained 1n

more detail hereinafter.
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Referring to Figure 5, the DBCI1 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 11,12 to the switch SW1 respectively. A
s 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 detine

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

50 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
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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 1.e. switch SW3.

However, for RM signals received from DBCI1, 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 contigured to
review, in response to the RM signal from DBC1, the bandwidth available to
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

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 PVCI,
namely control path 2-3 shown in Figure 2. The RM signal is received by
switch SW3 and associated rate controller RC2 which performs a control

function in a similar way to switch SW2 and RC1. The process 1s repeated

for further switches and rate controlling along the path PVC1 until an end
switch SWN is reached.

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 1n 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
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 1n the RM signal from RC2. It will be appreciated
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that the lowermost value is representative of the maximum bandwidth
available along the entire path PVC1 since, for each switching node, it 1s

necessary to consider the lowermost bandwidth, which will act as a restriction

for the entire path.

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
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
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.

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 PVCI.

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 PVCl1

in order to prevent SES1 unallowably capturing more than its allocated

bandwidth.

The structure of the rate contxloller RC1 will now be described in more detail
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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 trom the
corresponding switch SW2. The cell reader 15 reads the header bits from the
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
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
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.

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
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 1s 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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bandwidth 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
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.

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
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
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
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
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 buts

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

of the rate controller in to a common standard used between the switches

SW1-SWIN.

Also, the described network permits different RM signal protocols to be used

in different parts of the network. For example, communication between the

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-SWIN may
be to a different standard preferred by the network operator. In this
situation, DBC1 and DBC2 include translation means in order to recognise

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.
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CLAIMS

1. A network for carrying signals of different bandwidths from source end systems
towards destination end systems, comprising:

inputs (11,12) for receiving signals from said source end systems (SES1, SES2);

outputs (O1, O2) for transmitting the signals towards said destination end systems;

a plurality of switching nodes (SW1-SWN) for selectively providing signal
communication paths (PVC1, PVC2) between the inputs and outputs;

a plurality of said paths (PVC1, PVC2) which pass through said nodes;

a dynamic bandwidth controller (DBC1,2) for dynamically controlling the
bandwidth allocated to each of the paths; and

a plurality of rate controllers (RC1, RC2, DBC1, DBC2) each associated with a
switching node and operable to determine the bandwidth available for each of the paths
through the node;

the dynamic bandwidth controller being operative, in response to receiving data
from any one of said source end systems for transmission over a path, to interrogate the
rate controllers so as to determine the bandwidth available for said path (PVC1) and

provide a signal to instruct the source end system (SES1) of the bandwidth available on said

path.

2. A network as claimed in claim 1 wherein the rate controllers each include means
for transmitting a signal (RM) representative of the bandwidth available for the given 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

node.

3. A network as claimed in claim 2 wherein said bandwidth determining
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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
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.

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
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.

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
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) 1includes a pluraiity of signal input ports, a plurality of signal output
ports, switching means for selectivelir 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.

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

the switching node.

9. A network as claimed in claim 8 wherein the switch-ing 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
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

recetve the forward and backward resource management signals from adjacent

switching nodes for the path.

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
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
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
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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
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.

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
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
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.

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.
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 1n a different format to those transmitted between the switching
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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 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.

19. A network as claimed in claim 17 or 18 wherein the INSTIUCtIon IS

transmitted as a resource management signal in a different format to those

transmitted between the switching nodes.

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.

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.

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.

23. A network as claimed in claim 22 including a second dynamic

bandwidth controller (DBC2) associated with one of the switching nodes for
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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
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.

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
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:

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
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
of the node, and allocating bandwidth to the path in accordance with a

predetermined algorithm.
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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 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 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 plurality of source end
systems, outputs for the signals, and a plurality of switching nodes for selectively providing
signal communications 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 receiving data from said source end
system for transmission over said path, 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 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 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.
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