means (16, 17) for each respective rate controller includes neans for
determ ning the actual bandw dth available for the given path through the
associ ated switching node by reviewi ng the bandwi dth all ocated to the

i ndi vi dual paths through the swi tching node and the total bandw dth
capacity 5 o de and all ocating bandw dth to the given path in
accordance w #J;}M predet erm ned al gorithm 4. EBIRINIR43, S
clained in claim3, wherein the algorithmgs the Robin Hood al gorithm
10- 5. A network as clained in claim2, 3 or 4 including control
means ( DBC2)R#tesConttrelleri th an end switching node (SWN) in the path
di sposed towards the output, for transmtting back along the path
towards the input a pat h bandwi dth signal (RM representative of the
bandw dt h avai l Qﬁm&g"path t hrough the end sw tching node as

det ermi ned by t?ghggfﬁgivl\fgt determ ning neans of the rate controller
for said end swiEhisinventivaxieelatal to aoderwork fonsignals ef diffarem| Haadwidals amdiaat ed
with the swtchi nod i ng .opgrative to . al l ocate ndwi, dt.h for the
bath at the rbopReePuEsdar It ok BlrnBiek bahdwicely i n eERl et AR Bt 1
bandwi dt h si gnalnetwk. 6. A network as clained in any one of clains 2
to 5 wherein the rate controllers each include neans for transmtting
resource nmanagenent signals (RM that include data (CR) representative
of the bandw dt IBadligaoball € at the node for the path as determ ned by

t he bandwi dth determ ning peans_of the 25 rate controller, and routing
data (H) represéh‘?é‘ﬁ‘lPV@ T@fhl%@“hméwpm distanees thrpygh desseds wi t chi ng

nodes. ) r |.a§nﬁ1!p ' i 0..cl ai @i of the
swi t chi ng nod‘gs teleph%?g%ﬂl?nié udes gé’ %"é#?‘%‘%&%egﬁgegfﬁ%’ﬁfﬁg& ts, a
pl ur al it_ty oI hsi disein ;:c)td puhbstaibn:gmrtt?:olxghﬁatledsédlﬁnctzrha?selépiwu:ey?ah.i m%/t |
connecting the i.nput and outpu r . .50 as to fee ransnmtte .
from a source eh&ggﬁfse‘gf?ﬂ%‘rfg“ er t’W,’tCleBﬁﬁ?&smdf‘&’rg%‘@é iM¥ V€ routi ng
the resource nasggahbyt ringhedof differdnd @sdrobénreedt k6 th€same host or different
source end systems. The data is typically transmitted berween the work

15 station and host in 2 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 is
progressively increased in a test routine. The system at the destination sends

20 back to the source a signal when the received signals become corrupted due 10
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.

75 When a naumber of signal sources and destinations share the same lkine, 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

a Jo at a slower data rate than short paths. Another disadvantage is 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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associated with the switching node, and routing neans for selectively

di recting resource nmanagenent signals fromthe rate controller to the
out put port for t he path. 5 8. A network as clained in claim?7
wherein the r%%q ol l ers each I ncl ude route nenory WEM, and
mappi ng nmeans responsive to the routing data of t

managenment signals for providing in the nesary nmeans dat a
corresponding to a map of the rel ati onship between the input and
out put ports of {dveusiisatiohinug maydise schicvedisethao thrccussombrihas td pay foattime hr ough

10 the swtching_node, 4. .. _.9. ﬁ networ,k as clained in claim8 wherein
the switching no é‘sen((ggil\]é?e”nogaa‘rxgauon |§1‘dsr°éid to transmt said resource

managenent signals along the path both forwards to the next sw tching
node (SWB) al ongpthe path and .15 backwakds to the bragedi ng nod E}S\/\L) on
The parh. and  nBHREST RppRE eve BaGy BBACE infearylf 1R it o 17 elephip) Ve
to collate the i Rewiori@gstatiiso Whattheé builablabit rate (ABRYiof ¢hé leasel dindairlbend

backward resource nagenent signals fraom adj acent swi, t chi ng nodes for
the path. 20 Wwd for ather puemores #erieds oflow daatramsnyssinn  aftier ei n t he

rate controller o S| ' ans (15
for reading resog%iaaL“gnﬁlgggﬁe%%%%%gﬁg ?*%#ﬁ?gkﬁrggg]et he (19)

associ at ed swi t ctramsgnitted eathennhian on arflas sare deasimghagisrent si gnal writing means
(19) for witing a resource managenent signal w th bandw dth data
determ ned by the bandw dth 25 determ ning nmeans for transm ssion from an
out put port a® dSmerpropusal #yo ukethe so-calledtvirgal noamns/destination (VS/VD)

configuration in which a source end system (SES) is connected to a public
telephone network through a node which acts as a so-called virtual source
(VS) that feeds data from the SES into the network for onward transmission
to a destination end system (DES) for example a host computer or another

15 workstation. The DES is connected to the public network through a so-called
virtual destination (VD) that receives signals from the virtual source. Also,

the DES can communicate back to the SES so that the virtual source and
virtual destination operate bi-directionally and each comprise 2 VS/VD. In
PCT GB 95/00502 and EP 94301673.3 a VS/VD system is described in which
2 the bandwidth allocated to a bi-directional ATM transmission path through a
public telephone network is controlled by means of a dynamic bandwidth
controller (DBC). The DBC acts as 2 VS/VD and a connection admission
control function (CAC) reviews the available bandwidth of switching nodes
disposed along the transmission path so that the DBC can optimally allocate
25 bandwidth to the path depending on operational conditions in the public

network,

The DBC communicates with the SES using a specially configured form of
digital ATM signal known as a resource management (RM) signal, which is

50 used to instruct the SES to transmit at a data rate corresponding to 2
particular bandwidth determined by the DBC to be acceptable for the -
network. Also, the DBC reviews data signals received from the SES to police



11. A network as clained in claim1l0 wherein the path bandw dth si gnal

conpri ses resource nmanagenent signals transmtted fromnode 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

transmtted SWmﬁgd all ocate the bandwidth for the path through its

- 4 - assocl ated swi tching node in accordance with t he BGH A8 dat a

of said backwardly transmtted resoutrge managenent signal. 12.

A network as clained in any one of clainms 2 to 11 wherein the rate 5

control | er i ncl utheslapetrinspassidni ratettoransmye phatein fadls fwivhis the dogeptable curr ent

bandwi dt h al | oc SR IRV duale pDat-hs t hr | | .

swi t chi ng no%g,vﬁ%%ﬁ hﬁ’eﬁaﬁ;lgbf%s?’ updat sltx%a]st%'é %g{} ﬁa%z%%s\nﬁ%%@hg%%ﬁ neans

in response cetmiradate soshaping and a2gye remrokfugednspr ovi di ng an i ndi cati on

t hat one of the current bandw dt hs has changed. 10 13. A

network as clained in any preceding clai mwherein the dynam c

bandw dt h contsr ofh&hisel 6f VSYSIP hr2hiébriveldvetBmed the dprendoh Wiffieaitizodes, and

i ncl udes neans for determ ning the bandw dth avail able for the path through

the associ at ed rassrsiates withpaior netgvorks hushasithe dipadvantage that edpACstunetion ve of

the 15 avail abl ' ' t , to the
e:r&éé‘fhl‘béj hi?erkﬂf LYai chd Ewﬁaﬁi 9 of ﬁlﬁh(yri]ig Qtaﬁ%}wggt,%waé i

rate controll'er of the next swtching node ] ] SO as to be
processed by ordertoprovide sh DBS wlnbmg width zantrelhisfasgiation. Howewgr, in A
networ k as clair@gli | rie] ] er s 20
configured to tr nsn%ggyeglégﬁﬁdgée%?%%}{)go?gwg% ?ﬁlyxg\?giﬁ%l e

bandw dt h 10t hprogrebsivehye throughctha tnetiverki andithe gntimadiztion of h CACxndrodBCal ong

the path as a resource a | R receji,ue a
backwar dl y t r an<HRERoR;Es &“@gbﬁﬁgﬁﬁgﬁgﬁ&mﬂ%&%% Yﬂ@d\s{baﬁ d next
node correspondiiaiially expérdive as irfiftipliesrthiacl ull G bhessveitvhes ofthe system would

need to be replaced by switches that can handle ABR formarted signals.

15 Summary of the Invention
With a view to overcoming the problem, the present invention provides 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

20 input and the output; a dynamic bandwidth controller for controlling the
bandwidth allocated to the path for signals from the source end system; and a
plurality of rate controllers 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

25 rate controllers such as to determine the bandwidth available for the path and
provide a signal to instruct the source end system of the available bandwidth.

By the use of a plurality of individual rate controllers, each associated with a

respective switching nade, the use of a separate CAC is avoided, which

- 30 permits the switching nodes of an existing network progressively to be
changed to handle ABR signals so that the ABR service can be progressively
introduced through the network.



15 A network as clained in claim 14 wherein the bandw dth controller
(DBCl) is configured to respond to resource managenent signals fromthe
source end systens representative of the operational bandw dth thereof.

30 16. A network as clained in claim15 wherein the bandw dth controller
S confi giad, respond to resource nmanagenent signals sour ce
end systens ilr?siz}gdifferent format to those transmtted Bﬁ&?&‘%{# e

swi t chi ng ' -4-

ANVENDED SHEET . . . -.5 -

nodes. 1 7Prefersbly, elae,papaccomgrollpns eachyinclndg meaps for sransmitting 2 gigngl, 16

wher ein the repRchiiciVe bfGRE biddiwidih dvaldbIIRE (HEBAA thiSugR G i ctaedt he pat h

bandwi dth signal "5 for transmitting an instruction to a source end system
to transnit dat anade; to the rate coptratien assasiared wish arnesnevatahingnedelongtheal ve.

18. A networ k clakged:i.n.ckai m.l. [ Ld .0 or responds
to the val ue of S‘i‘é’ ﬁﬁéﬁg%davﬁgw %‘?ﬁ%ﬁ%fgra&k&@&%%ﬂekﬁéﬁ%k as
claimed in clai navailablé fok@hebahahfoughahé nede ascd fumotiors of the lotvermssoiof tied as a
resource nmanagenent _si In,a ., different forpat,tq,those . ,,transmtted
bet ween the swi t’&ﬂﬁlmg"ﬂ%g@é??“dmfg‘ 'fher]’aﬂdﬂ&{‘]ﬁé'ﬂlaﬁ v@ bg;availsble, | ai m 17,
18 or 19 wherei Cthe préceding nodd2andwi dt h control I er includes means (12)
for determ ning whether the source end systemtransnts data at a rate

wi thin a bandwi dth corresponding to said
The invention also includes a rate controller for use with one of 2 plurality of

10 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 cutput 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

15 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

20 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

25 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

30 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



I nstruction. 20 21. A network as clained in any one of the preceding
clains wherein the dynam ¢ bandwi dth control |l er includes buffer neans
(11) for receiving signal’s transmtted thereto by the source end
systens, and signal reshaping neans for reshaping signals fromthe .
buf f er neans rd transm ssion to the next swi t ching node al ong
the path. 25 Ws'@gi@ A network as clained in any one of tl?gg

clainms including a first said source €hd system connected to an i nput
and a second said squrce end system connected to an output, whereby to
permt data to trreceding nedes ed fromthe first to the second said system
through the network. 30 23. A network as clained in claim 22

i nel udi ng a second dynami c bandwi dth controller (DBC2) associated with
one of the switcGameptlypisernational standards for an ABR service are being developed.

ource end " bl # A LA DE REGH RGBS TV BRRRC00" g

wherei n r esous c eComl gadelung eﬁxoal@&&blaﬁmsmmssanbmmhm yrce end
syst ens andtheng,égﬂgﬂnrg dw dth contsyollers is i I rgt forrrat
and resource nma T{ﬂfg mey QT %?%gn?#? ’gl?rﬁtchl ng
nodes in the netp&gﬁ&ed&ahdhras ﬁﬁﬁﬂ@@redetermﬂieﬁﬁ&&:%i fdrQh&RM signdlf thafare A
network as clai in any preceding c]aimwherein the signals

transmtted thrdiethta sRMBERIGRE the W%lﬁghaﬁ‘gS/DE Howgeger, thep 1 at e

controller (RC1) t des
( SWL- SWN) connec%ete‘géﬂkﬁm#g{&\o Eﬁsclg{r?pﬁsle?ﬁg I nput fo |‘g§gi:as Pgtgd?ﬂ

¥/

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

15 selectively providing a signal communication path between the input and the
output; means for producing network resource management signals as 2
function of bandwidth availability in the network; and a dynamic bandwidth
controller responsi{re to the resource management signals for controlling the
bandwidth allocated to the path for signals from the source end system;

2 the dynamic bandwidth controller is configured to communicate with the
‘source end system using resource management signals in a different format to

the network resource management signals.

Thus, in accordance with the invention, RM cells according to an agreed
25 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
30 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;



15 a plurality of source end systens, outputs for the signals, a plurality

of signal communi cati on paths between the respective inputs and outputs
t hrough t he plurality of swi tching nodes, and a dynam c¢ bandw dth
controller (DBCl) for dynam cally controlling the bandw dth all ocated
to each of th g0l OF signals fromthe respective source end
systens, the rate controller conprising: 20 means f o TICBTYMoHT | ng a
signal (RM representative of the bandw déh avai l able to a given path

t hrough the node,_ to the rate controller associated . Wth next
swi t chi ng node aFignrs 3 ise blaelndiagram showing iniyag hthaét@:frﬁﬁh%&qe%fns (16,
17) for determ ngpg.tye bandw dth avail able for the path through the
node as a functioil of 'the | owernost of the 25 actual available bandwi dth
and the bandwi dt Figereghdlustrates in sorecdesdill thisignal pathshbeswegn onecofshe switchey node,
and nmeans for deterg ni t actual, bandw dt;h avail able for the path
t hrough the ﬁ’é’?&ﬁnﬁé‘&“% ﬁﬁocﬁl erageycolp IEW ng the bandw dth

al l ocated to tsheFigure 4 3QJ deailed Iblgvktdiggrich b dghratdeommilleshi ng node and the
total bandw dth gapacity 30 f. npdg, and.al | pcati.ng bandwi dth to the
path in accordanﬁ'&“’\'ﬁistﬁ‘a‘mreé)‘ﬁ"téga@grﬁ?ﬁg&ngfglﬁ%f L Bentfinill 27.

A rate control | egonglie} MBEN ahd Cl ai m 26 including means for

transmtting resource managenent signals that include data representative

of t he bandieurerp sweschematis disgamef ARM elly the path as determined by
sai d bandw dt h determ ni ng nmeans, and routing data representative of
the route of 5 the path through the sw tching nodes. 28. Arate
control | er asc| Betaded Desaription 27 i ncl udi ng route nenory neans (16),

ond rapp 10 oo 1ok G3SRORS, YR LSRERNSESD 8Vl bl 4RO SC
10 a map of the peznahdn®vidtadd comisstions (PYOL, BVIG2)othirgugh powitch wmiwbiie . -
node. 0 2o, whigh ikt St S EEW A S bR R TR at b ¢ hr ough
a network f odonsprise alpublit téléghone adiwobian disi sHbwntih Figuretp§EsSies i nputs for
signals from 5 communicates with a source end system SES3 and the data flow 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

20 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

25 conventional internal switching circuitry, which may be software controlied.
ATM switches are well known per se and will not be described in 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 is performed by a respective rate controller. As



15 plurality of source end systens, outputs for the signals, and a
plurality of swi tching nodes for selectively providing signa

comuni cati on pat hs between the respective inputs and outputs, the
met hod conpri sing: dynam cally controlling the bandw dth

all ocated to anﬂhéﬁﬂ?path for signals froma correspondln source end
system in respon o data 20 transmission activity at any P&R/GE§01643
plurality of source end systens, and syrcessively, for each node in a
given path, transmtting a signal resentative of the bandw dth
avai | abl e for thehoweln iguwgrmwbesrgm, $W3thave respective rate; gpnteaflerREdde

al ong the path, determ ni ng the bandw dth avail able for the path
t hrough the node™as a function of the | owernost of the actual 25 avail able
bandw dth and the bandwi dth signalled to be available through the

precedi ng node. t ho cl ai cl ai m n .
transmtting bacpglsxﬁﬁt”tdﬁ%mﬁeﬁ Fh“?m?aﬁ‘g?“i’ﬂ"pﬁ %mé%[#] #ﬁ% dth

si gnal represent MS/VD ffdekdiibed Pravidrsdiy. dConsdaingahe pach@VChewiahSWhimugh a
swi t chi ng node at t e end qf t éucih and alld% bandvvl d,hg for the
path at all of tﬁ B%nwr\‘l‘d%BE‘FHEﬁ@ B&Q & gnal .
WO 97/ 03189 the network for signals from SES1. Similarly, switch SWN and an assocmted

PCT/ GB96/ 01643 Referri ng to Figure 5, the DBCL incl udes an _activity

detector 10 whi ciynkmicdandwidth copteoflenNBG? gonstitntesr wvibapldestinatieanyPrion by
t he source end s R5R, hud %g}{: bydes a
plurality of buf¥er %} rcul W%s? g(x:ag‘??% “@n%%’r &rw# elv gpat I nput s
11,12 to the sei teSES\ Forcsgmis iravelling ffom SES3 gmaESI, nmtdasms apl DB@2fi | |
| evel of the buffers.is fed tto a contr ed in
PCT GB 95/ 00502 &P g’&‘é‘f&s"‘%‘é A dasess v %%%B@iﬂsmmm G“%f gna?mg‘#x{r] om t he
buffer 11 are fesnimikrb- SWEBCEO&@QM&& aCV8$ €arisigndl3 feoml SES2. Thumgaal t he .
control of controller, opri ate ,o t he
Soi T ch SWL depen HEPERoh A Badt RSP fog srean ferl PG BlRE e s of 10
the ATM signal. described in more detail. ATM signals from SES1 are directed through the
15 switch SW1 to the dynamic bandwidth controller DBC1 which as previously
explained acts as a VS/VD for SES1. The structure of DBCI1 is as described in
PCT GB 95/00502 and EP 943016173.3. It provides policing, buffering and

re-shaping and rate control functions.

2 The DBC1 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 representarive 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 in

more detail hereinafter.



Al so, the controller 12 and shaper/schedul er 13 can be used to transmt RM
signals along the various PVC s. A typical exanple of the structure of a RM
signal used in this enbodinment is shown in Figure 6 and conprises a series
of 15 header bits H which includes the VPI/VCl which constitutes routing

i nformation t%,ﬁ&gﬁﬂsponds to the routing informati on of the ATM data
signals so that the signal s can be routed al ong the sane BSAGB%816%He ATM
data signals. Additionally, the RM signal s-$nclude data bits ID indicating

t he DBC or i ch has generated the RMsignals. Al so, data bits CR
define 20 the cefeermiagdodiisusandiiedPBChingudes pe agtvityretestgrt 0whish deteers

si gnal path PVC abhen ATM gkl 8 pMsShaSRlnoty g1 RBR SHSE PO Now
path PVCl in nore N det ail(glﬁa,l DBCL .enera.nés n?%&ﬁg%&%gﬁl. hat slﬂﬁg.lbgat es
the bandwi dt h ava3ES3bind 4 buffer Ilwhmhmc@dasephmlymnjhu?fwugﬂmsmmvsm, and

the resulting RM g4 | .t | $4t er_cqgn |__path 1-2 shown in
Figure 2 to sw tcﬁwcﬁgfi@rrl ng glg]giqﬁqp%sf“ J#gqgfppﬁggf}’f‘s rranged
to receive RM si gignabintiecdrivenciche fill 1evebof threcbuffirs 3HedhPa antirsilke 1RM si gnal s
are received by f ack ci.r cui i.ch, in turn, feed ignals to
SES1 in order to%ﬁﬁﬁ?"pﬁﬁ‘% dﬁﬁ’f‘é’fﬁﬂﬁyﬂhﬂ Frses; bandwidsh zp ‘E’e%iggsonshi p
between switch SW2, agignili froasehe Gulfeed irdlfed &Pa sipef/SdHedbleRbrculd 13 andoW be
2 and 3. ATM dat a signal s passing

descri bed with ref re‘r]%etorl ures \
al ong PVC1 from SESE‘ rORgR! 9 ongnelleni2, areted &g an appropriate quEpitrpasoef  of
swtch SW. The [ ddafe ' iSe intbinSttion i o} 189
SO CR9E! 01643 hRE G c 5% Rbe 4P HeIBatisg i on jn the h | nngsL %2

routing i nforrat itbe AT signal. a conventional manner conpared with a
routing table and as a result, the ATMswitch directs the ATM data signals

to an appropriate output port of swtch SW2 so as to be routed on to
t he next swi tAdbo, ahe nontrdiler 32 hind shaper/schiethaller £/&n be used tdlamamsmaie RMor RM -

signals received sfgﬁgg]afc))%gjthe Cliud PUSE iv%pkél 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
derail, DBC1 generates an RM signal that indicates the bandwidth available for
ATM signals passing through switch SW1, and the resuking RM signal is
transmitted over control path 1-2 shown in Figure 2 to switch SW2.

2 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

5o controller RC1 will now be described with reference to Figures 2 and 3.
ATM dara 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



programmed to divert the RMsignals to the rate controller RC1. As will be
described in nore detail hereinafter, the rate controller RCl is configured
to review, in response to the RMsignal from DBCl, the bandw dth

avai lable to 10 signals on path PVCl1 through switch SW2. The rate

control ler thegp, oa1gCTPar es this bandwi dth with the bandw dth or cell rate
CR i ndi cated By The RM si gnal from DBCL and chooses whi GIfS{EHI60L4} e
lower. It will be appreci ated that thegl.ower val ue constitutes the

maxi nrum bandw dt h avai |l abl e on the section of path PVCl between the

i nput port to swinchide Sohtringuaformatios ace, fp atcopventiond reanner porgp@ed witha The

rate controller RCL th eperates, i §s I gnal . er_hit

cor r espondi ng to%ﬁgéﬁ?ﬁﬁgﬁﬁﬁfeﬁﬂhﬁ%%%%é%?it%énhg;mt esr;lgf%téVCl,
nanely control paj bpproprifth@utput Pofi eflwitcB. SWhso BMosbertaked on teced nexel by 20
switch SW8 and ass,ocg‘irﬁt ed , ,rate cont r.%b\lé%g RC2 whi ch perfornms a control
function in a sifif¥ %ﬁ/d}e Bt hd RCI. The process is repeated
for further switches and rate controlling along the path PVCL until an end
switch SWN i s reached. 25 As shown in Figure 1, the, id switch SWN has an

associ at ed dynarmHewever, freriij sgmalsreerived fram Q%@ztb\hwﬁc 2¥25 evi ousl y
expl ai ned, oper a{,fr%@r&mu {Pdivers thE R¥ HgndiBlo Iﬁér}aeelcea&oa%gxmt A e

functions in a s ar way to the rate controllers . Upan recei pt of

the RM signal frdesctibed iprmoredietail herginafter, the r@econtralieryRGhiis eonfigywd g8 shown

in Figure 2, the_sw tch SWN r ' I nggth rol | er
of DBC2 chooses f% ,Ew%%stqugﬁ%gig?gﬁﬁ f%?%it?éag e andavréagﬁzup%r
switch SWN angh t signalebn pavhf PYGE thraoghvswivch SW2. i Tl meet @ohttpllet thenbit CR in

e R Al Qimbarés this' bandwide il BleTdndbSlih or cell rare R QAT the |

| ower nost val ue RM kipidl $53R DBC Y shdéhdobed wilkichaveris ihe fbwed! e will bavai | abl e
along the entire path PVCL since, faor each sw tching node, ,it,is |,
necessary to con%?ﬂ!‘@;‘i‘“?‘*‘ngm § Valge FORTENES dl?"‘é&'t‘d‘h?’%\‘l‘ble
restriction 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 RC1. 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 1o the rate
controilers 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

. 56 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 appreciared



for the entire path. 5 DBC2 is configured to transmt a RM signal
backwardly al ong the path PVCl to the swtch SWB and associ ated rate
controller RC2 which then operates to al l ocate bandwi dth to path PVCl
at switch SWB according to the path bandw dt h signal generated by DBC2,
whi ch is indi %%Eé the cell rate CR 10 of the RMsignal transmtted by
DBC2 to RC2. te controller RC2 then itself generat eECHGRRFI6H
which is transmtted back to rate contigel l er RCL and has a CR bit
correspondi ng to the val ue of t he path bandw dth signal generated by
DBC2. The rate cdwt thellpwermmst valnefs @B’Wepﬁéh%mb%% dth for

PVCL through SV, Oerdei?€ I &“@? si gnal .
RC1L then in a sim @&%Qbﬂgtﬁe g&e{‘.g]“ﬁngx cehfo}gaf)%g Si §1§| back to
DBC1, which all myl}amdmdhmht bmsttbmdwghh whick wiitl atr S\atresteicdenli ng t o
t he path bandw héﬁehé%al h 20 Thus, all of the switches SW-SWN in path
PVCl are set to rFrt? avai | abI e bandwi dth for the entire path

PVCl1. DBCl then generates a RM signal which is transmtted to SESI,

instructing the squrce to transmt dat . a.rate correspondi othis

maxi mum avai | ablé g:&ﬁﬂ%? ¥ CRRfmt “@aéé‘em@'ﬁ ﬁgﬂﬁ‘ﬁéﬁgﬁﬁg\m{w

control l er DBCL %@sﬂﬁEEgWaﬁMda@dﬂﬂmfwﬁ@M&nRCZwﬂlé{tﬂeh% $a0833b S

transmtted on PVCl. If the data rate exceeds the permtteq)6 thrate set hy
(i

the RM signal frallermpbandwideh vropash PVAH 2 spiech S} accaeding i § cel I's
w Il be discardegy, %@% %@%&F\ tegrb‘i‘r ﬁﬁéﬁ %vhﬁ:ﬂ%mzﬁl?da&ﬁﬁ BB CelP e CRVCL

in order to prevent capturing nore th Its allocated 30
bandwi dt h. 10 ofﬁheRMrsxgoalmr@smitt edrhy DBCG2 od€2.0l ler RC1 will now be
described in nore detail

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.

2 Thus, all of the switches SW1-SWN in path PVCI1 are set to the maximum
available bandwidth for the entire path PVC1. DBC1 then generates a RM
signal which is transmitted to SES{, 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 PVCL. If the data rate exceeds the permitted
rate set by the RM signal from DBCI, 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
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PCT/ GB96/ 01643 wth reference to Figure 4, it being understood that
all of the rate controllers RC can have an identical architecture. The
rate controller RCL conprises a RM cel |l reader 15 which reads data from
RMcells fed h‘nﬂ @%&Bfromthe correspondi ng switch SW2. The cell reader
15 reads the d its fromthe s RMcell in order to det &CGHGRIPIES | ng

i nformation, reads the ID information -i#1e determ ne whi ch RC/ DBC has
gener at ed the RMcell, and also the CR bits in order to deternine the

bandwi dt h |nforrmhmfereﬁbnwﬁalm%srmweaﬂoo that pll ob thecratei@ntaghlersh i s
typically mcro Qr_ bas S I.ate nory,
and perforns a %ﬁﬁ i%Ye F@%ren un“Tf?oﬁlgi%arg{en%mmnfroﬂ?gggiggﬁ%ﬁar ned.
The first functiRM celirfpardesesmmidmditdmefrbmcnm celis fed thiareemfdom the  f uncti on
bl ock 17. The controll rs 16 th I th

vari ous PVCs (arﬁ?“ﬁpr? Wéeswfm V\jtfdlgﬁds %‘ ¢1§§ﬁ%?r§w fe}‘gh

SW2,, and al soshaeMidalldh Brddras &mmﬂrerrbﬁen hﬁomddwmads/dielmméowm dt h
through t he svvrtch The maxr mum varlable ba d wﬁ an bﬁéi‘ﬁﬁ
allocated to a parderesming ha%swmt etglua‘ﬁ per
se, for exanple i qo%gtmmbwnmﬁa, wmmmkmalnsfmsw bed in EP
943016733vvh|ch ‘ro andw dth froma path which is "rich" in bandw dth

and gives it to centrpBer 16, yehich iscypicdlyrgicrepracessasdaseds mithean stasiarecon 20
The controller ’ ;ﬁgeg I h the
route is identi f%ﬁ?ﬁ%&%ﬁ?ﬁ 5 eiarger %?&Y&%%%r %&%% hgw\é!ali/lﬂgr gnal .
A RMcell w |1berbe2ﬂplamedse'fhetﬁrsgémemm corfpises bhmdwidth allmmn@sahownbbnck to
t he switch SWwt its C ondi n e as
det er ni ned MH"%?%’B, S5O O‘l fé)ﬁev?er e%rl)%%a& }FL‘?H (5 Jr';ty of

the rate contr olvatibu?BVe@sd(aad Gthez@hannals) ethichnate cated thﬂuaghdueswm of the -
avai | abl e bandw i ndi cat ed by function 17 and t b h
i ndi cated by th&ﬂ@é‘ﬁr#ﬁ‘?m #° °‘%€5’H“‘1§yh8 J?%e g’fﬁ@“&i‘sul ting
RMcell is th]ys %&Fﬁ&cmaméemﬁmmﬂh@%bﬁuﬁ% whichaaibed
transm ssi on or along. the _path to switg
previ ously _ex’ﬁl E‘h%? § s‘f"a’ﬂ'méﬁ’ﬁﬂl \éﬁ?ﬂﬂ“ﬁbﬁﬁwﬁm
DBC2 transmts '%a%rekﬁr;g thesoraliis RoBIY 366K Ao bing Rrhicdiis dedctibeb irRERPAL h
94301673.3 which "robs" bandwidth from a path which is "rich" in bandwidth
and gives it 1o a "poor" path according to a predetermined function.

2 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 derermined
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
DRC2 transmits back along the path a RM signal which constitutes a path
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signal representative of the bandwi dth available for the entire path, .

so that all of the rate controllers RC can allocate bandwi dth for the path
at their ve switches according to the path bandw dth signal .

To this ﬁﬁﬁ%‘?f?ﬁé& controller 16 shown in Figure 4 includ&/@B 33
function 19 during 5 which it waits for {im.reception of a RM signal

transmtted backvvardl_y al on e path fromrate controller RC2, which
contains a CR celbpadyg p@zmelﬂ’eﬂveo £ she bandsridchyavadeble for the gntire path,i ved

from DBC2. Upon § troIIer
16 operates to sé‘?%e gg%}ééwgﬁﬁ%}k%aﬁqwm%&mgﬁdﬁﬂ? u%llg |on

as toI co][ r espgggtheu'r tekpq:?éwitnhadmdtdlmgsﬁo@halpathl&ndwxdt?\kmak h&'oAﬂiEd dat a
signals from qui e no. |l anger r pbntain a
bandwi dt h al | ocaf?%ﬁh? 8?“%4& Bﬁr‘% ﬁgﬂff? cgu Jéf fﬁﬂ“‘%? "By nani ¢
bandwi dt h conty olwhédh iDBkaEdﬂhS%&ﬁtxmmRM&ghdtt&nﬁﬁhd&baehwardl dlogig ai ns a
zero level CR bit. The a@ocessor mgﬁrgg: associ at ed bapndwi dth rel egse 15

function 21, so HieRath CPFA 1 QS dPed to
path PVCL anghd BakddeH gl uaeﬁalfashmmiqupﬂmeapt b&wseawn so as
to distribute t %bandvvldth anongst ot her active pgﬂﬁ ggthe

foregoing it signal |bylyeadep 3 5.cthr soutgoller 16 oprrates ap serthp bandwidth facpathes ponds

to RMSignals  pyiciopagh biody i @usRbikibontite PREHE Wbt RO Ggad e Path

PVCL. This 20 enabl eé rout e function own Inm Figure 4 evel op a
map of the o rel evant input and output ports of switch SW for t he

respective PVCs. h e r f l.er ed to
build up a coll at i ‘E"%S‘H‘é‘t weerr éﬁ“ﬁ&&?i]g%% gksneorlé’é | vegﬁ?ﬂ?ﬁ%nal S
from a particul amajpmiih atbaatiwidth allomtion émsuinetpnﬁﬂPVdedndhxy sawation, the .
correspondi ng output ceive 25 Sl- fro ext. SWI t chi ng
node al ong the pS f‘?@%ﬁéﬁm& iﬁ @kgxﬂ girﬁc'[hﬁgg Hvardly.
]'cl'hi S i 3}‘ or (rjnat i oncﬁﬁgﬁﬂbemrl&ﬁl mﬁxﬁmh‘e\ll\}hrb&%ﬁborhas ithHsd:dMed biriwiadhi relzasef i and
orwardly direct si gna o that en receiived an
a further RM &i g PR zl’cf°t§b‘ @ﬁ?@#’éﬁd‘gﬁ% ll‘i’éﬁ‘dgﬂ%h?‘amf’w by a
particul ar rate pyirabihRé baddvAdihedIR RN fuBkdid 17 & Beexfe%ntseasb& 30 menory
map that has been buyilt up to determ ne which_ output port g o si gnal

shoul d be di r ect gigribytesthebandwidth pmopgst P@@Flﬁlmrd femghe
swi t ching node og;if BE afitbdared BB kR Aite 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
3 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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Furthernore, the rate controller RCL nay use an internal RM signal .

pr ot ocol , whi ch generates header bits according to a Iocal st andar d.
The header bi y be translated when the RM signal |s to the
switch by mt%afmggﬁ software associated with the switch | &W’s‘ﬁ:’as to
convert the local protocol s of the rate <tpiroller in to a common standard
used between the sw tches SwWw Al so,  the described network

permits di fferenfmogmhemtemmlbr&mo@amwan interngl RiVk signabprotoalt s of

the network. For &Eglsb WL and
SWN and t he respec \r%hsource en ?M#%@MW e c!§rr| ed out
wi th RM signals ma)z(bledmgiated ﬁ:emthe Maigndnafdé,ﬂoanheemtehib}' mtemaéndar d,

T oot "o Aot BRI PP AR R e T SRS s Wt e pronkitn ' © 2
situation, DBGl aﬁdaeDB@&ohﬂellmiﬁ tbraagotimén eranded nsed berweaethetseritckesogni se 15
RM si gnal s acco\rl\g#v 9&“&& the international standard and then to generate RM
signals for for d nsm ssion wthin the network according to a separate

net wor k st andar d. WO 97/ 03189

PCT/ GB96/ 01643 - 14- C ai ns
1. A networ k e, theglesgribed metrark peamits differmmr &M signalprpracelsiig: be used

?(r)]r ' tnﬁgt SI( lgﬁél fsofn GiffORAL Parkd STHR neRHrkS KR ExanipleSBmmenication ber#eerPtiePut (O
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 nerwork 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.



a plurality of sw tching nodes (S\/\l-SV\gI“[I lm [ ﬁ preyvet-fe—a
si gnal conmuni cation path (PVCL) betwe I m’"ml mllw Iklhe oUHISBHEET HAS BEEN
a dynami ¢ bandwi dth controller (DBCl, 2)* fér tontrolling tHe REBARADIt h

allocated to the path for signals fromthe source end systenj and IU -

characterised a plurality of rate controllersﬁMCZ
97/03189 : : .

DBCl, DBC2) eac o associated with a respective one of th %

nodes for determ ning the bandw dt h avHi4 able for the path through the
node; the dynam c_bandw dth controller being operative to interrogate
the rate control (daEm8uch as to 15 determine the bandwi dth available for
the path and provide a signal to I nstruct the source end system of the

avai | abl e bandw dt h. A network as clained in claim1 wherein

2.
the rate control kers Rqﬁ%orkditoh 6f fi)ﬂ#dﬁi&&@,sﬁng' ?tr;sﬂ%,]a signal (RM
abl e p

representative of’ the bandwi 0 aval or the h rough its
associ ated node, to tincinpat @1 fonsigoals from 2 sowressend syswm wi t h a next

swi t chi ng node, al ong t he { ng. b . dt h determ ni ng neans (16, 17)
for determni n’g t he b?n%“ﬁ {p)a%églfea g‘{em} or the path through the node

as a function of the 4 phelitpof swhchitnge nodes {SW1-SVAN) fuilselectivelybhprosidingt a1 and

t he bandwi dth signall ed to.be avail hr ou the pre I n 5 node.

3. A networ k S§°% commmgication Pﬁﬁ@@?ﬁ&%ﬁg‘%‘&ﬁ?‘%ﬁ&%&’n DBC2)
associated with an engddyminiic baitvideteont BN (DBC, 12} faredonrdilingoched t owar ds
the output, for trapsmtting pack al gng the th toowards the input pat h
30 bandwi dth sié lwlowg&éﬁtpaﬁr S@ﬁﬁ@%%ﬂ“&?ﬁ“&faﬁ‘ﬂﬁb@a for the
pat h t hr oygh hdGetEi@d ¥ t chi ng node as determ ned by the bandw dth

determ ni ng means of the rate controller for said end sw tching node,
all of the rate a plupadity of oma gontroliers (RC1, RC2, DBC1, DBC2) each '

- 15 - associated with 4 gﬁe@%&e%rpel%e 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
2 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
2 node.

3. A network as clzimed in claim 2 including control means {DBC?2)
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

50 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
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the path bandwi dth signal. * Afnetwol'k &s *tlai med i n cREPPACEDr 3
wherein the rate controllers each i ncl ude means for tranSm tTTNg
resource nmana m;i gnals (RMthat include data (CR) representative
of the bandw dth avarl able at the node for the path as & by

t he bandwi dth determ ning neans of the rattg-.controller, and routing
data (H) representatjve of the route of the path through the switching 10
nodes. 5. eontmﬂmmcxktedgndidneww gatodenbeingppsrative toallncat t he

swi tchi ng nodes }, ag! g_@M | {ienQQ
plurality of si gnaﬁi out put Iﬂdg%rt? p&g ctﬁ%gnggtﬁgéﬁggi or “sel ect iJe‘?y
conngcting the |thpptthabaddmdtbutgn§orts 15 so as to feed data transmitted
from the source end system al ong the path, means for selectively
routing the resource nanagenent signals to the rate controller

assaci ated wi th 4 he Avhérstirkgs daited iaretkim@i6t 5 grheredmn shef rate controfledseachi vel y

di recting resourc na e nt signals fromthe rate con t.0 t he
out put port fort 'ﬁ’é‘%" traend ging reson s&“&#r{gy[)t at inghude 5
wherein the raE ‘}iggi QepREchrRiVe lof the bdxxﬂ%dtﬂ?vﬁ&lb}j@a{tffﬂéffﬁ&tlehf&&ﬁé pithGk, and
mappi Nng neans respon5|ve routing a o e resource
managenent si gnaletsrmined chinéwidalﬁ! stermpiniag means of thayrate epntrollen @pdspondi ng

to a map of the [ t t he
p u?éo\re to Begbuse for t r&‘i’dé of%ﬂﬁrztﬁtﬂwtthé’%ﬁéhﬂéh

swi tchi ng node t e path through the sw tcThing
node. e nodﬁs network as claimed in claim6 wherein the swtching
nodes (SW2) are configured to transmt said resource nmanagenent signals

al ong the path 30 both forwards to the next sw tching node (SWB) al ong the
pat h and badkwar dsntwdrhes dnamddnmynmddvhéxﬁiﬁl)emhmftdheswachmgandest he

TRppi NG MeanS | sy Shek e it gl b pSng AP of BgPblighe e
ports, sthclnng means for selectively connecting the inpur and output ports
15 so as to feed data transmitted from the source end system zalong 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.

6. A nerwork 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 pores 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

s 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 mar‘ragéma'nt 5| gnaks Ja%E?EA ED
swi tching nodes for the path. : A network as C|aJ._I.”IEd...l—tl—-£-a-l—m—5-,—--

6 or 7 mherel rate controller 5 I ncl udes resource signal readin
means (15) for éfﬁ?ﬁg resource managenent signals dire Wgo
fromthe associated sw tching node, and regaurce rranagenent si gnal

witing nmeans (19) for witing a resource nmanagenent nal with

bandwi dt h dat a dmvmheeﬁrbgrdtdndﬂadmmbunbemmgsm om adjdcent
transm ssion from.a u ont determ ned by-the routing neans. 10
9.. A networ k %?Cgﬁ%ﬁg‘gesf%?hefa% 8 wherein the path bandw dth si gnal
conpri ses resource managenent signals transmtted fromnode to node
backwar dl y al ong the ath b raj e Qnt and .each of the rate
control lers al on& th c‘g’f‘ﬂ'?c{_; %mf thﬁ%‘?"&‘@ Ekwar dl y
15 transnitted Singhd &&E&x@éhgm&&dh qnéaaa Hrrefdihg biSuR@ klinigdnepOh i ts

associ ated switching node in ordance W|th t he bandwi dt h data of said
backwar dl y transﬁﬂﬁ?se@m@dm fromcde ssneiated grarhing node, apd resoumenet wor k as

clairredinclaln}gmﬁlmd VC2)

whi ch pass t hroug e SWI | ng n#ngé ﬁgﬁ%”sal Cn%@i%éu%@ﬁﬂaﬁ Fer m ni ng
means (16, 17) fognabawith badpwhldamdmwrbydielbndwnhhmgnmmms for
determ ning the act ual ba.nd dt h_av able for a. :1 hr ough

t he associated s ttﬁzﬁf'ﬁgsﬁo D"By g&“ﬁ%ﬁﬁ PGSRBS \/\5&#%%%&?‘"% to the
i ndi vi dual paishs through the swi tching node and the total bandw dth
capacity 25 of the nogde and,all ocatjng,bangw,dth t,0 t ath,in
accordance with A WM ‘?l‘f‘{’hﬂ]w*‘emn mﬁﬂaﬁbwﬂgw
clainmed in cl ?l ﬁshe{»@bﬁkcéhﬁn alscle hﬁuﬂtéltbfruﬂexﬁade toggdéﬂ bandvm' dt h-
nmenory neans for r urr andwi dt 0 t he

i ndi vi dual pat hsbﬂciﬁ Gﬁﬁh °E‘§‘ gT’Xt‘ TAG CPREEP ﬁﬂg c?‘al‘?nghl’rl!:‘ﬁf’ls for
updating the pat&n@@ndwmﬁuﬂsw BANpured (1VPEPRER Fort RidbdcRwardlE e

managenent signal praqviding an |nd| cation that one_ of the current
bandwi dt hs  #5 transmitted signal and allocate the bandwidth for the path through its

associated switching node in accordance with the bandwidth darta of said
backwardly transmitted resource management signal.

10. A network as claimed in claim 9 including 2 plurality of said paths

2 (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

2 of the node and allocating bandwidth to the given path in accordance with a
predetermined 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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changed. 12. A network as clai‘nmed i b ahy *one of jcl ai nBERLAGED11
wherein the dynam ¢ bandw dth controller is associaté@d Wth one of the
swi t chi ng nodﬁ,%h, /o%s?nd I ncl udes neans for determ ning the bandw dth

avai l abl e for "Oha W&t h t hrough the associ ated node, and 1
transmtting a signal representative of7 1 he avail abl e bandwi dt h t hrough
the associated node for the path, to the rate controller of the next
swi t chi ng node ahwiapatged. path so as to be processed by the bandw dth
determ ning neans thereof. 10 13. A networ k- according to claim 12
wherei n the dynam ¢ bandwi dth controller (DBCl) includes nmeans (10)

responsi ve to dat2 trAneeirerk srcldmed i any one ofoflaitde@ oolir wheremdtheyst em 15

14. ~ A network as clai ped, i.n.claim13 wherein,the bandwidth.controller is
configured to tré?&’r‘ﬁ“fgeg%ﬂvﬂ Md]r%éd?é?gﬂ?‘ﬁﬂw@?ﬂe? eziVétfhlgﬁln@d&"
bandwi dt h s Nl ERIvdBemafi F61 dérednifitglvhb bagiwiddeavallable fornbetpatiode al ong
the path as a resource nanagenent signal, (RM, .apd tqQ receive a,

backwar dl y t r ansHirpeghthe associated pode, #nd meansdon tragsmittingrs HgRal KEPresmtativiox t
node correspondi Vﬁ%ﬁ' Blhdwidthi p;ygg%glgg Sdebabde for the path, to ¢ Network
as claimed in cl g?‘rﬁeh gerel nw'?ﬁe Ban wi dt h %ont r ol Ieeror p( DBC?l) i's

cogf i gu; ed EgErSi?wmtthlereétd_mm suivehjagonde d?gmhlesp:h dm_ dtﬂﬁb‘: ﬁmcgfe@rf 025
end system sMrﬁ-mﬁ’ri' gﬁiﬁp onal bandw er eof .

16. A network a Qg{éﬁr{g}é@n‘l clal n%ng eﬁfg?e%ﬂ he bandwi dth controller is
configured tomrespond to resource managenent signals fromthe source end
systemin a diffegfent \iatash &8s 4R Whied e WREHic fiRawilkh ' N9

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.

. 5 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
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30 17. A network as clained in ' 12 to 16-umherein_the ,
bandwi dt h controller includes mangmuﬁmﬂunmglltumlm pat h HIHHSVSHERT HASBEEN
for transmtting an instruction to thecsource end*system (SES1) tREpiAgepM t

WO 97/ 03189

PCT/ GB96/ 0164 - 18 - a
with a bandw gvﬂg?ar']sl%’ccordance with a given val ue. 18.M%Mf%rk as
claimed in claim17 wherein said given valag-corresponds to the val ue
of the path bandw dth signal. . 19, A network as clained in claim 17
or 18 wherein th@amwhagzapéwrdtbmmdeaﬁswbmv resource nanagement
signal in a different format to those transmtted between the sw tching
nodes. 10 20. A network as clained in claim17, 18 or 19 wherein the

dynani c bandvii8dt h Acpetswork heclained| in ¢bém 2 avher¢in 33idgiven walueroarrispegds

whet her the source end St transni ts data at a rate within a

bandwi dt h corresﬁSﬁh?ﬁﬂ“?Bf i%&%wwpon. 15 21. A network as

claimed in anysone of clainms 12 to 20 wherein the dynam ¢ bandwi dt h

controller includes buffer an 11). for receiyi si gpal s . transmtted

thereto by the sodr ce%ﬂﬁ“@%%%ﬁd“#&ﬂ W&h’%ﬂﬂqﬁ‘ém“%@“

reshapi ng si gnal Spfnsmftdd8 drefdusée HRBBEMER sigaERI LdiffeRAE foramt edthicge t he next
22

swi tchi ng node along the path. 20  “22. A network as clained in any
preceding claim imqudwawoan@s switcing nodesour ce end system connected to
the input and a second said source end system connected to the output,

whereby to permt data to be transmtted fromthe . .
1o 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.

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 berween the nerwork 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
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first to the second said systemthr ,
as claimed in claim22 including a Imﬂﬁ mmumm bandWiidiShSiEHT: HAS IBEEN
(DBC2) associated with one of the switc¢hi hg hodes *for ont r REPLACEMat a
exchange between the network and the second source end
24. A net wu&rh ainmed in claim22 or 23 wherein resour n ment
si gnal comuni ca"?’?%l%; bet ween the source end systens and the%ﬁa@

WD 97/ 03189 -19 -

PCT/ GB96/ 01643 - 19 - bandw dt h
controllers is ibandwitlth séntfailersis in alﬁnﬂstrfesmruslmmgemtgeme@wégn

communi cati on between.the vm t chi no es in,the netvvor LS |n econd
different for rpommugicaygn mﬁeﬂég Rgdss ML Ehe W"gﬁ Brigé 5%5% claim
wherei n the si gd#fetent forthdtansm tt ed through the network conprise ATM

si gnal s. 26. A network for signals of different bandw dth,

conpri si ng: an input for signals froma source end system 10

an output for,thg si &nﬁétezorkasdmedm afly Bre¢bdihi thir® fwiferdih 6l signaliodes for
sel ectively prOV|d|ng si gnal comuni cati on path between the input and
t he output; transmitted theaughthe nermods compriseof T Kenalsour ce managenent
signals as a function of bandw dth availability in the netwrk; and 15
a dynam ¢ bandwi dth control l er responsive to the resource nmanagement
signal s for contéol | Angetwioek toff differers apdwidshy ¢ampising:  or si gnal s
fromthe source end s stem char ris Noh t he dynam c
bandwi dth controller C(Srf?ﬁ fjﬁ'?a?d*tr?o cs(;%gmrréuenl ca?&ﬂvnvf th the source end
syst em usi ng ﬁesourcenmfpigémemes:gnd&al sinadifferent format 20 to the

network resource mana% neaf]ty osflsgmchmg 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
1 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 formar

2 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 2 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
v 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
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27. A rate controller (RCl) for us ] | ur algr-ty—of——sw-t-chi-ng
nodes (SWL- SWN) connected in a net V\oﬁwuum(r]m“ﬂﬂ“m i nput W‘éﬁ SHEGRHAS BEEN
froma source end system an output fbr $he sifgnals, a signal cBBEPLAJEDati on

25 path between the input and the output through the pluralTty ofSwtTHhiTg

nodes, and a Lbeobandwi dth controller (DBCl) for controllJ
bandwi dt h al | ocate f"ts'o the path for signals fromthe sourcek’yﬁ%&&m t he
rate controller conprising: megns for transmtting a signal

(RM representative of the bandwidth 30 available for the path through the
node, to the ratavadahle fasi the pathsthoeysh: thg nafle ps a funciom ek theslpmermess of mrde

al ong the path, : w4 ol Savhilddiel 7) for
determ ning the %‘%ﬁ‘évﬁ hle band %%ﬁ%&ms%ﬂﬁd%% e

PCT/ GB96/ 01643 through the preceding node. - 20 - avail abl e
for the path through the node as a function of the | owernost of the

actual avail abl e bandw dth and the bandw dth signalled to be avail able

t hrough the prsecggli ng Avafecontroller #8claitnet di @laira 12V igdthdifig afeans fokned in clai m
27 including neans far, transmtti n% [ espuyce ga agenent signal s, t hat

i ncl ude data r eptraRsENERg FFULGe MAnageRent s Rt Fepresentitive ofode f or

the path as det efyuigadwittth 3@ilble ar tORGHY fdf I8 beTidtbminéb By said and routing
data representative of the route of the path through, th wi t chi ng

nodes. 10 29bandwidth determining sieans; apd reyting Aste sepresenzatived the routeiphg
route nmenory ne . | ffdedreanNs (16) responsive to the
routing data of a{lﬁé’a%g%égghetﬂ%nan gement signals for providing in the
menory neans eata corresponding to a map of the relationship between

i nput and out put . ports of the sw tching, l5.n0de that,. ar 0 for the
path through the?hu téﬁﬁ‘?dﬁ’ﬂgﬂg‘.’r“Ci]”m&lmda‘?“fsm%dmgfg“{e mbfioH>Hidars

(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 vo 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
2 for signals of different bandwidth that comprises an input for signals from 2
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, transmitring a signal representative of
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30. A rate controller as clained 29 i #e-l—ud»—ng—eeaas-.__.-
for det ermi ni ng the act ual bandmnmmnmilrwamor a g VHIS SHERT pASHBEEN
t hrough the associ ated swit chi ng*notle by " evi et ng t he] bandREPLACED
all ocated to the 20 individual paths through the sw tching nod€ andthe
total bandw d ity of the node, and allocating ba t he
given path i nﬁg’cygor ance with a predeterm ned al gorit hnﬁl%w%‘&%

met hod of allocating bandwidth to a signal2ipath through a network 25 for
signals of different bandw dth that conprises an input for signals froma

source end syst ety bandwidth eeailghle foroshe phth thropehi the nedp ke the nexy swiching t chi ng

nodes for selectivel Vi -gn C ween t he
i nput and the oﬁ%% aYontght e%“?‘ %dh&ae?go+ ?ﬂsel ng %h a%ia@:ﬂ: f&?%ﬁr{]l;[ ling the
bandwi dt h al | ocaheshghahe hedpﬁhﬁfmuomogﬁﬁd lswbmtolﬁehe aau:dcauﬂlableend system

and Yei ng character,is SSi for h _,nod n the at h,
transmtting a g‘?’gﬂﬂfﬂéﬁ&é@%hﬁ‘ﬁ#‘f‘é‘g ied'to Bé a\v@?@ T&)th eceding

PCT/ GB96/ 01643 pode. - 21 - t he
bandw dth available for the path through the node to the next sw tching
node al ong the path, and determ ning the bandw dth available for the path

t hrough the nodeysas %WA %ﬁ};ﬁﬁﬁmm dift trafieniftdaUick aloak!tRd! €

bandw dt h and the band to be avai [abl e through the precedi ng
5 node. th towards thedinput @ pathrhsadwideh: signsh representariyaiofighe r ansmi t ti ng

Capr caentat | ve ol?méﬁm a%%ﬁfeﬁ% Eilphpaval I a%f menga th%l&a%kthe

representative e pat h through
swi t chi ng node agath, nadalidcaingtbandwidthp firithe padr atlalicafthe ngdd:sancﬂspmdhn@or t he

path at all of typ%nntgg%%h gm%v}?&ﬂdenc‘e upon the path bandw dth signal.
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