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BROADBAND SW TCHI NG NETWORK This invention relates to _a broadband
swi;t chi ng network for the switching of asynchronously transferred data
cel[ls, and 5 to a nethod of switching asynchronously transmitted data

cel I s. BVOSORTSE swi t chi ng networks for switching asynchFHf
transferred cells are-known, in which a predeterm ned |evel 10 of bandw dth
is allocated to a transm ssion channel connecting a first custonmer to a
second custoner. In sone of these known s¥stems, a communications
channel is provided over a si n|f|cant er| od of Line, effectively of

t he | eased-1ine type, and naRdedaliasds: ' eHeMted in 15 order
to set up such a connection or to nDdlfy a connectlon according to the
particul ar termn on o] v

Consequent |y, a_h? ?n%Fgf%&? Jeei\é‘% sté?rersbééﬁgdgfgr E%'? ?Qggar gtgggg b f%r
as part of the they ewdicchingrofe afswchﬁenemcq#aéwfe.réfs@ frkg FRL bﬁyng‘l‘ﬁ
20 being made i 15 egPeat mé€hss be WhitbRinghasynoneonously stransiit el udada
or not. Al ter |ve systens have been proposed or are available. In
particular, it is ‘b% 8ble for connections to be established 25 on a
dial-up basis, requiring term nation equi pnment to be

Broadband switching networks for switching asynchronously
transferred cells are known, in which a predetermined level
10 of bandwidth is allocated to a transmission channel
connecting a f£irst customer to a second customer. In some
of these known systems, a communications channel is provided

over a significant period of time, effectively of the
leased-line type, and manual measures are implemented in

15 order to set up such a connection or to modify a connection
according to the particular terminations and the level of
traffic being conveyed. Consequently, it is usual for
‘customers to incur a fixed rate charge as part of the
overall charge for the connection, resulting in payment

20 being made irrespective as to whether the connection is
being used or not.

Alternative systems have been proposed or are available. 1In
particular, it is possible for comnections to be established

25 on a dial-up basis, requiring termination equipment to be
provided with facilities for establishing connections by
issuing signalling commands and responding to similar
commands issued by the network.

30 The use of permanent circuits to support a private
communications network is widespread. The demand for such
circuits is expected to grow to include broadband rates
above 2 Mbit/s, the circuits carrying traffic multiplexed
from sources which are inherently bursty, possibly together

35 with traffic which is transmitted at constant bit rates and
is delay senéitive, such as voice transmission and constant
bit-rate video.
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transfer node (ATMroahdsicl |ciene &ff Eseey e:L?hf'f BEEBEEOWhich! Gadf dfdy

ei ght octets which Gan ca custonmer traffic or custoner-oripginati
control informat |%“}F gf‘%’?ﬁ’ﬁ |°ﬁgfu g%ﬂ%%é’% &'ggla #& ’s%"?on
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(VO) values inst F&@@iﬂgﬂmarao séfﬁﬁgerviwlﬂ patﬂrwwe%dcﬁ H&ﬁ
header is known as, cel] ?@é) ﬁg ?‘F QF |or|té/ Is
to be distingui sHEtFFHm ?fﬁ“?ﬁ ol F9308F ACERHE - ev r fiel
congestion, the IMVImQJMOthEyAmI headey is lmoamaaeedellrEOSs pr:.orn_.ty,
which enables low priority cells to be distinguished from
high priority cells. 1In the event of congestion, the low
10 priority cells may be discarded first.

For private circuits within an ATM based network, the
desired route, the required bandwidth, and the quality of
service (QOS) are set up using network management

15 procedures. The private circuits are known as permanent
virtual circuits (PVCs) because there is no actual physical
circuit, only a VP/VC value or "label” which is associated
with information stored in the switches to determine the
route and preserve .the bandwidth and QO0S requirements.

20 Several PVCs which follow the same general route may be
grouped into a virtual path (VP).

A disadvantage of all known permanent circuits is that the
bandwidth remains assigned to the circuit, even when the

25 customer has nothing to transmit. This means that the
customer may have to pay higher charges than would be
obtained if the bandwidth was only made available when
needed. The assumption being made here is that charging is
related to reserved bandwidth, and this is not necessarily

30 correct in terms of the way public network operators may
choose to charge for virtual circuits. However, it is
expected that charging based on reserved bandwidth will
become a significant factor in the future.

35 A common ;iractice is to set up a permanent virtual circuit
so that it is only available during certain hours of the
day, or during certain days of the week. A difficulty with
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10 use the wvirtual circuit.

A third proposal is to introduce equipment at every
switching point in the network that recognises a fast
resource management cell, indicating that bandwidth should
15 now be assigned to the circuit. A difficulty with this
approach is that there is no internationally agreed standard
for a bandwidth-requesting cell that would be_récognised by
the switching equipment produced by the various
manufacturers. -
20 _
According to a first aspect of the invention, a broadband
switching system having at least one ingress for connection
to a respective signal source and at least one egress for
connection to a selected signal receiving system, the
25 switching system having at least one switch for transmitting
information-carrying asynchronously transferred data cells
from the ingress to the egress, system control means for
accepting and establishing a wvirtual connection at a
predetermined base bandwidth between the ingress and the
30 egress via the said switch, and bandwidth control means
arranged to detect the cells received at the ingress, to
determine the bandwidth requirement of the detected cells
and automatically in response to such cell detection and
bandwidth determination, to cause the system control means
35 selectively to allocate additional bandwidth as required in
addition to the base bandwidth for the transmission of the
cells to the egress.



3 this approach is that it does not allow the custonmer to change t he
pattern of usage quickly, and it may only crudely refl ect the usage
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system control neans for accepting and establishing a virtual "connection
at a predet ernm ned base bandwi dth between the ingress and the 30 egress
~via the said 38 th isiexpeoted ¢hatcther chstoners willy maniged to widiec trHehe
cell's received atsydin,NMHS, aifeady ILLSLstd¥ed NRi Dapdubdtiy Leayly R of
t he detected cel l.s a&% aut omatical |y ?nc{esgonse to such, c'él'l lﬁklie"tq'ec |t)on
and bBandwi requirement an he destination for the
connection. The customer may also register a maximum
bandwidth requirement. Conveniently, the system control
15 means may include a stored table for associating the

predetermined bandwidth with a respective signal source.

The system control means preferably accepts and establishes
a permanent virtual connection, the term *"permanent" here

20 meaning that the connection. at the predetermined base
bandwidth is maintained from the time when it is established
until the switching system receives an indication that the
customer no longer requires the connection.

25 The bandwidth control means preferably include feedback
means arranged to transmit a maximum cell rate value to the
ingress for transmission to a signal source to indicate to
the signal source, a maximum permitted rate of supply of
cells to the ingress. The bandwidth controller may also be

30 arranged to detect when a signal source is inactive and to
transmit a maximum cell rate value to a signal source which
is inactive, which represents a bandwidth higher than the
bandwidth allocated for cells from that signal source.

35 Preferably, additional bandwidth is requested from the
system control means generally on the basis that the
transmitting signal source should be allocated as wuch
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to allocate additional bandwidth as reguired in addition to the base
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in the systemfor cells intended for a given path dynamcally in
response to the detected usage | evel whil st still providing a guaranteed
m ni nrum bandw dt h connection 5 for delay seng tive data such as voice and
vi deo I nformati on. Additional bandwi dth is allocated as required and
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is monitored and, if the allocated bandwidth is more than
that required to transmit the cells at the monitored rate,
10 the system contrecl means are caused by the bandwidth control
means to allocate less bandwidth to these cells, e.g. after
a predetermined time interval, thereby making bandwidth
available to other customers.

15 The bandwidth control means may include cell rate estimating
means for estimating the rate of supply of cells to the
ingress from a signal source, and following estimation by
the estimating means, the bandwidth control means may be
arranged  to cause the system control means to allocate

20 additional bandwidth for cells from the signal source such
that the total bandwidth allocation is equivalent to the
estimated cell rate and the bandwidth control means may
cause the feedback means to transmit a maximum cell rate
indicator to the signal source indicating the estimated rate

25 as the maximum permitted rate of cell supply to the ingress.

Preferably, the bandwidth controller is arranged
periodically to cause estimation of the cell rate and
consequently to cause reallocation of bandwidth by the

30 system control means and retransmission of a maximum cell
rate according to the estimated cell rate.

The signal source may be given a cell-rate indicator (via
‘the feedback means) which permits it to transmit at a rate
35 correspond}i.ng to a pre-registered maximum bandwidth. When
the signal source starts to transmit at a rate which
requires more than the predetermined bandwidth, it is
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10 Such buffering may be used on other occasions when a signal
source is transmitting at a higher rate than the rate being
accepted onto the system at a given time. Indeed, it is
preferable for the buffer to have means for detecting when
it is filled to a predetermined threshold level, the

15 feedback means being responsive to the buffer to cause a
retransmission of a cell rate indicator signal to the signal
source when connected to the ingress. Preferably, detection
of filling of the buffer to a predetermined threshold level
causes a reduced cell rate indicator signal to be

20 transmitted to the signal source, the signal source having
the facility then to reduce its cell rate to avoid buffer
overflow and consequent loss of data.

The number (as opposed to the reaching of a threshold level)
25 of cells for a particular VP/VC in the buffer may also be
used to determine whether the customer is supplying incoming
cells at a rate greater than that at'which they are being
accepted onto the system. By assessing this number
periodically, the bandwidth control means is able to
30 determine whether more or less bandwidth is required by the
signal source. In addition, by deliberately permitting the
signal source to transmit at a rate greater than the rate at
which cells are being accepted onto the system, it is
possible to determine whether the signal source is making
35 use of its maximum permitted bandwidth by monitoring the
change in the number of cells in the buffer. A decreasing
number indicates that cells are being accepted at a rate
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whi ch reqUIreStngﬁgﬁlttlng éié“&%%%%%& bandv%h éke controller being
operable in response to the said detection and
identification to transmit a bandwidth request message to
15 the system control means to allocate additional bandwidth
specifically to the cells transmitted by that identified

signal source.

The bandwidth control means may include a cell counter for

20 counting cells received from respective signal sources
coupled to the bandwidth control means, thereby to generate
charging signals for customer billing and for other
purposes. This counter may be part of an activity detector
associated with a controller in the bandwidth control means,

25 the activity detector being operable to detect incoming
cells and idehtify the signal source transmitting the
detected cells, with the controller being operable in
response to the detection and identification to transmit a
bandwidth request message to the system control means to

30 allocate a level of bandwidth specifically to the cells
transmitted by the identified signal source.

According to a second aspect of the invention, a dynamic
bandwidth controller for a broadband switching system, which
35 system is for transmitting information-carrying
asynchronously transferred data cells from an ingress of the
system to an egress of the system via at least one switch,
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6 “briefly sent a cell _rate indicator signal _instructing it to
reduce the cell rate to a rate corresponding to the pr edet er mi ned
bandwi dt h. This allows the -bandw dth control means time to obtain an
i ncreased barNi@96IE196% | | ocati on from 5 the system control rRCIGBISHISISder
to provide the additional bandwidth. In this situation, buffering is
provided in the bandw dt h control neans to buffer cells whil st
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10 for the transmission of the cells to the egress.

It is known to provide usage control means or so-called
usage parameter control (UPC) to downgrade the priority of
cells or to discard cells according to priority designations

15 as a means of controlling the application of traffic from an
signal source to the system. Where such usage control means
are present, the bandwidth control means may provide signals
for the usage control means in response to the allocation of
bandwidth by increasing a first predetermined threshold

20 level at which the usage control means downgrades the
priority of transmitted cells.

In the preferred embodiment of the invention, the first
predetermined level of the usage control means is set to
25 zero when no actual use is being made of the network by the
end-system, resulting in initial cells being downgraded to
low priority. Indeed, after a time-out period of the
bandwidth control means having been exceeded with a
particular end-system having transmitted no data cells, the
30 bandwidth allocated to that end-system is reduced to zero.

Preferably, the bandwidth control means adjusts the first

predetermined level set by the usage control means by

transmitting a message to the system control means, which in
35 turn issues a message to the usage control means.
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10 in response to detection of a cell supply rate in excess of
that which can be accommodated by the minimum bandwidth,
allocating additional bandwidth to the connection. The
preferred method is characterised in that the additional
bandwidth is limited to a maximum value, in that a feedback
15 signal is generated and fed back to the ingress for limiting
the rate at which cells for the said connection are supplied
to the ingress according to the level of additional
bandwidth available in the system for the connection, and in
that the additional bandwidth is de-allocated in response to
20 detection of a supply cell rate which is 1less, by a
predetermined amount, than that which can be accommodated by
the sum of the minimum bandwidth and the allocated
additional bandwidth.

25 The invention will now be described in greater detail by way
of example with reference to the accompanying drawings in
which:

Figqure 1 is a diagram of a broadband switching system in
30 accordance with the invention;

Figure 2 is a diagram of another broadband switching system
in accordance with the invention;

35 Figure 3 is a diagram of part of a broadband switching
system showing how a single bandwidth controller can be
shared by several end-stations;
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control neans to allocate_additional bandwidth  specifically to the
cells transmtted by that identified si gnal source. The bandwi dt h
control neans may include a cell counter for 20 counting cells received
from respect WR962m¥8al sources coupl ed to the bandw dt h PEGIEBA&OSISans,
thereby to generate charging signals for custoner billing and for other
purposes. This counter may be part of an activity detector associ at ed
with a controller in the bandw dth control mmans, 25 the activity detector
bei ng operable to detect incom ng cells and identify the signal source

transmitting the Figuxietécisd ddidck diagramhefcanbandvidtly ctontxgidexb|for n
response to the dedeGli PhedBYst&RStdf BRI ¥E BOahgapsMt a bandwi dt h
request nessage to the systemcontrol neans to 30 al 1 ocate a level of
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35 system is transmtting I nf or mat 1 on-carrying

asynchronously transferred data cells froman ingress of the systemto
an egress of the Bigpiras B4 aind a2t arec SPhst €or the contIMI Y Antiifle of
PCT/ GB96/ 00535 Figure 4; 8 '

10 Pigure 7 is a diagram of a resource'management (RM) data
cell;

Figure 8 is an SDL for the feedback module of Figure 4;

15 Figure 9 is a diagram of a buffer for the bandwidth
controller of Figure 4;

Figure 10 is an SDL for the buffer;

20 Figure 11 is a block diagram of a shaper/multiplexer module
and its connection to the buffer of Pigure 6;

Figures 12-1, 12-2, and 12-3 are SDLs for the
shaper/multiplexer module;
25
In its preferred form, the invention is concerned with a
broadband switching system which may form part of or may
constitute a public switching network for the transmission
of asynchronously transferred data cells between end-
30 systems.

Referring toc Figure 1, the public network 10 has a plurality
of switches operable in asynchronous transfer mode (ATM).
In this simple example, the switches include two local
35 switches 12 each having a port for connection to a
respective end-system 14, and a transit switch 16
interconnecting the local switches 12. Associated with the



wherein the controller conprises nmeans for causing the establ i shment of
a permhnent virtual connection at g predet erm ned base bandw dth between

an Jd ngress and an egress, neans for detecting the said cells received at
the 5 ingress, nmeans for determ ning the bandw dth requirenent of t he
det ect ed cel | SWHW2M8Ens for issuing a bandwi dth request s iRETHFBI6/O0S3IS
automatically in response to such cell detection and bandw dt h

determ nation to cause additional bandw dth in addition to the base
bandwi dth to be allocated in the system 10 folkithe transm ssion of the
cells to the egress. , It is known to provide usage control peans or
so-cal | ed usageSKAFERS &S @oRPRRPCRUGPCRAMLEFINH othEuBGtinn ((FAGH 18
cfel s or H) di SCﬁ.r éndea | gyrmmter Bandwidripicontirbildes(DB) | ZNEchd cvmtoIR ARG
of controlling the at tr [ a g SQur 0
system \Were suchtgggkgeccérﬁ%%gﬁhﬁeaﬁg ﬁeg‘?gﬁrgggﬁﬁaht @%ag V\AC%%% 16481
control neans may PBW&GERRS dignaffBis swifeh pe ﬁg%@ei%h‘fiﬁél ajgsage prrameter

response to the sl beadkbDndé@fice AT dishabycably cabtewimy ftHebtoriority of

predeterm ned thre d L s ' t STt | I
downgr ades t he E??%r‘f%%’éo% ‘é? Féﬁ%?nqyt e%g ecgﬁ P§§ t %Pnog htéﬁrg;;?g%éﬂlpfgd £rom
enbodi ment of the theecemdosystew ¥4i.rst predeterm ned | evel of the usage
control neans is set to 25 zero when no actual use is being nade of the

network by the d-s e [ i in initial | I's i ng..do rade

to | ow priori ty?g W}%%t&eg'tmdgfgééoé;%qa&é 6&913%‘%‘:?1%& ’oFggh%&m‘ggaww&gﬁ
control means Hefi Agchede axgeduurbginshof locpdr and rrangity-swidcheshaei ngé
transnmitted no datan@ese¥erhiepBBsbandghdt Ankkbkeeahestéd tHakoLMdasyiat@BYksS

e L R
transnmtting a nesseyerad ehd-systems csunh ¢is muhsystiemcA4i.n Using the DBC
20, the public network 10 is able to provide an available
15 bit rate (ABR) service, the DBC acting to detect incoming
cells subplied to the input port 24 and, automatically in
response to this detection, to cause the CAC 18 to allocate
bandwidth for the  transmission o¢f the cells to the
destination end-system. Generally, end-systems 14 requiring
20 the ABR service are allocated to a fixed DBC 20. There may
be more. than one DBC 20 for each local ATM switch 12. 1In
the case of a fault, end-systems can be rerouted to a
standby DBC (not shown).

25 Data is transmitted in the form of asynchronous transfer
mode (ATM) cells, each having an information field of forty-
eight octets, in addition to a header of five octets, which
includes information facilitating transmission through the
network itself. Thus, routing is controlled on a cell-by-

30 cell basis and a plurality of transmission paths and time
multiplexed slots may be employed for any particular link.
ATM cells are, therefore, transmitted via virtual paths and
virtual circuits, as defined by the header information.

35 The virtual paths and virtual circuits are identified by a
virtual path identifier (VPI) and a virtual channel
identifier (VCI) in the five octet header which effectively



35 turn issues a nessage to the usage control neans. WD 96/ 27965

PCT/ GB96/ 00535 _ _ 9 According to a
third aspect of the i nvention, there is provi ded a nethod of operating
a “br oadband switchi ng system for transmtting i nf or mati on-carrying

asynchr onous W0 96:27965r ansf erred data cells from an ingress offCIIEB69S8Em t 0
an 5 egress of the systemvia at |east one switch, the nethod

conprising maintaining a virtual connection with a predet er m ned

m ni nrum bandw dt h between the ingress and t e egress, detecting the
rate at which the cells for the said connection are supplied to the

i ngress, and, aut@efinesatthg camnegtionspekuesn ¢heeendtsystams sochat sephly

L atg I gt ﬁxcess Ofform:.ﬁ@aﬁai‘ﬁd“ff‘ élaclfbnhibrgfﬁ(éméab?%lbbet Beafibit e over
andwi ocat addl t1.0ona (0] C nec

preferred method RS SRR, SPRPPEPH mt wﬁl%&o\%cﬁrft g:'r?a%rj?1 p“biﬁﬁ\/\?ﬂ?‘ﬁq'%
linmited to a maxi k@rbw alousing celia agcprdimmdic theisi Yks and F&€3er througind
feddback tot_thes Ieﬂéegsc}‘ 20 landi ttltn@a out it dadernmfl \C/.;é_a&féscelahss §|1i15wrl hﬁ%
sal connection aLpe s 0 e nqr.es accoral n e le

addi ti onal bal RS B gF‘P‘&b‘r’be P}?Htﬁé' %}'5 %ﬁa%g%"t%ge&ﬁ%hé’&#&ﬁi{ %@‘i n
t hat the additi onahd beimtwiadt thannele-isl restrieted toegpeeble nate A@hichewilbn

of a supply cell patgepdvdy icd> has8ink¥rér as -Fm@det AR ndBPHP! rhi Nk
t hat which can be_ accommbdat ed by t he sum of the nini num bandw dt h_and

the all ocat ed 184diti onal bandwi dt h.
10

An alternative illustrative arrangement is shown in Figure
2. In this case, end-system 14A is subject to the control

of more than one DBC. In fact, the connection between two

end-systems 14A, 14B is routed through two public networks
15 10-1 and 10-2. Each network 10-1, 10-2 has its own DRBC 20-

1, 20-2 responsible for restricting traffic entering the

network according to the bandwidth allocated by its own

connection admission control function (CAC) 18-1, 18-2.

Bach DBC 20-1, 20-2 is also responsible for advising the
20 end-system 14A of the current applicable CR.

In the systems of both Figure 1 and Figure 2, a guaranteed
minimum bandwidth is permanently allocated between the end-
systems 14, and the DBCs 20, 20-1, 20-2 request additional
25 bandwidth as it is required, from the respective CAC 18, 18-
1, 18-2 whilst buffering any incoming data cells which
cannot immediately be transmitted to the respective switches
12, 16. The CAC 18, 18-1, 18-2 then allocates additional
bandwidth to the cells up to a pre-registered maximum
30 bandwidth associated with the connection between the end-
systems and corresponding to the most narrowband circuit in
the path identified by the VPI and VCI of the relevant
cells. This allocation is then indicated to the DBC 20, 20-
1, 20-2 which communicates a maximum CR to the transmitting
35 end-system 14 which maximum CR may not be equivalent to the
bandwidth indicated by the CAC 18, 18-1, 18-2 as described
below. As a consequence, the impression is given that the



25 The invention will now be described in greater detail by way of

exanple with reference to_the acconpanying draw ngs in whi ch:

Figure 1 is a diagram of a broadband switching systemin 30 accordance
with the invention; Figure 2 is a diagram of another broadband

swi tching syst W62 n accordance with the invention: 35 PETGRIH00S3S 5 o
di agram of part of a broadband sw tching system shovm' ng how a single
bandw dt h controll er can be shared by several end-stations; WO
96/ 27965 RET/ GB96/ 00535

10 Figure 4 is a bl ock .di agram of a_bandwi dth control | er for

in the systems of Pieé'rﬂ'Pé'l)‘ 11igngPgrmanently; (gonfigyred, Lobcimake,t |xlﬂ*‘dW1dth
description | anguageadliagtenior datsDtyadanissionpceven twhetiethet useruibds not

shown in Figure 4 pave a requirement to make use of the available bandwidth.
However, as will become apparent hereinafter, the user need
5 only be charged when making actual use of the network,

preferably by charging on the basis of the number of cells
transmitted over the logical 1link between end-systems.
Thus, prior to transmission being invoked by, say, user A,
the network may actually allocate no additional bandwidth

10 whatsoever for transmission between the relevant end-
systems. Furthermore, it is not necessary for any special
control activity to be made by user A in order for
additional bandwidth to be allocated. A level of additional
bandwidth will be assigned to user A when required.

15
It is possible for a single dynamic bandwidth controller
(DBC) to be shared by several end-systems or signal sources.
It is possible for a single dynamic bandwidth controller
(DBC) to be shared by several end-systems or signal sources.

20 For example, referring to Figure 3, a DBC 20-3 is shown
connected to a broadband ATM switch 12-3 forming part of the
network 10, the traffic of three sources 14C being handled
using an output buffer 28. The number of sources which can
be handled by the DBC 20-3 is determined by the link rate L

25 (i.e. there must be not so many sources that it is always
the link rate L which is the limiting factor determining the
available rate.) The aggregate cell rate of the ABR traffic
from the sources 14C must not exceed L. This implies that
if the traffic from each source is bursty, there wmay be

30 times when the output buffer 28 is congested. This can be
avoided by supplementing the cell rate (CR) feedback to the
end-systems 14C with generic flow control (GFC) signals
which operate to stop all transmissions from each source
immediately.

35



Figures 6-1 and 6-2 are SDLs for the controller nodul e of Fi gure 4;

10 Figure 7 is a diagramof a resource managenent (RM data cel l

Figure 8 is an SDL for the feedback nodul e of Figure 4; 15 Figure 9 is a
di'agram of a buffer for the bandwi dth controller of Figure 4;

Figure 10 i sWaP6R6Sf or t he buffer; 20 Figure 11 is a bl BERGBINESSZM of a
shaper/ mul ti pl exer nodul e and its connection to the buffer of Figure 6;
Figures 12-1, 12-2, and 12-3 are SDLs for the

shaper/ mul ti pl exer nmodul e; 25 Inits préeferred form the invention is

concerned with a br oadband swi tching system which may form part of or

may const i t uBeneygr| | theni AyRARdcnebABANidbh  gentrakled ss{BBC) isf
%s¥/nch_ronousl ;é_trmaai-psfastdiahﬁpmlahﬁ:ahgte_waﬁaﬁeaﬁl-ri é?slya.t,efi&- or 3, its
eferring to Fig . | t as a plurality 0
Ha¥n fuﬁggh dre E%aﬁgig?%%ﬁ

sSwi tches operabl e in asynchronous de (ATM. In this sinple
exanple, the switches include two |ocal 35 swtches 12 each having a port

for connectionst gigstly, I e6NSEGVIERL BILEESLAG 4F, 196 6nihd (@RS ekt CPLd6
I nterconnecting EQS‘rlegcaéf S}\:’:\{'&Egreisnglzat A%JS'@'C Igaitveecli'x VYI:JI.nrt]et ging determined
according to the transmission containing the cells, the
transmission being identified by the VPI and VCI information
referred to above. The DBC further controls or "shapes" the
10 traffic fed to the network 10 so as to be equal to the
current CR applicable to that particular transmissioa, the
CR depending on the allocated bandwidth.

The allocated bandwidth, and hence the CR, for any given
15 transmission is determined by the CAC 18 (see Figure 1) on
the basis of determining the route to be followed by the
transmission and assigning a fair share of the available
capacity on the route based upon the known number of active
transmissions.
20
When a transmission begins it is detected in the DBC, which
immediately transmits a low default CR corresponding to the
pre-registered permanently allocated minimum bandwidth, to
the relevant end-system 14 (see Figqure 1). Before this, the
25 end-system will have received an CR corresponding to the
pre-registered maximum bandwidth so that when it is not
transmitting, it appears that the maximum bandwidth is
available. The reduction to the low default CR ensures that
a newly active transmitting source does not cause overload
30 in the system 10 before the CAC 18 has been able to allocate
bandwidth and derive an CR for that transmission. Such
overload would typically cause cell 1loss for that
transmission. The traffic associated with that transmission
leaving the DBC 20 is shaped to correspond to the default
35 CR. This is part of a second main function of the DBC, i.e.
to send a feedback signal to the end-system for the purpose
of controlling its transmitted cell rate. Indeed, each time
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swichies is a conpection adm ssion control function (CAC) 18 __ _and a _.
dypam ¢ bandwi dth controller (DBC) 20 for controlling traffic entering
t he network through one of the |ocal switches 12. This switch 12 al so

i ncl udes a usaW@92MEseter 5 control device 22 for dynam cal PGTGBGI0SHy
the priority of data cells received at the input port 24 of the network
from t he end-system 14. It will be understood that, in practice,
the network 10 will 10 include large nunbers a6 |local and transit swtches
12, 16 and several DBCs 20 all interconnected to forma network

having a pluralitytSe E3¢t18 slerives porew LR for aohnawspigsion, & \GR @Advice

end-systens such agigRdiSyst£8d KacktHo¢hehen@Bsystem20, the public network
10 is able to provide an available 15 bit rate (ABR) service, the DBC

acting to detect incom ng cells supplied to the input port 24 and,
automatically in Ther prpohtanswission dwfderiog, of othauBBC tin Wed 1® tadlow

al l ocate banﬂmadt&é%rém @RIy Shffi@iedl | eil8 e adjust its

o e BhBRb B . qAbal 17 Fovachap oteb L "B e 1S snasc
20 for each | ocal AnerewiscisufZicient buffieringecinfthef BECt tocadloys excess
can be rerouted tocgils tSicHERY £BBG (P¥HiodN8¥Nleast equal to the round trip
delay between the DBC and the end-system. If cells continue
10 to arrive from the end-system 14 at a rate greater than the
advised feedback CR (for instance, because the CR was lost
en route, or because of a faulty end-system) the excess

cells will be dropped in the DBC by overflow of the buffer.

15 However, as will Dbe described below it is sometimes
desirable to deliberately cause the advised feedback CR to
be greater than the CR to which the cells leaving the DBC 20
are shaped, in order to determine whether a particular end-
system is making full use of its bandwidth allocation.

20
In the preferred DBC, it is also possible to include fault
tolerance by making use of a buffer threshold. When the
stored cells relating to a given transmission reach the
threshold, retransmission of the CR advice feedback to the

25 end-system is triggered. This feature is useful alsoc as a
mechanism for policing end-systems to prevent inefficient
use of bandwidth, whether due to a faulty terminal or due to
deliberate non-compliance with contracted transmission
rules. In this way, interference with the quality of

30 service provided for other, compliant end-systems is
prevented. In effect, the DBC defines the ABR traffic
contract with the network 10.

The modules of the DBC 20 will now be described in more
35 detail with reference to Figure 4.



25 Data is transmtted in the formof asynchronous transfer node (ATM
cells; each having an information field of forty- ei ght_octets, in
addition to a header of five octets, which i ncl udes information
facilitating transm ssion through the network itself. Thus, routing is
control | ed JNO&6/22968 - by- 30 cell basis and a plurality of tRGHGRACHEIIHN
paths and tine mul tipl exed slots nay be enployed for any particular
l'ink. ATM cells are, therefore, transmtted via virtual paths and
virtual circuits, as defined by the header iéformati on. 35 The virtual
paths and virtual circuits are identified by a virtual path identifier
(VPI) and a virtThe RBGAPecis showrydm Figure (4/dS 3 Aispeets ynischavingarer

whi ch effectivel ¥ynput port %O 86+ 2E¥@iving asynchronously transmitted data

PCT/ G3B96/ 00535 . def i h
connection bet weSRttire 3hQUERT SRF £6°fhRE 2357 scgﬁs B %gsggir?f:ﬁofz °F
colmon nessage WhB| (seet rRigiriest dd andr2) formdngaparsomfecthenswisrhing

traffic enters theeRybki aolet Woide unidO o OHAS NGintthes ammmitli 3@ tfor
their VPIs and VCl s t hen . th t102 ext eégal rout es,

as shown in FPﬁﬁtig‘E‘fnL)gggFﬁﬁ?S?%geBBD%%%,g"ﬁRgh[era"p%té or-eath Vit Pat h
and virtual chanfieedback emtpiutt3fl fioxr srapshitting Cemdbackingssagespto the
referred to hereppaftpiean 1 R howsieial Figase bY) | henieNough the. DB&020 is
shown as a discrete unit, it will be appreciated that Figure
10 4 can be regarded as a functional diagram representing a
subset system of a larger data processing unit, much of

which may be embodied as software functions.

Incoming cells on input 30 arrive as a user cell stream
15 which is fed firstly to an activity detector 36. The
purpose of the activity detector is to provide ' state
information to a controller module 38 about each received
transmission, each transmission being identified by its VPI
and VCI contained in the cell headers. A transmission is
20 labelled active by the activity detector 36 if it was
previously quiet and a cell having the appropriate VPI and
VCI values is observed to be transmitted from an end-system
to input 30. Synchronisation of the activity detector 36
with the start of a cell header may be carried out using an
25 error check field contained in the cell header. The error
check field, as its name suggests, provides a degree of
redundancy, by which error checking may be performed on the
header information. Thus, the principal reason f£for
providing the header error check field is to ensure that the
30 header information is correct, thereby ensuring that cells
are not transmitted to erroneous addresses.

A transmission is considered to be in an inactive state if
it was previously active and no cell having the appropriate
35 VPI and VCI has been detected for a period of time t.
Activity detector 36 maintains a timer and state table for
each VPI/VCI value pair. Preferably, t is set to be several



An alternative illustrative arrangenent is shown in Figure 2. In this

case, ‘end-system 14A i s subject to_the control of more _than one DBC. |n

fact, the connection between two end-systens 14A, 14B is routed through
t wo publlc networks 15 10-1 and 10-2. Each network 10-1, 10-2 has its own
DBC 20- 1WO9621968 esponsi bl e for restricting traffic ent ePCREBIFWS

network according to the bandwi dth allocated by its own connecti on
adm ssion control function (CAC) 18-1, 18-2. Each DBC 20-1, 20-2 is also
responsi bl e for advising the 20 end-system B¥A of the current applicable

CR. In the s ns_of both Figure 1 a_guar ant ee
m ni num bandwi dt h §%°°§§?nﬁﬂe"rﬁa}ry agk gea{'%%c%‘f%@é%ﬁvﬁetgﬁﬁ-sgg“ms syeianing
14; and the DBCs 2 @&fy igiva® YPIFYOEsvadudi pabnavhicts agmdef dtie asrder it
required, from thesdgspect 'a(m%(-:cla%asw remain lunfiérgcrlll StsobUftfl'Fa{ﬂ N%REY
incom ng data cells which capn m@ |ateln%ébetransnh
respective swi t chgsransmisgion, s ’H’l‘g"% @s KEmainipg, ifnk ea‘l"‘FB?:‘é?e§tate
addi ti onal sbamﬂardtheSQ ¢drdlitdbhs . upThis dasr the cgfifealr of meducing Sfe
bandw dt h associ at 0 t yee Vi

st narro‘i%)E%%g%b BeﬁE B? Ehéhﬁsé% to thr-_s SAENEg zaﬂgy

corrésponding to t cjircuit g | dent 1fre
the VPI and VCl fsql?ﬂa PPRRFENtC lowering éltlﬂhsét&PPoeétF ? pety
i ndi cated to the DBC 20, 20- 1, 20-2 which communi cates a maxi num CR

to the transmtting, é?ebxe”fj-' W CRPRH %gg ]

equi valent to the lv{n?%:t%h ‘#lcatedg %?g %&y §L %8 tfat ot

descri bed 1Belwnw%%n§8hh§n€%r %Wﬁ“ﬁpﬁséé’ﬁ Si-Ps PGeﬁr?m’-?Wn

WD 96/ 27965 on a particular VP) during an 1%@95é6@585 a "get cell
count” and a "stop cell count" request from the controller
38. This information can be used, for example, for charging
purposes and also by the controller 38 for assessing the

15 actual cell rate of received transmissions.

Pseudocode for the activity detector is listed below and thé
corresponding SDL appears in Figure 5.

20 BEGIN {cell arrival}
cell arrival from end-system
read VC
reset VC inactivity timer
IF VC js newly active THEN
25 update state table
advise CONTROLLER of newly active VC
ELSE IF counting.cells(VPI/VCI) THEN
increment cell.count{VPL/VCI)
ELSE

30 do nothing
END

BEGIN {VC timer expires}
VC inactivity timer expires indicating quiet VC
35 update state table
advise CONTROLLER of quiet VC
counting.cells := FALSE
END

40 BEGIN {receive a start.cell.count signal}
receive a start.cell.count(VPI/VCI) signal from CONTROLLER
cell.count(VPI/VCI) := 0
counting.cells ;= TRUE
END
45
BEGIN ({cell.count timer expires}



13 network is permanently configured to make bandw dth avai |l abl e
for data transm ssion, even when the user does not have a requirenment
to make use of the available bandwi dt h. However, as will becone

apparent hereinafter, the user need 5 only be charged when naki ng act ual

use of the nWORG2N96S preferably by charging on the basi sPET/GBMInber

of cells transmtted over the logical |ink between end-systens.

Thus, prior to transm ssion being invoked by, say, user A, t he network
may actually allocate no additional bandw dth 180 whatsoever for

transm ssi on between the rel evant end- systens. Furthernore, it is not

necessary for any speci adeli.count dmesexpiresl activity to be nade by user Ain

order for addi ti onals"'ﬂéﬂ’emﬂﬂwt‘b%mﬂlmb ed. A level of additional

bandwi dth will be assi CYLOWER™EA when required. 15 It is possible
for a single dynamc dwi dt h control | er (DBC) to be shared by several
end-systens or signal sources S p055| ble for a single dynamc
bandw dt h contro&ger . rﬁé lgqe shareg by Se\L/Fﬁ’(,?a end-syst ens or
signal sources. 190 “Rdt PRty (25gLRE By HEex i €ethown

connected to a bsbmebmndsARdnusrne, 12he fantmvngypaiette@ftot'hes reads wohé

10, the traffic e egnl ei h n
buf fer 28 The niEbbyCE VARUEECin Sach® RANGUARE of Uik Qrﬁﬁv%c%bl

i s det er mi ned*byStReaP; nﬂng glﬁ 13 °f'f’afe"°”t HeF UFRA (ERUPRER oERRINFLate
sources that it tabliewahich ittheidtaing fioxr leachi ¥PIVVCIhealueai paiw. f agsor

determning the g5 anbbﬁﬂhﬁléﬂfbﬁ v;l:_l.rﬁ W%Sﬁ:%oﬁ?hlr 5§t EF th@ﬁrﬁ@&e

traffic fromihe_sources not exc
if the traffic fFBf %F%u?ée’-’i‘ff’% she coRerelify 9fca S’(l}apﬁﬁe?fv\ﬁEﬂt? he
out put buffer 28oEsaagnyeIyedl vaiuse qaniitnie The aomtdedley sappisfermi tiget he

cell rate ( fﬁgg?'@?gytchéﬁ%%tﬁr gpd- ﬁ{t%ﬁ&‘l%ﬁi}&@ 9eNQld Cpb! OMbeq
cont rol perate to stop al ransm ssj ons from
each source ﬁﬁﬁﬂFﬁPéYy th35same value of is used for all VPI/VCI
value pairs. Cell count information may be obtained from

the activity detector 36 by the controller 38, through a
"start.cell.count" message. When the activity detector

20 receives this message, it initialises a timer, and counts

each cell arrival. At the expiry of each cycle t, the

activity detector sends the cell count to the controller.

The cells of the user cell stream arriving on input 30 are
25 transmitted without delay to a buffer module 40 where they
are stored in first-in, first-out (FIFO) buffer queues, each
gueue comprising cells having a given VPI/VCI value pair.
The detector 36 is non-specific to cell type. Thus, the
arrival of any data cells will be detected and can
30 potentially affect the activity state associated with a
VPI/VCI value pair, independently of the existence or
absence of control or management cells. Buffered cells are
fed from the buffer 40 to a shaper multiplexer module 42
prior to being fed to an ATM switch via output 32. Operation
35 of the buffer and shaper/multiplexer modules 40, 42 will be
described in more detail below. For the time being, it is
sufficient simply to say that the buffer module is capable
of signalling to the controller 38 when any buffer queue has
reached a predetermined buffer fill threshold. The shaper
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14 . _\Mbhenever the dynam c__bandwi.dith caoptroller (DBQ s

i ncorporated in the arrangenents of Figures 1, 2, or 3, its mai n
functions are as foll ows. 5 Firstly, it provides buffering of incom ng
data cells, thWO%R218gree of buffering at any given tine bei RETEBAEIIPTed
according to the transm ssion containing the cells, the transm ssion
being identified by the VPI and VCl information referred to above. The
DBC further controls or "shapes” the 10 traf¥%c fed to the network 10 so

as to be equal to
transm ssion, the

t he | current_ CR applicable to that particul ar
multiglexeromadule ¢ fFerefPensid® SoRdTFIRYing cellsThrom

al l'ocat ed bandw dtthe andff fxnasodule @R ahar toaysmistcing then anwvarasi obwafds

determ ned by the

route to be followe

t he avail abl e
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rransim ssSi on and assi g}’ll n al i
el ANARPTO ALOFRS 2 FRe VAAYER (0P FRTH RI/HGF NEAber Dair S0

active transn shanhe cel strédicTed Ef6ntHe Butpubeys nshaged todehseied

in the DBC, which

(6 the - prereqf e SoPhEI N 40 Hiofet e BREH, it e RpEdLiE
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for each transmission, as determined by the allocated
bandwidth, is not exceeded. The controller 38 also controls
a feedback module 44 for receiving feedback messages from
the network on input 34 and from the controller 38 itself,
for onward transmission to the end-system 14 via output 35.
The functions of the buffer, shaper/multiplexer, and
feedback modules 40, 42 and 44 will be described in more
detail below. The controller 38 will be considered first.

The purpose of the controller 38 is to signal to the CAC 18
that an ABR type transmission identified by any given
VPI/VCI value pair should have bandwidth in ‘the network
allocated or re-negotiated.

In this embodiment of the invention, a bandwidth re-
negotiation signal is transmitted by the controller to the
CAC 18 such that when the activity detector 36 indicates
that a transmission having a particular VPI/VCI value pair
is quiet, the bandwidth parameter for that transmission
should be set to the predetermined minimum bandwidth value.
For a newly active transmission, the bandwidth must be re-
negotiated with the CAC, and is interpreted by the CAC 18
(Figure 1) as a request for as much bandwidth as is
available (within the constraint of the predetermined
maximum bandwidth), in which case the CAC releases bandwidth
to the transmission according to its own control parameters.

The controller 38 signals re-negotiation whenever the
activity detector 36 indicates a state change for the
transmission in question. This marks the start of an
estimating period. At this point, the end-system still



the rel evant end-system 14 (see Figure 1). Before this, the 25 end-system

wi || have received an CR corresponding to the  pre-registered nmaxi mum
bandw dth so that when it is not transmtting, it appears that the
maxi mum bandwi dth is avai l abl e. The reduction to the |ow default CR

ensures that wo96/2196¢5ewl y active transmitting source does nofPCTEBIFSHer| oad
30 in the system 10 before the CAC 18 has been able to allocate

bandw dt h and derive an CR for that transm ssion. Such over |l oad woul d
typically cause cell loss for that tran2®i ssion. The traffic associ ated
with that transm ssion | eaving the DBC 20 is shaped to correspond to
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10 commanded to issue the minimum CR to the end-system wvia the
output 35. If the buffer cell count is zero (i.e. the end-
system is sending at a rate less than or equal to the
minimum), then the end-system 14 requires no more bandwidth
than the minimum bandwidth (since if it did, the buffer

15 would have begun to £ill up during the estimating period).
The controller 38 advises CAC 18 of the amount of bandwidth
required to service the connection, and starts a monitor
timer which marks the start of monitoring the activity of
the end-system. The monitor timer is set to-time out at

20 frequent intervals during.the lifetime of the connection;
this enables re-assessment of the use that the end-system is
making of its CR allocation. It is possible for an end-
system to increase, decrease or retain its current CR
throughout the duration of the connection. The CAC 18

25 periodically offers the controller more bandwidth as it
becomes available. When a new CR is received from the CAC
18, the feedback module is signalled to send this new CR to
the end-system and the value is stored as updated CR. The
monitoring loop described below is used to determine whether

30 the end-system can make use of the offered bandwidth.

At each time-out of the monitor timer, the controller 38

requests a new buffer cell count from the buffer module 40

-and compares this with the excess cell count stored during
35 the last monitoring period.



advi sed feedback CR (for instance, because the CR was | ost en route, or
because of a faulty end-systen) the excess cells will be dropped in the
DBC by overflow of the buffer. 15 However, as will be described below it
I's sonetines desirable to deliberately cause the advised feedback CR to
be greater thaWOOEATR to which the cells |eaving the DBC 20 PCT/GRPGOOSIS
shaped, in order to determ ne whether a particul ar end- systemis
making full use of its bandwi dth allocation. 20 In the preferred DBC,
it is also possible to include fault t ol e2;ance by maki ng use of a
buffer threshold. Wen the stored cells relating to a given

transmi ssi on reachifhthe curreerthontfer ccouns s slens dthamcthR excese cell

feedback L o the f25o&st|d,_-swtc@ﬂ 5’& bekgfied eehad st:ifz@ttwefembﬁiuaeiu_&; péﬁi?oc?s
a mechani sm for, palicin nd-systens_to prev i ent e.o0
bandw dt h, whet her&b%euﬁe% ﬁg?’guﬁ t"«?ﬁﬁﬁﬁ? %?arﬁ%g'gt gg.?;_ ét:gle |1l5:§1r g?%fg are
non-conpl i ance wi t$hapad fact eutputamndi tbeoend-systameds nofnmakingwhyll use
I m‘d erf e[ ence W tsh ghe ifitsalta%%daftfdﬁi?af%mﬂm;t.ﬁr OggeéxFQESOt%Hﬁ{dwEgg?' t%@.t
end-systens is revente ef f ect,, € i nes raffjc
contract with the W ey obe dea&lo?ﬁ‘geﬁ'oﬂﬁl gete %‘2‘%@% 58 ﬁﬁFP‘“ﬁoﬁﬂ%
described in nore t@Sthetrinitered neerr vate, tandiafgwisging CAC 18 of\(the new
96/ 27965 CR, and by signalling to the $HaPpe®BR6a@f®32 the new CR and
by commanding the feedback module 40 to issue the new CR to

10 the end-system. The monitor timer is then restarted.

If the current buffer cell count is greater than the excess
cell count i.e. the user c¢ell rate is greater than the
shaper rate, the end-system is making use of the additional
15 bandwidth provided by the new CR value (i.e. the end-system
has increased its sending rate because the updated CR from
the CAC has allowed it to). It will be noted from the above
that the CAC 18 has already allocated additional bandwidth
which has not been used by the DBC 20 since the shaper
20 module 42 has not yet been advised of the latest CR provided
by the CAC 18. Thus in this case, the stored CR is
increased by setting it to become equal to the updated CR
and this CR is sent to the shaper module 42. The current
buffer cell count is stored as a new excess cell count. The
25 monitor time is then restarted. -

The third possibility is that the current cell count is
equal to the excess cell count. This indicates that despite
being offered increased bandwidth via the new CR. value
30 advice signal, the end-system has not changed its
transmission rate. In this case, the controller 38 signals
to the CAC 18 the actual rate of the end-system so that the
CAC knows how much bandwidth is used and is then able to de-
allocate any unused bandwidth. The shaper module and end-
35 system are not signalled. Thus the shaper module 42 has a
CR value corresponding to that known by the CAC 18 and the
end-system has a CR value equal to the CR that was



16 The DBC 20 is shown in Figure 4 is a discrete unit having an

i nput< port 30 for receiving asynchronously transnitted data cells, an
output for feeding data cells onto a switch 12 or 16 (see Figures 1 and
2) forming part of the switching 5 network 10. The unit al so has

anot her i nputWas6/2796s recei ving nessages back fromthe swWaIBIénsss 16
and a feedback output 35 for transmtting feedback nessages to the
end-system 14 (shown in Figure 1). Although the DBC 20 is shown as a
discrete unit, it will be appreciated that Fpgure 10 4 can be regarded as
a functional diagramrepresenting a subset systemof a |arger data

processing unit, oriimdlly allédatedidy bhectADdi®d Thesebhezotlédnzd iiisn
| ncom ng cells on cell stream 15 which is fed
roOPdde £Q:h%r Hoﬁgxééé E‘:rrHéP

firstly to an activity tector pur pose of the activity
detector is to provide state Information to a controller nodule 38
about each recei vien theanskicisiep, detbctomnssissiimdizaieg i danid f ik by
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transmtted from enlgnehey predetermined nﬁmlh:l.ﬁﬂm benakiathsat iThe ofeddisack

act|V|ty det ect or { e arriedq out
using an 25 errorgtc”k)‘(%ﬁ]'e‘:"ck‘“¥vI {]aé con%ta?:%e |ngt %eh}c{epsiﬁ ﬁggyvﬁ% 2rir ‘L
check field, as imaxmmebandyidels angr shedehaperampdadeois Sigﬂéélhﬁ@lmh By
which error chacktRdeq@ivdlente tbothedmoRitii® bandwicRaer Tbnf:ﬁénéﬁdﬂé‘ystem

Thus, the pri nci@a%%era?%sgg@bf%regggr aQE%&’écﬂ l_;teh%ax%ﬁlder g{i 'fcké

fleldlstoensuret OF MRt | O i & cor
ensuring that celtt is notytxansmittingnitted to erroneous addresses
Atransm ssion is considered to be in an inactive state if it was

previously acti Vengé“jlg'ro n?oei‘ll:.tor?l.w ngftpﬁ"e aﬁ?ff)eo [ atl‘i count largely avoids
15 the possibility of cells being lost through buffer overflow.

Thus the controller 38 has three states; quiet, estimating,
and monitoring.

20 An alternative strategy for preventing bandwidth being
allocated when not required is as follows. The controller
38 sends a start cell count request to the activity detector
36, which in turn starts a monitor timer which may have a
time-out period of ¢t. At the end of this period the

25 activity detector 36 sends the cell count to the controller
38. This information is processed to estimate the system
capacity equivalent to the actual sending rate of the user.
If this capacity is substantially less than the currently
allocated capacity, it may imply that the user is attempting

30 to keep a large capacity simply by sending a relatively slow
trickle of cells to input 30 to keep the activity detector
status for the relevant transmission in the active state.
Clearly this situation results in inefficient use of the
network, and the following steps are performed by the

35 controller 38 when there is a substantial mismatch in the
capacity assigned and currently used. Firstly, the shaper
42 is immediately re-set to drop to the actual CR for the



35 VPI and VClI has been detected for a period of time t. Activity
detector 236 nnintains a tiner and state table for each VP /\VCl value
pair. Preferably, t is set to be several WO 96/ 27965

PCT/ GB96/ 00535 ' 17 seconds._so
that active-i T@MA86%ctive transitions rel ating to any gPGHRBRYMINGC
val ue pair which are of the order of" several mlliseconds remain
undetected so that the transm ssion is indicated as remaining in the
active state 5 under these conditions Thi s d%s the effect of reducing the
frequency of nessa es sent the DBC 20 to the CAC 18 a sonme expense
to lowering utili VGdt Yetne pair. %%e@%ﬁ@?%ﬁcﬁfm?ﬂ e 44
activity detector ﬁﬁ ccsmﬂd:ﬂed)ftolassuelnthmgm&ua]cmn td ahet ngegnviai Otliltput
(i.e. for transm 3335 on dFlmﬁri[lP p@ﬁ [ EHhébi/f’érd%' Mk | 9t ¥ h _a

"get cell count count reguest romthe contro

38. This mfornntﬂﬁg‘h‘ﬁ‘rﬁbdé’MSﬁﬂg“? r tex iR eCAfor itur §igpal 1“[9&%‘66%5

and al so by thescannawideh d8luo@wiichessi sgr tdymalStacthal cuxdentr af@ivalent

received transm ss g o] f t ctiv d r,.s

listed below and t ag-pasc:.ty be:és% dged q’ &ge ggﬁg in ']t—ﬁi/s Sig-ﬁéi’ is” then
interpreted by the C as an option to free capacity for
other customers. As an alternative, the mismatch may be
dealt with by assigning to the shaper and the feedback

10 modules 42, 44 a default CR rather than the actual CR.

As mentioned above, the controller 38 is also arranged to
receive a signal from the buffer module 40 when the buffer
£ill for a given VPI/VCI value pair has reached a given
15 threshold. This signal causes the controller 38 to command
the feedback module 44 to issue a so-called resource
management (RM) cell, which will be described in more detail
hereinafter. The controller 38 may also receive a DBC
identity value for each new transmission (identified by a
20 new VPI/VCI value pair) which is established, this DBC
identity value being received from the CAC. Alternatively,
the DBC may use a default identity if none is supplied.

Pgseudocode for the controller appears below:-
25

BEGIN {Receive a VPI/VCI active signal}
receive a2 VPI/VCI active signal from ACTIVITY DETECTOR
Start estimate timer
END {Reccive a VPI/VCI active signal}
30
BEGIN {Estimate timer expires}
estimate timer expires
excess. cells: =buffer.count(VPI/VCI)
IF excess.cells > 0 THEN
35 send minimum CR ¢o feedback module
ELSE
do nothing
request required amount of bandwidth from CAC
start monitor_timer
40 END {Estimate timer expires}

BEGIN {monitor VPI/VCI rate}
receive a new CR from CAC



20 BEG N {cell arrival} cell arrival from end-system

read VC reset VC inactivity timer IF VCis newy
active THEN 25 update state table advi se
CONTROLLER of newly active VC ELSE | F counting.cells(VPI/VC)
THEN WO096/27965 | ncrenent cell.count (VPI/VCl) PCT/GBGHDSE 30
do not hi ng END BEGA N {VC tiner expires}

VC inactivity timer expires indicating quiet VC 35 update state
tabl e advi se CONTROLLER of qui e24VC

counting.cells:= FALSE - END 40 BEA N {receive a

start.cell.count signal jsssdnewCRtofeedback receive a start.cell-count(VPI/VC)
signal from CONTROLLER updated CR:=mewCR cel|.count(VPI/VCl):= 0
counting.cells TRUE END {monitor VPFY§} rae) BEG N {cel | .count timer
expl 1 es) I T T ——
expires)
PCT/ GB96/ 00535 il mmrahmniebis
IF user CR < shaper THEN {vp not using full allocation}
CR := user CR
send CR to CAC, Shaper and feedback
10 . ELSE
IF user CR > shaper CR THEN {vp has increased rate}
CR := updated CR
send CR to Shaper
excess.cells: =buffer.count(VPI/VCI)
15 ELSE " {vp has stayed the same}
CR := userCR o
send CR to CAC
updated CR := CR
END IF
20 restart monitor timer
END {monitor timer expires}

BEGIN {Receive quiet VP from ACTIVITY DETECTOR})
receive a quiet VPI/VCI signal from ACTIVITY DETECTOR
25 send quiet VPI/VCI signal to CAC
send maximum CR to feexdback
send minimum CR to shaper
END {Receive quiet VP from ACTIVITY DETECTOR}

30 BEGIN {Receive a VPI/'VCI buffer threshoid signal}
receive a VPI/VCI buffer-threshold signal from VPI/VCI-butfer
advise FEEDBACK to retransmit CR to end-system
END {Receive a VPI/VCI buffer threshold signal}

35
SDLs for the controller are shown in Figures 6-1 and 6-2.

The controller 38 may be arranged to write a DBC, VPI/VCI
identity value pair into the feedback module 44. It is also
40 arranged to instruct the feedback module 44 to issue a
resource management command for a specific VPI/VCI value
pair. This instruction may also contain an appropriate CR
pair T, T, (T is an average cell inter-arrival time and t is
a burst tolerance). It should be noted that only one change
45 in the values specified in an RM cell is sent for each new
VPI/VCI value pair whenever the CAC updates the CR value
{(one or more repeat RM cells may be sent if the first one
has apparently not been received). Typically, this may be
once every 30 seconds or more in a public network, and



18 cell.count tinmer expires send

cell. count (VPI/VCl) to CONTROLLER restart cell _count tiner

END It wWill be seen that, as far as the inconing user cell stream
I's concerned, the activity detector 36 reads the VPI /VCI val ues in each
cel | header of WOR$23965i ving cell 10 stream and this infornat RET'GBIGHNSIT t o
update the state table which it maintains for each VPI/VCl val ue pair.
As far as comunication with the controller 38 is concerned, t he
detector 36 infornms the controller of a changes of state of any VPI/VCI
value pair. The controller can informthe 15 activity detector of the tiner
val ue t to be useddependsr alpenabthe tsensidivigy usebting | LLsélef opchivity

VPI/ VCl val ue &étéécoﬁehh Ct@!éntDB@f Qbrratlm aanbes olkhatnathd r eBuired
the activity det ec 36 by the gog cgr 38 hrou

"start.cell.count"” %‘ﬂ‘ec"mﬁﬁ F8 537, B ef&?«?&ﬁ‘%l’ra@%’r%s this

nmessage, it initialises a timer, and counts each cell arrival. At the
expiry of each aychg Wiiihbe sedif!E¥bhY et %é%'&o‘é@&é$ e COdAcEONYEr t 98

th troll The cel f.th t
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are stored in firsfilh thresbolduis (deaebpdbly feellsubaving encpecifiqu¥Be/VCI
conprising cells h@%iﬁ@ i ven VPI/VCl val ue pair. The detector 36 is
non-specific to cell ty Thus, the arrival of any data cells wll be
detected and can. 30 potentially affect the activity state associated with
a VPI / VCI um®amt,erifadepemiermleyaotivm detetrearc3drhas alakadpcbeet
control or manage £8ld$. Buffered cells are fed fromthe buffer 40
to a shaper nultip exer modul e 42 prior to being fed to an ATM switch
via output 32. Operation 35 of the buffer and shaper/nultipl exer nodul es
40, 42 w1l be The purpose of the feedback module 44 will now be described

briefly.

15
As mentioned above, the feedback module 44 transmits current
CR values {(as signalled by the controller 38) to the end-
system via output 35, The CR is transmitted using a
resource management cell as shown in Figure 7. Optionally,

20 one field of this cell is the DBC identity value which is
used to enable an end-system 14 (see Figure 1) to
distinguish between CR advices from different DBCs (e.g.
DBCs 20-1 and 20-2 as shown in Figure 2) in the end-system
to end-system path. This DBC identity field is indicated as

25 field 50 in Figure 7. The CR is placed in field 52. This
RM cell, like other cells, has a five octet header which
contains a PT field 54 indicating that the cell is a
resource management (RM) cell.

30 It is proposed that, if used, DBC identity values are not
fixed but are chosen at the time of setting up the
transmission path through the network for a given a VPI/VCI
value pair. This implies that the CAC 18 assigns a value
for the DBC identity for each VPI/VCI value pair, and the

35 feedback module 44 maintains a table of (DBC, VPI/VCI)
identity pairs. For example, in Figure 2, public network
10-1 is arranged to choose a DBC identity for a given



described in nore detail below For the tinme being, it is sufficient

sinply to say that the buffer nodule is capable of signalling to the
controller 38 when any buffer queue has reached a predeterm ned buffer
fi'll threshold. The shaper WD 96/ 27965

PCT/ GB96/ 005 3¥0 96/27965 19 mul t PETER6A0Sul e
42 is responsible for renoving cells from the buffer nodule 40 and
transmtting them onwards towards their destination. It includes a
mul ti pl exer function and t he shaper storessa CR value for each VPI/VC
value pair so 5 that the cell streamfed fromthe output is shaped to
ensure t hat tWRIA¥Qh@air ¢nd Isdgnsipecthis cinformatiosuforvardacsoothat

for egcg trTﬁnsm' S?hﬁﬂjlca%eéﬁbﬁl’:”lﬁeﬁ't msr,ghaoal |c?1%%beg:hek sab%é"?%ﬂié‘ (ésgnot
exceeded. e contro] ] er sp contrqls ac ul e

recei vi ng feedbac?"‘“ﬂje’s%dt?é"é”% Foh? "o ASFAIRE! ?7\73?'%: d% H‘bggcaﬁﬁt?’f’ﬁﬁ 192
controller 38 i tsas!signs identigyw?r, detchnsThs shRG :tdamd:&yewalgystsnsﬁdreda

out put  35. f&neaxsm%na%tmﬁeauweéhe SPERY U ibligh exgs . and
f eedback nodul es 40 42 and 44 wll be described in nore detail bel ow.
The controller 38 will be consi dered first. 15 The purpose of the

controller 38 i s ThesCRnfield S2henCaBelBM celhafsem BigRreyfi¢ toanaimsstioa
identified by anyegi / g,ﬁ BRI { %g N I%ﬁ“iWeQE [ e
net wor k al | oca?gdg&(;‘?icree f%ott\'%tdé 0 S I"n |§ en% ment o? tﬁﬁe‘HI
i nvention, a bandtREeR-3exival time T, plus a burst tolerance T.

10
Operation of the feedback module 44 is triggered by the
controller 38 (a) when a new CR is advised by the CAC 18,
and (b) when the buffer f£fill level in buffer module 40
corresponding to any VPI/VCI value pair rises above the
15 buffer £ill threshold. A RM cell is then sent to the end-
system.

The pseudocode for the feedback module 44 is as follows and
the corresponding SDL is shown in Figure 8.
20

BEGIN {Receive a CR}
receive a CR for a VPI/VCI from Controller
default CR:=CR
END {Receive an CR}
25
BEGIN {RM.celt timer expires}
RM.cell timer expires
Create RM.cell
write default.CR into RM.cell
30 send RM.cell to end-system
restart RM.cell timer
END {cell arrival from nerwork)

35 Next the buffer module 40 will be considered.

The buffer module is shown in more detail in Figure 9. Its
purpose is to store incoming data cells on the basis of the
VPI/VCI value pairs contained in the cells. Buffering the
40 cells allows an end-system 14 (Figure 1) time to respond to
a feedback signal from module 44. Another function of the
buffer module 40 is to send a signal to the controller 38



negotiation signal is transmtted by the controller to the CAC 18 such
that_when the activity detector 36 _jndicates that a transm ssion having
a particular VPI/VCl value pair 25 is quiet, the bandw dth paraneter for
that transm ssion shoul d be set to the predeterm ned m ni mum bandw dt h
val ue. Forwegeremby active transm ssion, the bandw dt h nmusPCl:eB600S3S
negotiated with the CAC, and is interpreted by the CAC 18 (Figure 1)

as a request for as much bandwidth as is 30 available (within the
constraint of the predeterm ned maxi mum basdwi dth), in which case the
CAC rel eases bandw dth to the transm ssion according to its own control
par aneters. when ceié rioif for F111i ghgeshokdnegotéadha, ilieaeinghehdd

activity detector e 0

quest i on. Thi nggkéﬂgh%?éfeﬁn %.é}‘l%&: rggﬁgﬂg%ﬂﬂalfé@ feedﬂijﬁ‘é@ipﬁ?% chgs
poi nt, the end- sysi@n¥&in |qauses the agptgolleyeds to ré-send a R 'to the end-
PCT/ GB96/ 00535 system, as mentioned above). Zhe buffegeansdule H& abke

Lodfansm ot o CRot "Sanabih 0l st Wil cneBAIHIR AN 1oL 3hot Be

CAC 18 still only narntains TRNENT M A num allocatt on to Wh
the cells output fRogiven VRI/BET ve u¢ep§ﬁ§pea)ex¢@e@ﬁ% enghd$ isedone by
estimating period phefebesvddEigwst i mate tinmer expires), the controller 38
requests a buffer cell count fromthe buffer nodule 40. If t he buffer
cell count at the end of the estimating period is greater than zero
(i.e. the end-systBari exawpténgifitthe RBG 20 has a combined input rate from

10 all sources of 150 Mbit/s, then, if the round trip delay to
the end-system is 100 us, there will be less than 35 cells
in flight whenever the CR values are changed.

The size of the shared memory area 56 is mainly to cater for
15 changes in the burst toclerance, because a change in this
rate leads to only a small number of excess cell arrivals

(e.g. around 35 cells). The fixed cell positions assigned
to respective VPI/VCI value pairs are designated by the
reference numeral 58 in Figure 9. The cells in these

20 positions represent the front cells of a plurality of
gqueues, each queue having its own VPI/VCI value pair. 1In
other words, the gqueues can be visualised as. running
horizontally in Figure S with the front cells at the right
hand side. Cells arriving in the buffer module 40 are

25 placed in the queues in a first-in, first-out (FIFO) order.

Cells are removed from the buffer module 40 when an

appropriate signal is received from the shaper section of

the shaper/multiplexer module 42, as defined by the buffer
30 module pseudocode which follows:-

BEGIN {Receive a cell)

receive a cell

IF there is room in the buffer THEN
35 put cell in buffer

increment buffer-fill level
IF bufter-fill level = Threshold THEN
transmit buffer-full signal to CONTROLLER

ELSE

40 do nothing



greater than the mninum, the feedback nodule 44 is 10 commanded to issue
the mMmninum CR to the end-systemvia the out put 35. If the buffer cell
count is zero (i.e. the end- systemis sending at a rate |less than or
equal to the m nimunm), then the end-system 14 requires no nore

bandw dth  wgdsameghe m ni mrum bandwi dth (since if it did, poecsvdsss 15
woul d have begun to fill up during the estimating period). The
controller 38 advises CAC 18 of the anmount of bandw dth required to
service the connection, and starts a nonitor 28 tinmer which marks the
start of nonitoring the activity of the end-system The nonitor tiner
IS set to tine out at END {Reeiyeeel} i ntervals during the lifetinme of the
cannecti on; this enabl es re-assessnment of the use that the end-system

i s maki ng of its GEGHH%HHGW"} It i s p033| bl e Igr an end- system
to increase, d crease or TeFe¥e 3 VRVY m oughout the duration
of - t he connect . The offers the controller nore
bandw dt h as it lt|)lle When a new CR is received fromthe
CAC 18, the feedbac e Is signalled to send this new CR to t he
end-system and t he val ue |s stored as updated CR The nonitoring | oop

descri bed bel ow iTheusedrespdedingiSkL wppeags 30 Fhaguredl@yst em can nake use
of the offeredgbandw dth. At each tine-out of the nonitor timer, the

control er 38 @ nafRUERS S KLy B ok L B pR e e
| ast nonitoring pEhapet/multiplexed wBIWIEOAR2 operates to remove cells from
PCT/ GB96/ 00535  the buffer module 40 and to transmit them onwards towards
their destination via the network switches. Module 42 has
15 . two parts which are a multiplexer 60 and a shaper 62. For
each VPI/VCI value pair, the shaper 62 maintains a sustained

cell rate (CR) value and a timer.

The cell stream fed to output 32 is shaped by the shaper so
20 that bursts which are not greater than the burst tolerance
T pass without being delayed by the shaper 62. However, the
multiplex fundtion may delay a cell if several transmissions
represented by different VPI/VCI value pairs are bursting
simultaneously. In this case, the multiplexer 60 assigns
25 each active VPI/VCI value pair a fair share of the DBC
output bandwidth. It does this by polling active VPI/VCI
value pairs in a round-robin fashion. Cells which are
waiting for a period equal to or greater than the rate
interval T are flagged with a higher priority "cell wmust go*
30 value. The multiplexer picks up these cells first (see
Figure 11). Cells will be forced to wait by the shaper
function if bursts arrive which are longer than the burst
tolerance credit value. The detailed operation of the
shaper/multipleiter module 42 will become apparent from the
35 following pseudocode: -

1. - BEGIN {STATE = ACTIVE}
receive a cell. waiting[VPI/VCI] signal from buffer
IF burst credit ok THEN
40 cell.can.go: = TRUE
STATE: = WAIT for multiplexer



21 If the current buffer count is |ess than the excess cell count,
it can be assuned that during the nppnitoring period the user cell—rate-
was | ess than the rate at which cells are shaped for output and the
end-systemis not making full use 5 of its allocated bandw dth. The
excess bandwi ighesmiss therefore, be deall ocated by setti RETIGRESREBS o
becone equal to the nonitored user rate, and advising CAC 18 of the new
CR, and by signalling to the shaper nodule 42 the new CR and by
commandi ng the feedback nodule 40 to issue the 32&w CR to 10 the end-system
The nmonitor tinmer is then restarted. If the current buffer cell count
is greater than the excesELSE{turscadditngokint i.e. the user cell rate is
greater than the’ shaper STATEs = WAIE fos argdittipst @ AP’ nmki ng use of the

addi ti onal 15 bandwi dt FENBr ovi ded by the new CR value (i.e. the end-system
has i ncreased |ts sendi n rat CR from t he CAC has
aliowed it to).% 1+ w Iq Tﬁgﬁ%?ﬂ'?ﬁim%g‘%ﬁﬂ} that the CAC 18 has

al ready allocated additi o 1 credit cotfgésrCh has not been used by the
DBC 20 since the shaper 20, Ryl LT as not yet been advised of the |atest
CR provi ded by the ;ﬁao.ﬁmmmthls case, the stored CRis
increased by sgpting it tgr;hmemtwﬂhmmm he updated CR and this CR
is sent to the shaper mantul e 42. The current buffer cell count is

stored as a new excess cell count. The 25 m)nltor time is then restarted.
The third possibil3ty |%€QIMWATHEWF‘EH¥“"@@F‘I gount is equal to the

excess cell count. This i Feiveafeel Em'{ngmp being offered increased
bandwi dt h vi a #fe new CR f‘ggx ice signal, the end-system has
not changed its traff 'ﬁﬁkﬁi‘ phdge. In this case, the controller 38
signal s to the CAC 18 ?}m Qwﬁlg rate of the end-systemso that the
CAC knows how much bandgggith 1s used and is then able to de-
20
4. BEGIN {STATE = WAIT for muiriplexer}
credit timer expires
IF credit counter < t THEN
increment credit counter
25 ELSE
do nothing
cell.must.go := TRUE
END
30 S BEGIN {STATE = SHAPER ACTIVE}
credit timer expires

IF credit counter < T THEN
increment credit counter
ELSE
35 do nothing
cell.omst.go : = TRUE
END

6. BEGIN {STATE = SHAPER.CR ACTIVE}
40 new CR advised (T.7)
nextT:= T
nexicredit:= T
END

45 7. BEGIN {STATE = SHAPER TIMER ACTIVE}
timer expires
reset timer (nexT)
END

50 8. BEGIN {STATE = MULTIPLEXER ACTIVE}
output cell timer expires
index := pointer
REPEAT {lst loop of searching for cell.must. 20}
increment index
55 IF cell.must. gojindex] THEN
pointer: = index



al l ocate any unused bandw dth. The shaper nodul e and end- 35 system are
not signalled. Thus the_shaper nodule 42 has a CR val ue correspondi ng

to that known by the CAC 18 and the end-system has a CR val ue equal to -
the CR that was WD 96/ 27965

PCT/ G896/ 0053%g 962 22 or I pDTIGH6/H0S3S
al l ocated by the CAC 18. The controller 38 then restarts the nonitor

tinmer. When the activity detector 36 indicates that the 5
transm ssion in question has ceased, the controjd er issues a qui et
signal to the CAC 18 which causes it to allocate only the predeterm ned
m ni mrum bandw dt h. The f eedljadcenfindex)sltheRr 40 i s caused to issue a CR

val ue equivalent to the MRid $eiicduigahvdo SHAPERND t he shaper nodule is
signalled with a 10 CR equi veSTanE :+ MUKAECTIMENi num bandw dth. To the

end- system It appears tEBBSE it has access to the maxi mum bandw dth when
it"is not trans®itting. IRindax| max buer-sigs THEY of the buffer cell count

|l argely avoids 15 the po&ghftllﬂy“dT°cells bei ng | ost through buffer

overf | ow. Thus the o has three states; quiet, estimating,

and nmoni toring. REPEAT {2nd loop of searching for cell.can.go)
10 increment index
IF cell.can.go{index} THEN

pointer: = index

fetch celifindex] from buffer

send fetch cell signal to SHAPER
15 STATE := MUX.ACTIVE

: ELSE
IF index = max.buffer.siz¢ THEN
index := 0
UNTIL index = pointer
20 send no.cell, waiting. signal
END

It will be understood that when the DBC 20 requests a change
in the bandwidth allocated to a particular transmission, the
25 CAC must control other traffic in the network so that the
network capacity is used most effectively. The description
which follows deals. with connection admission control
methods for overcoming the problem of traffic rebalancing.

30 Two connection admission control strategies will now be
described. Both tackle the problem of rebalancing traffic.
In other words, when a transmission becomes guiet or newly
active, it is necessary to determine how many other control
messages need to be generated for other transmissions. The

35 object is to make this number of control messages as small
as pessible.

The first strategy involves a relatively simple connection
admission control method which involves no actual
40 rebalancing. In this method, a newly active transmission
(VPI/VCI -value pair) is given a single cell rate (CR) which
is retained until the transmission goes quiet again. Only
when it is subsequently reactivated will the transmission
get a different CR. This means that a quiet signal relating



20 An alternative strategy for preventing bandw dth being al | ocat ed

when not _required js as follows. The_controller 38 sends a start cel
count request to the activity detector 36, which in turn starts a
nonitor timer which may have a time-out period of t. At the end of
this period thwoegareesti vity detector 36 sends the cell count pCIYGBYER00S3S
controller 38. This information is processed to estimate the system
capacity equivalent to the actual sending rate of the user. If this
capacity is substantially less than the curregfly al | ocated capacity,

It may inply that the user is attenpting 30 to keep a |arge capacity
sinply by sendi ng gorehatVFBIYCE value pairi ®klE cduselns dontireusigfals to
keep the activity tgﬁ%ﬁg u ev, r LSS i n
active state. edl yrtaﬁleg _ﬁ%a?%%fr té}siﬁ[l/?g&i n@%EI’lue%f?ing%t %@e%ﬂof w%%%
network, and the f8NABIRAFARAGIEYamdtBettorned by the 35 controller 38
when there is a substantial msmatch in the capacity assigned and

currently used. £i4aiLY ! BEnSPARE wirn 4 %41 folf b Yni8hS ShvbudkOR1) ©

the actual CR for
PCT/ GB96/ 00535 giving a first newly active connectiopizan effeqyisig;gapacity

VE' e Vfil ue pai rwhiNextis tha & edltaek coedul 8V4ﬂ1ab]|.e | capauirydqd il Ogli 6848
oLl e ' e ke a0y coppieeiof e cfpet s R “Unith
including a 5 bah8whalf o8 thewwempiningecapagityt olihb) caiving the next
equi val ent 10 newly active connection an effective capacity which is half
of the still remaining capacity; and so on. This method is
applied link-by-link over the entire route identified by the
VPI/VCI wvalue pair, and whichever yields the lowest
effective capacity is the determinant of the CR fed back to
15 the DBC 20.

It follows that a newly active signal having one VPI/VCI
value pair generates no control signals for the other
VPI/VCI value pairs which are sharing the capacity.

20
Since the DBC 20 is designed such that a user can only
maintain a large effective capacity on the network so long
as the VPI/VCI value pair remains in the active state in the
activity detector 36 (Figure 4), and the cell rate generated

25 by the customer is close to the effective bandwidth wvalue
(refer to the cell-counting function of the activity
detector described above), it follows that users can only
hold onto large effective bandwidths for as long as they are
prepared to be charged for the proportionally larger loads

30 which they are submitting.

This method is fair to users in the sense that, over a
sufficiently long period, no user is systematically given a
poorer capacity.

35
However, it is desirable in some circumstances to increase
the number of users who are able to secure relatively large



capacity being used by the user. This signal is then i nterpreted by
the CAC as an option to free capacity for ot her custoners. As an
alternative, the m smatch may be dealt with by assigning to the. shaper
and the feedback 10 nodul es 42, 44 a default CR rather than the actual CR

As nenti onedwodgrmest he contr ol I er 38 is also arranged t0o PCT/GBSSN0SS A

signal fromthe buffer nodule 40 when the buffer fill for a given

VPI /VCI val ue pair has reached a given 15 threshold. This signal causes the
controller 38 to comuand t he feedback madul e 44 to issue a so-called
resource management (RM_ cell, which will be described in nore detail

herei nafter. Thpansisridtdl Iaatlcs&tmsalag@ rdeies vean DBC cateriederfiox ybyakue

for each new trangdondl, Ofofi £86d Ihd@ibd as? £80180%. VPI / VCI val ue pair) which
i s established, this DBC identity val ue being received fromthe CAC.

Al ternatively, the DBC may use a default identity if none is supplied.
Pseudocode for tHa tbasrcksertheppadeslyigippringdple is that BEHE Nrf Rextdivee a

VPI/VQ activessigRahd causes cont:rolrﬂﬁ'lé{l.% Qoi‘%éﬁ@ walvee sapnalpdiham
ACTI VITY DETECTOR te ti.ne eceive a

VPI/VCl active sid§fathe3gignal beaf" ?ﬁlﬁaf’ﬁetPﬁ’érl% Fé’é‘i’e the
estimate timer exgiichest (largest capaextquélmdl\il& vabuéf paixourM{iPIdaviChe

| F excess.cells 3 t & fLadhack l e
ELSE %e%cpéiguﬁogﬁ a imited rﬁl@n&ﬂg@?%uﬁ efl anount osfu
0

bandwi dt h from cA&om-the- “Tiche t'st HiqbimyiHoga) ¢ END { Esi mmae
timer expiresio

This can best be illustrated with an example £filling
method: -

(1) the first newly active VPI/VCI value pair is assigned
15 an effective capacity equal to half of the total
available capacity;

(ii) the next newly active connection is assigned half of

the remaining capacity plus a fifth of the effective

20 capacity of the first VPI/VCI value pair (i.e. the
current richest);

(iii) the next newly active connection is assigned half of
the remaining capacity plus one £fifth £rom the
25 current richest; and so on.

To illustrate this process, it may be imagined that there is
a single link with a capacity of 100 Mbit/s. The above
steps then result in the following exemplary steps:-
30
(1) the first newly active VPI/VCI value pair gets 50
Mbit/s and there is 50 Mbit/s remaining;

(ii) the next VPI/VCI wvalue pair gets half of the
35 remainder (which yields 25 Mbit/s) plus a fifth from
the first, which means that the first now has 40

Mbit/s, and the second has 35 Mbit/s;



BEA N {nonitor VPI/VCl rate} receive a new CR from CAC

WD 96/ 27965 PCT/ GB96/ 00535
24, send new CR to feedback updated CR =new
CR END {nonitor VPI/VCl rate} 5 BEA N {nonitor tiner
expires} WO962796s NoNnitor tinmer expires _ PETIGB6/00S55 <
shaper THEN {vp not using full allocation} CR := user CR
send CR to CAC, Shaper and feedback 10 ELSE | F
user CR > shaper CR THEN {vp has increased3spate} : CR =
updated CR send CR to Shaper

excess. cel | s: =buf f diitbushéVPhexCl )VPIS/CI value paisEgets half of the

{vp has stayed the same} yemainder, which vieXdd 12USeMbit)s plus a fifth from
send CR to CAC DIF 2.0

. updated CR = QF N
restart nonitor timer  the first,pRp thghthe 1iTRh AR MAG 32 Mbie/s, &nd
second still has 35 Mbit/s, the third has 20.5

5 Mbit/s, and so on.

Note that more of the users are now getting large

capacities, but there is only one extra control message to

send on the link. There is thus a limited rebalancing or
10 "Robin Hood" strategy.

To extend the method to a route with many links, the above
process is repeated link-by-link. Whichever link yields the
lowest effective capacity is the determinant of the CR value
15 sent back to the dynamic bandwidth controller (DBC). Now,
using this value of effective capacity, the CAC assigns it
link-by-link by taking half of the remaining capacity on
that link, and any extra which is needed is taken from the
richest VPI/VCI value pair on that link. Consequently, this
20 generates at most one additional CR control message per link
for each VPI/VCI active signal sent to the network. A quiet
signal still generates no additional control messages.

This strategy also makes it impossible for a user to hold

25 onto a very large capacity when others become active. 1In
addition, as many users as possible are given a reasonably
large capacity while keeping the complexity of traffic
rebalancing to a minimum.

30 In summary, in a broadband switching system for the
switching of asynchronously transferred cells of data, a
dynamic bandwidth controller (DBC) controls the application
of data cells at an input port of the system, the data cells

" being sﬁpplied by a number of transmitting end-stations.

35 The DBC détects incoming cells, identifies the source of the
cells, provides buffering for the cells, and controls the
output of the cells to the system switches according to a



BEG N {Recei ve quiet VP from ACTIVITY DETECTOR} receive a

qui et* VPI/VCl signal from ACTIVITY DETECTOR 2 5 send qui et
VPI/VCl signal to CAC send maxi num CR to feedback
send mni mum CR to shaper END { Receive quiet VP from ACTIVITY

DETECTOR} w0962796¢s BEGQ N {Receive a VPI/VCl buffer threpovichosigssal }
receive a VPI/VCl buffer-threshold signal from VPI/VC -buffer

advi se FEEDBACK to retransmt CR to end-system END { Recei ve a
VPI /VCI buffer threshold signal} 35 SLs for the controller are
shown in Figures 6-1 and 6-2. The controller 38 may be arranged to
wite a DBC, VPI/cu@irent celdenratg V&Rde asa‘:rgn‘edt otd hehbeasdidak £Pow| &hdd.
It.is also 40 arf@gwwgosbg%éuct.rﬁge fadkd P émecﬁ] on
resource nmanagemnent commnfi c§ eC|f VPI/VCI val ue

instruction my A%HSEoARalh n'“QBB d@ﬁem’-neﬁa'??nq”l‘#é? rﬁ"al(]-?hl@ an

average cell intem &hei spstdn. meThele@(Era']d icac operaéalﬁbgéthei'eﬁdﬁm)ntaﬂlh

shoul d be noted tha e e ya

coll s sent. for E‘éa‘é’h neweﬂ"’- SURIL, Band o, 4° HESacbERAGE il ol

the CR val ue nﬁPE°‘1‘%ea‘ih9QM$d’§tle§‘ napdpealliogate t%ﬁfhﬁlmlﬁlone
has apparently naiartdmidtmecmvaé)naniiympatby at hagimeGy. be The (HTETiWALY

g(():T/S ?3%82?8 OEESWrﬁﬂinatﬂuﬂ]!o(éanhv@é kehefBlth can be ‘éﬁt%%?.le?gﬁy removed
or reduced if it is not used by the source. Feedback to the
10 source can be provided to prevent cells being supplied at a
rate which would result in significant cell loss due to the
limitation of bandwidth available for the path :in the
system.



detector o the DBC 20, It follows that the requi reé“e ?ZEJMIIII Imlllllclllll || ||||
bandwi dt h can be relatively snall. 5 As will be seen fromt

pseudocode, the controller 38 receives signals fromthe buffer nndule
40 whenever a Wof9ERY6s fill threshold is reached by cells hRCT/GHIE00535
specific VPI/VC val ue pair. 10 The interface wwth the activity
detector 36 has al ready been descri bed. The purpose of the feedback
nodul e 44 will now be descri bed briefly. 185 As nentioned above, the

f eedback nodule 44 transm ts current CR val ues (as signalled by the
controller 38) to the end- system vi a outGhLAIMS. The CRis transmtted
using a resource nanagenent cell as shown in Figure 7. Optionally, 20
one field of this cell is_the DBC |gent|ty val ue which is ., used_to enable

an end-system 14 (ske Fi ghr @TPRIPERd  SYitCPADE; SYSREMRBATEI afthi L8R5 ooRe
di fferent DBCs (e.gqg. DR Foandoffie@t ien stwvan respéafive Bignalt seurce

end- system t 0 gend- syst [ t 15 REI G2
S UTRD ' e L enl Enlk 46y St €6, £ridh26en

Rl a
like other cells, has a f$i@RajcRacCeiying, sypFrem, ¢ e(ﬁﬂﬁﬁ£h+99asw?t??ehﬂv§ﬂg
i ndi cating that the cell as aeast roreowswitamntgenerangiRbfting| infoBlations

proposed that, if used, E?&%tf%%g %ﬁ?ﬁﬁﬂfﬂ%ﬁu@i& Rebnsfertdd€8atyic8fs £rom
chosen at the tine of set t
the ingress to the egress, system control means for
10 accepting and establishing a virtual connection at a
predetermined base bandwidth between the ingress and
the egress via the said switch, and bandwidth control
means arranged to detect the cells received at the
ingress, to determine the bandwidth requirement of
15 the detected cells and automatically in response to
such cell detection and bandwidth determination, to
cause the system control means selectively to
allocate additional bandwidth as required in addition
to the base bandwidth for the transmission of the
20 cells to the egress.

2. A system according to claim 1, wherein the system
control means include a stored table for associating
the predetermined bandwidth with a respective signal

25 source.

3. A system according to claim 1 or claim 2, wherein the
bandwidth control means include feedback means
arranged to transmit a maximum cell rate value to the

30 ingress for transmission to a signal source to
indicate to the signal source a maximum permitted
rate of supply of cells to the ingress.

4. A system according to claim 3, wherein the bandwidth

35 control means are arranged to detect when a signal
gsource is inactive and to transmit a maximum cell

rate value to a signal source which is inactive,

T
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transm ssion path through the network for a given a VPI/VC umﬁ“ “ﬂ”"l””“l
This inplies that the CAC 18 assigns a val ue for the DBC i
each VPI/VCl value pair, and the 35 feedback nbdul e 44 maintains a tabl & of

(DBC, VPI/VCl) identity pairs. For exanple, in Figure 2, public network
10-1 i s arramessameschoose a DBC identity for a given PCTIYBIYBSIS 965
PCT/ GB96/ 00535 26 VPI /VCl pair
and signals this information forwards so that public network 10-2 does
not chose the sane value (e.qg. public nggwork 10-1 assigns identity 1,
public network 10-2 assigns identity 2, etc). The DBC identity val ue

is stored 5in a tabl whimlhmepm;mbnmy the haxiita keated @te whdch it shodlbd
CRfield 52 in the RM Cgé}las sF'ﬁH{e&Z);eﬁfnéﬂ&S d ?rzod ofRi E‘,{'.Es:.ﬁ_{r

the CAC which is provid e average ce ter arrlva time
plus a burst tolerance [err] 10 Operation of the feedback nodul e 44
istri ggered by t Be A cegstenl eacddrdimgwhea acilaimCR3i s cmjviesmh.day 4 he

O L ot " o) UMEFREICC 480 14! rae g ity oLl P, peges
Chreshol d. A RM cel | i sinpbe cpll 5ate earigating AR &R estimating the
rate of supply of cells to the ingress from a signal
source, wherein following estimation by the
estimating means, the bandwidth control means are
10 arranged to cause the system control wmeans to
allocate additional bandwidth for cells from the
signal source, and in that the bandwidth control
means cause the feedback means to transmit a maximum
cell rate indicator to the signal source indicating
15 the allocated rate as the maximum permitted rate of
cell supply to the ingress. '

6. A system according to claim 5, characterised in that
the bandwidth control means is arranged periodically
20 to cause estimation of the cell supply rate and, in
response thereto, to cause reallocation of the said
additional bandwidth by the system control means and
retransmission of a maximum cell rate value according
to the estimated cell rate.
25
7. A system according to claim 6, characterised in that
the reallocation comprises a reduction in the said
additional bandwidth.

30 8. A dynamic bandwidth controller for a broadband
switching system, which system is for transmitting
information-carrying asynchronously transferred data -
cells from an ingress of the system to an egress of
the system via at least one switch, wherein the

35 controller <comprises means for causing the
establishment of a virtual connection at a
predetermined base bandwidth between an ingress and
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The pseudocode for the feedback module 44 is as follows and Hﬂ'ﬂ”mull |”II|
corresponding SO is shown in Figure 8. 20 _ BEG.N { MHM *

receive a CR for a VPI/VCl from Controller default &R ZCR
END { Receive an CR} 25 BEG N {RMcell timer expires

RM cel | timer V37865 Create RM cel | PC&GWP‘E%S
default.CR into RMcell 30 send RMcell to end-system

restart RMcell tiner END {cell arrival from network} 35
Next the buffer nodule 40 will be considered.37 The buffer nodule is
shown in nore detail in Figure 9. Its purpose is to store iniom'ng '
data cells on the basis ¥ t92¥ess, WeARSC L0%| REYRAYINT oMhE nEBLAL £RLLS

cetls. Buffering the 4Peceive adt ovhe aiingressysheansd 4£¢Fi determiningiethe
T ot e 40" o s S, LGOI B ANEME URRALOGgf mbi
96/ 27965 for issuing a bandwidth regquestpsdcopgdzgutomatically
27 5 in response to such cell detection and bandwidth
determination to cause additional bandwidth in
addition to the base bandwidth to be allocated in the
system for the transmission of the cells to the
egress.
10
9. A method of operating a broadband switching system
for transmitting information-carrying asynchronously
transferred data cells from an ingress of the system
to an egress of the system via at least one switch,
15 the method comprising maintaining a virtual
connection with a predetermined minimum bandwidth
between the ingress and the egress, detecting the
rate at which the cells for the said connection are
supplied to the ingress, and, automatically in
20 response to detection of a cell supply rate in excess
of that which can be accommodated by the minimum
bandwidth, allocating additional bandwidth to the
connection.

25 10. A method according to claim 9, characterised in that
the additional bandwidth is limited to a maximum
value, in that a feedback signal is generated and fed
back to the ingress for limiting the rate at which
cells for the said connection are supplied to the

30 ingress according to the level of additional
bandwidth available in the system for the connection,
and in that the additional bandwidth is de-allocated
in response to detection of a supply cell rate which
is less, by a predetermined amount, than that which

35 can be accommodated by the sum of the wminimum
bandwidth and the allocated additional bandwidth.
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when _t"he'- buffer fili fhreshold is¥r %gﬁ%\;? i ndi cating that Dﬂﬁoﬂa {
end-gystem is not -responding to a f Gk signal (this | cdlises

the controller 38 to re-send a CRto the end- system as mentioned gyMp
above). The buffer module 40 also 5 drops received cells whgg P
maxi mum buffer all ocation for a given VPI/VC . val ue pair i\t eede%i0

This is done by PC']E)uffer O VWORED} ISTRLLECTUAL ﬁgﬁ WAANFNTEN | f t he'd S 20 has a
)

" conbined i f | e N
trip deLayitaRARNAL fucan G pBLIEEDY qaqvﬂiam@%?%
cells aL(Sl)hnrﬁlmgmunmsﬂmﬁthe CR Yal UgR) Risfuthad AdBsEtion Nunber: The WO ®

t he shaf edHo#L®2/56, M04Q 13M4i s mai nly {aldater for 15 changes in the burst
tof eranke, because a change in this {43} loternatiopal Pyb a 12 §Rerberi3iei2,0996)

of excelss cell arrivals (e.g. around 3 cel I's). The flxed cell

051 t | CFED i Arsicatom ympes . PP %&% ﬁ%ﬁ%@%ﬁm

the - | d@piRhaned MsDid! 58 §Midrigsi®3fs | The sk

repr esent thefront cells of a plurality ( MVE M| IN mn'ramug
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(57) Abstract

In a broadband switching system for the switching of asynchronously transfermed cells of data, a dynamic bandwidth controlier (DBC)
controls the application of data cells at an input port of the system, the data cells being supplied by a number of transmitting end-stations.
The DBC detects incoming cells, identifies the source of the cells, provides buffering for the cells, and controls the output of the cells
to the system switches according to a current cell rate (CR) assigned to the cells from the respective source. The system also includes a
connection admission (CAC) module which determines bandwidth available in the system. The DBC and CAC operate together to maintain
a permanent virtual path of a predetermined minimum bandwidth through the system and allocate additional bandwidth on demand up to
a maximum. The additional bandwidth allocated to the path can be automatically removed or reduced of it is not used by the source.
Feedbacktomesoureecmbepmvldedtopmemcellsbemgmpplwdaamewhwhwwld result in significant cell loss doe to the
limitation of bandwidth available for the path in the system.
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: paged 32 to pagsd 37
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THEN trahsnit "ufferf-full
ELSE 40 do not hi ng -

PCT/ GB96/ 00535 | 35 [0 Drawing(g) : paged ..=. to p&aD.z.
{Recei ve a cell} BEG N {Recejye a fleHcApstrac pa»" ..... ﬂbep@ede a
VPI/VCI fetch signal fromthe SHAPE 5 pass cell from buf
to the SHAPER/ MUX | decrenent buf f ¢r JATH OreYeicEeT. QZ

{Recei ve a fetch} The correspondi ng SDC ars—rnt-gtte—t6—20
Ref erring inow t A Fbgoadbanidn seibchahgorsygtidm Fhaviagllat t ieast one
shaper/nul ti pl exer nmodul e 42 operates to renmove cells from t he buffer

modul e 40 and t clngzegmifion monnmestier tovarxespectivecsigaadt FANECEN via

th t k t ches dul.e 42 has 15 two parts which are exer
60 ang B shaner A8 Be, eabt qife Fireds 408 Forncation b3 S Salkchs

maintains a sustaifed receitfdg 'dfStdd) NS 47 BWi Ay ldPBEem having
~at least one switch for transmitting information-
carrying asynchronously transferred data cells from

the ingress to the egress, system control means for

10 accepting and establishing a virtual connection at a
predetemined base bandwidth between the ingress and
the egress via the s’aid switch, and bandwidth contxol .

means arranged to detect the cells received at the

ingress, to determine whether' the currently allocated

15 bandwidth is 'sﬁfficien_t and responsive to that
determination to cauée the system control means
selectively to allocate additional bandwidth as
available in addition to the base bandwidth for the
transmission of the 'cells te the egress and to cause

20 a feedback signal to be gent =o the ingress to advise

a signal source of a new permitted sending rate.

2. A system according to claim 1, wherein the system

‘control means include a stored table for associating

25 the predetermined bandwidth'with a respective signal
" source. |
3. A system according to claim 2, wherein the bandwidth

control means ‘are arranged to detect when a signal
30 source is inactive and to transmit a maximum cell

rate value to a signal source which is inactive,



The cel |l stream f ddgkgq 4 shaped by the s bursts
Wwhich are not gre tREpu Eﬁﬁﬁ?si tol erance HMI mﬂmaﬂmnm

bei ng del ayed by tlhq shaper 62. wever, the b tipl ex Munéti on may
delay a cell if sdvgrd 7tDEQIPM&siophs . represented by different VPI/VC
val ue pairs are byrgting si mpl faneously. In this case, the

mul ti pl exer 60 asgigns Z5 each act{ve VPI/VC value pair a fair share of

t he DBC outp .|t dpes3his by polling active VPI/VC

value pairs in a round-robin fashion. Cell's which are waiting for a
period equal to mlghemrama Hie masimum raheratwhicheif| aggagdmith a

- higher priority ' ceII val ue._ The mul t) S up these
cells first (seeB® H@ﬁ%gwdlaf@gm affey abeP?-o’r& fo‘&%?élﬁ} ¥he

shaper function if bursts arrive which are |onger than the burst

tol erance credit val ue. The detail ed operation of the

shaper/ mul g, pl exar svaduh:eaé%dﬁdm L AW H LHhdF B dbsedSihothaw ng
pseudocode: - . BEGA N (STATE = ACTI VE ) receive a
cel | . wai%i ng[ VPI thel }Jasdgddlth‘ comtinglf greans is arranged pexiedicaddpt ok
;EH\I i plllgxer to ¢:CeII Ca%%mtion oE the cell supply rLA‘C'.TeE an:¥\A e

PCT/ GB96/ 005.35 response thereto, to cause reallocation of the said
additional bandwidth by the system control means and
retransmission of a maximum cell rate value according

10 to the estimated cell rate.

5. A system according to claim 4, characterised in that
the reallocation comprises a reduction in the said
additional bandwidth. |

15 |

6. A dynamic bandwidth controller for a broadband
switching system, which system is for transmitting
information-carrying asynchronously transferred data
cells from an ingress of the system to an egress of

20 the system via at least one switch, wherein the
controller comprises wmeans for causing the
establishment of a viitﬁal connection at a
predetermined base- bandwidth between an ingress and
an egress, means for detecting the said cells

25 received at the ingress, means for determining the
bandwidth regquirement ~of the dei:ected cells using
cell-rate estimation and means for issuing a
bandwidth request signal automatically in response to
such cell detection and bandwidth determination to

30 cause addit:ipnal bandwidth in addition to the base



STATE = WAIT for ¢ mﬁﬁ!ﬁﬂ%”éﬁéf e " fk} OB O Y.

BEG N { STATE = WAI T} f Oc.’;%%t timer to expire
timer expires C 1998 i ncrenent burst tol erance credlt counter

cel I.can.go . = TRUE ; ; cell.nost.go := TRUE 10

STATE: VWAI'T for nul tipl exer S 37 END - 3. BEG N
{STATE = WAIT for rm-l~t-1~p-|—ex-e¢+~..—_._.__l receive a

fetch. cel | [ VPI/ VCiHandwidthul tOpreerallddated in the syshemedoxt thedit
count er can. go = FALSE

cel | . nust.go : maggmlsm.on °f the cells dThhe: egreas:

END 20 4. BEG N { STATE = WAIT for nukipl exer}

credit timer expires |F credit counter < [err] THEN

i ncrenent credit QOUMEHod &£5 oper ching system
do not hi ng p Iati a. brg&%ﬁ% swit g &Y END
30 5. 5 BEGIS9x{ STAﬁEmitﬁhi@@ERnWmﬁion-carrylng asynchronousiist
timer expires | E credit counter < [err] THEN

i ncrenent credit @é‘ﬁﬁpéprred data cells fxrom @_S@greﬁ pf the system

do not hi ng to an egress of J:i'xemsjlsrtstgm via- at: least one switch,
| ‘the method comprising maintaining a virtual
connection with a predetermined minimum bandwidth
10 between the ingress and the egress, d_.eteéting the
rate at t_f:hich the cells for the said connection are

suppliedn to the ingress, and, automatically in

response to detection of a cell supply rate in excess

of that which can be accommodated by the minimum

15 bandwidth, allocating additional bandwidth to the
connection.
8. A method according to claim 7, characterised in that

the additional bandwidth is limited to a maximum -
20 value, in that a feedback signal is generated and fed
back to the ingress for limiting the rate at which
cells for the said connection are supplied to the
ingress according to the level of additiocnal
bandwidth available in the system for the connectiocn,
25 and in that the additio_zial bandwidth is de-allocated
in response to detection of a supply cell rate which
is less, by a predetermined aniount, than .that which
can be accommodated by the sum of the minimum
bandwidth and- the -allocated additicnal bandwidth.



END 0. BEG N { STATE = SHAPER CR ACTI VE} 40
new_CR advised (T.lerr])

nextT:= T
nextcredit:=[err] END 45 7. BEG N { STATE =
SHAPER Tl MER ACTI VE} ' timer expires
reset timer (WOSERI96S END 50 8. PEUGROGBNISTE =
MULTI PLEXER ACTI VE} : output:cell timer expires '
i ndex : = pointer

REPEAT {Ii'st | oop of searching for
1,Hqcrenent I ndex

cell . nmust. go}

| F cell.nust.go[index]
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5 | F i ndex = max. buffer.size THEN

index: =0 UNTI L i ndex_ = pointer. REPEAT {2nd
| oop of searching for cell.can.go} 10 i ncrement i ndex
| F cell.can.go[index] THEN poi nter: = index
fetch cel | [i noeode/sr96sm buf f er send fetch PETIGBHNMNEE to
SHAPER 15 STATE: = MUX. ACTI VE ELSE
| F index = max.buffer.size THEN 1 . index: =0
UNTIL i ndex = pointer 2 0 gsezé ﬂno. cel | . wai t ng. si gnal
END It wi P be understood that when the DBC 20 requests a change
in the bandwi dth®l | ocated to a gffticedar transnission, the 25 CAC nust
control other | G k sd,that the network capacity is
used nost effeftively. The descf/pgion®! - which follows deals with
connection adm ssion control ®eth ver com ng the probl em of
traffic rebal apci ngf.: 30 Two gonnectijon adm gsi on control strategies w.ll
now be degcri bgd. Both tagkle the Jprobl emjof rebalancing traffic.
In other words) wE¥ a transrfission b orre%qui eﬁ-i)r new y active, it
I S necessary t¢ d@ém’ ne h othef cedtr . nmessages need to be
generated for ¢th@r<€rans Lods. The 35 obj @s to make this nunber
of control nesd4ages as as popsible. ' The first strategy
invol ves a rel gtively 21 gl ¢ corjnecti on ssion control nethod
whi ch involved no JactAal £
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40 rebalancing. In this nmethod, a newy active transm ssion (VPI / VC

value pair) _is given a single cell_rate (CR) which Is retained until
the transm ssion goes quiet again. Only when it is subsequently
reactivated will the transm ssion get a different CR This neans that
a qui et si gnawo e#2396sng WD 96/ 27965 PCT/GB96/00535

PCT/ GB96/ 00535 31 to one VPI/VC
value pair will cause no control signakgito be generated for other

VPI /VCI val ue pairs which were sharing capacity with it. 5 This is
conmbined with a filling nmethod which involves (i) giving a first nemy

active connection an effective capacj
avail abl e capacity; (ii) giving

which is half of the total
X Ly active connection an

effective capacity whichf_~— 173] h§ & ilning capacity; (iii)
a1 ot "the (S8 L1 revd g 8ol chpal By| Jgig jon. Thik olhod’is
TR
appl i ed |ink-by QE? overi@ﬁe“ewt VPI / VC
val ue pair, and hevelr yral db epacity is the
det erm nant of the"CR fdd’ﬁ;§P¢.o , It follows that a
new y active signal having one VPI / VCl - val ue pair generates no control
signals for the o@her
w
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VPI /VCl val ue pairs which are sharing the capacity. 20 Since the DBC 20
I s designed such that a user can only maintain a large effective
capacity on the network so-Tong as the VPI/VCl value pair remains in
the active state in the activity detectgh 36 (Figure 4), and the cel
rate generat cWORRS t he custoner is close 13 the effectiveP

val ue (refer to the cell-counting function of the activity det ect or
descri bed above), it follows that users can only hold onto | arge
effective bandwi dths for as |long as the prepared to be charged for
t he proportion | frger | o ubm tting. Thi s
nmethod is fairft Prs int sufficiently | ong

period, no usqr systgemat i el af capacity. 35
However, it i 'abﬁﬁ urst n¢r ease t he nunber
of users who -+ t§ gec el ) i WO 96/ 27965

bandw dt h
bnd, nodi fi ed nmet hod as
is that, if an active
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causes control signals for other VPI/VCl val ue pairs, | et the

5 signal

signal be limted to only one per_| i nk, nanely the ri chest (1 argest
capacity) VPI VPI /VCl value pair. This can be described as a limted

rebal anci ng nethod or a "take-only- fromthe-richest” (Robin Hood
method. 10 Wwogkmsscan best be illustra¥8H with an exanpl e PCTIGBGHYSIS

nmet hod: - (i) the first newly active VPI/VCI value pair is assigned
15 an effective capacity equal to half of the total

avai |l abl e capacity;

(||) the next newly _-‘= ve connectlon S

assigned hal f of t he
effective 20 iC i -3 B/ VE Salu t t he
current richest); act 530 necti of ¥$ pssi gned
hal f of f 25
current richest; $Sdeso bE.& : i py be
i magi ned t hat t he E§s - ' "'I Mot/ s.
The above step [ et ary steps - 30
(1) the first newy active VPI/VC value palr gets 50 Moit/s
and there is 50 Mit/s remnaining; (i1) the next VPI/VCl value pair
gets half of the 35 remai nder (which yields 25 Miit/s) plus a flf&
from the first, which neans that the fi now has 40
Mit/s, and the second has 35 Miit/s \D
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WD 96/ 27965 ' - PCT/ GB96/ 00535

33 " (i) the next VPI/VC value_ pair gets half of the
remai nder, which yields 12.5 Mit/s plus a fifth from the first,
so that the first now has 32 Mit/s, the ~ second still has 35
Mit/s, the twiomdnias 20.5 5 Mit/s, and so on. PCHEBIS/00534
nore of the users are now getting |arge capacities, but there is
only one extra control nessage to send on the link. There is thus a
limted rebal ancing or 10 "Robi n Hood" strategy. © To extend the nethod
to a route with ngpy Iinks, the above process is repeated |ink-by-Iink.
VWi chever link yi &dgthe | ovest 9f{tktive capacity is the determ nant
of- the CR val ue ack to the dynanic _bandwi dth controller (DBC).
Now, usi ng thi al FC) pacifty] the CAC assigns it
| i nk-by-1ink by takin alif |of} the|r i i g kcabacity on that |ink, and
any -extra which isSneedgd]i g tlakpnf ffom tlh richest VPI/VClI val ue pair
on that |ink. Congequently, |thisi PO|ggndrarefs pt nost one additional CR
control nessage pag lin fpr]efc PIY VCI | a g?(e signal sent to the
network. A quiet X si it TS N0 &1 onal control nessages.
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This strategy also makes it inpossible for a user to hold 25 onto a very

| 'arge” capacity when others becone_active. In addition, as_many users as
possi bl e are given a reasonably | arge capacity whil e keeping the
conplexity of traffic rebal ancing to a m ni mrum 30 In summary, in a
br oadband swi woidengessyst em for the swi t chi ng of asynchr oRET/GB)6H0S3S
transferred cells of data, a dynam ¢ bandw dth control |l er (DBC)
controls the application of data cells at an input port of the system
the data cells bei ng supplied by a nunber of transmtting end-stations.
35 The DEC detects incomng cells, identifies the source of the cells,
provi des buffering for the cells, and cgmrol s the out put of the cells
to the system swi tches according to a WO 96/ 27965
PCT/ GB96/ 00535 34 current cell rate
(CR) assigned to the cells fromthe respective source. The system al so
i ncl.udes a connecti on adm ssi on (CAC) nodul e which determ nes bandw dth
avai l abl e in the system The DBC and CAC operate together to maintain
5 a permanent virtual path of a predeterm ned m ni num bandw dt h t hrough
t he system and al | ocat ¢ addsTT ' bangwi dt h on mp to a maxi mum
The addi tional bandwi dtlh Adtiveocht ed to the path c 820t omatical |y
renoved or reduced if it used by the source. Feedback to the 10
source can be provided to prevgnt cells being suppli Gm%er a
xaCR xpres
from
Controller create
RM cell
1
g‘g’f‘"“ write default.CR
CR |into RM cell
send RM cell
_ to end-syste
‘ Active }
restart timer




rate which would result in significant cell |oss due to the limtation
of handwidth avajlable for the path in_the system 1.

A broadband swi tching system having at | east one I ngress for
connection to a respective signal source and at | east one egress
for connecti onQ9627968| ect ed si gnal receiving syst eRCTAGB6/0053S

swi tchi ng system havi ng at least one switch for transmtting

i nformation- carrying asynchronously transferred data cells from
the ingress to the egress, systemcontrol neans for 10 accepting and
establishing a virtual connection at a 81 - predeterm ned base

bandwi dt h between the ingress and the egress via the said switch,
and bandwi dth contr ol means arranged to detect the cells received
at the ingress, to determ ne whether the currently allocated 15
bandw dth is suffi %i ent and jve to tigat " Y€t erm nation
to cause the systemtontrol sel ecti vel 1al/l ocat e

addi ti onal bandw dth as able in additiwn

bandwi dth for the trans n of the cells and to
cause 20 a feedback signal sent to the ingre e
a signal source of a new perm:t i ng rate. N
according to claim1l1, wherein the gystem ~T
N give cell >
to mux
1
Adjust
Put celiin pointers
buffer and '
adjust pointers
_ ‘ Active |
Y~ Butter fil
=T?
Tx buffer full N

signal to
Caontrolier

( Active )

Fig.10



control neans include a stored table for associating 25 t he

preel-e-t—e-F-m-ne-d—b-a-n.dw_d.t_h_w th a_respective signal -~ source. 3.

A system according to claim 2, wherein the bandw dth _ control neans
are arranged tﬁ det ect when a signal 30 source is inactive and to
transnmt a max rate value to a signal sour cECTGBSN0S3S

i nacti ve, 36 4 whi ch represents the maxi num
rate at which it should sengcells i medi ately after a period of
i nactivity. 4. A system according to claim3, characterised in that
5 t he bandwi dth control neans is arranged periodically to
cause estimation of the cell supply rate and, in response t hereto,

alali b

to cause reallocation of the said acett+9nal bandwi dth by the

system control means ar retransmsgian ¢f a maxi numcell rate
val.ue according 10 est-ad ed qeﬂlgrate. 5. A system
according to claip ilsed injthal £ he |real | ocati on
conprises a reducfi & id g addfti onal ﬁ)a dwi dth. 15 6.
A dynam c band gm r %‘ r-—a—-bgpgdba d swi t chi ng
whi ch i S
system ich sys S P ho §§
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i nformation-carrying asynchronously transferred data cells froman

ingress of the systemto an_edress.of 20 the systemvia at |east one
switch, wherein the controller conprises means for causi ng

t he establishment of a wvirtual connection at a

pr edet er ni ned W9sRM6sNdwi dt h bet ween an ingress and PCT/GRIS/053S
nmeans for detecting the said cells iés received at the ingress, neans
for determ ning the bandwi &} requi renent of the detected cells
usi ng cell-rate estimation and mneans for | gStRAgm a

bandw dt h request_si autgmatically in onse to suich cef |
detection an i calse gdditiop 5

bandwi dt h i @ , E

37 t gnEl or tg‘ne — =

transni ssio E B[metl®e '8 [ope Bt|ng a
br oadband s i ng i nf oy@nit Bof- ¢& By{ng
asynchronou r an ihgress t he
system amst one switc

the nethod i s nlg—RB-ht ai ni he viTtual connection with
a predeterm ned m ni num bandwi-dth 10 bet ween the ingress and the
egress, detecting the rate at which the cells for the said
connection are supplied to the ingres$s, and, automatically in
response to detection of a cell supply rate in excess of that

whi ch can be accommobdated by the m ni num
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15 bandw dt h, allocating additional bandwi dth to the

connection. - 8. A nethod according to claim7. characterised in that
the additional bandwdth is linmted to a nmaxi num 20 value, in that a
f eedback signal is generated and fed back to the ingress for
limting the rvabeszmesnhi ch cells for the said conneg‘[‘ﬂlﬁp"é’l"@”
supplied to the ingress acgpqding to the level of additional
bandw dt h available in the systemfor the connection, 25 and in that
the additional bandwi dth is de-allocated in response to detection
of a supply cell rate which [ 2, predet erm ned anount,

t han that which can b@' acco p sum of the. m ni num

bandw dth and- the allocated additional
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timer expirad
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