1 BROADBAND SW TCHI NG SYSTEM This invention rel ates
t 0 a pbrodagbang—swrtTiimg—syst ent ot the—swtchtng of asyrehrerousty——m——
transferred data cells, and ‘5 to a nethod of switching asynchronously
transmtted dwbasmar9es cells. Broadband swi t chi ng net wor §&r/c866/00534
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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 first 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 wmodify 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. In
particular, it is possible for connections 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 tr?ffic which is transmitted at constant bit rates and
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provided in the ATM header is known as cell loss priority,
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 Q0S requirements..
20
A disadvantage of all known permanent circuits is that the
bandwidth remains assigned to the circuit, even when the
customer has nothing to transmit. This means that the
customer may have to pay higher charges than would be
25 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
correct in terms of the way public network operators may
choose to charge for virtual circuits. However, it is
30 expected that charging based on reserved bandwidth will
become a significant factor in the future.

A common practice is to set up a permanent virtual circuit
so that it is only available during certain hours of the
35 day, or during certain days of the week. A difficulty with
this approach is that it does not allow the customer to
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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
now be assigned to the circuit. A difficulty with this

15 approach is that there is noc internationally agreed standard
for a bandwidth-requesting cell that would be recognised 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 receiving system, the switching system
having at least one switch for transmitting information-

25 carrying asynchronously transferred data cells from the
ingress to the egress, system control means for accepting
and establishing a connection between the ingress and egress
via the said switch, and bandwidth control means arranged to
feed a indicator signal back to the ingress for transmission

30 to the signal source, to detect incoming cells supplied to
the ingress from the signal source, and, automatically in
response to such cell detection, to cause the system control
means to allocate a predetermined bandwidth for transmission
of the cells to the egress.

35
It will be appreciated that in practice, the automatic
allocation of the predetermined bandwidth may occur some
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is because if bandwidth is allocated, it will always be at

the predetermined level. The above types of transmission do
10 not operate satisfactorily when operating below the

predetermined level of bandwidth (which is a pre-registered

level that has been calculated as being sufficient for

satisfactory operation) and thus if that level is not

available, no bandwidth is allocated, i.e. lower bandwidth
15 amounts are not allocated.

However, in some circumstances the bandwidth control means
may be arranged to cause allocation of bandwidth to a signal
source at a level less than the predetermined bandwidth
20 associated with that signal source and in conjunction with
downgrading the priority of cells received at the ingress
such that the bandwidth of non-downgraded cells supplied to
the switch does not exceed the allocated bandwidth. This
will typically occur when the predetermined level of
25 bandwidth is no longer available on the system.

Once the cells have been downgraded, the system may delete
the cells if the system becomes overloaded i.e. has more
cells for transmission than can be transmitted in the

30 available bandwidth on the system. Thus the user is taking
a conscious risk that some of a message may not be
transmitted when transmitting in this optional priority-
downgrading mode. Conveniently, the cell deletion technique
used is an "intelligent" technique which does not randomly

35 delete cells (thereby corrupting an unknown number of
messages) but deletes cells wherever possible, only from a
single message.
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transm ssion do the bandwidth control means. The cell rate value is fed

back to the ingress for transmission to a recognised signal
source to indicate to the signal source a permitted rate of
supply of cells to the ingress.

10
The feedback means may also be arranged to transmit a
"predetermined bandwidth not available" signal to the
ingress when the system control means determines that system
needs to operate in the priority-downgrading mode for a

15 signal source. Having received such a signal, a signal
source may choose to take advantage of the opportunity of
transmitting at a lower priority {(with the risk of lost
cells) but at the same rate as before or to cease
transmitting until a subsequent opportunity exists . to

20 transmit at the predetermined level (without cells being
downgraded in priority).

Preferably, the bandwidth control means is arranged
automatically to cause the system control means to

25 deallocate bandwidth for cells from a particular signal
source when that signal socurce is determined to be inactive.
This may be when the rate of supply of cells received at the
ingress is zero.

30 The system control means may be arranged periodically to
determine whether the predetermined bandwidth is available
on the system. The bandwidth controller may then "offer"
the predetermined bandwidth so determined, to a signal
source preferably using the indicator signal. The offer may

35 be made to a signal source which has been halted because it
has had its bandwidth deallocated or it may be offered to a
signal source which is inactive. Preferably, the system
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The bandwidth control mwmeans may include a buffer for
delaying transmission of the cells to the switchk until
bandwidth has been allocated for the cells.

15 Preferably, the feedback means is arranged to transmit a
reduce-traffic-level instruction to the ingress for
reception by a signal source, when receipt of cells from a
signal source has been detected and no bandwidth has been
allocated for cells from that signal source. The reduce-

20 traffic-level instruction may be a halt instruction for
instructing a signal source to cease supplying cells to the
ingress. The bandwidth control means may also include
timing means for measuring the period of time for which the
cells are delayed and may include cell deletion means for

25 deleting cells from the buffer after they have been delayed
for a predetermined period of time. A signal source may be
arranged to allow for this to occur if it has not received
a cell rate wvalue informing it that the predetermined
bandwidth has been allocated.

30
Buffering may be used on other occasions when an signal
source is transmitting at a higher rate than the rate
capable of being accepted by the network at a given time.
Indeed, it is preferable. for the buffer to have means for

35 detecting when it is filled to a predetermined threshold
level, the feedback means being responsive to the detection
to cause a cell rate value ({(usually requesting the signal
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The invention also includes, according to a second aspect
thereof, a method as claimed in claim 13 of the accompanying

15 claims. Third and fourth aspects of the invention are set
out in accompanying claims 16 and 17.

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

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

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

Figure 3 is a diagram of part of a broadband switching
system showing how a single bandwidth controller can be
30 shared by several end-systems;

Figure 4 is a block diagram of a bandwidth controller for
use in the systems of Figures 1 and 2;

35 Figure 5 is a specification description language diagram
(SDL) for the activity detector module shown in Figure 4;
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Figure 8 is an SDL for the feedback module of Figure 4;

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

Figure 10 is an SDL for the buffer;

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

Figures 12-1, 12-2, and 12-3 are SDLs for the
shaper/multiplexer module;

20 In its preferred form, the invention is concerned with a
broadband switching network which may form part of or may
constitute a public switching network for the transmission
of asynchronously transferred data cells between end-
systems.

25
Referring to 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
switches 12 each having a port for commection to a

30 respective end-system 14, and a transit switch 16
interconnecting the local switches 12. Associated with the
switches is a connection admission control function {(CAC) 18
and a dynamic bandwidth contrcller (DBC) 20 for controlling
traffic entering the network through one of the 1local

35 switches 12. This switch 12 also includes a usage parameter
control device 22 for dynamically altering the priority of
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foedback means bei BEVIRS oA IS, RE BRFEB:FBfp €6 (i, 28, D cpphHEting
val ue (usually reqaesérnb ehd-sysprems such as end-system 14. Using the DBC
20, the public network 10 is able to provide an available
10 bit rate (ABR) service, the DBC acting to detect incoming
cells supplied to the input port 24 and, automatically in
response to this detection, to cause the CAC 18 to allocate
bandwidth for the transmission of the cells to the
destination end-system. Generally, end-systems 14 requiring
15 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).

20 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-

25 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 wvirtual paths and
virtual circuits, as defined by the header information.

30 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
defines the connection between the end-systems so that cells
forming part of a common message will be transmitted over

35 the same connection. ABR traffic enters the public network
10 by routing cells according to their VPIs and VCIs through
the DBC 20 and then out to external routes, as shown in
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20 in which: - 1g Figure 1 is a diagramof a broadband swi tching systemin
accordance with thé invention; 25 Figure 2 is a diagram of another
br oadband smnt%hlng system i n accordance with the invention;

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. 1In fact, the connection between two
end-systems 14A, 14B is routed through two public networks
10 10-1 and 10-2. Each network 10-1, 10-2 has its own DBC 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.
Each DBC 20-1, 20-2 is also responsible for advising the
15 end-system 14A of the current applicable CR.

In the systems of both Figure 1 and Figure 2, the DBCs 20,
20-1, 20-2 request bandwidth from the respective CAC 18, 18-
1, 18-2 whilst buffering any incoming data cells which

20 cannot immediately be transmitted to the respective switches
12, 1l6. The CAC 18, 18-1, 18-2 then allocates a bandwidth.
This allocation is then indicated to the DBC 20, 20-1, 20-2
which communicates a maximum CR to the transmitting end-
system 14. The allocation only occurs if sufficient

25 bandwidth is available on the system to allocate a
predetermined bandwidth (pre-registered by the customer) to
the end-system.

It is possible for a single dynamic bandwidth controller
30 (DBC) to be shared by several end-systems or signal sources.
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
35 be handled by the DBC 20-3 is determined by the link rate L
(i.e. there must be not sc many sources that it is always
the link rate L which is the limiting factor determining the
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Figure 4 is a block diagramof a bandwi dth controller for use in the
systens of Fi gg@Rdesand 2; 35 Figure 5 is a specification getsdokhissfn

| anguage di agram SDL) for the activity detector nodule shown in Figure
[, 8 Figures 6-1 and 6-2 are
SDLs for the controller nodul e of Figure 4; Figure 7 is a diagram
of- a resource nanagenent (RM) data 5 cell; 3+ Figure 8 is an SDL for the

feedback rmodul e Ofa¢§é¥£ﬂie4fate.) 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 may be
times when the output buffer 28 is congested. This can be
5 avoided by supplementing the sustained 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.

10 Whenever the dynamic bandwidth controller (DBC) is
incorporated in the arrangements of Figures 1, 2, or 3, its
main functions are as follows.

Firstly, it provides buffering of incoming data cells, the

15 degree of buffering at any given time being determined
acceording 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
traffic fed to the network 10 so as to be equal to the

20 current CR applicable to that particular transmission, the
CR depending on the allocated bandwidth.

The allocated bandwidth, and hence the CR, for any given
transmission is determined by the CAC 18 (see Figure 1) on
25 the basis of determining the route to be followed by the
transmission and assessing a fair share of the available
capacity on the route based upon the known number of active
transmissions and on the predetermined bandwidth which needs
to be allocated.
30
When a transmission begins it is detected in the DBC, which
immediately transmits a halt signal to the relevant end-
system 14 (see Figure 1). The halting of the end-system
" ensures that a newly active transmitting source does not
35 cause overload 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 loss



Figure 9 is a diagramof a buffer for the bandw dth 10 controller of Figure
4, Figure 10 i s an—SBk~for the-buffer; Fi gure—11 is a bl ock -
di agram of a shaper/multiplexer nodule 15 and its connection to the buffer
of Figure Gwoesamei JUres 12-1, 12-2, and 12-3 are pBrepedndsss t he

shaper/ mul ti pl exer nodul e; 20 In its preferred form the invention is
concerned with a br oadband swi tchi ng network which may form part of or
may constitute a public switching network for the transm ssion of
asynchronously transferred data cells bet weén end- systens. 2

5

Referring to Fi h | wor urglity w.tches
operabl e in async Ifo%%ﬁé ?Fgﬁg#%gs%d'e (ZEH%% hfé ?ﬁp{:hiogl salt‘ nﬁﬁgogéarsﬂalé’,

t He switches i nduRg&ioRoofothe DBCo\} i&hde BRndyahfpgdback simmal ity the

connection to aei-isouRen! tve tnedpﬁlmpéw of 4conepéll 1ing it Stidansmiideda 16
i &

i nt erconnecti ng ttlgh r%Ioal sw tehes %bt!g@gilgﬁeedd%gﬁat%gﬁsiv%g%% 3Itrs1 a
t

connection adm s3] 'roI_ .ﬁ ) ;
control | er (DBCEXRD & dirasmsmissionnga CRtadvice sianal fg Aackoitieo ttiveough

one of the | ocalenddsy¥témhesinl 2hidhéSsesWitdheh cR2wal30beneitKies b aGee.
paramet er CORLNYy 98VaCRr 2ot sV Fo ¥nd! bEbalfeimtadd 'Wndwidth
for the end-system 14.

10 The pre-transmission buffering of the DBC is used to allow
a cooperating end-system sufficient time to adjust its
output to the latest CR feedback advice. This implies that
there is sufficient buffering in the DBC to allow excess
cells to enter for a period at least egual to the round trip

15 delay between the DBC and the end-system. If cells continue
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.

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 also 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.



9 data cells received at the input port 24 of the network from t he
emck systemi4: Ht—w || be understood—that;—im practice,  the-metwork—10—
will 5 include | arge nunbers of local and transit switches 12, 16 and

several DBCswogihbegl Nt €r connected to forma network haviperesagloossal i ty
of ports such as port 24 for connecting several end-systens such as
énd-system 14. Using the DBC 20, the public network 10 is able to

provi de an available 10 bit rate (ABR) servif:g, the DBC acting to detect

I ncom ng cells supplied to the input port®24 and, automatically in

response to this .ﬂgée,(f#d 33 i%gf‘?‘g"hf%‘{ ?gg&‘@g 484 Q ﬁkk@f%é}%_%igg%gﬂgt In

for the transm ssion the . dest] nation !
General |y, end- sykRRiHs PRFt; 3QUFPT RPcedving Apynchrenouslyr sramspdsted data

fi xethBg 20. Theg€l18Y an O?Epllimf rﬁblzt feeadng @iéa 21Xy adha ewdkcATMR or
switch 12. In e e aul t ngs s can_be rerouted t .
st andby DBC ( not %ﬁo %%% ﬁﬂ){} st;i frghs@%ﬁgggi %atr%e qur%y%f g"ng‘:ﬁlng
asynchronous tSare¢ework dfde (ARe) veits alsgchhadyiangtieri ninputt 3dn fozl d
of }‘ogty-_ f ei 9{1’?&@&%@1_ _me?%_ étlsacakpfe_oﬁemt hr éi\fitfdthVe:Lz)CBEt Eis V&ku&ha
i ncludes information facilitati ansm ssion thrau e net wor
itself. Thus, rou#???d’qcic %h??%?%e(foé'n%ﬁaﬁﬁﬁq g d8nd e messages to the
end-system 14 (shown in Figure 1). Although the DBC 20 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. A
transmission is considered to be in an inactive state if it
was previously active and no cell having the appropriate VPI
and VCI values has been detected for a period of time t.
The error check field provides a degree of redundancy, by
30 which error checking may be performed on the header
information. Thus, the principal reason for providing the
header error check field is to ensure that the header
information is correct, thereby ensuring that cells are not
transmitted to erroneous addresses.
35
Activity detector 36 maintains a timer and state table for
each VPI/VCI value pair. Preferably, t is set to be several



25 cell basis and a plurality of transm ssion paths and tine mul ti pl exed
slots may be enpl oyed foer—any part+ettar |ink—— ATMcetls are, therefore,
transnmitted via virtual paths and virtual circuits, as defined by the
header inforgeidsames 30 The virtual paths and virtual circpt/&nidicsss
identified by a virtual path identifier (VPI) and a virtual channel
identifier (VCl) in the five octet header which effectively defines the
connection between the end-systens so that cells form ng part of a
common nmessage will be transmtted over 35 th% sanme connection ABR traffic

enters the public&%ﬁgr ui L0g, A ocrdLng. eir. VPls
and VClI's through ST he E%Cttﬁ%toaa%i?ﬁen ou ﬁfép ae%%?g'%n%?hﬁgﬁ%ggﬁgage]sw in
10 Figure 1. Y% ARY IE.VSBCVRT/VCRe vRLuef PR1IBWRERH axe tofl thaitdrder ofd
virtual channel iseveasil i chiXlisecdndel | remia@n( Wiindetecked sbe n@fa@r rqdd 0
hereinafter as "CR. .n1.n s An_alternativ
illustrative arr %%n%ﬁ%%ﬁgh s%g\qﬁg%‘?%g%e;&j%es re;r%.mla.ﬁgt ﬁffst Ss3CERYR- m
14A is subj ect 5t nAex EBREe gfonditions. This has the effect of reducing the

fregquency of messages sent by the DBC 20 to the CAC 18 at
some expense to lowering utilisation of the network.

Another function of the activity detector 36 is that of
10 counting the cells for transmission during an interval after
receiving a "start cell count" signal from the controller
38. This information can be used, for example, for charging
purposes and also by the controller 38 for assessing the
actual cell rate of received transmissions.
15

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

BEGIN {cell arrival}
20 cell arxival from end-system
read VC
reset VC inactivity timer
IF VC is newly active THEN
ppdate state table
25 advise CONTROLLER of newly active VC
ELSE IF counting.celis(VPI/VCI) THEN
increment cell.coumt(VPL/VCI)
ELSE
do nothing
30 END

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

BEGIN {receive a start.cell.count signal}
40 receive a start.cell.couns{VPI/VCI) signal from CONTROLLER
cell.connt(VPI/VCD) := 0
counting.cells : = TRUE
END

45 BEGIN {cell.count timer expires}
send cell.count(VPL/'VCI) to CONTROLLER



of nore than one DBC. In fact, the connection between two end- syst ens

14A, 14B—Ts rtouted ttrough two pubtrcmetworks—36—16- 1 and 10-2—FEaeh
network 10-1, 10-2 has its own DBC 20- 1, 20-2 responsible for
restricting twabkbmegntering the network according to thepgpg

all ocated by its own connection adm ssion control function (CAC) 18-1,
18- 2. Each DBC 20-1, 20-2 is al so responsible for advising the 15

end- system 14A of the current applicable CR In the systens of both
Figure 1 and Figure 2, the DBCs 20, 20-1, 2013 request bandwi dth from
the respective CAC 18, 18y.qan -2 whilst buffering any incom ng data
cells which 20 cannot imél ately be transmitted to the respective switches
12, 16. The CAC 18, 18-1, 18-2 then all ocates a bandw dth. Thi s

al l ocation is thengd ngdicat t h C 20 -1,.20-2 . whi.ch
communi cates a ma>r<k| érrughi%g. ?’ g tsr%e fta{'ln%?m 45 nég:éna-s Q"hesfﬂcéﬁmﬂ.userTh‘éen
al | ocation onl ySoctixeam| issgpnrerned, 2shpanghivinyi degegtbabl3é oreadws the

sys: em t ;) ?I | oca: ezm/%cmreflm@g rriﬁledatennéa'wt h_eglaée]; wi&é@;ﬁrﬁﬁi&g}‘%eu
custoner) to - SYS . i s.possible for a si e dynam ¢
bandwi dt h contr ol Psgtr‘ee}ﬁ"( ﬁéﬁfr‘%’&%émlﬁf} &, di8gd etrfﬂ‘égfg%ﬁrs‘: grakml
sour ces. For ex@iple whigherdti mpingatngufer3each DEBEIZVCE valwh@uir. As
connected to a brabans Johihiiidath ch2wdthOERkNEoREEL1 PEx 18 is 8&%8%&%&,0’
the traffic of lghrtg% aogrces i:ﬁscc‘gﬁl g@shégldl ed Sl n% an out put buftter
28. The nunber “Of B6uPESSCHRT O¥ES| %a‘ffﬂ"rféi?lﬁfrt & PpeEhangg 9% state
deternined by the af raay MRIAVCI value. paizre Whetcbatrollen commyirstortashe
that it is always actikA®y | BktedtsrL dhi ¢hel Scifér! IVHIUItf aEh0The useq.
determ ning the , \

Preferably, the same value of t is used for all VPI/VCI

value pairs. Cell count information is sent to the

15 controller 38 by the activity detector 36 at the end of each
timer expiry.

The cells of the user cell stream arriving on input 30 are
transmitted without delay to a buffer module 40 where they
20 are stored in first-in, first-out (FIFO} buffer gqueues, each
queue 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
potentially affect the activity state associated with a

25 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

of the buffer and shaper/multiplexer modules 40, 42 will be

30 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
multiplexer module 42 is responsible for removing cells from

35 the buffer module 40 and transmitting them onwards towards
their destination. It includes a multiplexer function and
the shaper stores an CR value for each VPI/VCI value pair so
that the cell stream fed from the ocutput is shaped to ensure



avail able rate.) The aggregate cell rate of the ABR traffic fromthe
sources 14C nust not exeeed L. Thi-s—nplies that If the traffic from
each source is bursty, there may be ti mes when the output buffer 28 is
congest ed. Twoveges be 5 avoided by supplenmenting the sustpéfenesiopsds "ate
(CR feedback to the end-systens 14C with generic flow control (GPO)
signal s which operate to stop all transm ssions from each source

i medi atel y. 10 Whenever the dynamic bgndwidth controller (DEC) is
i ncorporated in the arrangenments of Figures 2, or 3 its mai n

functions are as drald exs c apacity GE! Lile idsgicRYEosa it e IRAT IS

data cell s, thel{;d fering at any give tlrre eter
according to the ¥%%an |'iﬁ?’iﬁ?ﬁ§§|"ﬂ ng EFhed@ praingede bY FFansﬁiﬁ@md
being identified ktapdlwhétkiPl immbtVekceedat matThencontrel sy a8 AbDsabhedttroie

DBC furt her cont ] gediind i apRite! ua gort F:@EE&G;{;Q?f&Q Ak Mldlges G 25

to be equal to_the 20 current | 1 cab articular

transnissi on, Ehébe n@ﬁwﬂ’gﬁeﬁﬁl ﬁﬁp‘b?l 1heand |fFem é&ebaﬁﬁﬁfﬂnﬁr 38 itmedf,
al | ocat ed bandw didr, cavdr@etramstiiss{dh tforcnendi-s98tem 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.
10
The purpose of the controller 38 is to signal to the CAC
that an ABR type transmission identified by any given
VPI/VCI value pair should have bandwidth in the system
allocated or re-negotiated. In this embodiment, the
15 controller 38 sends a halt signal to the end-system via the
feedback module 44 as soon as the activity detector 36
detects that the end-system has become active.

The CAC 18 is then sent a request for bandwidth. This. is
20 interpreted by the CAC 18 as a reguest for the predetermined
bandwidth associated with the end-system. If this bandwidth
cannot be granted, the end-system is kept in a halt state,
the cells already received by the DBC are buffered (by
setting the shaper module 42 rate to zero) and a timer is
25 started for wonitoring for how long the cells are buffered.

The CAC 18 periodically (preferably at periods just less
than the maximum time for which cells are buffered by the
shaper) attempts to find the reguested bandwidth and offers
30 it to the DBC, which in turn offers it to the end-system in
the form of a signal via the feedback module 44. When the
end-system 14 takes up the offer of bandwidth, the bandwidth
is allocated, and the shaper is notified of the CR
corresponding to the allocated bandwidth. If the CAC 18
35 cannot find the bandwidth, it may remove bandwidth
allocation from other end-systems to obtain sufficient



transm ssion is determ ned by the CAC 18 (see Figure 1) on 25 the basis of
determmny—theTouteto be foHtowed—by tThe—tTansm ssionmand—assessrng—a—
fair share of the available capacity on the route based upon the known
nunber of acweo/ssnr9e4t r ansm ssions and on the predeterm ned lmomeBsdosssanhi ch
needs to be allocated. 30 When a transm ssion begins it is detected

in the DBC, which I medi ately transmts a halt signal to the rel evant

end- system 14 (see Figure 1). The hal ti ng of the end-system ensures
that a newy active transmtting source does not 35 cause overload in the

system 10 before gt fsfenl & dase bEElbcat &P © 5RifABIL abEnARIEI %Q}ﬂﬂ&n

derive an CR for that transm ssi on. Such overl ogd wouyj d_t cal cause
cell |oss techniques for use fn the CAC, are gesggﬂaed l%%iov[ ha%/

transm ssi on This is part of a second main function of the DBC, i.e.
to send a feedba manak é% 2 : PUEP

controlling its toﬁr(faﬁg% ?%.13%@ cé:IeF ?gg%félﬁ%emﬁ&gtgagﬁnt P%eatiﬁgeé'&%d'wufe
derives a new ER%eMlg hgld, imdhes DBEn (1n the KMnfferis@gsafeietedy bhekthis
t he end- syst ergase) thesemdhaystiehekibvs tlathectal cedlszhave(beén deldwdd )

or a CR corresporgifig 4 hfifo MaS' ELAbP A WNE'D cr el BagR % ELF™
a predetermined time, it assumes that bandwidth cannot be
allocated and that the few cells which were sent before the
10 halt signal was received, have been deleted.

If the CAC 18 needs to remove the bandwidth, the whole
bandwidth is removed and the end-system is halted as
described above.
i5
As a strategy which is an alternative to the detection of
cells before bandwidth is allocated, the CAC 18 may
continuously poll end-systems to offer bandwidth (to the
predetermined level required by an end-system) to the end-
20 system via the DBC. If the end-system starts transmitting,
the bandwidth is allocated.

This polling, offer and acceptance procedure may also be
used to cause transmission to re-start after an end-system
25 has been halted as described above.

As mentioned above, the controller 38 is also arranged to
receive a signal from the buffer module 40 when the buffer
£fill for a given VPI/VCI value pair has reached a given
30 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
35 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.



10 The pre-transm ssion buffering of the DBC is used to all ow a
cooperating end-syst emsufH-cient ++re to adjust its -—output to the
| at est CR feedback advice. This inplies that there is sufficient
buffering i nyblegispfc to all ow excess cells to enter for pcpHendepossat
| east equal to the round trip 15 delay between the DBC and the end-system
If cells continue to arrive fromthe end-system 14 at a rate greater
t han t he advi sed feedback CR (for instance, because the CR was | ost
en route, or because of a faulty end-systen§ t he excess cells will be
dropped 10 the DEceliogdat tay e (RheehiBE. apflears Idbidit P ef er fed DEC
it is also possible to Include fault tol erance by making use of a buffer
threshol d. Wen the stored cells relating to a given transni ssion reach
t he threshol d, r et IBEGENYr&EiveQn actite VEIOCIERmAOTIVIEY DETELTORK tO the 25
end-system i s trigger ed. reckive &tifeVRLVOD fiom ACSIVITN DEUECTORS a mechani sm f or
policing end-s¥ystens to sonddnic®VPIYCIRp foedbadsnt use of bandw dth, whet her
due to a faulty term nalsegybadyidtheguest (VRIMOMREAR e non- conpl i ance with
contracted transmi ssi on Sendagtiyp GPUVCH id CRPoslBES i nterference with the
qual ity of 30 service %W“ﬂ’é’cf‘”f r, conpliant end-systens is
prevent ed. g effect; the DEC defines the ABR traffic contract with
t he network 10. BREINTREE f the DEC 20 will now be described in
nore 35 detail with ref eggp el dkpes?

send delete buffered cells (VPI/VCI) 1o shaper

END
15
BEGIN {receive a CR from CAC}

receive 3 CR from CAC

send CR to shaper

send CR to feedback

20 END

BEGIN {receive an inactive sipnal}
receive an inactive signal
advise CAC of imactive VPIfVCI
25 END

BEGIN {receive a VPI/VCI buffer threshold signal}
receive a VPI/VCI buffer threshold signal
signal feedback to retransmit CR to end-system

30 END

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

The controller 38 is arranged to write a DBC, VPI/VCI
35 identity value pair into the feedback module 44. It is also
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 1 is
40 a burst tolerance). It should be noted that only one change
in the values specified in an RM cell is sent for each new
VPI/VCI value pair whenever the CAC updates the CR value.
Typically, this may be once every 30 seconds or more in a
public network, and depends upon the sensitivity setting of
45 the activit.y detector in the DBC 20. It follows that the
required feedback control bandwidth can be relatively small.



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

| mput—port—30—for—recet vi ng asynchromousty—transmitted data —cetts—an————
output for feeding data cells onto a switch 12 or 16 (see Figures 1 and

2) form ng pagbdefdretdre switching 5 network 10. The unit apcrchssmossaot her

I nput 34 for recei ving nmessages back fromthe swtch 12 or 16 and a
feedback output 35 for transmtting feedback nessages to the end- system
14 (shown in Figure 1). Although the DBC ZOJ!'OQS shown as a discrete unit,
it- wll be appreciated that Figure 10 4 can be regarded as a functi onal

di agram repr ese”tisngwgéleb%“géé'éam Sfé&\?”}:ﬁé %s'e%&&‘ébdgat &nif %‘&&&‘dﬂe‘i“'i

much of whi ch as softwaré functi | ncom n ce S
orr input 30 arri v‘?é&"&sﬁ@n@eﬂ [Erem, Ehe, BufLgT B‘ﬁd}‘g e 4Qy Whersvey 2P
activity detectorfidd thrébkold imurpashbedfby hmeldst having cbet@emncsvpn/vcx
provi de state +NhR pGkon to a controller nodul e 38 about each received
transm ssion, each trarfism ssion being identified by its VPI and VC
contained in tRe cell headers. A transmission is 20 |abelled active by the
activity detectorrhtb interfav@with Rhevadtiity)decbcontl 35 ¢alsl ahBvady Héen
appropriate VPI a&&c ‘b%ﬁ' values is observed to be transmtted from an
end- system to 1l nplft * Synchronisation of the activity detector 36

with the start of a cell header may be carried out using an 25 error check

field contained Tﬂewpuk-besec:@ﬁ ltheh€ad@back mdule 44ARENNSBbRNbé SaEHEEi KT ed

to be in anl%c %tﬁ te if it was previously active and no cell
havi ng the appropriateée“VPI and VCl val ues has been detected for a period
of tinme t.

As mentioned above, the feedback module 44 transmits current
CR values (as signalled by the controller 38) to the end-
system wvia output 35. The CR is transmitted using a
15 resource management cell as shown in Figure 7. Optionally,
one field of this cell is the DBC identity wvalue 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
20 to end-system path. This DBC identity field is indicated as
field S0 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.
25
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
30 for the DBC identity for each VPI/VCI value pair, and the
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
VPI/VCI pair and signals this information forwards so that
35 public network 10-2 does not chose the same value (e.g.
public network 10-1 assigns identity 1, public network 10-2



The error check field provides a degree of redundancy, by 30 which error

checki ng may be perforfed—oen t he -header I nfermati on. Thus, the principal—
reason for providing the header error check field is to ensure that the
header | W9eHIbe4ON 1S correct, thereby ensuring that celgcg/drosodkss
transmtted to erroneous addresses. 35 Activity detector 36 maintains a
timer and state table for each VPI/VCl value pair. Preferably, t is set

to be several 20 14

seconds so that active-inactive-active tranSitions relating to any

given VPI/VCQ valhdgiBak’ iwBheltpE @edhhet8edpicoidentitP\URI}e is stored
mlliseconds remain 5gggetected trafism ssion 1S

, S t ha he
i ndi cated as rengnfn etﬂ@?ﬁﬁﬁﬁ“ﬁé ?VaFée geﬁﬁﬁ%ﬁktmﬂgﬂéebdﬁditions. Thi s
has the effect of reducing the frequency of nessages sent by the DEC 20
to the CAC 18 at .y

| CROEEEIPEASH Ithd WPRRY YEbb! FENAD AT ddiS K-
Anot her function 01'g tﬁe actlg\p/)ﬁ] det ect ar %g' |g t ‘atf%*fgioﬂcounﬁanglgtﬂﬁée
cells for tramnfRsPOVicRIGTp Ghei hemhdchaiaprovidedeagi hepuprageaceliel |
count" signal frantekrearpiabldime T, pl3fis ahbarsuftsleddnwe @an be used, for
exanpl e, for charging
Operation of the feedback module 44 is triggered by the
controller 38 (a) when a new CR is advised by the CAC 18,

10 and (b) when the buffer f£fill level in buffer wmodule 40
corresponding to any VPI/VCI value pair rises above the
buffer fill threshold. A resource management (RM) cell is
then sent to the end-system.

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

BEGIN {Rzceive a CR}
receive a CR for a VPI/VCI from Controller
20 default CR:=CR '
END {Receive an CR}

BEGIN {RM.cell timer expires}
RM .cell timer expires
25 create RM.cell
write defanlt.CR into RM.cell
send RM,cell to end-system
restart RM.cell timer
END {cell arrival from network}
30
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
35 VPI/VCI value pairs contained in the cells. Buffering the
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
when the buffer £ill threshold is reached, indicating that
40 an end-system is not responding to a feedback signal (this
in turn causes the controller 38 to re-send a CR to the end-
system, as mentioned above). The buffer module 40 also



purposes and al so by the controller 38 for assessing the actual cell
r ate-of —recetrved—t+ramsntssi-ons. 1 or the act+v-ty—deteector——

is listed below and t he correspondi ng SDL appears in Figure 5.

BEG N {cel | agjig oéAhgss 20 cell arrival from end-systwm
read VC wo reset VC inactivity tinmer I 'S newy

active THEN update state table 25 advi se
CONTROLLER of newly active VC ELSE | F counting cells (VPI/VCQ)
THEN _ i ncrement cell count (VRAYVQ) ELSE

do nothing 30 END . EG VG tmer._expires . VC

i nact i vi ygti mer eFPEs TRARTYSR 583 5uwg?’{‘ e ‘maximim L“fkﬁﬁdéﬁ'é°§?ﬁ%%nt%ﬂﬂ'e
35 advi e TORIVREVCT valus padr is exceeded.coWhtisngicaldms by
FALSE EMdefer overfloEG N {receive a start.cell.count signal} 40
receive a start.cell.count(VPI/VCl) signal from CONTROLLER
cell.count(VPI/VCl) :=0 counting.cells:= TRUE END
45 BEG N5{ d%iel sieenof thufiferexpquisdd for a DBC 20 cehtrodliihgticdéss

expires to ﬁx@‘@wﬁ@bhlﬁguﬁf}éé@ﬁ/ M dond 1A gg\ll-'ggalzgaely small. For
example, if the DBC 20 has a combined input rate from 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
10 flight whenever the CR values are changed.

The size of the shared memory area 56 is mainly to cater for
changes in the burst tolerance, because a change in this
rate leads to only a small number of excess cell arrivals
15 (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
positions represent the front cells of a plurality of
queues, each queue having its own VPI/VCI value pair. 1In
20 other words, the queues can be visualised as running
horizontally in Figure 9 with the front cells at the right
hand side. <Cells arriving in the buffer module 40 are
placed in the queues in a first-in, first-out (FIFO) order.

25 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
module pseudocode which follows:-

30 BEGIN (Receive a cell}
receive a cell
IF there is room in the butfer THEN
put cell in buffer
increment buffer-fill level
35 IF bnifer-fill level = Threshold THEN
' transmit buffer-full signal to CONTROLLER
ELSE
do
END {Receive a cell}
40
BEGIN {Receive a fetch)



15 restart cell.count tiner END It wll be seen
that, as far as the i neomng user eetl 5 streami s concerned, the activity.: -
detector 36 reads the VPI /VCI values in each cell header of the arriving
cel | stre this information is used to update the ${RicResn0sisl! €
which it naintg?%s or each VPI/VClI value pair. As far ag connunf%ation
with the controller 38 is concerned, 10 the detector 36 inforns the
controller of a change of state of any VPI/VCl value pair. The
controller can informthe activity detecto?2 of the tinmer value t

to be wused. Preferably, the sane value of t is used for all VPI/VC

val ue pairs. Cel | couﬁ%lmf fercB the SHAPER/MUX{ he 15 control | er 38
by the activity detector SHAPER timer expiry. The
cells of the user cell REAU ALgh VI NG on i nput 30 are transmtted

wi t hout delay to a buf er’ nmodul e AO where they 20 are stored in first-in,
first-out (FIF%» buf fer queues, each queue conprising cells having a
given VPI/VCl valthe perresponding SDL appears in Figure 10.

Referring now to Figure 4 in combination with Figure 11, the
shaper/multiplexer module 42 operates to remove cells from
10 the buffer module 40 and to transmit them onwards towards
their destination via the network switches. Module 42 has
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.
15
The cell stream fed to output 32 is shaped by the shaper so
that bursts which are not greater than the burst tolerance
T pass without being delayed by the shaper 62. However, the
multiplex function may delay a cell if several transmissions
20 represented by different VPI/VCI value pairs are bursting
simultaneously. In this case, the multiplexer 60 assigns
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
25 waiting for a period equal to or greater than the rate
interval T are flagged with a higher priority "cell must go"
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
30 tolerance credit value. The detailed operation of the
shaper/multiplexer module 42 will become apparent from the
following pseudocode: -

I BEGIN {STATE = ACTIVE}
35. receive a cell. waiting[VPI/VCI] signal from buffer
IF-burst credit ok THEN
cell.can.go: = TRUE
STATE: = WAIT for multiplexer
ELSE {burst credit not ok}
40 STATE := WAIT for credit timer to expire
END



The detector 36 is non-specific to cell type. Thus, the arrival of any

datTa celtswtt—be-detected an ; ffect the—aetivity——-o

state associated with a 25 VPI/VCl val ue pair, independently of the

exi stence or wodagmegce of control or managenent cells. Buffel;@fjcﬁ}ob%‘are
to

fed fromthe buffer 40 to a shaper multiplexer nodule 42 prior ei ng
fed to an ATMswitch via output 32. Operation of the buffer and

shaper/ mul ti pl exer nodul es 40, 42 will be 30 described in nore detail
befow. For the tinme being, it is sufficient s%rplyto say that the
buffer nodul e is capabl n che coptroll er 38 when any
buf fer queue has k. rea? 9%@“‘?{%& ?I Il threshold. The
shaper mul ti pl exer nod mm for renoving cells from 35

the buffer nmodule 40 and t&pQsgd TR them onwar ds towards their
destination. It 8 ncludes &aemidstgoparee function and t he shaper stores an
CR val ue for each VPI/VCl STAIES- WAIT fofultiplexek hat the cell stream fed from
the output is shaped t oENRsure

16 t hat the capamt of the re ectl ath t hrough the network for
each transm ssign, %as d ed bandw dth, is not

exceeded. The troller %ﬁﬁ?ﬁ%‘g@m%ﬁfjback nmodul e 44 for

recei ving feedback nmessag network on input 34 and fromthe

controller 38 itself, cell mustgo : = FALSE

STATE:= ACTIVE
15 END

4. BEGIN {STATE = WAIT for multiplexer}
credit timer expires
IF credit coonter < v THEN
20 increment credit counter
ELSE
do nothing
cell.must.go := TRUE
END
25
S. BEGIN {STATE = SHAPER ACTIVE}
IF credit counter < t THEN
increment credit counter
30 ELSE
do nothing
cell.must.go := TRUE
END

35 6. BEGIN {STATE = SHAPER.CR ACTIVE)}
new CR advised (T, )
nextT:=T
nexteredit: = T
END
40
7. BEGIN (STATE = SHAPER TIMER ACTIVE)}
timer expues
reser timer (nexT)
END
45
8. BEGIN {STATE = MULTIPLEXER ACTIVE}
' output cell timer expires
index := pointer
REPEAT ({1st loop of scarching for cell.must. go}
50 increment index
IF cell.must. gofindex] THEN
pointer: = index
fetch cellfindex] from buffer
send fetch cell signal to SHAPER
55 STATE := MUX.ACTIVE
ELSE



for onward transm ssion to the end-system 14 via output 35. The
functions of the buffer—shkaper/ nultiplexer, and- f eedback nodul es 40, 42

and 44 will be described in nore detail below The controller 38 w II be
consi dered f The purpose of the controller 38 iss{:@gﬁm

t he CAC at”an ABR type transmi ssion identified by any PI / VC
val ue pair shoul d have bandwidth in the system all ocated or

re-negoti at ed. In this enbodinent, the 15 controller 38 sends a halt
signal to the end-systemvia the f eedback rdddul e 44 as soon as the
activity detector 36 det ects that the end stem has becone active.

The CAC 18 is then sent a redt . This is 20 interpreted by

the CAC 18 as a request l%hglr m%%term ned bandw dt h associated with
the end-system If this T cannot be gr anted, the end-systemis

kept in a haltgstate, ggqufgﬂﬁﬁ ﬁ§&§ 46 by the DBC are buffered
(by setting the shaper rate ozero andatirrer Is 25 started
for nmonitoring for how | ong celb@n gofihdesy TRER buf f er ed. The CAC 18
periodically (preferably at pemerodisdexust | ess than the maxi mumtine for
which cells are buffered by b cellimded) Grprebiffert t enpts to find the requested
bandwi dth andt®ffers 30 it t ¢ fesh @pcmalthSBAPERN turn offers it to the
end-systemin the form sﬁ“éﬁ ‘FMYX-OCHVEhe feedback nodul e 44. Wien the

end- system 14 takes up the of bg‘rbhcgrvm dtel_n_&t he bandw dt h IS

al l ocated, and the shaper is n corresponding to the

al l ocat ed bamg dt h. | fyntae; 5 cannot find the bandwidth, it may

renove bandw dt h al | qg,atnj,_&a_wmm her end-systens to obtain sufficient
END

When the CAC 18 receives a bandwidth request from the

20 controller 38, it must first determined whether sufficient
bandwidth is available to meet the predetermined minimum
bandwidth. 1If sufficient bandwidth is not available by the
time the timer for monitoring how long calls have been
buffered, is about to expire, bandwidth is "robbed" from

25 other users as described below. Confirmation of allocated
bandwidth is then sent to the controller 38 which forwards
the bandwidth allocation to the end-system via the feedback
module 44.

30 It will be understood that when the DBC 20 requests a change
in the bandwidth allocated to a particular transmission, the
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

35 methods for overcoming the problem of traffic rebalancing.

Two connection admission control strategies will now be
described. Both tackle the problem of rebalancing traffic.
In other words, when a transmission becomes quiet or newly
40 active, it is necessary to determine how many other control
messages need to be generated for other transmissions. The
object is to make this number of control messages as small
as possible. The strategies described below apply generally



17 bandw dth to be all ocat ed. Sui t abl e bandw dt h bal anci ng _
t echni ques 1or _use rnm the CAC, —are descrTroedbetow— If the tinmer
expires before bandwi dth can be allocated, the 5 cells held in the DBC (in

the buffer) oweogajeied. In this case, the end-system knoperichadnokiic

cell s have been del eted since it also has a tinmer and unless a CR is
fed-back within a predetermned tine, it assunes that bandw dth cannot
be all ocated and that the few cells which2 re sent before the 10 halt
signal was received, have been del et ed. f the CAC 18 needs to renove

the bandui dth, theqioler chande & Lo gpBted an o BoERIBL LR T o

hal t ed as descrlgsd aboyve. I'S an alte

to the detection & E%‘?%?Pﬁﬁgl‘ﬁ%(ﬂﬁ%twli &PPOESFEBF YRy i besredsy
conti nuously pol | ofnthandetiidts.t o of fer bandwidth (to the pr edet er m ned
| evel required by an end- systen) to the end- 20 systemvia the DBC. If the
end-system starts transmttin the bandw dth_is all ocat ed. Thi s

pol ling, offer %nah&cgéﬁFSnEEriﬁQﬂﬁxﬁﬂﬂ?xﬁﬁf & ¥elptively simple connection
admission control method which involves no actual

rebalancing. In this method, a newly active transmission
(VPI/VCI value pair) is given a single sustained cell rate
(CR} which is retained until the transmission goes quiet
10 again. Only when it is subsequently reactivated will the
transmission get a different CR. This means that a quiet
signal relating to one VPI/VCI value pair will cause no
control signals to be generated for other VPI/VCI value
pairs which were sharing capacity with it.
is
This is combined with a filling method which involves (i)
giving a first newly active connection an effective capacity
which is half of the total available capacity; (ii) giving
‘the next newly active connection an effective capacity which
20 is half of the remaining capacity; {(iii) giving the next
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
25 effective capacity is the determinant of the CR fed back to
the DBC 20.

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

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
35 activity detector 36 (Figure 4), and the cell rate generated
by the customer is close to the effective bandwidth value
{(refer to the cell-counting function of the activity



used to cause transmi ssion to re-start after an end-system 25 has been

hal ted as descri bed above— As—rent i oned above, the controller 38 is —
al so arranged to receive a signal fromthe buffer nodule 40 when the
buf f er fi a given VP1/VCl value pair has reached '

t hreshol d. #%+§&§%§nal causes the controller 38 to connand%dﬂqqﬂy4%QMback
nodul e 44 to issue a so-called resource managenent (RM cell, which wll

be described in nore detail her ei nafter. The controller 38 may al so
recei ve a DBC identity value for each newbtransmission (identified by a

35 new VPI/VCl va) ue pair), which s established, this C i dentity val ue
bei ng received f eFﬁBrcﬂegcﬁ?gﬁén%?? y, it é%%%?”ﬁBégg§yqﬁﬁ§saq@@fQﬂﬂf
identity if nonehoddsoppdilatge effective bandwidths for as long as they are

18 Pseudoco relhg Cﬂé‘téﬁ%fﬁ‘éd FREhe Pebp¥keionally 1
{receive an acti \%ﬂ:}%gl fVCI of rom ACTI VI TY DETEC?GR? cnatly argreé:g’glg\?gs
active (VPI/VC) “iGH KBSY\ANS FBRECEARI 5 send halt (VPI/VCl) to
f eedback 5 send bandw dth request (VPI/VCl) to CAC

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

10 However, it is desirable in some circumstances to increase
the number of users who are able to secure relatively large
bandwidth allocations and this can be catered for by a
second, modified method as follows.

15 In this case the underlying principle is that, if an active
signal causes control signals for other VPI/VCI value pairs,
let the signal be limited to only one per link, namely the
richest (largest capacity) VPI/VCI value pair. This can be
described as a limited rebalancing method or a "take-only-

20 from-the-richest"” (Robin Hood) method.

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

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

{(ii) the next newly active connection is assigned half of
30 the remaining capacity plus a fifth of the effective
capacity of the first VPI/VCI value pair (i.e. the

current richest);

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



send active (VPI/VCl) and CR= 0 to shaper start tinmer for

buffered—cetts- —END 10 —BEGHN-{timer—expiTes}

timer for buffered cells expires send del ete buffered cel
(VPITVC) 10 &lahsbes END 15 BEG N {r ecei igerichogiobssem
CAC} receive a CR from CAC send CR to shaper
send CR to feedback 20 END BEG N {receive an inactive

si gnal } receive an inactive signal advi se CAC of
I nactive VPI/VC 25 END BE&YN {receive a VPI/VCl buffer

t hreshol d signal} . receive a VPlL/1Cl huff.er threshold signal
si gnal feedback t&°rEtIUFIREe BRE PRATESEyst rﬂ‘@bq’e ifagi g thegeis,,
the controller ara single liBkgmwitch & lcapati®y?.of 100 Mkt ont rThéenbdgei s

arranged to writega DBGHhMP L1 39 RB! EbY14@LAE diainiolladyo sthpsh eedback
nodule 44. It is 3 §%§ arf%nged ?b ?nstruct Rﬁg feeé%ac nndgle 44 to
| ssue a resour ce managenent comrand for a specific VPI/VC val ue

pair. This instsu¢ijon thy EShisetcmewdiyn amtizepVRY/Valle v@Rue pagir rgdts 50
[err], (T is an average | M ererfird 2 sbl #B18PE t&hdininy A0 @ burst
tolerance). It should E%E%%?e that only one cﬁaﬂge By
(ii) the next VPI/VCI wvalue pair gets half of the
remainder (which yields 25 Mbit/s) plus a fifth from
10 the first, which means that the first now has 40
Mbit/s, and the second has 35 Mbit/s;

(iii) the next VPI/VCI value pair gets half of the
remainder, which yields 12.5 Mbit/s plus a fifth from
15 the first, so that the first now has 32 Mbit/s, the
second still has 35 Mbit/s, the third has 20.5

Mbit/s, and so on.

Note that more of the users are now getting large

20 capacities, but there is only one extra control message to
send on the link. There is thus a limited rebalancing or
"Robin Hood" strategy.

To extend the method to a route with many links, the above

25 process is repeated link-by-link. Whichever link yields the
lowest effective capacity is the determinant of the CR value
sent back to the 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

30 needed is taken from the richest VPI/VCI value pair on that
link. Consequently, this 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.

35
This strategy also makes it impossible for a user to hold
onto a very large capacity when others become active. 1In



in the values specified in an RMcell is sent for each new VPI / VCI

‘'val ue pair whenever tHhe—€AE€ updates-the CR val-de. Typically, this may——
be once every 30 seconds or nore in a publi ¢ network, and depends upon
the sensitiy ting of 45 the activity detector in the t

fol |l ows thaz‘}é%@&t‘ requi red feedback control bandw dth cgﬁm ively
smal | . 19 As will be seen
fromthe pseudocode, the controller 38 receives signals fromthe buffer
modul e 40 whenever a buffer fill threshod8 is reached by cells having a
specific VPI/VC val ue pair. The interface wth the activity

det ector 36 has %‘F‘?’e‘%&ﬂﬂ'b@én many U8ers 2% Possiblm, are,giyer afrepsonakihack
modul e 44 will nbarde capacibedwhillrilefdping the Acomplékited oEboveattie

f eedback nodul e A4ty $oCHr foum. CR vVal ues (as signalled by the
controller 38) to tie englgt ° syétﬂgm via output 35. The CRis transmtted

using a
5 In summary, there is provided a broadband switching system

for the switching of asynchronously transferred cells of

data, a dynamic bandwidth controller (DBC) controls the

application of data cells to an input port of the system,

the data cells being supplied by a number of transmitting
10 end-systems.

When an end-system begins transmitting data cells, the DBC
detects the presence of incoming cells and requests
bandwidth from a CAC forming part of the system.

15
The switching system stores a table associating a number of
signal sources connected to the ingress with respective
minimum transmission bandwidths and, preferably also,
maximum delay times. When arrival of cells from one of the

20 sources at the input port is detected, the DBC sends a
request signal for the relevant bandwidth to the CAC and
delays transmission of the cells until at least the minimum
bandwidth is allocated. This delay is typically effected by
send a cell rate indicator signal back to the input port for

25 placing the source in a half mode. If no allocation of
bandwidth has occurred before the respective maximum delay
time, bandwidth is allocated by robbing bandwidth from other
signal sources.



15 resource managenent cell as shown in Figure 7. Optionally, one field

ofTTns celT 15 the bBC Tdenti ty-varue wircir 15 used—to emabte am— "~
end-system 14 (see Figure 1) to di stingui sh between CR advices from

di fferent DBC@O(W DBCs 20-1 and 20-2 as shown in Fi gur gcgicpodedsie
end-system 20 to end-system path. This DBC identity field is indicated as
field 50inFi-gure. 7. . The CRis placed in field 52. This RMcell, I|ike

otgﬁ a five octet header which contains a PT field 54
in JWQ l’ f”ﬁﬂLcell is a resource rrar?a?gerrent (RM cell. 25 It is
@ , h

pr ops ed, DBC identity val ue ot fixed but are chosen
at the tine of setting up the transm’ssi‘:ﬁ%ﬁﬁon ath through the network for
a given a VPI/VC “value pair. This inplies that the CAC 18 assigns a

val ue 30 for the DRC i dewt birpaliban@acwi¥Chingl system tmavingndet Neast one

f eedback nodul e 44 mai ntgi I \PI | .l.dent | pairs

For exanple, in Figure Zﬁ uﬁ%l tg%%e?agéﬁé@&lot{a{ggghegﬁéke’g P%b%%%og%uﬁde
DBC identity foP a gi verRnG appieasky ong egxrgssfopgonnestionnter anreoniving
forwards so that 35 publgystm Wotife 1@wd tdhefighGystRas chdvihs aae 1aade (hd-

ggblic network 10-1 assigng hdentily 1’t%%%§h§t€%&¥orki% bgmation-carrying
asynchronously transferred data cells from the
ingress to the egress, system contrel means for
10 accepting and establishing a connection between the
ingress and egress via the said switch, and bandwidth
control means arranged to feed an indicator signal
back to the ingress for transmission to the signal
source, to detect incoming cells supplied to the
15 ingress from the signal source, and, automatically in
response to such cell detection, to cause the system
control means to allocate a predetermined bandwidth
for transmission of the cells to the egress the
system including table storing means arranged for
290 storing a table associating the predetermined
bandwidth with the signal source, the bandwidth
control means having means for recognising the source
of the detected cells to identify the predetermined
bandwidth associated with the detected cells, and the
25 bandwidth control wmeans being coperable in response to
the said cell detection to send a feedback signal to
the ingress for receipt by the source to halt the
supply of cells by the source until the said
predetermined bandwidth is allocated.
30
2. A system according to claim 1, characterised in that
the indicator signal is a cell rate indicator signal.

3. A system according to claim 2, characterised in that
35 the bandwidth control means is arranged to delay
cells initially received from the source at the start

This Sheet Has Been Re[ilaced
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assigns identity 2, etc). The DBC identity value is stored in a table
‘mai nt ai ned bythefeedbac FThe-CR field 52 in the RMcell
(see Figure 7) contains t wmlromthe CAC which is provided as
t he aver agerﬁf‘isb i nt eriarcl va plus a burst to gggonk:ﬁrr].
OQperation o the”f‘éedback nodul e 44 is triggered by the i,E'g’o%ntro er 38
(a) when a new CR is advised by the CAC 18, 10 and (b) when the buffer fill

| evel in buffer nodul e 40 correspondi ng to any VPI/VClI value pair rises
above the buffer fill threshold. A resodPce managenment (RM cell is

then sent to the end- gyst C k modul e 44
is as foll ows and t%)ﬁe ;io@rrgs?}%%g%ﬁé&glas%gﬁg %ﬁ.\bts@éusﬁﬁg © cause
BEG N {Receive a CR} the said a 1?%%"5 Chef predetermingd fbamimimr ol l er

20 default CR = CR END { Receive an CR} BEGA N
{RMcell timer expires} res
create RM cel | < ¥ SYStWﬁ%cootq"éﬁ % Cﬁl%ﬂ‘og Rl\fl’)&g a?.cter:.sed in that,q

RMcell to en®-systemtable also assgciatesyw ewimummgransmissionENBlagel |
arrival from nptwork} t3ge wibixteide digdaAr wedebe, 40and! lide gpsi daped.
bandwidth control means is arranged to cause the
system control wmeans to allocate the said
predetermined bandwidth at least before the end of
10 the said maximum delay time and, in conjunction
therewith, to feed the said cell rate indicator
signal with a cell rate communicate with the
allocated bandwidth to the ingress for transmission
to the signal source.
15
5. A system according to claim 1, wherein the bandwidth
contrel means is arranged to cause allocation of
bandwidth to a signal source at a level less than the
predetermined bandwidth associated with that signal
20 source and is further arranged to downgrade the
priority of cells received at the ingress such that
the bandwidth of non-downgraded cells supplied to the
switch does not exceed the allocated bandwidth.

25 6. A system according to claim 2, characterised in that
the bandwidth control means includes feedback means
arranged to transmit a maximum cell rate value to the
ingress for transmission to a recognised signal
source to indicate to the signal source a maximum

30 permitted rate of supply of cells to the ingress.

7. A system according to any preceding claim,
characterised in that the bandwidth control means is
arranged automatically to cause the system control

35 means to deallocate bandwidth for cells from a
particular signal source when that signal source is
determined to be inactive.
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T



The buffer nmodule is shown in nore detail in Figure 9. Its pur pose is

tO‘S"l‘UTE''f'rTC'OT71'f11J‘d?:t'F61“CeII m‘mﬁmm THhe—35 VPI/ VO valuepairs =~

contained in the cells. Buf | s all ows an end-system 14

(Figure 1) ti spond te ¢ & f dedback si gnal from noduperidsiosndsaat her
qu

function of the ffer nmodule 40 is to send a signal to the controller
38 when the buffer fill threshold is reached, indicating that 40 an
end-systemis not responding to a feedback si qnal (this in turn causes
the controller 38 to re-send a CR to the end? system as nentioned
above). The buffegr nod Ie ﬁL,ﬁ .
21 dr ops recel ‘ved ceI I 59 en tﬁccord:m m buffer F) | gcg.tcreg%ng cla:.na

given VPI/VCl val ue pai charagkeziged. iphjthats %ﬁebaydmdt%ufemtr@mmw
5 The size of buffer requicrmaefsora duter? Foroidivingg taeertassiont @ e

swi tching system 10 coul d&?e glgat %gl Y <SR Hl Eg{l : ?%b?‘{'%s il{%gqul%%c

20 has a conbi ned i nput Sources o
the round trip 8el ay toatlﬁé‘catEdeﬁGrsV!ﬁeQﬁ]}@ 100 [err]s, there will be
|l ess than 35 cells in 10 flight whenever the CR val ues are changed.

9. A system according to claim 6, characterised in that
the feedback means is arranged to transmit a halt
instruction to the ingress for reception by a signal

10 source and for instructing a signal source to cease
supplying cells to the ingress when receipt of cells
from a signal source has been detected and no
bandwidth has been allocated for cells from that
signal source.

15

10. A system according to claim 4, characterised in that
the bandwidth control means includes timing means for
measuring the period of time for which the cells are
delayed.

20

11. A system according to claim 10, characterised by
including cell deletion means for deleting cells from
the buffer after they have been delayed for a
predetermined period of time.

25

12. A method of operating a broadband switching system
for transmitting information carrying asynchronously
transferred data cells from a ingress of the system
to an egress of the system via at least one switch,

30 the method comprising storing information associating
a predetermined bandwidth with a signal source
connectible to the ingress, detecting incoming cells
from the said source at the ingress, automatically in
response to such detection, providing a request

35 signal in the system for allocating the said
bandwidth, selectively causing a delay in the

e transmission of the cells to the egress if the said

T



The size of the shared menor S mainly to cater for changes in
t he burst tolerance, HE‘HHKH&‘@B B this—— rate leads to only a R
smal | nunber of excess (e.g. around 35 cells). The fixed
cel | positiQns ?ﬁﬁﬁhg”ed to respective VPI/VCl val ue paipd; 534

desi gnat ed by reference nuneral 58 in Figure 9. The cells 1n these
positions represent the front cells of a plurality of queues, each
gueue having its own VPI/VCl value pair. In 20 other words, the gueues can

be visualised as running horizontally in3Bigure 9 with the front cells

at the right hand side.., . Cells arrivi Lo the buffer dul e. 40 are
placed in the queues | RFZIPFPIRIRGS ﬁqxgd?ﬂ&&g (¥ FHPt orﬁ%imcat% A% | Shgre

renoved fromthe buffeﬁyﬁmdmlendosnhaeqanntlyappﬂopunat@eingnahnsmlssaenved

fromthe shaper sectiogpah a11dédrSRFEPS .11 pl exer nodul e 42, as defined
by the buffer nodul e pseudocode which foll ows: - 30 BEG N

(Receive a cell) receive a cell IF there is roomin
the buffer THBEN 13. A method mocordlihgito mifaier 12, characterisedndnerhat

buffer-fill level 35 pg deldl}ég\#f fe‘%']‘.'efc'thh IRy el ran i aSihgy d%ﬂf'ég acg

transmt buffer-full signal 0 _not
END {Receive a cel |} 4§tgnal to tﬁEG%RH{?é%e#Q%&EQQQ%Hﬂﬂphe signal source
in a halt mode.

10 14. A method according to claim 13, characterised in that
the feedback signal is a cell rate indicator signal.

15. A broadband switching system having at least one
ingress for connection to a respective signal source
s and at least one egress for connection to a receiving
system, the switching system having at least one
switch for transmitting information-carrying
asynchronously transferred data c¢ells from the
ingress to the egress, system control means for
20 accepting and establishing a connection between the
ingress and egress via the said switch, and bandwidth
control means arranged to feed a indicator signal
back to the ingress for transmission to the signal
source, to detect incoming cells supplied to the
25 ingress from the signal source, and, the system being
arranged automatically to  determine that a
predetermined bandwidth is available for transmission
of cells from the source to the egress, and to offer
this bandwidth to the source using the said indicator

30 signal.

16. 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 receiving

a5 system, the switching system having at least one
switch for transmitting information-carrying
T T asynchronously transferred data cells from the

N T



22 receive a t hignal from t he SHAPER/ MUX
pass celt—fronrbuffer—to t| i "T"F decrenent—buffer=fitt
| evel END { Recei ver a cf et.Cc » The correspondi ng SDL appears in

Figure 10. woogd9égdrring now to Figure 4 in conbination w paricpdsieassl,
the shaper/ mul ti pl exer nodul e 42 operates to renove cells from 10 the

buffer nodule 40 and to transmt them onwards towards their destination
via the network switches. Mdul e 42 has two parts which are a
mul ti pl exer 60 and a shaper 62. For each ¥ /vCl val ue pair, the shaper

62 mai ntains a sustai negnggiggl e of a;:}g:e( eégl'gﬁ%\g%%“go%ﬂg%ﬂltlgﬁmjhgor

cel]l streamfed to output I s shaped by the’ ‘tha S
whi ch are not greater tREREPRENGHARG ealNdehdng aT coasechienohetweemgthe

de: ?y_e]g by theI shaper _62:19*@!3\2&@1&, chéleegresaébﬁhpgﬁéféai@tsiwa&cf@yméshéyf@r
bairs are burating  sPERFLhesuEETIerAephRed  aehsn RS yeTue Asapeuptea
assi gns eactP acti ve with \rn idgntified regefiying ssugtemf ande tBBAsmissiomut
bandwi dth. It does thiscéitpel | hédnGrrdhgdd t'¥Clsend a signal-source-halt
feedback signal to the signal source when bandwidth
is not available to cells from the source at a
bandwidth level corresponding to the said
10 predetermined bandwidth value, whereby the signal
source is allowed to send cells via the ingress only
when the said bandwidth level is available.
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val ue pairs in a round-robin fashion.
pErT1nT—entﬂ“—rU—Tﬂ—‘gTTRmrer tl1an trteTate rmterval T are fl agged—wth—a——
hi gher priority "cell nust go" value. The nulti pl exer picks up these

cells first woRnmesFigure 11). Cells will be forced to waptrkseddesssshaper
function if bursts arrive which are longer than the burst 30 tol erance

Cells which are 25 waiting for a

credit val ue. The detail ed operation of the shaper/ mul ti pl exer nodul e
42 will becone apparent fromthe fol |l owi ng pseudocode: s 1. BEGN
{ STATE ACTI VE} 35 recei ve a celt/Maiting[ VPI/ | from buffer
|F bumcredit Ok THE cell.can.go: =
STATE: = WAIT for &u (3 ke xer ELSE { bum cr edi}t on.a
STATE := WAIT for cre imer to expire END -
23 2 BE STATE = WAIT for credit timer to
credit timer expires o~ L
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i ncrement burst tolerance credit counter cel |.

can. go: =
TROE—5 cell .musttgo——TRUE—— —STATE—
YWAIT for nultipl exer END 3. BEG N { STATE = WVAIT
for multipl exssdenr96d recei ve a fetch. cel | [ VPipCYEabeboss4M
mul tipl exer decrenent credit counter
cell.can.go: = FALSE cell.nust.go := FALSE
STATE: = ACTI VE 15 ENDy  2/11 4. BEA N { STATE = WAIT for
mul ti pl exer} t:redlt timer expires | F
credit counter z[err] THEN 20 2 I ncrement credit counter
ELSE Y d ﬁg h| ng cell.nust.go : =
TRUE =] BEA N { STATE = SHAPER ACTI VE}
credit tinmer |expires g dit counter < [err] THEN
I ncrement credit cgunter 30 ELPE do
not hi ng cel i nust.g¢ : = TRU END 35 6.
BEG N { STATE E SH;@ER CR Al } o » new CR advised (T.[err])
nextT:= T 3% ne ' :=ger !'!
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END 40 7 BEA N { STATE = SHAPER TI MER ACTI VE}

timer exprres TEsErtTer—{Teah) £

g BEA N ( STATE = MJLTI PLEXER ACTI VE} out put cel
ti mer expireswo 9627964 i ndex: = poi nter PCTIGBYSROSG |
{1st |l oop of searching for cell.nust.go} 50 I ncr enent
I ndex | F cell nost.go[index] THEN

poi nt: = i ndex ¥Metch cell[index] from buffer
send fetch cell signal to SHAPER 55 STATE: =

MUX. ACTVE ELSE

24 | F index = ma ffer.size THEN

t

I ndex: = O UNLLL_index L
o =
8”‘»§ 8 £ tgh %
ZES 238 228 <
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5 REPEAT {2nd | oop of searching for cell.can. go}

T merement—Tndex . FHE—cett—Tam gofmdex] THEN
poi nter: = index fetch cell[index) frombuffer 1 0

send fetch oiggsdrfeey t 0 SHAPER STATE . = pdhicBosesys
ELSE | F i ndex = max. buffer.size THEN

index:= 0 15 UNTI L index =g4pqinter send

no. cel | . wai ti ng. si gnal END When the CAC 18 receives a

bandwi dt h request fromthe 20 controller 38, it nust first determ ned

whet her sufficient bandwi dth is available to neet the predeterm ned

m ni mum bandwi dth. |If sufficient bandwi dth is not avail able by the

tirme the timer for nonitoring how long calls have been buffered, is
about to expire, bandwidth is "robbed" from 25 other users as descri bed

bel ow. Confirmation of allocated naw then sent to the

controll er 38 which forwards t he ndAgtive h | ocation to the end-system
via the feedback nodul e 44. 30 | ' under stood that when the DBC
20 requests a change in the bandwi dth ajl ocated to a particul ar

transm ssion, the CAC nust contNQl other trafticfin the network so that
t he network capacity is used nost s f,gghimg,dj e description whi ch
foll ows deals with connection adm ssiOn ganpfpol 35 t hods for overcom ng
the problemof traffic rebal ancin i on adm ssion control
strategies wll now be

send hait(VC}
to feedback

send b/w
request to CAC

i
send active(VC})
& CR=0to
Shaper

start timer for
buffered celis

Coom )

Fig.6-1



described. Both tackle the problem of rebalancing traffic. I n ot her

n becores—guret—or—mewry—40 acti ve;r—t+t—ts

necessary to deternine how many other control nessages need to be

gener at ed forwg%d ransm ssions. The obj ect is to nake gdiSpoeiesaer Of
control nessageS as smal | as possible. The strategi es described bel ow
apply generally 5/11 25 to ot her
traffic on the system which does not require a pr edet er mi ned bandw dt h
and whi ch can accept varying |levels of bandw dt h. 5 The first
strategy involves a relatively sinple connecti adm ssion contro

met hod which involves : r ebal thod, a
new y active transmi ssi val u ngle

sustai ned cell rate

ssi on goes
quiet 10 again. Only

he
i gnal
®ignals to be

capacity
wthit. 15
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This is conbined with a filling nmethod which involves (i) giving a first

nemm an ef f ecti-ve—capactty——wht-eh—s—half --ef—thetotal
avail abl e capacity; (ii) giving the next newly active connection an

ef fective capawaégnrefy ch 20 is half of the renmaining Capac'th#d %w ng
t he next new y active connection an effective capacity which Is

of the still remini ng capacity; and so on. This nethod is applied

| i nk-by-1ink over the entire route identified by the VPI / VClI val ue pair,
and whi chever yields the | owest 25 effective capacity is the determ nant of
the CR fed back toa the DBC 20. } follows that a newy active

si gnal havi ng one EDIngCI val ue pai r6 nerates no control signals for

t he other 30 VPI/V& VB pai rs which are sharing the capacity. Si nce
the DBC 20 is desi®e a jusierf can jonl mai ntain a | arge

ef fective capacitygon rk qo |l opg s |the VPI/VCI value pair
remains in the act&e s nitHe |35 arttvi etector 36 (Figure 4), and

t
the cell rate genelated hg dusjt ofref i]s jcljose to the effective
bandw dt h val ue ‘s(refer e lcdl I+ cpuftiln fua(ion of the activity
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26 detect or descri bed above), it follows that users can only hol d

omtotargeeffectivebandwi dt hs for—as—tonmg—as—they—are —preparedtobe—

charged for the proportionally |arger |oads whi ch they are subm tting.
Thi's method iwologhiees © Users in the sense that, over a sUpétreassnosids | ong
period, no user is systematically given a poorer capacity. 10 However,
it is desirable in sone circunstances to increase t he nunber of users
who are able to secure relatively large bandwi dth allocations and this
can be catered for by a second, nodified nmethod as foll ows. 15 In this
case the underlying principle is that, if an active si gnal causes
control signals for other VPI/VC val ue Ealrs |l et the signal be |imted
to only one per link, nanely the ri chddt (largest capacity) VPI/VC

val ue pair. This can be described as a limted rebal ancing nmethod or a
"take-only- 20 fromthe-richest"” (Robin Hood) nethod. Thi s can best be
illustrated with an exanple filling nmet hod: - 25 (i) the first newy
active VPI/VCl value pair is assigned an effective capacity equa
to half of the total avai |l abl e capacity;

l Active ’ 8. Active
timer
rxaCR expires
from

Controlier create
RM celi
1
f;?:{?f“ write default.CR
CR. into RM cell
send RM cell
to end-sysie
Active

restart timer

Fig.8



(ii) the next newy active connection is assigned half of 30 t he

r emar g capacr ty ptrus—a fiftt—of—tte—effectrve capacity of—tte
first VPI/VC value pair (i.e. the current richest); (rii)
the next new yoaghiegg connection is assigned half of 35 rCt/itBo6/00534
remaining capacity plus one fifth fromthe current richest;
and so on. 27 To illustrate
this process, it nmay be inmagined that there is a single link with a
capacity of 100 Moit/s. The above steps then result in the follow ng
exenpl ary steps: - 5 (1) the first ngw{y active VPI/VCI value pair gets
50 Mit/s and there is 50 Mit/s remnaining; (ii) the next
VPl / VCl value pair gets half of the remai nder (which yields 25
Moit/s) plus a fifth from 10 the first, which neans that the first
now has 40 Mit/s, an cond has 33 Moi tq
A . Active
receive a fetch cell
signal from mux
X
give cell
10 mux
|
Adjust
Put cell in pointers
bufter and
adjust pointers

‘ Active ’

Y _~Buffer filt

Tx butter full
signal to
Controtler




(iii) the next VPI/VCl value pair gets half of the remai nder,

; pl us afifrimfrom 15 ttre firstt—sothat—the
first now has 32 Mit/s, the second still has 35 Mit/s, the
third has 20. {0 9¢27964 Mit/s, and so on. Not e t hat nDperaBdds3IduSer s
are now getting large 20 capacities, but there is only one extra control
nessage to send on the link. There is thus a Iimted rebal anci ng or
"Robi n Hood" strategy. To exten®the nethod to a route with many
| i nks, the above 25 process is repeated |ink-by-1ink. \Wichever |ink yields
t he | owest effective capacity is the determ nant of the CR val ue sent
back to the 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 30 needed is fakepn fromthe richest VPI/VC
val ue pair on that I nk. @onsequently, trtﬂs_q ge -es, at nost one
addi ti onal CR bl nmessage per |jnk f Fac | active signal
sent to the net A g eﬁ signal sfill d"E:nera addi ti onal
control nessages. oTE x|st|at Boy Bl sof ngkds o$si bl e for a user
to hold onto § ‘I,%tigi capacﬁt'g en g%@rs active. In

35 E g3 | 8¢
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28 addi tion, as nmany users as p055|ble are given a reasonably | ar ge

capacity V\hlle‘kE‘e'p'I‘n'g—t"hE“‘COWplexuy of —trafftT —Tebatrancimg to a

m ni mum 5 1n summary, there is provided a broadband swi tching system
for the sw t 9oy asynchronously transferred cells of PaRiGBYsedsSYy nam ¢
bandw dth controller (DBC) controls the application of data cells to an
I nput port of the system the data cells being supplied by a nunber of
transmtting 10 end-systens. WH¥H an end-system begins transmitting
data cells, the DBC detects the presence of incomng cells and reqQuests
bandwi dth from a CAC formng part of the system 15 The sw ticHi ng §ystem
stores a tabl e &SSOCT § i gd to|the

i ngress w tf qref erjabl y
al so,

sources at fighe |i al
for the rell&a e
cells until i's
typically

i nput port ' . ¥3 o0 f no'a{locatlon of
bandw dt h has occurred before the respective nmaxi num del ay tinme,
bandwi dth is all ocated by robbi ng bandwi dth from ot her
w G
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si gnal sources. 1. A broadband swi tchi ng system havi ng at

| east—omEe TTIgr ess for TOMMECTTOM 10 a respective sigmal_—source. 5
and at | east one egress for connection to a receiving system the

swi tchi ng syg{igyghheyi Ng at |east one switch forpcrichodassst t 1 NQ
i nformation-carrying asynchronously transferred data cells
from the ingress to the egress, systemcontrol neans for 10
accepting and establishing a connect "¥H bet ween t he i ngress and
egress via the said switch, and bandw dth control neans arranged
to feed an indicator signal back to the ingress for transm ssion
to the signal sourcei,to detegct iggom ngycells supplied to the 15
ingress fromthe signal source, and, aytomneAdieal | y/in response to
such cell detection, to cause the systelr T control neans to allocate

a predeterm ned bandw dt h for t\aoatpateal op of the cells to the
egress the system i ncl udi ng t abl 2timemcexpired| reans arranged for 20
storing a table associating the pr bandw dth with
t he signal source, the bandw dth C means havi ng neans for
recogni sing the source of the detaé@?@ cqlls to identify the

pr edet er m ned bandwi dt h associ ate b tihe detected cells, and

t he 25 bandwidith control nmeans heing rabl e in response to

Inc indax

cell.must.go
[index} =

inc index

Y
:mmm¢u1;>———————
RUE? pointer :=
index

index =0

from butfer

cell indication
to shaper
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the said cell detec
avai lL.abl e bet ween t

predet erni ned bandwi dth is unavail abl e N
t o Hesh Bse Repliced ecei pt 30 by the sour|&&Dessripliont: pegrd supplP\Paged
furt [ ﬁm”i ll the source unti?4t he |sChingsedetpeged 1B, baaded dBR.
301 Drawing?é) |:§ﬁ§éae.(1:9.r to paged ..
eedba

S

re-all ocated and means for sending a r rt 2dback sigpal to ~
the ingress for receipt by the source ﬁ&‘gﬁ@@e t*F8e U‘r"cgmtp&geé)"

restart the supply
according to.claim
is a cell rate indi

characterised in thhhgides for ¢dwndepiiondtd aoneéspécvtesssignalr advgedet 0

BS 871 242 @318 ® F.3

ti off pEREAMDCRIGEYS t 0 exam ng—~t+he brarrdwi-ct
he ingress and egress REPWACES SHEETS SG

to send a feedback signal

.
-----

—

of cells to the ingress—5 p A"SySTem

b3 ﬂ@i&“&;ﬁ | §&§EEH§§Bat§&rssryem havti?xgr | Bl G.L@a%'t[ Siogal

cator signal. stemaccording to claim 2,

del ay : cells initially received fromthe source at the start |
of the traPsni ssi orARGAE Hegast ene eanasp forcgognection to a; gecgivdng

laims, charact or | SEHR: (e BOERhE], avethel navifa 3t ST ARl '

claim 3, charact eri B

transm ssi on del ay

switch lfo¥e Wi Ebahhﬁ.iﬁ'tgﬁﬁg S OLK ESxma¥ toh Dok Paly i hie

bandwi dth control neans is arranged to cause t

10
i5
20.
25

30

I

asynchronously transferred data cells from the -

ingress to the egress, system control means for
accepting and establishing a connection between the
ingregs and egress via the said switch, and bandwidth
control means arranged to feed an indicator signal
back to the ingress for transmission to the signal
source, to detect incoming cells supplied to the
ingress from the signal source, and, automatically in
response to such cell detecti.on; to cause the system
control means to allocate a predetermined bandwidth
for transmission of the cells to the egress the
system including table storing means arranged for
storing a table associating the predetermined
bandwidth with the signal source, the bandwidth
control means having means for recognising the source
of the detected cells to ideni:ify the predetermined
bandwidth associated with the detected cells, and the
bandwidth control means being operable in response to
the said cell detection periodically to examine the
bandwidth available between the ingress and egress
and whilst the predetermined bandwidth iz unavailable
to send a feedback signal to the ingress for receipt

by the source to halt the supply of further cells by
the source until the said predetermined bandwidth is

' AMENDED SHEET
IPEA/EP

Ontvangst tijd 2. mei, 18:02 Afdruk tijd 2. mei. 18:07




@2 MAY ’97 17:@5 @71 242 @318 A
predet erm ned

system control neansy; ANRIRoeEst e the Th:§§ﬂg(
bandw dth at | east befv(J)re the end of 1 delay tine
and, in conjunction therewith, tof E ceI rate

t he

I ndi cat or signal with a cell rate co
al1ocated bandwi dth to the ingress for trs@nsm ssion 25 to the signal
source. S. A syst em according to claim1l, wherein the bandw dth

control nmeans is ar r&lq%lécp 83USR -A1ecalted £ia mgans fé’f‘n@é‘h@lﬁgtt%

signal source at a ess than the 30 pr edet erm ned bandwd
associated with tha:teﬂﬂa;:ltalfeedback gignalcecathei Snfreshcfonrrengipt t by

downgr ade t he 31
priority of cells r&€eiSRFeR tt%e?ﬁ“ﬁ@ré%? SRIFGe o restart the, SYpplVi di h

of non-downgr aded I [ swi tch does not exceed
SR P Fhd AiRon

t he al | ocated band st'em according to claim 2,
characterigsed in that the bandwi dth control means includes
f eedback mneans arranged to transmt a nmaxinmumcell rate value to

t he 2.i ngr ds system aseondisidta ¢laimedoghannafiepiged in that

zgu;ﬁgpfg gpdggﬁtg 2 th if:ﬁ E:g-lsgigﬂa elg arlmc):(e ra].te indicd¥dF ni.gerga{ ?te

3. A system according to claim 2, characterised in that
10 the bandwidth control means is arranged to delay
cells initially received from the source at the start
of the transmission and then subsequently to cause
the said allocation of the predetermined bandwidth.

15 4. A system according to claim 3, characterised in that
table also associates a maximum transmission delay
time with the signal source, and in that the
bandwidth control means is arranged to cause the
system control means to allocate the said

20 predetermined bandwidth at least before the end of
the said maximum delay time and, in conjunction
therewith, to feed the asaid cell rate indicator
signal with a cell rate communicate with the
allocated bandwidth to the ingress for transmission

258 to the signal souzce.

5. A system accoxrding to claim 1, wherein the bandwidth
control means 1is arranged to cause allocation of
bandwidth to a signal source at a level less than the

30 predetermined bandwidth agsociated with that signal
-— source and is further arranged to downgrade the

Hlli"l IIIIII mu Illll I lll! AMENUED SHEET
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7. A system accoggi ngs iND ROGERS preced| bSh nRe Iaced
characterised in that the andw dth control arranged

automatically to cause the system contr ol deal | ocat e
bandwidth for cells from a part [ cuI ar si gnal sour ce when that
signal source is determned to ®» inactive. : A system
accordi ng to any preceding claim 20 characteri sed in that the
bandwi dt h control pebegity of cellsclredelvadhatf athd dingedsgi sgch that
transm ssion of the cells to the switch until bandw,dth has been

thI ocat ed fo(r:I t he ‘é’éﬁl%and"iz#lg of non-dpvmgradesoceilis SUPPLiRA 50 ¢
ot e Se D PRkeeh doge ROE TR TELE s engfgés%‘?e&r%ﬂg‘%gf%ﬁafransmt :

source and for instructing a signal source to cease suppl yi ng

cells to the ingress when receipt of cells 30 from signal source
has been Zletect ed A ssystem according to claimb&ndnhaitmcm:.mdnxal tbe&t ed

Igrcfgl |mS4T rg[{‘aﬁ 22%1@ g%dwﬁdghggontro means includes ‘Teadbs r?caz%gggug' nd

arranged to transmit a maximum cell xate value to the
ingress for transmission to a recognised signal
source to indicate to the signal source a maximum

10 permitted rate of supply of cells to the ingress.

7. A system according to any preceding claim,
characterigsed in that the bandwidth control means is
arranged automatically to cause the system contrel

15 means to deallocate bandwidth for cells from a
particular signal source when that signal source is

determined to be inactive.

8. A system according to any preceding claim,

20 characterised in that the bandwidth control means

includes a buffer for delaying transmission of the

cells to the switch until bandwidth has been
allocated for the cells.

25 9. A system according to claim 6, characterised in that
the feedback means is arranged to transmit a halt
instruction to the ingress for reception by a signal
source and for instructing a signal source to cease

supplying cells to the ingress when receipt of cells

Iy
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t e bandwi dth cegntr cludes ti

measuring the period o$ t1E§r§ Wa@&/ﬁ’i‘%h the cell %QSSBeenﬁe l2ced) ayed.

1. A systemaccording to claim 10, characteri se' Im M’ cell

del etion nmeans for deleting cells from r they have

been del ayed for a predet er m nedyperi od of tine.

met hod of operating a broadband swi tching system for transnlttlng

i nf or mation carryi ngaAgHIGRRONGHS! been allocdtddlsied cefithd mRin Schiaem a

i ngress of the system . to an egress e systemvia at |east one

swi t ch, t heigrabodonpapLi si ng storing i nformati on associ ating

a predeternined bandwi-dth with a signal source 20 connectible to the

i ngress, detecting incomng cells fron1the said source at the

0 S gkt gqsaptbHTER 6 kRl ©

request
bandwi dth,5 sel ect i yed Yoarkduwtddl c&atxdﬂl Meang) inth&d&i timingt M@AREI $&iron

of the cells to the egress if the said redet erm ned bandwidth is
not allocated in tHeeasuring thepeniod of cimefor whighngheecrells are
transm ssi on when del al I ocati on occurs, deallocatlng t he
pr edet er ni ned ay2ftwi dt h when the available bandwidth falls bel ow
30 the predeterm ned bandwi dth and periodically
exam ning the avail abl e bandwi dth to determ ne
11. A system according to claim 10, characterised by
10 including cell deletion means for deleting cells from

the buffer after they have been delayed £for a
predetermined period of time.

12. A method of operating a broadband switching system

15 for transmitting information carrying asynchronously
transferred data celle from a ingress of the system

to an egress of the system via at least one switch,

the method comprising storing information associating

a predetermined bandwidth with a signal source

20 connectible to the ingress, detecting incoming cells
from the said source at the ingress, automatically in

response to sguch detection, providing a request

signal in the system for allocating the said
bandwidth, selectively causing a delay in the

25 tranamission of the cells to the egress if the said
predetermined bandwidth is not allocated in the

system, subsequently allowing cell transmission when
allocation occurs, deallocating the predetermined
bandwidth when the available bandwidth £alls below

30 the predetermined bandwidth and ©periocdically
examining the available bandwidth to determine

O A e

[ R I .
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33 whet her  yihe:ps pREQe¢ERSM ned bangm
A

real l.ocated to the source. met hod accord Eﬂ
characterised in that 5 the delay is effe

P.7
Has, Replaeed
i
Itting a

f eedback signal to the ingress for placing the signal source

I T a halt node. 14. A nethod accoB&ing to claim 13, characterised in
that 10 the feedback signal is a cell rate indicator signal. 15.
A broadband swit chivhg@theyt emilm/i npraddteastined bandwidtlngr asay f orbe
connection to a respective signal source and at | east one egress

for connection to ¥eRdd@cRtRE £9 the saurgesm the switching system having
at | east one T Uswitch for-- transmtting I nformati on-carrying

asynchronously transferred data cells fromthe i ngress to the

egress, system confy glethiednactoirding to clabmep: nchawattosttddd sin nghat
connection between the 20 I ngress and egress via the said switch, and

bandwi dt h 5 thent delayedss affenged thy f szansmitdidng or Sepdback

back to the ingress, for .transn ssjon to the signa , source, to
detect inconing cefignady 59 ettrrq? oix}%ess or p ?ﬁé’f‘ss&hﬁ& SYrTe
source, and, the sygtemuqinghoda. arranged automatically to

a p

det er m ne t hat redeterm ned bandwi dth is avail able for
transm ssi on of cells fromthe source to the egress, and to offer

this bandwi dth to the source using the sajd indicator signal, the
syst em bei ngl4 ur t h&r maEhgdgagcesdses to ¢ %I?%ﬁ@%?’ﬁaﬁq%ﬁéﬂiﬁ
bandw dt§sto the SULCRaadpack signal is a cell rate indicator signal.

15. 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 receiving

15 syste.ui, the switching. system having at least one
switch for transmiﬁting information-carrying
asynchronously transferred data cells from the
ingress to the egress, system control means for
accepting and establishing a connection between the

20 ingress and egress via the said switch, and bandwidth
contrel means arranged to feed a indicator signal
back to the ingress for transmission to the signal
source, to detect incoming cells supplied to the
ingress from the signal source, and, the system being

25 arranged automatically to determine that a
predetermined bandwidth is available for transmission
of cells from the source to the egress, and to offer
this bandwidth to the source using the said indicator
signal, the @gystem being £further arranged to

30 deallocate and reallocate the bandwidth to the source
0N VR RO A AMENDED SHEET
A IPEA/EP
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34 as the avag@ggéﬁpa®p dth fall§%bemaMHﬁmﬁmaQ ¥&q t he
r

pyedet ermi ned bandw dth t chi ng
system having at |east one ingress for connectl tive signa
eC|

source and at | east one egress for conn cei ving
system the sw tching system having at quf§ one smntch for
transmtting I nformati on-carrying asynchronously transferred

for - %1% acept N G aeriiArEn Tepdmiark SRHR dnidu AR A0VE cBETS

ingress and the eQVQﬁ?e&é@eiﬁ&héﬁﬂﬁhﬁ&%i&ﬂh fggﬁgbéfwel storing a

predet erm ned bandwi dth-val ue associ at ed wth an identified
receiving system and transm ssion control neans arranged to send a
si gnal - source-hal t feedbacEF nal to the si naI sourﬁe when

bandwi dth 6. A hEeadhand; P 9| SYHEGR  RRVABE; AF aieast one
bandw dt h I i
ot n Al Rl MU Lot A0 to ¥ fespectiye SIGHEL dduhee

bandw dt h value Si gha sour e 1s A
cel !IS \t;: a the ingr eswnd)rdty least one eatasehforacdnikiestiont tol &veecedving
avail abl e.
system, the switching system having at least one
switch  for  tramemitting  information-carrying

asynchronously transferred ‘data cells from the

10 ingress to the egress, system control means for
accepting and establishing a connection between the
ingress and the egress via the said switch, means for
storing a predetermined bandwidth value associated
with an identified receiving system, and transmission

15 control means arranged to send a signal-source-halt
feedback signal to the signal source when bandwidth
is not available to cells from the socurce at a
bandwidth level <corresponding to the said
predetermined bandwidth value, whareby the signal

20 source ig allowed to send cells via the ingress only .
when the said bandwidth level is available.

N
=

e
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_ restart fje ojthe ingress for Sapdriziion : naswd ..... to tpagedSOUr ¢e
to cause it He source h(g% start the supply jn*;m(»,of 4@%’;%@‘,@[@5& 34
I ngress. C WA ydtem accordi ntpd o q;rgrgwmg,@r %ﬁf&{_[ﬁ%ﬂyﬁ d hat
t he i ndi datior S|qnal S

o
i ndi del| rate Lo SR : pased o to paledySt €M
according to claim?2, chargcterised Mt ]% thg Pandwi dtph contr ¢l

nmeans i s Wd-e-l—ay— cells rﬁé’;ﬁlbé,éﬁg g he

source at the start of the trans 'erhcﬂmmnfl\l to
cause 1. At Hercadband | awaEit oni ng tS},equmdaamingneai: bdrehsitit bne 15 4.
A system according to claim 3, é&haracterised in that tabl e al so

associ ates a m%ﬂﬁﬁﬁﬁ?rgﬁ!infzwtdéﬁhyb" a resve"é?#f\éevﬁ%ﬂﬁn?ﬁesﬂ%'ﬁ&l
Civermar® " M of g v, PRRELAEE BB AR LR EER
%i?ﬁ;(ranr ?ergs ?Iégg%ﬁlt " t|§?1elcﬁfs'{i[}:n e e%pdh?%ergwi t% ltef)éb?'ezg the said
cell rate indicaw@tch foxr transmitting information-carrying
asynchronously transferred data cells _from the
ingress to the egress, system control means for
10 accepting and establishing a connection between the
ingress and egress via the said switch, and bandwidth
control means arranged to feed an indicator signal
back to the ingress for transmission to the signal
source, to detect incoming cells supplied to the
15 ingress from the signal source, and, automatically in
response to such cell detecti.on, to cause the system
contrcl means to allocate a predetermined bandwidth
for transmission of the cells to the egress the
system including table storing means arranged for
20 storing a table associating the predetermined
bandwidth with the signal source, the bandwidth
control means having means for recognising the source
of the detected cells to identify the predetermined
bandwidth associated with the detected cells, and the
25 bandwidth control means being operable in response to
the said cell detection periodically to examine the
bandwidth available between the ingress and egress
and whilst the predetermined bandwidth is unavailable
to send a feedback signal to the ingress for receipt

30 by the source to halt the supply of further cells by
the source until the said predetermined bandwidth is

HII}III lﬂlil i lllll ll llll
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sighall wth a cert™Yate comunicate with the al | ocat ed bandw dth
‘to the.iggmeesyar fransmssion 25 to the signal source. 5. A
system according toj c§ aim1, wherein the bandwi dth control neans
i s prFarged—t+-o—caus | | ocation of bandwi dth to a signal source at

a lpvel

t he bandwi dt h ofressyaxio

| ess t han th_ 30

ddir brerreralnmatt¢d dmdgnedest Her sending a

priority of cells received at the ingress, such that
adignals fep|they ingHaRs Lor receliphiB¥h does

claim

not exceed the all ocated bandw dth. 5 6. \_Syst ceQrdi
2. charact eri sed+h TIHHCS 5 duse tH2e pERURFEL ﬁoc%ﬁfsﬁgjf%meglnes %%

f eedback neans

t he

source o indicate to the signal source a maxi num 10

of cellis ¥ &g Pedgansmt a maxi mumcell rate value to
I ngr ess JTor transm sSion to a recogni sed signal
permtted rate

of supply of cells to the ingress. 7. A system according
any preceding Xlsysnem according e aclatnsdd charBaterngegaddwithat

control neans is arrgnged gut onat Ilclalrlﬁ tqQ cause the s stle.m

contr ol

10

15

20

N
ur

30

I

the indicator signal is a ce e indicatoxr signa

A system according to claim 2, characterised in that
the bandwidth control means is arranged to delay
cells initially received from the source at the start
of the transmission and then subsequently to cause

the said allocation of the predetermined bandwidth.

A system accoxrding to ciaim 3, characterised in that
table also assoclates a .maximum transmission delay
time with the B8ignal source, and in that the
bandwidth control means is arranged to cause the
system control means to allocate the said
predetermined bandwidth at least before the end of
the said maximum delay time and, in -conjunction
therewith, to feed the gaid cell rate indicator
signal with a cell rate communicate with the
allocated bandwidth to the ingress for transmission

to the signal source.

A system according to claim 1, wherein the bandwidth
control means 18 arranged to cause alloccation of
bandwidth to a signal source at a level less than the
predetermined bandwidth associated with that signal

source and is further arranged to downgrade the

mmm

predeterrri39ed bandw dt h associated with that
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15 |. means to dedl |l ocate bandwi dth for cells from a

parlt ifcuBIrNDECJIA2B s$odirce when that signal source is determned to
be {i facti ve. : A system according to any preceding claim 20
chgracterised 1n thaf the bandwi dth control neans i ncl udes a

buf | ransm ssi on of the cells to the switch until

bandwi dt h has been, £dr . |
aggo\rmdi Lg tgscl %?%%Fl%a?gcfgb'h%g?ﬁe%%‘ﬁ%q tg@ ‘Eﬁé §ngﬁ%g§ e%&ggckﬁn%%ﬁ;eps
arranged to transid thghdifldeh of non-amagﬁé@rbémg hRdd 8 d Fhe

reception by a signa source an I nstructing a signal source
to cease swinglp| doeg Bet! extestihehengldssavednbaadsiidenf cells 30
froma signal source has been detected and no

37 bandw dt h has been allocated for cells fromthat

si gnal source. system accgrqli ng to,claim4, characterised in
3 A3M ae tf?'t?rt

that % 6. t%éﬁﬁré&%ﬁép gokone | GhBZAEERFAGRedRs

measuring the penl od,of sbi Bn' 2bntlici" ddkns el A1 8€s feedback means
arranged to transmit a maximum cell rate value to the
ingress for transmission to a recogn.is'ed signal
soufce to indicate to the signal soui-ce' a maximum

10 permitted rate 6f supply of cells to the ingress.

7. A system according to any - pﬁeceding claim,
characterised in that the bandwidth control means is
arranged automatically to cause the system control

15 means to deallocate bandwidth for cells from a
particular signal- source when that signal source is

determined to be inactive.

8. A system according to any preceding claim,

20 characterised in that the bandwidth control means
includes a buffer for delaying transmission of the

é:ella to the switch until bandwidth has been

allocated for the cells.

25 89, A system according to claim 6, characterised in that
the feedback means is arranged to transmit a halt
instruction to the ingress for reception by a signal
source and for instructing a signal source to cease
supplying cells to the ingress when receipt of cells

30 from a signal scurce has been detected and no

W



A LAVDVILS L SaLD
del ay¢d 11. A pystemaccording to claim 10, characterised by 10
.includi ng GRINFRIEIFSt i pnf neans for deleting cells from t he buffer
afterjthey have been gde] ayed for a predet erm ned period of tine.
12. met nodof operatj ng a broadband switching system 15 For
transngtiing information carrying asynctdonously transferred data
cells [roma | nonosreladi'Cha¥S!Min  allocacdd 2Bre0E€83s0lz1dA sydem via
at |l east one swt tahoaD conprising storing information
associ ating signala gyagsd er m ned bandwi dth with a signal source 20
connectible to the ingress, detecting incomng cells fromthe
said source at the ingress, automatically in response to such

det ecti on, prOV| d|n a request sjgnal in the system for
al | ocating ¥%e sdt Fystem accongding,tf Flaim e‘bﬂ%‘&a‘éﬁuéﬁ-ﬁ& idelthAtn the

b A on kbt Uittt Mt s fo

subsequently al | mea@ﬁz%bl t‘l'zrea@iéfi*i%?i VE V!l% for whichath8C@elak Qaed!rs,
deal | ocati ng the predeterm ned bandw dt h when the avail abl e

bandwi dth fal | s hidiayedQ t he predeterm ned bandw dth and
periodically examning the available bandwidth to determne

38

11. A system according to claim 10, characterised by
20 ircluding cell deletion means for deleting cells from
the buffer after they have been delayed for a

predetermined period of time.

12. A method of operating a broadband switching system

is5 Zor transmitting information carrying asynchronously
transferred data cells from a ingress of the system

to an egress of the system via at least one switch,

the method comprising storing information associating

a predetermined bandwidth with a signal source

20 connectible to t;he ingress, detecting incoming cells
from the sald source at the ingress, automatically in

response to such detection, providing a request

signal in the system for alloccating the said
bandwidth, selectively causing a delay in the

25 transmission of the cells to the egress if the said
predetermined bandwidth is not allocated in the

system, subsequently allowing cell transmission when
allocation occurs, deallocating the predetermined
bandwidth when the available bandwidth falls below

3¢ the predetermined bandwidth and periodically
examining the available bandwidth to determine

||I|III| llllll IIIII IIIII Il



whet'h EEBPLAC*W&E( m ned bandw dth may be real l ocated to
. the spuyce. 13.}] |A method accor di ng to claim 12, characterised in

that §¢51 07 nerhiB%8eljay; is effected by transmtting a feedback

signaj $o the ingresq flor placing the signal source in a halt

node. | “HTTTURTTE d according to gafu m 13, characterised in that 10

the feedback sianal is cell rate indi or signal. 15. A broadband

swi t ching syst ewiestheny atiéheastppedetermined i bghdwddtly camjectiom to a

respective signal source and at | east one egress for connection
to a receiving Xallocatpsdtem th@esoWrcehi ng. system having at | east one
switch for transmtting I nformati on-carrying asynchronously
transferred data cells fromthe ingress to the egress, system

control ns f bl Gy et ween
the 20 et mS‘géI"sasthap% ae%crdg‘gt'fsﬁﬁa{ﬂ?he sal za dt ,arbg:neg:lband\;q\iq{dttﬁ%@

controlgmeans ardrgogelay f egd e’fﬁé‘t@&é&t By Stﬁaﬂémttmg a bFdedbsadke
I ngr ess for transm ssion"to the si gna source, to detect incom ng

cells supplied tsiddal to the ingyesss fowmplawing gbhe signed, smukcehe
system being 25 arranged automatically to determ ne t hat a
pr edet er m ned bamivé dalkt g tlable for transm ssion of calls
fromthe source to the egress, and to offer this bandwi dth to the
source using the said indicator signal, the system being further

arranged g 30  necHiRPdRRAARNEJ AARFALS haraerduiddn in ihmeour ce

10 the feedback signal is a c¢ell rate indicator signal.

1s. 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 receiving

15 system, the switching system having at least one

switch for transmitting information-carrying
asynchronously transferred data cells £rom the -

ingress to the egress, system contxol means for

accepting and establishing a connection between the

20 ingress and egress via the said switch, and bandwidth

control means arranged to feed a indicator signal

back to the ingress for transmission to the signal

source, to detect incoming cells supplied to the

ingress from the signal source; and, the system being

25 arranged automatically to determine that a

predetermined bandwidth is available for transmission

of cells from the source to the egress, and to offer

this bandwidth to the source using the said indicator

signal, the system being further arranged - to

30 deallocate and reallocate the bandwidth to the source

HIIIIII HIIH IIIM I



39" REP]{“'ACEMH\JTSH‘E‘EI"wailable bandwi dth falls bel ow and above the

‘pr egetje ed bandwjd{h respectively. 16. A broadband sw tching
systlem é?ffe¥st one 5 i ngress for connection to a respective
si grjal qnurce and at | east one egress for connection to a
recqlving system the swi tching system having at |east one

SW t Jtting I nformati on-carrying asynchronously
transferred data cells fromthe 10 i ngress to the egress, system
control neans for accepting and eatablishing a connection between
t he i ngress and the egress vidd the said switch, neans for

storing a predeterm ned bandw dth val ue associ at ed with an
identified receiving system and transm ssion 15 control neans

arranged to send a .gignal - ce hal feedback sigpal tq.the
si gnal source €§%1 51? le banéwz@ghngﬁl%gébg BVeaPa %gpﬁff t he

or edet erm ned bARFATRILAITE PhadTidte rERAGREPIET  source s

allowed to send cells via the ingress only when the said bandw dth
| evel is avail able.
1s. A broadband switching system having at least one

ingress for connection to a respective signal source

V4]

and at least one egress for connection to a receiving
system, the switching system having at least one
switch for transmitting information-carrying
asynchronously transferred ‘data cells <from the

10 ingress to the egress, system control wmeans fox
accepting and establishing a connection between the
ingress and the egress via the said switch, means for
storing a predetermined bandwidth value associated
with an identified receiving system, and transmission

15 control means arranged to send a signal-source-halt
feedback signal to the signal source when bandwidth
is not available to cells from the source at a
bandwidth level «corresponding to the said
predetermined bandwidth value, whereby the signal

20 source ig allowed to send cells via the ingress only
when the said bandwidth level is available.
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In a broadband swiiching system for the switching of asynchronously transferred cells of data, a dynamic bandwidth controller

(DBC) controls the application of data cells to an input port of the system,

the data cells being supplied by a number of transmitting

end-systems. When an end-system begins transmitting data cells, the DBC detects the presence of incoming cells and requests bandwidth
from a connection admission control (CAC) forming part of the system. The switching system stores a table associating a number of signal
sources connected to the ingress with respective predetermined transmission bandwidths and, preferably also, maximum delay times. When
arrival of cells from one. of the sources at the input port is detected, the DBC sends a request signal for the relevant predetermined bandwith

to the CAC and delays transmission of the cells until at Jeast the

predetermined bandwidth is allocated. This delay is typically effected by

sending a cell rate indicator signal back to the input port for placing the source in a halt mode. If no allocation of bandwidth has occurred
before the respective maximum delay time, bandwidth is allocated by robbing bandwidth from other sigoal sources,
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