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The* present invention relates to a multiplexer and:in particular to a
service mul t W) &eeg3nf or the mul tipl exi ng of data and- otpoayGESeas s from
a plurality of signal sources for feeding 5 to a public sw tched

conmuni cati on networ K. A service multiplexer is typically located in
a custonmer's prem ses and is used to deli\er and receive various data
services via a single line between the nultlplexer and the public

networ k. The signal sources my AGER 4 ; R on of voice, video and

data 10 services such as Ethernet connectlons | The prior art
mul ti pl exer has typically been connected to the public network via a link

havi ng a fixedr{afschfiiontibirefats &4 it rexéamim @m@@as&ae@a.qiﬁgﬁk&fwe
si grmal sources connected to the |n ut of t mul tipl exer have been
allocated a fi Mﬂhﬂmgbfdmdlﬂlebmmmaplmahtyofmgnal sources for feeding

5 to a public switched communication network.

A service multiplexer is typically located in a customer's premises and is used to deliver

and receive various data services via a single line between the multiplexer and the public

network. The signal sources may comprise a combination of voice, video and data
10 services such as Ethernet connections.

The prior art multiplexer has typically been connected to the public network via a link -

having a fixed data-carrying capacity or bandwidth. Correspondingly the signal sources

connected to the input of the multiplexer have been allocated a fixed share of that
15 bandwidth.

With the advent of more sophisticated connections to the public network such as an
available bit rate (ABR) connection in which the bandwidth of the connection to the
public network is variable, it has become necessary to provide a more sophisticated

20 service multiplexer which is able to accommodate changes in the bandwidth of the
connection to the public network.

According to a first aspect of the present invention there is provided a service multiplexer
having a plurality of inputs for connection to a respective plurality of signal sources and
25 an output for connection to a signal receiving system, the multiplexer being operable to
transfer data from the inputs to the output for transmission into the signal receiving system
as asynchronously transferred data cells, wherein the multiplexer includes bandwidth
control means for receiving a bandwidth control signal from the signal receiving system
representative of an available bandwndth for the transmission of the cells into the signal
30 receiving system and activity detection means for monitoring the bandwidth of data

received at at least one of the respective inputs, the bandwidth control means being



Wth t he advent of nore sophisticated connections to the public network
such as an available bit rate (ABR) connection in which the bandw dth
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oper abl e aut eignilireceiving systemdj ust t he bandwi dth of data transferred to the
out put accordi ng

The bandwidth control means is preferably operable to adjust the rate of transmission of
10 the data transferred by generating a feedback control signal for transmission to a signal

source via a respecti‘}e input. When du'ected to an appropriate signal source, such a

feedback signal causes the respective signal source to alter its transmission data

bandwidth. In this way the bandwidth control means is able to control the bandwidth of

data entering the multiplexer to suit the bandwidth available in a signal receiving system
15 operating on an ABR basis, i.c. which indicates available bit rates to signal sources.

For signal sources which are not capable of interpreting feedback control signais or as an

alternative way to control the bandwidth of data which has been received at the inputs, the

bandwidth control means may be operable to adjust the data of bandwidth transferred by
20 discarding a portion of data received at a respective input.

Preferably, where the data received at an input is divided into a plurality of groups, any
discarded portion of the data is chosen from a subset of the groups. Thus if the data being
received at the input is, for example, constructed from a plurality of frames each

25 constructed from a plurality of cells, the bandwidth control means may discard or delete
cells only from a single frame or subset of frames thereby maintaining the data integrity
of the remaining frames. In this way, the need for re-transmitting data is typically reduced
since not all frames will have been affected by the cell deletion as would be the case when
using a random, "unintelligent" cell deletion technique.

30



to'the avai | abl e bandwi dth and to the nonitored bandw dth or bandw dt hs.
By nonitoring the bandwi dth of data received at at | east one of the
respective inputs, the 5 service multiplexer is able to adjust the

rel ati ve bandwiodtziasssb| ocated to each of the signal sour PCY/GBYT/aRE t he
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bandwi dt h control neans may be operable to adjust the data of bandw dth
transferred by 20 di scardi ng a portion of data received at a respective
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into a plurallty of grou S di scarded portion of the data 1's osen
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t hereby maintainin the data | ntegrl ty
Jeast one ‘existing active signal source to permit the allocation of
bandwidth to the new active signal source. Alternatively, assuming that the full
bandwidth allocated to the connection to the ABR-type receiving system is not being
15 used, the bandwidth control means may simply allocate some spare bandwicith to the new.

active signal source.

The activity detection means may also be operable to recognise a signal source which has
not transmitted data for a predetermined period of time and may therefore reasonably be

20 considered to have stopped transmitting. In this case, the bandwidth control means is
preferably operable to de-allocate the bandwidth allocated to such a quiet signal source
and if necessary to realiocate the de-allocated bandwidth to other signal sources.

The activity detection means is preferably operable to recognise a signal source which is
25 transmitting data at a bandwidth less than a predetermined proportion of the bandwidth

allocated to that signal source for longer than a predetermined time peried and in this case

the bandwidth control means is preferably operable to reduce the bandwidth allocation of

such a recognised signal source. Thus a signal source which has been allocated more

bandwidth than it needs to use can automatically have the unused portion of bandwidth
30 reallocated by the bandwidth control means to more needy signal sources.
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10 Preferably, the multiplexer is arranged to provide separate data paths for the said transfer
of data, for signal sources which respectively are operable to receive fesdback control
signals and are not operable to receive feedback control signals. Since those signal
sources which are not operable to receive feedback control signals are likely to be subject
to cell deletion or deletion of portions of data received at the input in some other way, it

15 is preferable to separate within the multipiexer the data paths of those signal sources
which will have data deleted from the data paths of those which will not. In this way,
those signal sources which are operable to receive feedback control signais and which can
be commanded by the multiplexer to reduce their transmission bandwidth are not affected
by cell or data deletion in addition to receiving reduced bandwidth feedback control

20 signals.

According to a second aspect of this invention, there is provided a method of operating
a service multiplexer having a plurality of inputs for connection to a respective plurality
of signal sources and an output for connection to an ABR-type signal receiving system,
25 the method comprising transferring data from the inputs to the output for transmission into
the signal receiving system as asynchronously transferred data cells, receiving a
bandwidth control signal from the signal receiving system representative of an available
bandwidth for the transmission of the cells into the signat receiving system, monitoring
the bandwidth of data received at at least one of the respective inputs, and automatically
30 adjusting the bandwidth of data transferred to the output according to the available
bandwidth and the monitored bandwidth or bandwidths, the method further comprising



bandwi dth allocated to the connection to the ABR-type receiving systemis
not being 15 used, the bandw dth control neans may sinply allocate sone
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accordingly.

10 The invention will now be described by way of example with reference to the drawings
in which:-

Figure 1 is a block diagram of a service multiplexer in accordance with the invention and
connected between a public network and several customer signal sources; and

15
Figure 2 is a more detailed block diagram of the service multiplexer of Figure 1.

With reference to Figure 1, a service multiplexer 2 is used to connect a plurality of
custom& communication services 4A, 4B, 4C which may, for example, be voice, video
20 and local area network (e.g. Ethernet) services, to a single connection 6 to a public
network. It will be appreciated that several such service multiplexers 2 may be used in
combination to permit connection of a plurality of customer communication services to
a plurality of ports of the public network. Normally, the service multiplexer is
connectable on the user side of a user/network interface.
25
In practice, the service multiplexer 2 typically has a plurality of inputs capable of handling
data from sources with externally commandable output data rates as well as a plurality of
inputs for handling data from non-commandable sources.

30 With reference now to Figure 2, the multiplexer is arranged to received three different
classes of data which, upon entry into the multiplexer, are first sorted by a sorter 8.
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to cell deldtsommandable) otion of portions of data received at the input in
sone other way, it 15 is preferable to separate within the nultipl exer the
data paths of those signal sources which wll have data deleted from
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receiving reduced bandw dth feedback control 20 signals. ccording to
a second akdetvailaghle pandwidth, Thisiisdescribed mwre Wllpbelowded a net hod of operating
a service nultiplexer having a plurality of inputs for connection to a
respective plurality of signal sources and an output for connection to
an ABR-type sNgnABR deiereceingl bythe setvice multiplexer is sorted in the sorter 8 and directed

to non-ABR buffers 10A, 10B for onward transmission onto the public network via a
multiplexer 12. The service multiplexer 2 may include more or fewer of these buffers

15 depending on which and how many different types of non-ABR traffic are permitted to
be connected to the inputs 4.

ABR traffic which is non-commandable is sorted by the sorter 8 and directed to an
intelligent cell discard (ICD) buffer 14.

20
The remaining class of data, namely ABR commandable traffic, is directed via an activity
detector 16 to a buffer 18 for ABR commandable data for onward transmission via the
multiplexer 12.

25 The activity detector 16 operates to monitor the bandwidth of incoming traffic from ABR
commandable sources. The monitoring is performed primarily to supply information to
arate allocator 18 for ABR commandable traffic. Typicﬂly the information supplied to
the rate allocator 18 breaks down into whether each signal source or virtual chanmel (VC)
has gone quiet and is no longer transmitting and therefore should have its bandwidih

30 allocation removed, whether the allocation is being fully used or only partially used in
which case the allocation may need to be increased or decreased respectively, or whether
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physi cal sources. The terns "signal sources" and "inputs" should therefore
be construed o e dearihay also be used for other purposes such as monitoring the volume
of ABR commandable data passing through the multiplexer for providing an indication
of likely charges to a customer or even actually to perform a charging calculation for the
10 - public network provider. Furthermore, although an ABR signal source should transmit
accurately within its aliocated bandwidth, if such a signal source becomes faulty, this may
be detected by the activity detector and appropriate action taken, such as causing a new
feedback control signal to be issued or causing cells to be deleted from the stream coming
from that signal source.
15
The rate allocator 18 for ABR commandable data operates to ensure that each VC receives
a fair share of the available bandwidth on the connection to the public network. As
discussed above, an available bandwidth for ABR traffic is sent from the public network
and is received and decoded within the service multiplexer by an ABR controller 20. The
20 controller 20 divides the available bandwidth for ABR traffic between the rate ailocator
18 for ABR commandable traffic and a rate allocator 22 for non-commandable traffic
which will be the subject of intelligent cell discard.

The rate allocators 18 and 22 each hold a table of allocated bandwidths or transmission
25 rates for each active VC. Since in the case of the VCs for which rate allocator 22 holds

rates, there is no possibility of changing the transmission rate of each VC, the only

possibility is to discard cells when the transmission rate of the VC exceeds that held in the

stored table. To achieve this, the rate allocator 22 instructs a shaper 24 to delete or

transfer to the multiplexer 12 certain cells from particular VCs. By deleting a cell from
30 a particular VC, the transmission rate of that VC is reduced.



10 The invention will now be described by way of exanple with reference to
‘t he draw ngs I n which: - - Figure 1 is a block diagramof a service
mul.tipl exer in accordance with the invention and. connect ed between a
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a nore detarleée ock diagram of the service nultiplexer of Figure 1.

Wth reference to Figure 1, a service nultiplexer 2 is used to connect a
plurality of customer conmuni cation gervices 4A, 4B, 4C which may, for
exanpl e, be voice, video 20 and | ocal area network (e.g. Ethernet)
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appreciated that several such service nultiplexers 2 may be used I'n
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cl asses of dabytraninitting a feedbacktonyyolisighal. Tive typidal techinismes for doirg this aretto aser t ed by
a sorter 8. generic flow-control (GFC) or ABR control signals. These are typically sent back to a
signal source or VC by inserting a resource management (RM) cell in the cell stream
10 flowing back from the service multiplexer to a signal source on a respective feedback line
28 which may be one of several such lines associated with inputs 4 capable of receiving
signals from rate-commandable signal sources. If the rate allocator 18 causes a change
in a bandwidth allocation of a particular VC, this change is communicated to the activity
detector 16 so that the activity detector 16 can update its own stored table of transmission
15 rates for each VC to ensure that it is accurately able to judge whether a VC should have
more, less or no bandwidth allocated to it.

The shaper 24 for non-commandable ABR traffic maintains a table of VCs which includes
information about which VCs are to have cells deleted from their respective cell streams.

20 Furthermore, the feedback module 26 maintains a record of which type of feedback
control signal is applicable to which signal source.

Thus, the service multiplexer described above is capable of multiplexing several different
types of traffic and of adjusting the bandwidths of the traffic in the most appropriate

25 manner in order to transmit the data into a public network via an ABR-type connection,
i.c. a connection in which transmission rate control signals are passed between the
network and a signal source.
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t hr€e possible classes of data s rtedﬁﬁf 8 are (i) non-ABR dat a,
for exanpl e, woerisaseo CBR (constaft™®it rate) or VBR (vari abberGperionesse) ,
(i) ABRtraffic froma signal source which i s non-commandabl e in the
sense that it cannot be conmanded by feedback control signals to alter
its transm ssion bandw dth, and (iii) ABRgraffic which is 5 conmandal e.
The mul tipl exer receives a further input of information ' _
net wor k connection 6. This informtQpaIMSc! udes ABlenmlﬂ“m“Hmi"ﬂll
whi ch indicate the rate at whi ch data may be transnmitted ohto*the *
public network and therefore indicates the 10 avail abl e bandwi dth. This is

described nore { ull k%l%ulug lexer HGiR; ﬁﬁ@“‘éﬂ rectgﬁ?f&‘%ﬂﬁ&‘u&hﬁaﬁéﬁfh ors
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transferred data cells, wherein the multiplexer includes bandwidth control means
for receiving a bandwidth control signal from the signal receiving system
representative of an available bandwidth for the transmission of the cells into the
10 signal receiving system and activity detection means for monitoring the bandwidth
of data received at at least one of the respective inputs, the bandwidth control
means being operable automaticatly to adjust the bandwidth of data transferred to
the output according to the available bandwidth and to the monitored bandwidth
or bandwidths, and wherein the bandwidth control means is operable to adjust the
15 bandwidth of the data transferred by generating a feedback control signal for
transmission to a signal source via a respective input, which feedback control
signal causes the respective signal source to alter its transmission data bandwidth.

2. A multiplexer according to claim 1, wherein the bandwidth control means is
20 operable to adjust the bandwidth of data transferred by discarding a portion of data
received at a respective input.

3. A multiplexer according to claim 2, wherein the data received at an input is
divided into a plurality of groups and wherein each discarded portion is chosen
25 from a subset of the groups.

4. A multiplexer .according to claim 1, including a stored table for containing
characteristic data about each signal source which includes an identification of

which signal sources are operable to receive feedback control signals.
30
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al l ocation $s bei ntputsed sufficiently to nerit the VC maintaining its
current allocation of bandw dth and yet is not being used so nuch that
nore bandw dth shoul d be all ocated to that VC. Thus, typically the

activity detegfor Mimbltiphrercacoordingftotahuimel, iwibreim theoartivity) detection means is
operable to recognise a quiet signal source which has not transmitted data for a
predetermined period of time and wherein the bandwidth control means is
10 operable to de-allocate the bandwidth allocated to the quiet signal source and to
reallocate the de-allocated bandwidth to other signal sources.

ABR traffic which is non-co ble is sorted by the sorter 8 and directed
to an intelligent cell discard (ICD) bu The remai ni ng

7. A multiplexer according to claim 1, wherein the activity detection means is
operable to recognise a signal source which is transmitting data at a bandwidth
15 less than a predetermined proportion of the bandwidth allocated to that signal
source for longer than a predetermined time period and wherein the bandwidth
control means is operable to reduce the bandwidth allocation of such a recognised

signal source.

20 8. A multiplexer according to claim 1, wherein the activity detection means is
operable to recognise a signal source which is transmitting at more than a
predetermined proportion of its allocated bandwidth for longer than a
predetermined time period and wherein the bandwidth control means is operable
to allocate more bandwidth to such a recognised signal source.

25

9. A multiplexer according to claim 1, wherein the multiplexer is arranged to provide
separate data paths for the said transfer of data for signal sources which
respectively are operable to receive feedback control signals and are not operable
to receive feedback control signals.

30
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PLA ]WSHEET asynchronously transferred-data cel'ls, wherein the

10 I ncl udes: bandvm dth control means for receiving

%lbandwr dth conrpl signal from " the’ W |

pr@9MAR NI pf an avail abl e bandwi dt h f@r the transm

obiassa s talol e oint1c peser et oo MMM

of —the respectiwvelinputs, the bandwi dt h cont roI nelans

bei ng oper abl e automati cal ly to adjust the bandw dth of

dat a transferredt the out put accord| tot e ava|J bl ba d dt and to
T & el HhibIeRS el cot" o, e, Perog

bandwi dt h contr ol cﬁﬁﬁ‘ﬁ\ﬁncahons eqmpment of an useranwegﬁaw tele&anaﬂm&aﬁoﬁmtwork,
bandwi dth of the data transferted generatin

f eedback chntrol shemaltiplexer hmmgarp of ipputs gorg:na:hecnom tosaarespemme plurahty
respective input, f eedback contr cau

the respective si &fé*%ﬁﬂ"g‘éﬁtaﬁs“ﬂa{tﬁ\af‘ﬁ © user an(gﬁ“ output &F%‘rﬁgg F‘b‘ﬁ B%\t a
bandwi dt h. connectmg the usér E&&bxh@ﬁteﬁﬁfheaﬁﬁﬂfc%éi‘ﬁoﬁ thd Bl exé‘ihﬁ‘élﬂg n

t he bandw dth control ns i s operable to adj ust the
bandwi dt h of dataopembla‘tartrmsfdnyiaﬁlﬁ;mrthb inputs tpdhe outputofor tranhsmission into the
received at a respeg

according to clai #B ﬁl ot |8$ Wh&oﬁy@%&dg@mgﬁllq,ﬁg@f&h}iﬁé&uﬁé exer
divided iy§o a pl %de%w&wiamaa&oﬁﬂﬁaﬂ&m ﬁ‘ecewﬁ?g%ﬁd%ﬁ%%ﬂumgﬂﬂw

chosen : froma subset of the groups
mul ti pl exer accor dieppblio netvmrkrr@,resematmdoﬁgx avaslable ddndwidtle fdrdhe transmissiding

ant et oo on o of e Gets i the BUSR R SR AR gl B e moniterine,
receive feedback ganbhsdwidttdbf!ddta received at at least one of the respective inputs, the
bandwidth control means being operable automatically to adjust the bandwidth of
15 data transferred to the output according to the available bandwidth and to the
monitored bandwidth or bandwidths, and wherein the bandwidth control means
is operable to adjﬁSt the bandwidth of the data transferred by generating a
feedBack control signal for transmission to a signal source via a respective input,
which feedback control signal causes the respective signal source to alter its
20  transmission data bandwidth. |

2. A multiplexer according to claim 1, wherein the bandwidth control means is
operable to adjust the bandwidth of data transferred by discarding a portion of data
received at a respective input. |

25 | |

3. A multiplexer according to claim 2, wherein the data received at an input is
divided into a plurality of groups and wherein each discarded portion is chosen
from a subset of the groups.

30 4. A multiplexer according to claim 1, including a stored table for containing
characteristic data about each signal source which includes an identification of
which signal sources are operable to receive feedback control signals.
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10‘ . 5. A mul tipl exer accordl ng to clalmlmm lvity
detection neans is . oper abl e to recogn ”’Ma"mm@a’m gnal
source and wherein the bandw dth contr6l fredns M Sso able to
reall ocate the bandwi dth of at |east one existing active signal
source to peldrit Ahmeﬂioﬂmfa!pemﬂngfa feavidevinnifitiplexertdoansvtad o thevases sgieadf an
sour ce. 6. A mul tiplexer according, to claimi, wherein the

activity detecti ofii¢FEgA Heiween communications,sgpipgicat ?M@Wl@é@dﬂ@“@!%nal
o7t e and. ner ol koA AR e he AR, Bl flpleney pavine FBGRETOPIRES B ©°

of tine and whereln the

de-al l ocate the bashetibntod regrati lﬁt%hiyhﬂ‘ @shpgouﬁega@bcxaﬁurﬁmme%séma
real l ocate the de-allocated bandwi dth to ot her signal sources.

A nul tipl éxer accan ditpyt for connection, towHlinec¢omnedting:the msérteguqmmmdle plﬂﬂns is

_ggﬁ(rj\?mbld?ht 25r ecognl se . tlrse'r{gﬁ:pﬁgd source whic %%&m&ﬁj n aéﬁtm;ﬁgqrh
Y LECSLE?OE"aEQa&Her iR i e Wb&@‘%& i by buy %‘r%“eifﬁ‘é?“"‘? desell e
to reduce the bangekiting aﬂia!nﬁﬁﬂith eontivl sighslifroin tRGRbli¢ Adttiork representativesofanal
SOuree. available bandwidth for the transxmssxon of the cells into the pubhc network,
10 monitoring the bandwidth of data received at at least one of the respective inputs,
and automatically adjusting the bandwidth of data transferred to the output
according to the available bandwidth and the monitored bandwidth or bandwidhs,
the method further comprising generating a feedback control signal to at least one

of the signal sources to cause the said signal source to alter its transmission data

(Dt
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15 bandwidth,
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2D-8.°. A nultiplexer according to claim1, wherein the act|V|ty detectlon
neans is . operable to recogni se a sign

transmitting at nore than a pr edet er m ne its
al | ocated bandwi dth for |onger than a ﬁ“mﬁmﬂ“ ﬁﬂ!ﬂm peri od
and wherein the bandw dth control neans is operabl e o=al | ocate
nore bandw dth to such a recogni sed signal source.
mul ti pl exer according to claiml, vvhereilil the nul ti pI exer i s arranged to

o]

ptovi de separate data paths r the said transfer of data for
signal sources which res ective are o ble to recgiv
f eedback cbhtr ol Hedid of eprmating.a sevic 65@\“&’5#%‘3’ connecte n%}eousreéélﬂe an

f eedback control Si d blic

11 H@fﬁ LS?”"SB@P%’WW@“E"% L PPREen 9 fan oxer. connect ed on the
user si de of antelecommumcatlodsnﬁétﬁvf)ﬂ@Qh@ﬁilﬂﬁﬁl&x@@ﬁiﬂiﬁg @apluflity @fUhpute for of
an user and a public t el ecommuni cati ons network, the

mul ti pl exer havicomneatiph to atespactioe plurgity of fignal sources associatedomitle thei u;nr awl 5
respective plurality of_ signal ;sources associated with the user ﬁ
5 an output for connection to a line connecting the user equipment to the public
network, the method comprising transferring data from the inputs to the output for
transmission into the public network as asynchronously transferred data cells,

receiving a bandwidth control signal from the public network representative of an

~ available bandwidth for the transmission of the cells into the public network,
10 monitoring the bandwidth of data received at at least one of the respective inputs,

and automatically adjusting the bandwidth of data transferred to the output

according to the available bandwidth and the monitored bandwidth or bandwidths,

o the method further comprising generating a feedback control signal to at least one

of the signal sources to cause the said signal source to alter its transmission data

15 bandwidth.
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(57) Abstract

A service multiplexer (2) for connecting a plurality of signal sources to a public switched communication network transfers data in the
form of asynchranously transferred data cells from a plurality of inputs (4) to an output (6) for connection to the network. The multiplexer
(2) includes a bandwidth control unit which receives a bandwidth control signal from the network representative of available bandwidth for
transmission of cells to the network and generates feedback control signals for transmission to the signal sources to cause them to alter their
fata transmission rates in accordance with the available bandwidth. An activity detector coupled to the bandwidth control unit monitors the
bandwidth of data received at the inputs. The multiplexer allows ABR (available bit rate) - commandable signal sources to be linked to a
single port of a public network operating on an ABR basis to provide an efficient and fair allocation of bandwidth for each source.




