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A_METHOD OF CONTROLLING OVERLOADS

T mne

This invention relates to a method of controlling
overloads in a telecommunications network.

An overload in a telecommunications network may arise
£or various reasons. For example, a television programme
requesting telephone calls from its audience may cause an
overload. An overload may also occur when a large number of
people attempt to make calls to an entertainment or an
information service or to a business which has something
special on offer. It is clearly desirable to control such
overloads. ‘

According to this invention, there is provided a
method of controlling overloads in a telecommunications
network comprising a network of interconnected nodes arranged
to provide connections between terminal resources, said

"method comprising the steps of: upon detecting an initial

failed call setting a counter to an initial value;
incrementing the counter upon detecting each further failed
call whose call identity is the same as that of the initial
failed call or whose call identity belongs to a common set of
call identities which includes the call identity of said
initial failed call; decrementing said counter at a
predetermined rate; causing said counter to provide an output
which is in a first state when the number of calls in the
counter rises above a first threshold and which is in a
second state when the number of calls in the counter falls
below a second threshold; setting and updating a restriction
parameter in accordance with the output of the counter; and
restricting calls having said common call identity or
whose call identities belong to said common set of call
identities, the level of restriction applied in said step of
restricting calls being determined by the value of said

restriction parameter.
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5 tel ecommuni cations network. An overload in a

t el ecommuni cati ons network may arise for various reasons. For exanpl e,
a tel evision programre requesting tel ephone calls fromits audi ence
may cause an overload. An overload may also occur when a | arge nunber

of people attenpt_to make calls to an entertai nnment or an information
service or to a 10 business which has sonething special on offer. It is

clearly desirable’to control such over | oads. In an
article entitled "Network Managenent and Congestion in the US
Tel ecommuni cati ons Networks", D. G Haenschke et al, | EEE Transactions on

Communi cati onsvol £~ 29, no.
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severity of the level of restriction if the output of the
counter changes from the second state to the first state or
so as to decrease the severity of the level of restriction if
the output of the counter changes from the first state to the
second state, and if the second time period expires without
a change in state of the output of the counter, the
restriction parameter is varied so as to increase the level
of restriction if the output of the counter is in the first
state or so as to decrease the level of restriction if the
output of the counter is in the second state.

Conveniently, said initial failed call and said
further failed calls are detected at a first one of said
nodes, and said step of restricting calls is performed at one
or more nodes which are upstream from said first node with
respect to the direction of call set up.

mhis invention will now be described in more detail,
by way of example, with reference to the accompanying
drawings in which:

Figure 1 is a block diagram showing some of the
switches which form a public telecommunications network;

Figure 2 shows a modification to the public
telecommunications network of Figure 1 which includes an
additional switch for providing additional services;

Figure 3 is a block diagram showing some of the
switches which form an intelligent telecommunications
network;

Figure 4 is a block diagram showing processes which
are added to a telecommunications network to provide a method
of controlling overloads embodying this invention;

Figure 5 shows an alternative location for the

processes shown in Figure 4;
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destination code exceeds the threshold, the anount of traffic to that

destination code Is controll ed. However, this article does not

di scl ose a way of controlling the anount 20 of traffic so that the rate of
call attenpts to an overl oaded destination code approaches the rate at
whi ch calls can be conpl eted successully. According to this

I nvention, there i,s provided a nethod of control'ling overloads in a

t el ecommuni cati ons network conprising a network of interconnected
nodes arranged to provi de connections between ternmBnmal resources, said

“method 25 conprising the steps of: upon detecting an initial failed cal

at a node setting a count erpshR-@M sRbdsl 3l sdhdldtCeoddier£RRE A Wbfecting
counter upon detecting eacf,d %Q%r‘ng ove%aoiah;;d call whose call identity is
the same as that of the initra ,alf'e_d7_cqﬁ of V\hqlsﬁe cgll a i|dent|t% _
bel ongs to a common set of call 8871 1itS whith THRETAEE PHE && 1°°Faéht FBS
of said initial fail etP¥%PFS °deth®rerf¥i ng sai d counter at a

predeterm ned rate; caustng 30 Féguxe Goudnt er fXay ghawt df an eldqrithmhiseh ifer
in a first state when t he futsbeingohnd adohstdriing an oveltfopuai®r ri ses above a
first threshold and which is inrggeRCANdsShafRw\det-d i¥ an algorithm usea for

célculatinq the parameter used in call restriction.

Referring now to Figure 1, there are shown some of the

10 switches used in a public telecommunications network. The
switches shown in Ffigure 1 comprise two trunk exchange
switches 10, 12 and two local exchange switches 14, 16. The
trunk exchange switches 10, 12 are just two switches of a
fully interconnected network of trunk exchange switches

15 located over a large geographical territory, such as the UK.
The local exchange switches 14, 16 are part of a much larger
number of local exchange switches which provide access to
terminal resources, most of which are telephones or facsimile
machines or integrated -services digital network (ISDN)

20 terminals. Each local exchange switch may be connected to
one, two or three trunk exchange switches. The switches of
the telecommunications network are connected by routes 18
which are embodied by suitable traffic carriers such as
coaxial copper cables, optical fibre cables and microwave

25 links. The traffic takes the form of voice and other data
and also the signalling messages which are used for setting
up calls. As well known, signalling messages include forward
call set up messages which travel in the direction of call
set up and backward call set up messages which travel in the

30 reverse direction.

Figure 2 shows the addition of a switch 20 for
providing additional services to the telecommunications
network of Figure 1. The switch 20 is connected to the trunk
exchange switches. The additional services may include

35 information and entertainment services and also the facility
for callers to make free calls or calls charged at the local
rate to business numbers. For example, in BT's public
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telecommunications network in the UK, telephone codes which
commence with "0891" and "0898" relate to entertainment and
information services. Codes to business numbers which are
free to the caller or charged at the local call rate
commence, respectively, with "0800" and "0345".

Figure 3 shows some of-thé switches which form an
intelligent network. The switches include a service
switching point 30, a trunk exchange switch 32, two local
exchange switches 34, 36, and a service control point 38.
The service switching point 30 and the trunk exchange switch
32 are part of a network of interconnected service switching
points and trunk exchange switches, and the local exchange
switches 34, 36 are part of a much larger number of local
exchange switches. Each service switching point is connected
to the service control point 38. In addition to providing
access to the service control point 38, each service
switching point also provides the function of a trunk
exchange switch. A service switching point can also provide
the function of a local exchange switch. The service
switching points together with the service control point 38
provide the network with intelligent services. One example
of an intelligent service is number translation, which takes
place in the servicée control point.

The trunk switches 10, 12 and the local exchanges
switches 14, 16 of Figure 1, the additional services switch
20 of Figure 2, the switches 32, 34 and 36 and also the
service switching point 30 and the service control point 338
of Figure 3 are all examples of network nodes. In this
specification the term "node" should be construed as any
peint in a network which is used in setting up a call.

The three networks shown in Figures 1, 2 and 3
represent three examples of telephone networks in which the
present invention may be implemented. However,
implementation of the present invention is not limited to
these three types of network and a mobile telecommunications
network represents a further example of networks in which the

invention can be implemented.
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nunber-of calls

in the counter falls below a second threshold; setting and

updating a restriction paraneter in accordance with the output of the
counter; and restricting 5 calls having said common call identity or whose
call identities belong to said common set of call identities, the |evel
of restriction applied in said step of restricting calls bei ng
determined by the_value of said restriction paraneter so that the node at
whi ch the initial failed call is detected osctldates in and out of an
over | oad state until the cause of the overload subsides.
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Figure 4 shows an example of the adﬁitional processes
which are provided at nodes 40, 41 and 42 of a

telecommunications network in order to control overloads in

accordance with this invention. In the example shown in
Figure 4, the node 40 is an exchange switch which has direct
access to terminal rescurces while the nodes 41 and 42 are
upstream from node 40 with reference the direction of call
set up. Thus, the nodes 40, 41 and 42 of Figure 4 may
correspond to the exchange switches 16, 12 and 10 shown in
Figure 1, or the exchange switches 16, 12 and the additional
services switch 20 shown in Figure 2. In the case of the
intelligent network of Figure 3, the node 40 could be the
local exchange switch 36, the node 41 could be the trunk
exchange switch 32 and the node 42 could be the service
switching point 30. The processes for overload control are
implemented by hmdifying the software which controls the
nodes. These modifications will now be described in general
térms for the nodes 40, 41 and 42.
- The software of the node 40 includes a resource access
control module 44 which controls access to terminal
resources. The module 44 is of conventional design but
modified to provide an output signal 45 in the event of call
failure. The output signal 45 gives the call identity of a
failed call. The normal criterion for registering a call as
a failed call is that the terminal instrument is engaged or
unobtainable However, if desired, other criteria may be
used. For example, an excessive delay in setting up a call
could also be classified as a failure.

The signal 45 indicating call failure is supplied to
an overload detection and monitoring module 46. The module
46 provides an output signal 47. The module 46 may be

-arranged simply to detect overloads to individual full length

called numbers. As will be explained in more detail below,
the module 46 may also be arranged to detect overloads
falling within a common set of call identities. A set of
call identities may comprise a number of full length called
party numbers, or a number of full length calling party
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Preferably, in said step of setting and updating the restriction
paraneter, after each updating of the restriction paraneter, during a
first tinme period the restriction paranmeter is not updated, during a
second time period the 5 restriction paraneter is varied so as to

I ncrease the ~-severity of the level of restriction if the output of the
counter changes fromthe second state to the first state or so as to
decrease the severity of the level of restriction if t he out put of the
counter changes fromthe first state to the 10 secdnd state, and if the

second time period expires wthout a change in state of the output
of the counter, ~the mesherisct oroplpahamsimbers fvargagti®wdagseryi¢nepren s

t he | evel of restricti ornéfrdsber Gékpide @abntild@ed GibOY€r crSeven tahk ther sdlled
party numbers accessed by an exchange switch. The data in
signal 47 comprises an indication of overload and the call

5 identity or the set of call identities causing the overload.

The indication of overload can have only two states, namely,

overload and no overload. The signal 47 forms part of the

backward call set up message. Where the overload is caused
by calls to a single full length called party number, the
backward call set up message already contains the call
identity. Consequently, the only modification to the
conventional backward call set up message is the addition of
an extra bit of data which has a value of binary "1" for an
overload and a value of binary "0" where there is no
15 overload. Where the overload relates to a set of call
identities, the backward set up message must be modified to

specify the set of call identities.
In the module 41, the signal 47 is supplied to a
software module 48 for setting and updating the restriction
20 parameter. The restriction parameter specifies the level of
call restriction which is to be applied in the node 41 to
calls destined for node 40. There are various methods of
applying call restriction. In the present example, call
restriction is applied by proportional blocking. Thus, the
25 restriction parameter specifies the proportion of calls which
are blocked and consequently the level of restriction
increases with the wvalue of +the restriction parameter.
Alternatively, the restriction parameter could specify the
proportion of calls which are allowed with the result that
30 the level of restriction would increase as the value of the

b restriction parameter fal;s. Another method of applying call
restriction is call gapping in which each call is followed by
a gap interval during which all calls arxe blocked.

The restriction parameter is supplied by the module 48

35 to a module 49 which applies call restriction. The module 49
also identifies failed calls and supplies the call identities

of the failed calls to an overload detection and monitoring
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state or so as to decrease the level of restriction if the 15 output of the

counter is in the second state. Conveniently, said initial failed
call and said further failed calls are detected at a first one of said
nodes, and said step of restricting calls is perforned at one or nore
nodes which are upstreamfromsaid first node wth 20 respect to the
direction of call _set up. This invention will now be described in
nore detail, by way of exanple, wth reference to the

acconpanyi ng drawi ngs i n whi ch: Figure 1 is a block diagram
showi ng sonme of the 25 swi hs&m Wi Ctu‘cfarﬂalmuﬁ tt%l %ﬁ@%&&hsakéonsm the
net wor k; Fi gure EhQY"S %ilim:gl %hgt@i (]d as a Eatl % 95 :.f it is

tS\?V! tegﬁn}n(;::” g?éb?g?nge;\é\grng cécledg%erc\ﬂx%eeg call restrict:.on or if it fa:.ls due to a
cause occurring at node 41 or a cause such as no circuits
$ available occurring between nodes 41 and 40. If the call
fails at node 40, it is not identified as a failed call in
module 49 because such a call will be identified as a failed
call in the module 44.
) The module 53 supplies an output signal 50 indicating
i0 overload or no overload to a software module 51 located in
node 42. The mnodule 51 sets and updates the restriction
parameter for controlling the level of restriction to be
applied by node 42 to calls destined for node 41. The
restriction parameter is supplied to a module 52 which
:5 implements call restriction. The module 51 is identical to
the module 48 and the module 52 is identical to the module 49
except that the module 52 does not detect failed calls.
As will be explained in more detail below, the module
48 progressively increases the restriction parameter when the
20 output signal from the module 46 indicates the presence of an
overload, thereby increasing the proportion of calls which
are blocked, and progressively decreases the restriction
parameter when the output signal from the module 46 indicates
there is no overload, thereby decreasing the proportion of
25 calls which are Dblocked. Consequently, the node 40
oscillates in and out of an overload state until the cause of
the overload subsides. As a result, the rate at which the
node 41 sends call set up messages to the node 40 should be
close to the rate at which calls can be completed
30 successfully. By preventing calls which have a low chance of
success from reaching node 40, there is removed the risk that
such calls will interfere with other calls which have a high
chance of success.
The module S1 operates in a similar manner to the
module 48. Consequently, if there is an overload at node 41,
- the process of increasing and decreasing the restriction
parameter in module 51 will ensure that the node 41

[0}
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Figure 3 is a block diagram showi ng sonme of the 30 switches which form

an intelligent telecommunications net wor Kk; Figure 4 is a
bl ock di agram show ng processes which are added to a tel ecomruni cations
network to provide a nethod of controlling overloads enbodying this

i nvention; 35

Fi gure

5 shows an alternative location for the

processes shown in Figure 4;
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oscrllates into and out of an overload state. However, in
most telecommunications networks, the node 41 will be only
one of several nodes which are sending call set up messages
to the node 40 for calls having the call identity or falling
witzin the set of call identities which are causing the
overload. Where the overall proportion of failed and blocked
calls is comparatively modest, the node 41 will not be in an
overload condition. Wwhere the proportion of failed and
blocked calls is severe, the node 41 will also be in an
overload condition and so call restriction will also be
appiied at node 42. Thus, with increasing severity of the
overload condition, call restriction is applied progressively
further away from node 40.

Because the software modules for controlling overload
in node 41 and the other nodes which send call set up
messages to the node 40 are the same, the level of call
restriction applied iz the various nodes in the event of
overload will be similar, However, because the signal from
the module 46 indicating overload is transmitted in the
backward call set up message and not continuously, there will
be some variation in the level of restriction. Similarly,
the ievel of restriction applied in the nodes which send set
up messages to the node 41 will be similar but not identical.

Referring mnow to Figure 5, there is shown a
modification to the arrangement of Figure 4 in which the
modules 48 and 51 for setting and updating the restriction
parameters are located at the nodes 40 and 41 rather than at
the nodes 41 and 42. Consequently, the level of restriction
in all of the nodes which send call set up messages to the
node 40 will be identical. Likewise, the level of restriction
in all of the nodes which send call set up messages to node
41 will be identical. Thus, with proportional blocking this
arrangement provides total fairness for the callers.
However, this arrangement has the disadvantage that the
backward call set up messages have to specify the value of

the restriction parameter and this requires more bits of data
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- 3- Figure 6 shows a set of counters used for detecting

noni toring overl oads;

of the counters of Figure 6; 5 _ _
detecting and nonitoring an overl oad; and

al gorithmused for,

Figure 9 is a flow chart of an algorithmused for

parameter used in call restriction. .
there are shown some of the 10 switches used in a_ pub
switches shown in Figure 1 conprise two trunk exchange

network. The

and

Figure 7 shows the threshol ds used in one
Figure 8 is a flow chart of an

cal cul ating the
Referring nowto Figure 1
ublic tel ecomruni cations

switches 10, 12 and two | ocal exchange switches 14, 16. The
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thar that required simply to specify the presence or absence

of 22 overload.

Figures 4 and 5 each show an arrangement in which call
restriction is applied at two nodes along a call set up path.
If -t is desired to apply call restriction at only one node

‘alozg the path, this may be achieved by omitting the overload

control arrangement of node 41 as shown in Figure 4 or Figure
5. On the other hand, if it is desired to apply restriction
at ~ore than two places along the call set up path, this may
be achieved by repeating the overload control arrangement of
node 41 as shown in Figure 4 or Figure 5 as many times as
deszxed.

Figure 4 and Figure 5 each show an arrangement in
which the overload is detected initially at the node which
accesses the terminal resources and this usually represents
the most desirable point to do this. However, if desired,
the .aitial detection may occur at an upstream position with
regaxd to call set up. For example, the nodes 40, 41 and 42

of Figure 4 could correspond to the switches 12, 10 and 14 of

Figurze 1, or the switches 20, 10 and 14 of Figure 2 or the
service control point 38, the service switching point 30 and
the Zocal exchange switch 34 of Figure 3.

By way of modification, call restriction may be
appiied at the node where the overload is detected. For
example, in the intelligent network of Figure 3, overload
detection and call restriction may both occur at the service
switshing point 38.

There will now be described the two algorithms which
are used, respectively, for detecting and monitoring the
overiocad and for setting and updating “he restriction
paraneter. These will be described initially with respect to
detecting and controlling an overload to a full length called

parcy number.

Referring now to Figure 6, the algorithm for detecting
and aonitoring overloads uses a set of counters 59. As
illustrated in Figure 7, each of these counters has an
initial value, which is normally 0 and four thresholds,
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trunk exchange switches 10, 12 are just two switches of a fully

I nterconnected network of trunk exchange switches 15 | ocated over a |l arge
geographical territory, such as the UK The | ocal exchange sw tches 14,
16 are part of a nuch larger nunber of | ocal exchange sw tches which
provi de access to- term nal resources, nost of which are tel ephones or

facsimle machi nes or

I ntegrated services digital network (ISDN) 20

term nals. Each l-ocal exchange switch may be connected to one, two or
three trunk exchange switches. The switches of _ ;4tbhe tel ecomunications
network are connected by routes 18 whi ch are enbodied by sui tabl e

traffic carriers such as

coaxi al copper cabl es tical fibre cables an

mcrowave 25 |inks— The tPaEYc takERLephR FB’Feﬁf‘S*d 9:ce2An g HTRET 63?%?““
and al so the signalling neskzajasidnfilehamorerined PrsetsehreppRfd 62 3pdca| paxinpg
wel | known, .signalling nessmgescid1éBud@hé dlomrclart of the algorithm for detecting
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and monitoring overloads is shown in Figure 8 and this
algoz:thm will be described with reference to this figure.
>n a step 21, when an initial call failure to a full length
called party number is detected, one of the counters 59 is
associated with that number and set to its initial value.
Then, in a step S22, a check is made to determine if a
furtzer failed call has been detected to the number. If a
Surther failed call has been detected to the number, in a
step $23, the counter is incremented by 1. Thus, the counter
ig incremented each time a failed call is detected to the
aumber. The counter is also decremented at a constant rate.
Tn order to achieve this, in a step S$24, a check is made to
determine if it is time to decrement the counter. If it is
~ime To decrement the counter, it is decremented in a step
§25. If the count rises above the overload onset threshold,
~he counter goes into its overload state. The counter is
prevented from counting above its maximum threshold. When
<he walue of the count falls below the overload abatement
«hreshold, the counter goes into its no overload state. When
che count falls below the release threshold, the counter is
no longer associated with the called party number. In order
<o acaieve this, in a step $26, a check is made to determine
if t2e count has fallen below the release threshold. If it
nas Zallen below the release threshold, in a step S27, the
counter is released from the called party number.

By providing separate onset and abatement thresholds,
+he counter has hysteresis. These thresholds should be set
slose enough so that the overload is detected with sufficient
prec:sion but far enough apart to give adegquate hysteresis.
The o~verload onset threshold should be set high enough to
prevent the counter from going into the overload state when
calls are failing for innocuous reasons but it should be set
low enough to provide sensitivity to genuine overloads. The
maximum threshold should not be set so high that there is an
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call set up nessages which travel in the direction of call set up and
backward call set up nmessages which travel in the 30 reverse direction.

Figure 2 shows the addition of a switch 20 for =~ providing additional
services to the tel ecomuni cations network of Figure 1. The switch 20 is
connected to the trunk exchange swi t ches. The additional services
may i nclude 35 information and entertai nnment services and also the facility
for callers to nmake free calls or calls charged at the |ocal rate to
busi ness nunbers. For exanple, in BT's public- 11 -

=" undue delay in redﬁcing the level of call restriction after

a sudéen surge in calling rate.
Zach of the software modules which sets and updates
the restriction parameter contains a number of copies of the
5 algorithm for doing this. A flow chart for this algorithm is
shown in Figure 9. When one of these modules receives an
indication of overload, it associates one of the copies of
the software algorithm with the called party number which is
suffering the overload. Then, and referring to Figure 9, in
10 a step S1, the restriction parameter is set to an initial
value. Consequently, call restriction, which in the present
example is achieved by proportional blocking, commences at a
level specified by this initial value.
Then, in a step S2, two timers are started for timing
15 intervals t,, t,- Then, the algorithm enters and remains in
a step S3 until the elapsed time t is equal to the preset

value t,. Thus, during the time interval which ends when the

glapsed time is t,, no change is made to the restriction
parameter.

20 The algorithm then enters a step S4 in which the
overioad status is monitored and the elapsed time is compared
with the second preset value t,. If a change in the overload
status occurs when the elapsed time is between t, and t,, the
restriction parameter is updated in a step S6. In the step

25 S6, the restriction parameter is increased if the overload
status has changed from no overload to overload and it is
decreased if the overload status has changed from overload to
no overload. After step S6, the algorithm passes to a step

S8 which is described below.
30 If the overload status does not change in the interval

when the elapsed time is between t, and t,, the restriction
parameter is updated in a step S87. In step S7, the
restriction parameter is increased if there is an overload
and it is decreased if there is no overload. After step S7,

35 the algorithm continues with step S8.
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-4- t el econmuni cations network in the UK, telephone codes which

comrence with "0891"

and

"0898" relate to entertai nnent and i nformati on

services. Codes to busi ness nunbers which are free to the caller or

charged at the |oca

cal l

rate 5 comrence, respectively, with "0800" and

"0345". ' "~ Figure 3 shows sone of the swi tches which form an

The switches include a service swi tching
poi nt 30, a trunk-exchange switch 32, two | ocal exchange swi tches 34,
36, and a service control point 38. 10 The serviée“%ﬁdtching poi nt 30 and

intelligent network.

t he trunk exchange sw tch
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When the restriction parameter is increased, the new
value b, is calculated from the old value b, , by the following

.equation:

b, = (1 -~ &) + a.b, : el (1)
In equation (1), the constant a will usually be chosen
close to a value of 1.
When the restriction parameter is.decreased, the new
value 2, is calculated from the old value B, ; by the following

eguacion:
=b,, - ] ... (2)

In step S8, the restriction parameter is compared with
a threshold which is less than the initial value of the
restriction parameter. If its value is below the value of
this tareshold, call restriction ceases and the algorithm is
fio longer associated with the full length called party
number. If the restriction parameter is above this
threshold, the two timers are restarted in a step S§9 and the
algorithm then returns of step S3.

The algorithms for detecting and monitoring overloads
and for setting and updating the restriction parameter have
been described above with reference to monitoring and
controlling overloads to full length called party numbers.
There will now be given an example which shows how these
algorithms may be modified for monitoring and controlling
calls when arranged by sets of call identities. In the
following example, the call identities are the complete group
of call identities for called party numbers used in BT's UK

' public telecommunications network.

In this example, the complete group of called party
identities is arranged as three collections of sets of call
identities. Each collection comprises the complete group of
call identities arranged either as a single set of call
identities or divided into a plurality of non-intersecting
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32 are part of a network of interconnected service swtching poi nts and

trunk exchange sw tches, and the |ocal exchange swtches 34, 36 are part
of a much | arger nunber of | ocal exchange swi tches. Each service
switching point is connected 15 to the service control point 38. 1In
addition to providing access to the service control point 38, each
service switching point also provides the function of a trunk

exchange switch. A service switching point can al so provide t he

function of a |local exchange sw tch. The servige 20 switching points
together with the service control point 38 provi de the network with
intelligent services. One exanple of an intelligent service is nunber

transl ation, which' takes sefi &€efalh 1998tLEeHi c EPeUt PRl Ypditigt first collection
The trunk switches 10, 12 aewbaikes [aozigiglexehafgdd fie smltveﬁ'@é- qall idenpities.
Figure 1, the additional sehnyiseesndsvolleBtion comprises an individual set for each of
the service codes "0345", "0800", "0891" and “0898", and a
5 fifth set for all the remaining call identities. The third
collection comprises a single set for the two full length
call party numbers *"0891 000000®* and "0891 000001", and an
individual set for each of the remaining full length called
party numbers. In this example, the two number "0891 000000"
10 and "0891 000001" are two numbers used for television voting.
The first number is the one used for a yes vote and the
second number is the one for a no vote. These two numbers
are put together in a single set as it is clearly essential
for exactly the same level of call restriction to be applied
15 to each of these numbers.

In each copy of the module for detecting and
monitoring overload, a number of counters is dedicated to
each collection. Specifically, a single counter is dedicated
to the first collection, four counters are dedicated to the

20 second collection, and three counters are dedicated to the
third collection. Thus, the sets of each collection and the
number of counters dedicated to each collection is as shown
in the following table. '

25 Sets in Collection Numbex of Counters
for collection
Single set consisting of all 1

called party numbers

30
0345, 0800, 0891, 0898, remainder 4
Each full length number and 3
(0891 000000 + 08391 000001)
35

As may be obhserved from the table, the single set in
the first collection is divided into five sets in the second
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20 of Figure 2, the switches 32, 34 and 36 and al so the service

switching point 30 and the service control point 38 of Figure 3 are al
exanpl es of network nodes. |.n this specification the term "node"
shoul d be construed as any 30 point in a network which is used in setting
up a call. . The three networks shown in Figures 1, 2 and 3
represent three exanples of tel ephone networks in which the pr esent

i nvention may  be i mpl enent ed. However , i npl ement ati on of the
present invention is not limted to 35 these threeid ypes of network and a
nmobi | e tel ecomuni cati ons network represents a further exanple of
networks in which ;qu ! nvf?Lctgghf:§£h.Q cﬁ WBL f;pgﬁe Sécond collection is divided

into a large number of sets in the thixd collection. For
.example, the set in the second collection for the "0345"
service code is divided in the third collection into a large

5 number of sets, each of which comprises a full length called
party number which commences with »0345",

Not all of the sets of call identities are monitored.
In the present example, the set in the second collection
compris:ng the remaining full length call party number is not

10 monitored.

With the call identities arranged in sets as set out
in the table above, each module for detecting and monitoring
overload operates as follows. When a call arrives and fails
at the node in which the module is located, an indication of

i5 the call identity of the failed call is sent to the module.
In esach collection of sets of call identities, the call
identity for the failed call will belong to a unique set of
call identities. The action taken will then depend upon the
state of that set. If the set is one that is not monitored,

20 which is the case for the set containing the remaining called
party numbers in the second collection, no action is taken.
If a counter is already associated with the set containing
the call identity for the failed call, then that counter is
incremented. If no counter is presently associated with a

25 set containing the call identity of the failed call, and
there is a free counter, then the free counter is associated
with that set and set to its initial value.

In each module for 'detecting and monitoring an
overload, an indication of overload status is sent to the

30 appropriate modulé or modules for setting and updating the
restriction parameter in thé following manner.

When a counter initially passes into the overload
state, if no other counter is active or no active counter has
made the initial transition into the overlcad state, an

35 indication is sent to the module or modules for setting and
updating the restriction parameter. This indication contains
the overload status and data to identify the set of call
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Figure 4 shows an exanple of the additional processes which are
provided at nodes 40,

in order to contro
t he exanple shown in

41 and 42 of a t el ecommuni cati ons network

overl oads in accordance with this invention. In
5 Figure 4, the node 40 is an exchange sw tch which
access to term nal resources while the nodes 41 and 42 are

has direct
upstream from node 40 with reference the direction of call set up.
Thus, the nodes 40, 41 and 42 of Figure 4 may

10

15

20

25

30

- i35 -

identities which are being monitored. In the or each module
for setting and updating the restriction parameter, one of
the copies of the algorithm is then associated with the set
which is monitored and the algorithm then calculates the
restriction parameter in the manner which has been described
above.

If a counter makes its initial transition to the
overload state at a time when another counter is active and
has previously made its initial transition to the overload
state, the following procedure is followed. If the two
counters are monitoring sets in the same collection, the new
counter to go into its overload state sends an indication of
its overload status and the details of the set which is being
monitored to the module or modules for setting and updating
the restriction parameter. The or each module for setting
and updating the restriction parameter then associates one of
its spare algorithms with the new set and the restriction
parameter is calculated in the manner described above.
However, if the two counters are monitoring sets in different
collections and one monitored set contains the other
monitored set, then the overload status is fed back only for
the larger monitored set. Thus, for example, if the first
counter which goes into an overload state is associated with
a full length number in the third collection beginning with
the service code "0345", then call restriction will be
applied initially just on this full length number. However,
if subsequently a counter for the second collection which is
associated with thé service "0345" goes into an overload
state, then overload restriction will be applied tc all calls
which commence with this service code.
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correspond to the exchange switches 16, 12 and 10 shown in 10 Figure 1, or

t he exchange switches 16, 12 and the additional services switch 20 shown
in Figure 2. In the case of the intelligent network of Figure 3, the
nodey40 coul d be t.he | ocal exchange switch 36, the node"KI ‘coul d be the
trun%; exchange switch 32 and the node 42 could be the s uu“
swi tching point 3Q. The processes for overl oad control ar mimmm

by nodkfying the software which controls the noges. Thesex fti cAti dns*
w || now be described in general terns for the nodes 40, 41 and 42.

The software of the node 40 includes a resource access 20 control ~nodul e
44 whidh control$” access to termnal resources. The nodule 44 is
of conventional design but nmodi fied to provi dék&MEout put signal 45 in
the event of call failure. The output signal 45 gives the call identity
of a 1. A method of controlling overloads in a

5 telecommunicaticns network coéomprising a network of
interconnected nodes arranged to provide connection between
terminal resources, said@ method comprising the steps of:

- upon detecting an initial failed call setting a
counter to an initial value; -
\\\\\ ﬂ," 10 incrementing the counter upon detecting each further
e failed call whose call identity is the same as that o¢f the
initial £failed call or whose call identity belongs to a
common set of call identities which includes the call
identity of said initial failed call;

15 decrementing said counter at a predetermined rate;
jr causing said counter to provide an output which is in
! a first state when the number of calls in the counter rises

above a first threshold and which is in a second state when
the number of calls in the counter falls below a second
20 threshold; .
setting and updating a restriction parameter in
accordance with the output of the counter; and
restricting calls having said common call identity or
whose call identities belong to said common set of call
25 identities, the level of restriction applied in said step of
restricted calls being determined by the value of said

restriction parameter.

2. A method as claimed in claim 1, comprising the further
30 steps of:
upon detecting said initial failed call associating
said counter with the call identity of the initial failed
call or said common set of call identities which include the
call identity of the failed call; and

35
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failed call. The normal criterion for registering a call as 25 a failed

call is that the termnal instrunent is engaged or unobt ai nabl e :
However, if desired, other criteria my be used. For

excessive delay in setting up a call could al so be cl aﬂmmga mﬂgﬂl)’“\w
failure. : The signal 45 indicating call failure is s

an overl oad detection and nonitoring nodule 46. The nodul e 46 provi des
an out put signal 47. The nodul e 46 may be arranged sinply to detect
overloads to individual full length call ed nunbérs. As wll be
explained in nore detail bel ow, the nodule 46 may al so be arranged to

detect overloads 35 falling W thidye@sGRMURIU S8hnr 6 1+4GRELE1a8%0n wifth SBle
of  Call identitles my Gouplisge.d, MGl Alubhldal OLALALLET sor RITLA
nurbers, or a number of fl{denf!i%? s wh:‘?gx gécqudgatgeycall identity of the failed call

when the number of calls in the counter falls below a

5 threshold value which is set less than said initial wvalue.

3. A method as claimed in claim 1 or claim 2, in which,
in said step of setting and updating the restriction
parameter, after each updating of the restriction parameter,

10 during a £irst time period the restriction parameter is not
updated, during a second time period the restriction
parameter is varied so as to increase the severity of the
level of restriction if the output of the counter changes
from the second state to the first state or so as to decrease

15 the severity of the leﬁel of restriction if the output of the
counter changes from the second state to the first state, and
if the second time period expires without a change in state
of the output of the counter, the restriction parameter is
varied so as to increase the level of restriction if the

20 output of the counter is in the first state or so as to
decrease the 1level of restriction if the output of the
counter is in the second state.

4. A method as claimed in claim 3, in which, in said step
25 of setting and updating the restriction parameter, the
restriction parameter is set to an initial value when the
output of the counter initially passes into the first state,
call restriction being deactivated when the restriction
parameter passes through a threshold in the direction of
30 decreasing call severity, said threshold indicating a lower
level of call restriction than that of said initial value.

5. A method as claimed in any one of claims 1 to 4,
comprising the further steps of:
35 establishing a group of call identities relating to

calls handled by said telecommunications network;
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dividing said group into at least one collection of
non~-intersecting sets of c¢all identities, <the oxr each

.collection comprising at least one set of call identities;

and
dedicating a respective set of counters to the or each

collection of sets of call identities, each set of counters
comprising at least one counter.

6. A method as claimed in any one of claims 1 to 5, in
which said initial failed call and said further failed calls
are detected at a first one of said nodes, and said step of
restricting calls is performed at one or more nodes which are
upstream from said first node with respect to the direction

of call set up.

7. A method as claimed in claim 6, in which backward call
set up messages from said first node to said one or more
upstream nodes are used to convey information relating to the
overload resulting from said failed calls.

8. A method as claimed in claim 7, in which said step of
setting and updating said restriction parameter is performed
at the or each of said one or more upstream nodes.

9. A method as claimed in claim 7, in which said step of
setting and updating said restriction parameter is performed

at said first node.
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the "0800" service nentioned above, or even all the called party

nunbers accessed by an exchange switch. The data in signal 47
conprises an indication of overload and the call 5 identity or the set of
.call identities causing the overl oad. The indication of overload can
have only two states, nanely, overl oad and no overload. The signal 47
iorns part of the backward call set up nessage. Were the overload is
aused by calls to a single full length called party nunber, the 10
Hackward call set up nmessage al ready contains the gall identity.
nsequently, the only nodification to the conventi onal backward
all set up nessage is the addition of an extra bit of data which has a

val ue of binary "1™ for an

there is no 15 overl oad.

identities, the backward set up nessak

10

15

20

25

30

overload and a vAPHERASE bi nary "0" where
Where the overload relates to a set of cal

In a method of  «controlling overloads in a
telecommunications network, a module 46 for detecting and
monitoring overloads is provided at a node 40. The node 40
includes a module 44 for controlling access to terminal
resources such as telephones and fax machines. The module 44
also detects failed cails. Upon detecting an initial failed
call to a particular called party number, a counter in module
46 is initialised. The counter is incremented for each
further failed call to the particular called party number and
also decremented at a fixed rave. When the number of calls
in the counter rises above a first threshold, the counter
goes into an overload state. When the number of calls in the
counter falls below a second threshold, the counter goes into
a no overload state. The module 46 sends an indication of
the state of the counter and the identity of the called
number to a module 48 in a node 41 which sets and updates a
restriction parameter. The node 41 is upstream from the node
40 in the direction of call set up and the overload status is
transmitted in the backward call set up messages. The module
48 then sets the restriction parameter in accordance with the
overload status of calls to the called number and supplies
this parameter to a module 49 which restricts calls to the
called number. Call restriction is maintained until the
overload to the called number subsides completely. The
invention may also be used to detect and control calls whose
call identities belong to a common set of call identities.

S _
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specify the set of call identities. In the nodul e 41, the signa
47 is supplied to a software nodule 48 for setting and updating the
restriction 20 paranmeter. The restriction paranmeter specifies the |evel of
call restyiction which issto be applied in the node 41 to call s destined

for node-4). There are various nethods of applying call restriction.
In the predent exanple, call restriction is applied by proportional
bl ocki ng. hus, the 25 restriction paranetey, specifies the proportion of
call s which are bl ocked and consequentlﬂ/&he | evel of restriction

increases with the value of the restriction paraneter.

Alternatively, the_restriction paraneter could specify the proportion of
call's which are aflowed with the result that 30 the level of restriction
'mMQuId i ncrease as the value of the restri-ction paraneter falls. Another

method of applying cal
o o
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restriction is call gapping in which each call is followed by a gap

i nterval during which all calls are bl ocked. : The restriction
paramnmeter is supplied by the nodule 48 35 to a nodul e 49 which applies cal
restriction. The nodule 49 also identifies failed calls and supplies the
call identities - of the failed calls to an overload detection and
nnnitorin? - -7-

| 2[6
f iy
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nodul e 53, which is identical to the nodul e 46. In the nodul e 41, a

call is identified as a failed call if it is bl ocked because of cal
restriction or if it fails due to a cause occurring at node 41 or a
cause such as no cirguits 5 avallabke occurring between nodes 41 and 40.
If the call” falls at node 40, it is not identified as a failed call in
nmodul e 49 because such a call will be identified as a failed call in
t he nodul e 44. . The nodul e 53 suppl an out put signal 50
i ndicating 10 overload or no overload to a tware nodule 51 located in
ode 42. The nodul e 51 sets and updates the restriction paranmeter for
com{rolling the level of restriction to be applied by node 42 to calls
dest i Tred, for node 41. The restriction parameter is supplied to a
modul e 52 thch . - 3
\ - [}
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15 inplements call restriction. The nodule 51 is identical to t he

nodul e 48 and the nodule 52 is identical to the nodul e 49 except that

t he nodul e 52 does not detect failed calls. - As will be explained in

nore detail bel ow,, tthe nodul e 48 progressively increases the restriction
par anmet er when the. 20 out put signal fromthe nodul e 46 indicates the )
presence of an overl oad, thereby |ncreaS|ng the proportion of calls

whi ch are bl ocked, -and progressively decrz ses the restriction
par amet er when the output signal fromthe né | e 46 i ndicates there is
no overl oad, thereby decreasing the proportion of 25 calls which are

bl ocked. Cbnsequeﬂtly the node 40 oscillates in and out of an
overload state until the cause of t he overl oad subsides. As a result,
the rate at which the node 41 sends c k seL p ne es to the node 40
shoul d be close to the rate at which ¢ P§ | et ed

— ———. . -

}
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30 successfully. By preventing calls which have a | ow chance of success

fromreaching node 40, there is renoved the risk that such calls wll
interfere with other calls which have a high: chance of success.

The nodul e 51 operates in a s{mlar_ manner toxthe 35 nodul e 48. _
Cbnsequently, if there is an overl oad at node 41, t he process of

I ncreasi ng and decr easi ng the restriction 5[0 rarreter in module 51 will
ensure that the node 41

.
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- 8- oscillates into and out of an overload state. However, in nost

t el ecommuni cati ons networks, the node 41 will be only one of several
nodes whi ch are sending call set up nessages to zhe node 40 for calls
having the call identity or.falling 5 within the set of call identities
~whi ch are causing,’the over| oad. Wiere the overall proportion of failed
and bl ocked calFls is conparatively nodest, ,the node 41 will not be in an
overl oad condi ti ofi. Where the proportion é ail ed and bl ocked calls
is severe, the node 41 will also be in an 10 oVverload condition and so cal
restriction wll also be applied at node 42. Thus, with increasing
severity of the _.overload condition, call restriction is applied
progressively RESTRICTION
PARAMETER
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Simlarly, the | evel of Remaeaes Whi ch send set
up nessages to the node 41 W I dent1 cal .

Referring now to Figure 5, there is shown a 25 nodification to the

arglangemen':1 of Figure 4 in which the nodul es 48 and 51 for setting and
updating t erestrlctlon aragneters_ are |
rgt her tghaﬁ at - - his in entaion relates %%ata?dmae%htolae ggd%sén%g:oieg.nél

overloads in a telecommunications network. )
An overload in a telecommunications network may arise

for various reasons. For example, a television programme

requesting tele'ohone calls from its audience may cause an

10 overload. An overload may also occur when a large number of
people attempt to make calls to an entertainment or an
information service or to a business which has somethinj
special on offer. It is clearly desirable to control such
overloads.

15 According to this invention, there is provided a
method of controlling overloads in a telecommunications
network comprising a network of interconnected nodes arranged
to provide connections between terminal resources, éaid
-method comprising the steps of: upon detecting an initial

20 failed call setting a counter to an initial value;
incrementing the counter upon detecting each further failed
call whose call identity is the same as that of the initial
failed call or whose call identity belongs to a common set of
call identities which includes the call identity ‘of said

25 4initial failed call; decrementing said counter at a
predetermined rate; causing said counter to provide an output
which is in a first state when the number of calls in the
counter rises above a first threshold and which is in a
second state when the number of calls in the counter falls

30 below a second threshold; setting and updating a restriction
_parameter in accordance with the output of the counter; and

restricting calls having said common call identity or
whose call identities belong to said common set of call
identities, the level of restriction applied in said step of

35 restricting calls being' determined by the value of said

res trJ. ction pa'f'ameter
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t her'nodés 41 and 42. Consequently, the level of restriction in all of
t he nodes which send call set up nessages to the 30 node 40 will be

i dentical. Likew se, the level of restrictipn in all of the nodes which
send call set up nessages to node 41 wi 14 De identical. Thus, with
proportional blocking this arrangenment provides total fairness for

the _.call ers. Fbw%&%rferta'i:l rraggggegttega%tt te;%vg:ll %?iv%pé a‘gﬁ%tgat tQﬁ 35

bacward cal | set up MESSAages have Specifty th
restriction paeststiation Haﬂ@a‘l'@qw pftenmachiupdadiinthiof the restriction

parameter, during a first time period the restriction
parameter is not updated, during a second time period the
5 restriction parameter is varied so as to increase the
severity of the level of restriction if the output of the
counter changes from the second state to the first state or
so as to decrease the severity of the level of restriction if
the output of the counter changes from the first-state to the
10 second state, and if the second time period expires without
a change in state of the output of the counter, the
restriction parameter is varied so as to increase the level
of restriction if the output of the counter is in the first
state or so as to decrease the level of restriction if the
15 output of the counter is in the second state.

Conveniently, said initial failed call and said
further failed calls are detected at a first one of said
nodes, and said step of restricting calls is performed at one
or more nodes which are upstream from said first node with

20 respect to the direction of call set up.

This ihvention will now be described in more detail,
by way of example, with reference to the accompanying
drawings iﬁ.which:

Figure 1 is a block diagram showing some of the

25 switches which form a public telecommunications network;

Figure .2 shows a modification to the public
telecommunications network of Figuré 1 which includes an
additional switch for providing additional services;

Figure 3 is a block diagram showing some of the

30 switches which form an intelligent telecommunications
network; '

Figure 4 is & block diagram showing.processes which
are added to a telecommunications network to provide a method
of controllihg overloads embodying this invention;

35 Figure 5 shows an alternative location for the

processes shown in Fiqure 4;
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than that required sinply to specify the presence or absence of an:

over | oad. Figures 4 and 5 each show an arrangenent in which call
restriction is applied at two nodes along a call set up path. 5 1f S
desired to apply call restriction at only dn& node along the path, this
may be achi eved by omtting the overl oad control arrangenent of node 41

as shown in Figure Arlrior Fi gure 5 M to%e ot h% hand,%%f It i.s desired
to apply restrictiof *99T%; © 1 HPEWE hanSEho GF LOMRLATFUTeL EaF) dsgeching
path, this nmayndlfiohttaringvedebyoadpeati ng the overload control _

arrangement of WA 95 SR LHe FiaWeErb1¥s FLIUA® 15 28nlB e L LHES

as
counters of Figure §;

5 Figure 8 is a flow char£ of an algorithm used for
detecting and monitoring an overload; and :

Figure 9 is a flow chart of an algorithm used for

,célculating.the parameter used in call restriction.

Referring now to Figure 1, there are shown some of the

10 switches used in a public telecommunications network. The
switches shown in Figure 1 comprise two trunk exchange
switches 10, 12 and two local exchange switches 14, 16. The
trunk exchange switches 10, 12 are just two switches of a
fully interconnected network of trunk exchange switches
15 located over a large geographical territory, such as the UK.
The local exchange switches 14, 16 are part of a much larger
number of local exchange switches which providée access to
terminal resources, most of which are telephones or facsimile
machines or integrated services digital network (ISDN)
20 terminals. Each local exchange switch may be connected to
one, two or three trunk exchange switches. The switches of
the telecommunications network are connected by routes 18
which are embodied by suitable traffic carriers such as
coaxial copper cables, optical fibre cables and micicwave
25 links. The traffic takes the form of wvoice and other data
and also the signalling messages which are used for setting
up calls. As well known, signalling messages include forward
call set up messages which travel in the direction of call
set up and backward call set up messages which travel in the
30 reverse direction.

Figure 2 shows the addition of a switch 20 for
providing additional services to the telecommunications
network of Figure 1. The switch 20 is connected to the trunk
exchange switches. The additional services may include

35 information '‘and entertainment services and also the facility
for callers to make free calls or calls charged at the local
rate to business numbexrs. For example, in BT's public
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desiredsr Figure 4 and Figure 5 each show an arrangenent in_
which the overload is detected initially at the node which 15 accesses the

term nal resources and this usually represents t he nost desirabl e point
to do this. However, if desired, the i*ni"tial detection may occur at an
upstream position with regard to call set up. For- exarrpl e, the nodes’

40, ,A1 and 42 4 coul LS €SP 2, .10 .and
14’ %f 20 Fi guF&lfc ,%%raec ﬁne%eq"f(?% %gglil' QEJ'% ”% Zo5p, i H
servi ce cont robmp@m:te 3d.th HeO & "visgwl SWiSSShi mglp&enttOBGn&ncrtainm'em lagdal
exchange sw t‘iﬁf%ém‘&fti%'ngtg&ﬁces Codes 5%0 V@stﬁeé@dh{lhﬁé‘&é Oﬁgiﬁﬁl Ia.r:e

restriction nay be appl 1 ed t he node ere the overl et ect
For 25 exanpl éreej ntehethart e‘Fq-JiJg%‘ht Ofet GRARIH Pl'tguFEES ‘B‘Frﬂ‘I rate

detection adcpahentRst HesiddytiRL YolAtaceyBost Ahe e@BYbee

Figure 3 shows some of the switches which form an
intelligent network. The switches include a service
switching point 30, a trunk exchange switch 32, two local
exchange switches 34, 36, and a service control point 38.

10 The service switching point 30 and the trunk exchange switch
32 are part of a network of interconnected service sw:.tch:t.ng
points and trunk exchange switches, and the local exchange
switches 34, 36 are pvart of a much larger number of local
exchange switches. Each service switching point is connected

15 to the service contreol point 38. In addition to providing
access to the service control point 38, each service
switching point also provides the function of a trunk
exchange switch. A service switching point can also provide
the function of a 1local exchange switch. The serxvice

20 switching points together with the service control point 38
provide the network with intelligent services. One example
of an intelligeht service is number translation, which takes
place in the service control point.

The trunk switches 10, 12 and the local exchanges

25 .switches 14, 16 of Figqure 1, the additional services switch
20 of Figure 2, the switches 32, 34 and 36 - and also the
service switching point 30 and the service control point 38
of Figure 3 are all examples of network nodes. In this
specification the term "node" should be constr_ued as any

30 point in a network which is used in setting up a call.

The three networks shown in Figures 1, 2 and 3
represent three examples of telephone networks in which the
present invention may be implemented. However,
implementation of the present invention is not limited to

35 these three types of network and a mobile telecommunications
network represents a further example of networks in which the

invention can be implemented.
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swi tchi-ng poi nt 38. There will now be described the two

al gorithns which are used, respectively, for detecting and nonitoring
thé 30 overload and for setting and %datl ng the restriction
paraneter. These will be described initiallP’y with respect to detecting
and controlling an overload to a full length called party number .

overloads Uses a set of Eo b cpdndctp ‘bgte &F HEld Mhalpilinn Bhocte e,
of these counvWBiShha®zth Prowidedl @&l uaodssi chils nérlmalaryl 0 4;121d béur a
thresholds, = telecommunications network in order to control overloads in
accordance with this invention. In the example shown in
S Figure 4, the node 40 is an exchange switch which has direct
access to terminal resources while the nodes 41 and 42 are
upstream from node 40 with reference the direction of cali
set up. Thus, the nodes 40, 41 and 42 of Figure 4 may
"correspond to the exchange switches 16, 12 and 10 shown in
10 Figure 1, or the exchange switches 16, 12 and the additional
services switch 20 shown in Figure 2. In the case of the
intelligent network of Figure 3, the node 40 could be the
local exchange switch 36, the node 41 could be the trunk
exchange switch - 32 and the node 42 could be the service
15 switching point 30. The processes for overload control are
implemented by modifying the software which controls the
nodes. These modifications will now be described in general
térms for the nodes 40, 41 and 42.
- The software of the node 40 includes a resource access
20 control module 44 which contrbls access to terminal
" resources. The module 44 is of conventional design but
modified to provide an output signal 45 in the event of call
failure. The output signal 45 gives the call identity of a
failed call. The normal criterion for registering a call as
25 a failed call is that the terminal instrument is engaged or
unobtainable However, if desired, other criteria may be
used. For example, an excessive delay in setting up a call
could also be classified as a failure. '
The signal 45 indicating call failure is supplied to
30 an overload detection and monitoring module 46. The module
46 provides an output signal 47. The module 46 may be
arranged simply to detect overloads to individual full length
called numbers. . As will be explained in more detail below,
the module 46 may also be arranged to detect overloads
35 falling within a common set of call identities. A set of
call identities may comprise a number of full length called
party numbers, or a number of full length calling party
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- 40 ¥ nanely, a release threshold 60, an overload abatenent
t hr.eshol d 61, an overl oad onset threshold 62 and a maxi num t hreshol d 63.

The flow chart of the algorithmfor detecting and nonitoring overl oads
is showmn in Figure 8 and this 5 al gorith‘mQ/\ﬂI be described with reference
to this figure. In a step 21, when an initial call failure to a full

L0 ey PROPREEL ,  SRRA o I e S VS 8sy as
step S22, a chaek "iQB0fAldes e vvilee enemniconéd aabove, or even all the called
party numbers accessed by an exchange switch. The data in
signal 47 comprises an indication of overload and the call
identity or the set of call identities causing the overload.
The indication of overload can have only two states, namely,
overload and no overload. The signal 47 forms part of the
backward call set up message. " Where the overload is caused
by calls to a single full length called party number, the
backward call set up message already contains the call
identity. Consequently, the only modification to the
conventional backward call set up message is the addition of
an extra bit of data which has a value of binary "1" for an
overload and a value of binary "O0" where there is no
15 overload. Where the overload relates to a set of call
identities, the backward set up message must be modified to
specify the set of call identities.
In the module 41, the signal 47 is supplied to a
software module 48 for setting and updating the restriction
20 parameter. The restriction parameter specifies the level of
call restriction which is to be applied in the node 41 to
calls destined for node 40. There are various methods of
applying call restriction. In the present example, call
restriction is applied by proportional blocking. Thus, the
25 restriction parameter specifies the proportion of calls which

wm

-
o

are blocked and consequently the level of restriction
increases with the value of the restriction parameter.
Alternatively, the restriction parameter could specify the
proportion of calls which are allowed with the result that
30 the.level of restriction would increase as the value of the
restriction parameter falls. Another method of applying call
restriction is call gapping in which each call is followed by

a gap interval during which all calls are blocked.
The restriction parameter is'supplied by the module 48
35 to a module 49 which applies call restriction. The module 49
also identifies failed calls and supplies the call identities

of the failed calls to an overload detection and monitoring
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10, funt-her failed call has been detected to the nunber. If a further

failed call has been detected to the nunber, in a step S23, the counter
is’increnented by 1. Thus, the counter _iss_increnented each tine a failed
call is detected to the nunber. The counter is also decrenented at a

constant rate. 15 In order to achieve this, in a step S24, a check is nade

to __ determ pgshiiel t53,s %hﬂEht Q.sdeﬁ&’i@.{'éai thCQ:lHH ehodulé i46.iS 1n iHHE
to fAecrenent the ounter f gecr

ri ses above tﬁ‘é’“&i@r 14dad %n%%Jt

over| oad st at locké@ie b@@am@@r ofs callpresertiedibnoore adntiin AN @ud To a
maxi mum t hr eshol d. %1’? val ue, of the count fall bel ow

over | oad abat 8ﬁ§ﬁf occﬁﬁré.%l PRES 06 nf’gr usent%u? aﬁon(?veﬁgziféﬁ'ts
state. Weh avaihebleumicdwuttind&ledwedme m@eaaséhhnéstﬂd T e theurtadsl

no longer assegi aked iddnd Nfp,cald ed F’%Uﬂé’ﬁ@fﬁed'&s%d%&lled call in
module 49 because such a call will be identified as a failed
call in the module 44.

) The module 53 supplies an output signal 50 indicating
i0 overload or no overload to a software module 51 located in
node 42, The module 51 sets and updates the restriction
parameter for controlling the level of restriction to be
applied by node 42 to calls destined for node 41, The
restriction parameter is supplied. to a module 52 which
15 implements call restriction. The module 51 is identical to
the module 48 and the module 52 is identical to.the module 49

except that the module 52 does not detect failed calls.
- As will be explained in more detail bhelow, the module
48 progressively’increasés the restriction parameter when the
20 output signal from the module 46 indicétes the presence of an
overload, thereby increasing the proportion of calls which
are blocked, and progressively decreases the restriction
parameter when the output signal from the module 46 indicates
there is no overload, thereby decreasing the proportion of
25 calls which are Dblocked. Consequently, the node 40
oscillates in and out of an overload state until the cause of
the overload subsides. As a result, the rate at which the
node 41 sends call set up messages to the node 40 should be
close to the rate at which calls can be completed
successfully. By preventing calls which have a low chance of

o)
Qo

success from reaching node 40, there is removed the risk that
such calls will interfere with other calls which have a high
chance of success.

The module 51 operates in a similar manner to the

module 48. Consequently, if there is an overload at node 41,

(98]
wn

the process of increasing and decreasing the restriction

parameter in module 51 will ensure that the node 41
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25 to.achieve this, in a step S26, a check is nade to determ ne I f the

count’ has fallen below the release threshold. If it has fallen bel ow t he
rel-ease threshold, in a step S27, the cunter is released fromthe
call ed party nunber. By provi di’ng Separ at e onset and abat enent

trresholds, 30 the counter has hysteresis. These thresholds should be set
cl ose enough so that the .overlo I s detected w u I ent reC| si_on
butg'f ar enougﬁsgbgﬁftﬁg itk fit%e Gy s1Rres f@aé %ﬁgggverlu(?g& Sfeet®
t hreshol d shouwmlod the&edetc duinginiaraduignst metwqgnkeverttha oo uhl ewillobegoniy
o the oVerlogd ot gksathn ,ﬁ,%e%aunicﬁr §rb3LEhAgnEOLNINAEHOLD HEISARTSOU!

it should be S&t ow enou rovide sensitivity to genuifie over
The maxi mufrot Bheshofigé 4Rodipy nm iphawinsshe geldhddemdty o afralllng

5 within the set of call identities which are causing the
overload. Where the overall proportion of failed and blocked
calls is comparatively modest, the node 41 will not be in an
overload condition. Where the proportion of failed ahd
blocked calls is severe, the node 41 will also be in an

10 overload condition anéd so call restriction will also be
applied at node 42. Thus; with increasing severity of the
overload condition, call restriction is applied progressively
further a{way from node 40.

Because the software modules for controlling overload

15 in node 41 and the other nodes which send call set up
messages to the node 40 are the same, the level of call
restriction applied in the various nodes in the event of
overload will be similar. However, because the signal from
the module 46 indicating overload is transmitted in the

20 backward call set up message and not cdntinuously, there will
be some variation in the level of restriction. Similarly,
the level of restriction applied in the nodes which send set
up messages to the node 41 will be similar but not identical.

Referring now to Figure 5, there is shown a

25 modification to the arrangement of Figure 4 in which the
modules 48 and 51 for setting and updating the restriction
parameters are located at the nodes 40 and 41 rather than at
- the nodes 41 and 42. Consequently, the level of restriction
in all of the nodes which send call set up messages to the

30 node 40 will be identical. Likewise, the level of restriction
in all of the nodes which send call set up messages to node
. 41 will be identical. Thus, with proportional blocking this
arrangement provides total fairness for the callers.
However, this arrangement has the disadvantage that the

35 backward call set up nessages have to specify the value of
the restriction parameter and this requires more bits of data
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undue-delay in reducing the level of call restriction after a sudden.

surge in calling rate. Each of the software nodul es which sets and
updat es the restriction paraneter contalns a nunber of copies of the 5
algorithmfor doing this. A flowchart for®this algorithmis shown in
Figure 9. \When one of these nodul es receives an i ndi cation of overload,

i i ' copi,es _of
't ??SOCIateS %genPEhate ired simply to snecxfy the presence or absence

of & overload.
Figures 4 and 5 each show an arrangement in which call
restriction is applied at two nodes along a call set up path.
5 If 1t is desired to apply call restriction at only one node
along the path, this may be achieved by omitting the overload
control arrangement of node 41 as shown in Figure 4 or Figure
5. On the other hand, if it is desired to apply restriction
at —ore than two places along the call set up path, this may
10 be achieved by repeating the overload control arrangement of
node 41 as shown in Figure 4 or Figure 5 as many times as
desired. -
Figure 4 and Figure 5 each show an arrangement in
whic: the overload is detected initially at the node which
15 accesses the terminal resources and this usually represents
the =ost desirable point to do this. However, if desired,
the =nitial detection may occur at an upstream position with
regazd to call set up. For example, the nodes 40, 41 and 42
‘of Figure 4 could correspond to the switches 12, 10 and 14 of
20 Figure 1, or the switches 20, 10 and 14 .0f Figure 2 or the
service control point 38, the service switching point 30 and
the ~ocal exchange switch 34 of Figure 3.
By way of modification, call restriction may be
appiied at the node where the overload is detected. For
25 example, in the intelligent network of Figure 3, overload
detection and call restriction may both occur at the service
switching point 38.
There will now be described the two algorithms which
are used, respectively, for detecting and monitoring the
30 overiocad and for setting and updating *he restriction
paraneter. These will be described initially with respect to
detecting and controlling an overload to a full length called
party number,
Referring now to Figure 6, the algorithm for detecting -
35 and =nonitoring overloads uses a eet of counters 59, As
illustrated in Figure 7, each of these counters has an
initial wvalue, which is normally 0 and four thresholds,
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the software algorithmw th the called party nunber which is suffering
t he- overl oad. Then, and referring to Figure 9, in 10 a step Sl1, the
restriction paranmeter is set to an initial _val ue. Consequently, cal
restriction, which in the present exanp}e I s achi eved by proportional
bl ocki ng, commences at a | evel specified by this initial value.

Then, in a Stqamé% twa t r@Beasar etﬁirééﬁéﬂdfoﬁot' Mg okﬁeﬂrsﬁ v @l telent
[err] Then, the a gorlthn1enters and remai ns g%% gg S3 until the

el apsed ti me Fhresagddi &l (3R Qyeskead oRsgle lf’é‘??‘? a8fi Ag Mard MMhe
It Rt ervalt whi chh&@d&owdemt heThe elapseﬂai-trmf ithd erldorictlohafige detetrdaigt o
e restriction

%§$r|thn1 hen _enters %%
in which the 2RGg& ﬁ"o‘é‘aréf‘ﬁt l%ve]rslqﬁgﬁl tb? eFUYE thE &1 P5EY i nR n‘?s L8
conpared 5 walothe¢hmeadld hesdésoribed [with . réfenenbange ithisheéigueel oad

“n a step 21, when an initial call failure to a full length

called party number is detected, one of the counters 59 ‘is

associated with that number and set to its initial wvalue.

Then, in a step 822, a check is made to determine if a

10 further failed call has been detected to the number. If a

further failed call has been detected to the number, in a

step $S23, the counter is incremented by 1. Thus, the counter

is incremented each time a failed call is detected to the

aumber. The counter is also decremented at a constant rate.

15 Zn order to achieve this, in a step S24, a check is made to

determine if it is time to decrement the counter. . If it is

—ime to decrement the counter, it is decremented in a step

$25. If the count rises above the overload onset threshold,

<he :zounter goes into its overload state. The counter is

20 prevented from counting above its maximum threshold. When

~he <walue of the count falls below the overload abatement

‘threshold, the counter goes into its no overload state. When

the count falls below the release threshold, the counter is

no longer associated with the called party number. In order

25 <o achieve this, in a step $26, a check is made to determine

if the count has fallen below the release threshold. If it

hnas fallen below the release threshold, in a step S27, the
counter is released from the called party number.

By providing separate onset and abatement thresholds,

30 +the counter has hysteresis. These thresholds should be set

zlose enough so that the overload is detected with sufficient

prec:sion but far enough apart to give adequate hysteresis.

The cverload onset threshold should be set high enough to

prevent the counter from going into the overload state when

calls are failing for innocuous reasons but it should be set

(a)
w

low enough to provide sensitivity to genuine overloads. The
maxinum threshold should not be set so high that there is an

This is the replacement sheet

1 2 SEP 19%

Date:



status..occurs when the elapsed time is between [err] and [err], the

restriction paraneter is updated in a step S6. In the step 25 S6, the
restriction parameter is increased if the 8gerload st at us has changed
fromno overload to overload and it is creased if the overload status

has changed from overload to no overload. After step S6, tthe al gorithm

pasges to a step d%iia\@’h zﬂiesdnfﬁsr% |fed l%?eciwof?’% 11 r éétﬁictél%no ‘i{t'e%ad

st at us does n@P ange I The §T the apse
[err] and [era];mdmenwﬁungqnunncalllm@rawsﬁer is wupdated in a step S7.

In step S7,- the .kasStyd @H&’%&%ﬁ?&%o&ﬁésﬂcﬁﬁﬁéﬁdséfzstEﬁ&edpﬁaac'és

overl oad and It IS decreased ere is no overl oad After stéep S7
the al gorit hmté@nEiestad akiton Pag@meger contains a number of copies of the

5 algorithm for doing this. A flow chart for this algorithm is
shown in Figure 9. When one of these modules receives an
indication of overload, it associates one of the copies of
the software algorithm with the called party number which is
suffering the overload. Then, and referring to Figure 9, in

10 a step S1, the restriction parameter is set to an initial
value. Conseqguently, call restriction, which in the present
example is achieved by proportional blocking, commences at a
level specified by this initial value.

Then, in a step S2, two timers are started for timing

15 intervals t,, t,- Then, the algorithm enters and remains in
a2 step S3 until the elapsed time t is equal to the preset
value t,. Thus, during the time interval which ends when the
elapséd time is t,, no change is made to the restriction
éarameter.

20 The algorithm then enters a step 84 in which the
overioad status is monitored and the elapsed time is compared
with the second preset value t,. If a change in the overload
status occurs when the elapsed time is between t, and t;, the
restriction parameter is updated in a step S6. In the step

25 86, the restriction parameter is increased if the overload
status has changed from no overload_to overload and it is
decreased if the overload status has changed from overload to
no overload. After step S6, the algorithm passes to a step
S8 which is described below.

30 If the overload status does not change in the interval
when the elapsed time is between t, and t,, the restriction
parameter is updated in a step S7. In step S7, the
restr:ction parameter is increased if there is an overload
and it is decreased if there is no overload. After step S7,

35 the algorithm continues with step S8.

35
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- 12 - When the restriction paraneter is increased, the new
value [err] is calculated fromthe old value [err] by the follow ng
equat i on: 5 - [err] = (1 - [err])_ 1ie_[r] (1)

= When the restriction parameter is increaséd, the new
value », is calculated from the old value b, , by the following
.equation: '
5 - b, = (1l - a) +ab, . : ... (1)
In eqgquation (1), the constant ¢ will usually be chosen
close to a value of 1.

‘When the restriction parameter isldecreased, the new
10 value b, is calculated from the old value B, , by the following

eguation:
b, =Db,, - B : cee (2)
15 | In step S8, the restriction parameter is compared with

a threshold which is less than the initial ‘value of the
restriction parameter. If its value is below the value of
this threshold, call restriction ceases and the algorithm is
ho longer associated with the full length called party
20 number. If the restriction parameter is above this
threshold, the two timers are restarted in a step S9 and the

algorithm then returns of step S3.
The algorithms for detecting and monitoring overloads
and for setting and updating the restriction parameter have
25 been described above with reference to monitoring and
controlling overloads to full length called party numbers.
There will now be given an example which shows how these
algorithms may be modified for monitoring and controlling
calls when arranged by sets of call identities. In the
30 following example, the call identities are the complete group
of call identities for called party numbers used in BT's UK

" public telecommunications network.
In this example, the complete group of called party
identities is arranged as three collections of sets of call
35 identities. Each collection comprises the complete group of
call identities arranged either as a single set of call

identities or divided into a plurality of non-intersecting
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In equation (1), the constant a will usually be chosen close to a val ue

of 1. When the restriction paranmeter is decreased, the new 10
value [err] is calculated fromthe old valug [err] by the follow ng

equat i on: [err] = [err] - ~ 3= ... (2)
15 - In step S8, the restriction paraneter is conpared with a

oL M ekl droBga l PgbhS e Shedel Efesla{ heim £EBRE 651 Mpron
restricti on ceeompxised ahsiabjersétirof 11 the individual call identities.
The second collection comprises an individual set for each of
the. service codes "0345*, "0800", "0891" and "0898", and a
5 fifth set for all the remaining call identities. The third
collection comprises a single set for the two full length
call party numbers "0891 000000" and "0891 000001", and an
individual set for each of the remaining full length called
party numbers. In this example, the two number "0891 000000"
10 and "0891 000001" are two numbers used for television voting.
The first number is the one used for a yes vote and the
second number is the one for a no vote. These two numbers
are put together in a single set as it is clearly essential
for exactly the same level of call restriction to be applied
15 to each of these numbers.

In each copy of the module for détecting and
monitoring overload, a number of counters is dedicated to
each collection. Specifically, a single counter is dedicated

- to the first collection, four counters are dedicated to the
20 second collection, and three counters are dedicated to the
third collection. Thus, the sets of each collection and the
number of counters dedicated to each collection is as shown

in the following table.

25 Sets in Collection Number of Counterxr
. for collection

Single set consisfing of all _ 1
called party numbers

30
0345, 0800, 0891, 0898, remainder 4
Each full length number and 3
(0891 000000 + 0891 000001)
35

As may be observed from the table, the single set in
the first collection is divided into five sets in the second
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no, | onger associated with the full | ength called party 20 nunber. | f.
the ‘Trestriction parameter is above this threshold, the two tiners
are restarted in a step S9 and the al gorithmthen returns of step S3.
The al gorithnms for detecting and nonitoringg overl oads and for setting
and updating the restriction paranmeter have 25 been descri bed above with
reference to nonitoring and controlling overloads to full 1ength called
party nU”berScolle'Ethba,V\llalrid R@Whbgegi ¥Rt s&tamﬂ eolliedtizdnis ddwidedse

al gorithns ma ified f wh

arranged by sgf‘§°ofa "Ifg?dﬁﬁfr“f’ggglg Orset% ?‘ tg_%n ‘J'bé‘mn% lleé@l{:ﬁ tﬁg’”
call identiti.exampdel hechonpktt e’.zgrthg) secoﬁdcabﬂ-led&ﬁmm |fc!sr fbhecalolm
party numbers g%%{dn.c'encgg.e ngdlvz.BEal ﬁ@&’%&%éﬂ%d‘%w‘a large

In this exanpf he co roup o
5 number of sets, each of whlch comprlses a full length called

party number which commences with "0345".

Not all of the sets of call identities are monitored

In the present example, the set in the second collection
" comprising the remaining full length call party number is not
10 monitored.

With the call identities arranged in sets as set out
in the table above, each module for detecting and monitoring
overload operates as follows. When a call arrives and fails
at the node in which the module is located, an indication of

15 the call identity of the failed call is sent to the module.
In each collection of sets of call identities, the call
identity for the failed call will belong to a unique set of
call identities. The action taken will then depend upon the
state of that set. If the set is one that is not monitored,

20 which is the case for the set containing the remaining called
party numbers in the second collection, no action is taken.
If a counter is already associated with the set containing
the call identity for the failed call, then that counter is
incremented. If no counter is presently associated with a

25 set containing the. call identity of the.failed call, and
there isza free counter, then the free counter is associated
with that set and set to its initial value.

n each module for detecting and monitoring an
overload, an indication of overload status is sent to the

30 appropriate module or modules for setting and updating the

- restriction parameter in the following manner.

When a counter initially passes into the overload
state, if no other counter is active or no active counter has
made +he initial transition into the overload state, an

35 indication is sent to the module or modules for setting and
updating the restriction parameter. This indication contains

the overload status and data to. identify the set of call
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identities is arranged as three collections of sets of call 35 identiti.es.
.Each coll ection conprises the conplete group of call identities arranged
either as a single set of call identities or divided into a plurality of

non-i nt ersecting - 15 - - 13 - sets of
call identities. Specifically, the first collection

o~ identities which are being monitored. In the or each module
for setting and updating the rest:iction.parameter, one of
the copies of the algorithm is then associated with the set
which is monitored and the algorithm then calculates the
5 restriction parameter in the manner which has been described

above. '

If a counter makes its initial <transition to the
overload state at a time when another counter is active and
has previously made its initial transition to the overload

10 state, the following procedure is followed. If the two
counters are monitoring sets in the same collection, the new
counter to go into its overload state. sends an indication of
its overload status and the details of the set which is being
monitored to the module or modules for setting and updating

15 the restriction parameter. The or each module for setting
and updating the restriction parameter then associates one of
its spare algorithms with the new set and the restriction
parameter is calculated in the manner described above.
However, if the two counters are monitoring sets in different

20 collections and one monitored set contains the other
monitored set, then the overload status is fed back only for
the larger monitored set. Thus, for example, if the first
counter which goes into an overload state is associated with
a full length number in the third collection beginning with

25 the service code "0345", then call restriction will be
applied initially just on this full'length number. However,
if subsequently a counter for the second collection which is
associated with the service "0345" goes into an overload
state, then overload restriction will be applied to all calls

30 which commence with this service code.
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conprises a single set of all the individual call identities. The second
Sor1ect|on conprises an individual set for each of t he service codes
0345", "0800", "0891" and "0898", and a 5 fifth set _for-all "the renmaining

call identities. The third col l ecti on Iompri ses a sin the
two full length call party nunbers "0891 000000" ﬂmw ", and
an " individual set for each of the remaining fuII * party
nunbers. In this exanple, the two nunber "0891 000000" 10 and "0891
000001" are two nunbers used for televi Mot i ng. The first nunber is
the one used for a yes vote and the second nunber is the one-for a no

vot e. These” two nunbers are put together in a single set as it is
clearly essenij al aformexaetl y tdfe sacenteokElimd cablverdoidscti dmto Be

ﬁggt:gd %gpto s Cg?g%ahggaglgggbergetwork c6mpfq519ﬁfh £OPhetWork Neof

interconnected nodes arranged to provide connection between
terminal resources, said method comprising the steps of:

- upon dJdetecting an initial falled call setting a
‘counter to an initial value;

10 incrementing the counter upon detecting each further
failed call whose call identity is the same as that of the
initial failed call or whose call identity belongs to a
common set of call identities which includes the call
identity of said initial failed call;

15 decrementing said counter at a predetermined rate;

causing said counter to provide an output which is in
a first state when the number of calls in the counter rises
above a first threshold and which is in a second state when
fhe number of calls in the counter falls below a second

20 threshold;

setting and updating a restriction parameter in
accordance with the output of the counter; and

‘restricting calls having said common call identity or
whose call identities belong to said common set of call

25 identities, the level of restriction applied in said step of
restricted calls being determined by the value of said

restriction parameter.

2. A method as claimed in claim 1, comprising the further
30 steps of:

_ upon detecting said initial failed call associating
said counter with the call identity of the initial failed
call or said common set of call identities which include the
call identity of the failed'call; and

35

This Sheet Has Been Replaced
i This is the replacement sheet

HIIIIII |III|| L II

Date: 12 SEP 1095



nmoni tori ng overl oad, a nunber of counters is dedicated to . _ each-
col | ection. SpeC|f|caIIy a single counter is dedicated to the fII’St

colTection, four counters are dedicated to,the 20 se mmml ﬂ uand
three counters are dedicated to the thi t8 Col | ect ““ ‘ ts of
each collection and the - nunber of counters dedi cat eéd fo kach collection

is as shown in the foll bl e Set's Il
Nunér of Count ers Yeleas ga13 counter frgﬁ i%g ggsc%&%#&?n &FF@CFP@n
Single set conalitmﬂgn&htMIof the failed call or seild sompen yetumdfercall
identities which include the call identity of the failed call
when the number of calls in the counter £falls below a

§ threshold value which is set less than said initial value.

3. A'method as claimed in claim 1 or claim 2, in which,
in said step of setting and updating. the restriction
parameter, after each updating of the restriction parameter,
10 during a first time period the restriction parameter is not
updated, during a second time period the restriction
parameter is varied so as to increase the severity of the
level of restriction if the output of the counter changes
from the second state to the first state ox so as to decrease
15 the severity of the level of restriction if the output of the
counter changes from the second state to the first state, and
if the second time period expires without a change in state
of the output of the counter, the restriction parameter is
varied so as to increase the level of restriction if the
20 output of the counter is in the first state or so as to
decrease the level of restriction if the output of the

counter is in the second state.

4, A method as claimed in claim 3, in which, in said step
25 of setting and updating the restriction parameter, the
restriction parameter is set to an initial wvalue when the
output of the counter initially passes into the first state,
call restriction being deactivated when the restriction
parameter passes thfough a threéhold_in the direction of
30 decreasing call severity, said threshold indicating a lower
level of call restriction than that of said initial value.

5. A method as claimed in any one of claims 1 to 4,
compfising the further steps of:

35 establishing a group of call identities relating to
calls handled by said telecommunmcatlons network;
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30. 0345, 0800, 0891, 0898, renmainder 4 ~  Each full_ length

nunmber and

3 (0891 000000 + 0891 000001) 35

Cotl attion 1 divided into five sets in thassecond |IIIINIFUNNANEN I

»»

10

15

20

25

dividing said group into at least one collection of
non-intersecting sets of call identities, the or each

.collection comprising at least one set of call identities;

and
dedicating a respective set of counters to the or each

collection of sets of call identities, each set of counters
comprising at least one counter.

€. A method as claimed in any one of claims 1 to 5, in

which said initial failed call and said further failed calls
are detected at a first one of said nodes, and said step of
restricting calls is performed at one or more nodes which are
upstreaﬁ from said first node with respect to the direction
of call set up.

7. A method as claimed in claim 6, in which backward call
set up messages from said first node to séid one or more
upstream nodes are used to convey information relating to the
overload resulting from said failed calls.

8. A method as claimed in claim 7, in which said step of
setting and updating said restriction parameter is performed
at the or each of said one or more upstream nodes.

9. A method as claimed in claim 7, in which said step of

setting and updating said restriction parameter is performed

at said first node.

et Has Been Rzilaced
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--14 -~ coll ection, and each set in the second collection is divided

into a large nunber of sets in the third collection. For exanple, the
set in the second collection for the "0345" service code is divided in
the third collection into a large 5 numberg of sets, each of which
conprises a full length called party nunber which comrences with "0345".
Not all of the sets of call identities are nonitored. In the present

exarpl e, the set in the second col | ect iXBESTRAQTONpri sing the renmai ning full
| ength call party nunber is not 10 nonitored.

In a method of controlling overloads in a
5 telecommunications network, a module 46 for detecting and
monitoring overloads is proviééd at a node 40. The node 40
includes a module 44 for controlling access to terminal
resources such as telephones and fax machines. The module 44
also detects failed calls. Upon detecting an initial failed
10 call to a particular called party number, a counter in module
46 is initialised. The counter is incremented for each
further failed call to the particular called party number and
also decremented at a fixed rate. When the number of calls
in the counter rises above a first threshold, the counter
15 goes into an overload state. When the number of calls in the
counter falls below a second threshold, the counter goes into
a no overload state. The module 46 sends an indication of
the state of the counter and the identity of the called
number to a module 48 in a node 41 which sets and updates a
20 restriction parameter. The node 41 is upstream from the node
40 in the direction of call set up and the overload status is
transmitted in the backward call set up messages. The module
48 then sets the restriction parameter in accordance with the
overload status of calls to the called number and supplies
25 this parameter to a module 49 which restricts calls to the
"called number. Call restriction is maintained until the
‘overload to the called number subsides completely. The
invention may also be used to detect and control calls whose
. call idgntities belong to a common set of call identities.
30 "
See Figure 4
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Wth the call identities arranged in sets as set out in the table above,

each nodul e for detecting and nonitoring overl|l oad operates as follows.
When a call arrives and fails at the node in which the nodule is
| ocated, an indication of 15 the call identity of the failed call is sent
to the nodul e. In each collection of sets of call identities, the cal
identity for the failed call wll Rzgong to a unique set of cal
identities. The action taken will thén depend upon .t he state of that
set. If the set is one that is not nonitored, 20 which is the case for the
set .eontaining the remaining called party nunbers in the second
collection, no action is taken. If a counter is already associated with
t he set contai ning the call identity for the failed call, then that
counter is -incremented. If no counter is presently associated with a 25
set contai ni Ng t he reatee— cggity of the failed call, and
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the steps of: upon detecting an initial failed call at a node
setting a counter (S9) to an initial value (S21);

i ncrenenting the counter (S9) upon detecting each further failed caII ‘whose
10 call identity is the sane as that of the initial failed call or whose
call identity bel ongs to a co n set of call identities which
includes the call identity of sm(z;értial failed call (S23);
decrenenting said counter (S9) at redeterm ned rate (S25);

bausi ng said counter (S9) to provide an output which is in a first state 15
when the nunber of calls in the counter rises above a first threshold and

whi€h is in a second state when the nunber of calls in the counter
falls bel ow a second threshol d; setting and updating a
restriction paranmeter in accorf gce vu_t t he Qutgoat of the counter (S1
to S9); and 20 resti &9 | s (49) having said conmon cal

identity or whose call

COUNTER Jr Ly

P
o\
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identitjes belong to said common set of call identities, the |evel of

restriction applied In said step of restricting calls being determ ned
by the value of said restriction paranmeter so that the node at which
the initial failed call is detected pgcillates in and out of an
overload state until the cause of zoverl oad subsides. 25 2. A
net hod as clained in clain11, chacterised in that said nethod conprises
the further steps of: upon detecting said initial failed cal
associ ating said codgnt e call identity of the irnitial failed
cal |_ of sai'd commo 8& Qa'hfh.ﬁ&e‘rﬂpl )s whi ch include the cal |

. |dent|ty of the failed—catt—($ZI), and

ASSOCIATE  CounTER
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17 - . rel easing said counter fromits association with the

calt identity of the failed call or said common set of call identities
which include the call identity of the failed cal |l when the nunber- of
calls in the counter falls belowat shol d val ue which is set |ess
than said initial value (S27). é A nmethod as clainmed in
claim11 or claim 2, characterlsedlnt in said
RESTRICTION
PARAMETER
SET RESTRICTION J—S1 Fig 9
PARAMETER TO
INITIAL VALUE
| _S2

START TIMERS 1

PAUSE TILL | -S3
t=ta

S&

AWAIT
STATUS CHANGE
- OR
t=tb

STATUS CHANGE

S6
=

UPDATE RESTRICTION
PARAMETER

UPDATE RESTRICTION
PARAMETER |7

| S8
~RESTRICTION .
- PARAMETER _

- BELOW
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| - END
S9 . -

RESTART TIMERS
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An overload in a telecommunications network may arise for various
reasons. For example, a television programme requesting telephone calls from its

audience may cause an overload. An overload may also occur when a large number

of people attempt to make calls to an entertainment or an information service orto a

business which ha‘something special on offer. It is clearly desirable to control such

.l'

overloads.

In an a:'ticle entitled “Network Management and Congestion in the US
Telecommunicagions Networks”, D. G. Haenschke et al, lEE. Transactions on
29, no. 4, April 1981,

controlling traffic in a telecommunications network in the event of a focussed

Comminications, vol. there is described a method of

overload. In this metod, the rates of call failures to destination codes are measured

periodically and compared with a threshold. When the failure rate to a particular '

destination code exceeds the threshold, the amount of traffic to that destination code"
is controlled. However, this article does not disclose a way of controlling the amount
of traffic so that the rate of call attempts to an overloaded destination code
approaches the rate at which calls can be completed successully.

According to this invention, there is provided a method of controlling
overloads in a telecommunications network compris'ing a network of interconnected
nodes arranged to provide connections between terminal resout'ces, said method
comprising the steps of: upon detecting an initial failed call at a node setting a
counter to an initial value; incrementing the counter upon detecting each further
failed call whose call identity is the same as that of the initial failed call or whose cail
identity. belongs to a common set of call identities which includes the call identity of
said initial failed call; decrementing said counter at a predetermined rate; causing
said counter to provide an output which is in a first state when the number of calls in

the counter rises above a first threshold and which is in a second state when the
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state (Sl), call restrictioni~being deactivated when the restriction

par anet er passes through a threshold in the direction of decreasing
call severity, said threshold indicating a |l ower |evel of cal
restriction than that of said initial val ue. 25 - 5. A met hod as
claimed in any one of clains 1 to 4, characterised in that said met hod
conprises the further steps of: establishing a group of cal
identities relating to calls handled by said t el ecomruni cati ons

net wor k; dividing said group into at l'east one collection of
non-intersecting sets of 300 call identities, the or -each collection
conprising at |east one set of call identliades; and

dedi cating a respective set of ‘counters to the or each collection of sets
of call identities, each set of counters conprising at |east one

- counter. number-of calls in the counter falls below a second threshold; setting and updating a
restriction parameter in accordance with the output of the counter; and restricting
5 calls having said common call idantity or whose call identities belong to said common
set of call identities, the level of restriction applied in said step of restrictiﬁg calls
being determined by the value of said restrictfon parameter so that the node at which
the initial failed call is detected oscillates in and out of an overload state until the

cause of the overload subsides.
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6. A nmethod as clainmed in any one of clains 1 to 5, characterised in
t'hat, said initial failed call and said further failed calls are
detected at a first one (40) of said nodes, and said step of
restricting calls is perfornmed at one or nore node$ (41,—42)

N ) O N
* < L M H *

CLAIMS

1. - A method of controlling overloads in a telecomm'unications network
comprising a network of interconnected nodes (14, 10, 12, 16) arranged to provide
5 connection between términal resources, charécterised in that said method comprises
the steps of: | _ .
upon detecﬁng an initial failed at a node call setting a counter (S9) to an
_ initial value (S21); .
incrementing the counter (S9) upon detecting each further failed call whose

10 call identity is the same as that of the initial failed call or whose call identity belongs
to a common set of call identities which includes the call identity of said initial failed
call {(§23);

decrementing said counter {S9) at a predetermined rate (S25);
causing said counter {S9) to provide an output which is in a first stats

15  when the number of calls in the counter rises above a first threshold and which is in
a second state when the number of calls in the counter falls below a second
threshold; - |

setting and updating a restriction parameter in accordance with the output
of the counter (S1 to S9); and '

20 restricting calls (49) having ‘said common call identity or whose call
identities belong to said common set of call identities, the level of restriction applied
in said ‘step of restricting calls being determined by the value of said restriction
parameter so that the node at which the initial failed call is detected oscillates in and

out of an overload state until the cause of the overload subsides.

25. 2. A method as claimed in claim 1, chacterised in that said method comprises
- the further steps of: |

upon detecting said initial failed call associating said counter with the call

identity of the initial failed call or said common set of call identities which include the

call identity of the failed call {S21); and
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:vyhi'ch are upstreamfromsaid first node (40) with respect to the direction

of call set 5 up. 7. A method as clained in claim6;-
characterised in that backward call set up hessages from sai d.fl rst
node (40) to said one or nore upstream nodes (41, I“M‘\l“ F

convey information relating to the overload resul tm‘m | ed
calls. 10 8. A method as claimgd in claim # ¢hafacterised in
that, said step of setting and updating said restriction paraneter is
performed at the or each of  said one or nore upstream nodes (41, 42).
15 9. A method as clainmed in claim7, characterised in that, said
Z: ega?; fsﬂtslt ngoderelea%pn% gﬁg%gbgtgr ?rgrlnqtsraesssgéllat%r{ Or{hptﬁ nﬂd%lr'ltlty of eff(ajllergiEd

call or saild common set of call identities which include the call identity of the failed
call when the number of calls in the counter falls below a threshold value which is

set less than said initial value {S27).

3. A method as blaimed in claim 1 or claim 2, characterised in that, in said
step of Setting and ubdating the restriction parameter {S1 to S9), after each updating
of the restriction parameter, during a first time period the restriction parameter is not
updated (S3), during a second time period the restriction parameter is varied so as to
10 increase the severity of the level of restriction if the output of the counter changes
from the second state to the first state or so as to decrease the severity of the level
of restriction if the output of the counter changes from the first siate to the second
state (S6), and if the second time period expires without a change in state of the
output of the counter, the restriction parameter is varied so as to increase the level of
15 restriction if the output of the counter is in the first state or so as to decrease the

level of restriction if the output of the counter is in the second state {S7).

4, A mnthod as claimed in clalm 3, characterised in that, in said step of
setting and updating the restriction parameter {S1 to S9), the restriction parameter is
20 set to an initial value when the output’of the counter initially passes into the first
state {S1), call restrfction being deactivated when the restriction parameter passes
through a threshold in the direction of decreasing call severity, said threshold

indicating a lower level of call restriction than that of said initial value.

25 5. A method és-claimed in any one of claims 1 to 4, characterised in that said
method comprises the further steps of:
establishin'g ‘a group of call identities relating to calls handled by said
telecommunications network;
dividing said group inio at least one collectlon of non-intersecting sets of
30 call identities, the or each collection comprising at least one set of call identities; and
dedlcatlng a respective set of counters to the or each collection of sets of

call identities, each set of counters comprising at least one counter.
’ This is the replacement she
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dj vi di ng said group into at |east one collection of non-i nt er sect i ng
sets of call identities, the or each coll ection conprising at |east one
set of call identities; -and 5 dedi cating a respective set of

coaters fo e et O R
-. 18 _ o+ C L N s+

6. “A method as claimed in any one of claims 1 to b, characterised in that, said
initial failed call and said further failed calls are detected at a first one (40) of said -
nodes, a_rid said step of restricting calls is performed at one or more nodes (41, 42)
which are upstream from said first node (40} with respect to tﬁe direction of call set

5 up.

7. A method as claimed in claim 8, characterised in that backward call set up . -
messages from said first node (40) to said one or more upstream nodes (41, 42) are

used to convey information relating to the overload resulting from said failed calls.

10 _
8. A method as claimed in claim 7, characterised in that, said step of setting
and updating said restriction parameter is performed at the or each of said one or
more upstream nodes {41, 42).

15 9. A method as claimed in claim 7, characterised in that, said step of setting

and updating said restriction parameter is performed at said first node.
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This inverlxtion. relates to a method of controlling overloads in a
telecommunications network.

An overload in a tslecommunications network may arise for various
reasons. For example, a television programme requesting telephone calls from its
audience may cause an overload. An overload.may also occur when a large number
of people attempt to make calls to an entertainment or an information service or to a
business which has sométhing special on offer. It is clearly desirable to control such
overloads.

In an article entitled “Network Management and Congestion in the US

Telescommunications Networks”, D. G. Haenschke et al,IEEE Trensactions on

Communicationsvol. 29, no. 4, April 1981, there is described a8 method of

controlling treffic in a telecommunications network in the event of a focussed

overload. In this metod, the rates of call failures to dastination codes are measured

periodically and compared with a threshold. When the failure rate to a particular .

destination code exceeds the threshold, the amount of traffic to that destination cods
is controlled. However, this article does not disclose a way of controlling the amount
of treffic so that the rate of call attempts to an overloaded destination code
approaches the rate at \yhich calls can be completed successull.y.

According to this invention, there is provided a method of controlling
overlozds in a telecommunications network comprising a network of interconnected
nodes arranged to provide connactions between terminal resources, seid method
comprising the steps of: upon dsiecting an initial failed cell et a nodes setting 2
counter 10 an initial value; incrementing the counter upon detecting each further
fziled cell whose call identity is the same as that of the initial failed czll or vhose cail

2

identity bzlongs to »a common set of ceall identities which includes the call identity of
said initiel feiled call; decrementing said counter at 2 predeterminsd rate; causing
szid counter to provide an outpui which is in a first state when the numbear of calls in

the counter rises above 2 first threshold and which is in a8 second state when ths
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“20 8. A nmethod as clainmed in claim7, in which said step of

setting and updating said restriction paraneter is perforned at the or
each of said one or nore upstream nodes. 25-9. ° A nmethod as clained in
claim7, in which said step of setting and updat| ng sai d restriction
paranmeter is perforned at said firsti@éode.
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1. - A method of controlling overloads in a telecomm.unic'ations network
comprising a network of interconnscted ncdes (14, 10, 12, 16) arranged to provide
5 connection between terminal resources, characterised in that said method comprises
the steps of: _
upon detecting an initial failed call at a mode setting a counter {S9) to an
initial value {S21); _
. incrementing the counter {S9) upon detecting each further failed call whose
10 call identity is the same as that of the initiel failed call or whaose call identity belongs
to a cémmon set of call identities which includes the call identity of said initial failed
call {S23); _
decrementing said counter (S9) at a predetermined rate {S25); -
tausing said counter (S8) to provide an output which is in a first state
15 when the number of calls in the counter rises ebove a first threshold and which is in
a second state when the numbar of calls in the counter fzlls below a second
threshold; - '
setting and ‘updating a restriction paramster in accordance with the output
of the counter (S1 to S9); and
20 restricting calls {49) having said common call identity or whose call
identities belong to said common set of call identities, the level of restriction applied
in said step of restricting calls baing determined by the value of said restriction
parameter so thzt the node at which the initial fziled E:all is detected oscillates in end

out of an overload state until the cause of the overload subsides.

25 2. A method as clafmed in claim 1, chacterised in that said method comprises
th= further steps of:
" upon d=‘tectmg sald mmcl failed call asseciating said counter with the call
- |d=nmy of the mmcl falled call or Sc-d common s&t of call identities which include the
cell rdenuty o_'f tne failed call (SZ_-.H;-' end
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