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The present ‘i nvention will now be described by way of exanple with
reference to the drawi ngs in 50 which:- ure 1 is a schematic
representation of call gapping in aE%Sraa%\ﬁ%e Blith a prior art method;
Figure 2 is a graph of carried call rate against offered calling rate for
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of the present invention) which is coupled to both accunulators 12 and 13
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enbodled in a’stored progran1contro| (SPC) exchange wherein the functions,
eg cl ock generation, counting, 25 decision, are provided by suitable
software. As has been descri bed EBMaBmBelferred formof the basic

al gorithm of the present invention conprises (Figure 4) establishing by
means of a clock or suitable tim ng device, consecutive, equal gapping
intervals; increnenting counter 18 by value m(ong,in the sinplest case) at
the end of each intepMgl uptoza |imitgof N Qecrenthln t he counter by
one for each call attenpt aflomed uil eds t he countgr cqptdins zero 30

wher eypon call attenpts are prevdnt &1.0 Thus any underuse i n one gapping
interval is carried forward to the next interval and so on. To prevent an
unaccept ghl Ysdthdlle, ugber of calls being accepted in one gapping interval
after a g rass%eamsteawaisﬁnmpagoﬁm&&mm@smwst er has a preset limt of
N, so thqilisdifagr € cannot possibly be nore than N accepted calls in a gapping
i ntervygal . e preset limt of N may be achieved by the natural counting
limt ofpfaereo@nher,(1)or by any suitable nmeans of limting the counting
capacity of the 35 counter. In a preferred algorithmof the invention,
enbodi edAsstmibdthatyesdystam @&fin equilibiuen then thd following equatiand cantheaterdied fol thp @ade no¥ 1. N
accepted calls in one gapping interval yet still to obtain the sane nean
rate of carried calls. Thug the counter 18 with a limt of Nis retained,
and a further courger=21 i g provi ed*hQV|n alimt of M e m< M< N
So instead of a sifyle burst i N tal | sit™Mere woul d for exanple be two
intervals of Mcalls, for M40 = N2. Inthis preferred algorithma cal

is prevented (I ost) |f t per ye0R®B GQUDI &r,,28~1 s zero, but carried if it is
great ét than zero, in which case both counters are decrenented by one. At

t he begl of,, ea pi.ng jnterval the follow ng assignnments are nade
count er Jhte&h 33 h¥4 b& counter 18 = Mn (counter 18, N) counter
21 = Mn (counter 18, M In other words counter 18 is limted to N, and
countgr 21 follows counger 18 but is itself limted to M A mathenati cal
anal ysis of the basic a gorléhnumntl now be given Let, 50 [Rel sSize of
counter incremert. Nj =Mgximim sizk for the counter. R O fered calling
rate per interval. R Resulting calling rate per interval [err]
Probability that counter contains the nunber n at the start of an interval
(af t eso | SRR RAaRsingEapation S [err] Probability of n arrivals in an
interval. [err] Probability of n or nore arrivals in an interval. 4 EP
0 334 612 Bl [err].5.Ngye also that Co = O It can be assuned that arrivals
forma Poi sson Precess g thgate R above. This gives 10 [err] Assum ng that
the systemis in equiliorpum® hén the fol | owi ng equations can{pg derived
for tkBe case m=1. 15 [err]

Since [2] isaset of n ||near equatlons in the n values € with no constant terms there is a redundant

§ equation.
AN/ For programming purposes |t is convenient to rearrange the equations in [2a] as follows,
40
N
C,=C _,*P,+P, *C + ¢ C, * P, [4]
n "n-1 "0 1 ™M ey 1 i-n+l
45 .
or
50 N .. )
+ * - - *
1t PoTG T UBY - TGP [5a]

n+l

56 i
fOr N =2, 3, cecoseseaiN=l



20 ' ' for =23 ........ , N1 [err] 25 [err] 30 and the
normal i sing equation, [err] [3] 3 i is a set of n linear equations
in the n values Cwith no constan%’?ﬁﬁ@éﬁire is a redundant equation. For
progranm ng purposes it is convenient to rearrange the equations in [2a]  as
fol | ows, %ghglmgerr] 45 or 50

N 55 [err EP 0 334 612 Bl and hence, [err] 5 The above set of .
equat i onsg,_s =t¢,~aroyl.af - gd kﬁbﬂear inferr]. If the above equations [5a & D]
and [3] are solved for [err] the carried calling rate [err ‘is given by, N
[err}. 50  The abovels8f df bquations is triangular and finear in C,. [6] For general m
equations [ e aBlve &qudidns [BaB b} Bl B sohedlionC] the tdriad ealingratoRSs fiehaw. Not e
also that now 15 [err] [7a [err] 25 It is seful to investigate the tine
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counter contains n at time T. C(T) The vector [err]. 55 [err] The
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intime period T. R ﬁT)— an carried calling rate for the first T
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For N = m+l';oo;o.;.N"l
25

m i
Q= Qs ¥ £ By [7b]
50 i=0 j = 0
N -
" = =9 * G {72
1 = nm :
LI e 83

45 Expression 6 for R’ is unchanged.

It is useful to investigate the time dependent behaviour of this algorithm. For instance, if the counter
contains 1 at the beginning of the first period what are the counter state probabilities after 100 time
intervais? Furthermore, it would be of interest to calculate the expected calling rate over these tims
intervals. The first of these problems can be solved by multiplying the original counter state vecior by the

50 appropriate power of the transition matrix. The second problem can be solved by introducing a correction
term for each time period as described below. For the sake of clarity assume thatm = 1.
In addition to the definitions above let,
Cu(T)  The probability that the counter contains n at time T.
c(m The vector [ Ci(T), Cz(T),....Cw(T) ]
55 My The probability of a transition from state i in one time period 1o | in the next.
M The transition matrix with elements My
A(T) The probability that the counter contains N at time T-1 and there is no arrival in time period T.
R(T) Mean carried calling rate for the first T periods.
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sinpl est version of this algori®hmWith m= 1. It can be expected that the
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30

N T
EXPECTED_SHORTFALL = ¢ Cn (T) * (n=1) + z A(t) (11)
n=1 t=1

35 If the counter is started at a value of i (I < i £ N) then the initial value of C(O) is given by C (0) = 1 and
G, (O) = Ofori+ j Equation [11] then generalises to,

U - N “ T
© EXPECTED _SHORTFALL = : CM*h- )+ 1 AL {12]
. n=1 t=1
Then the following expression gives the expected calling réte.

45

RY(T) = (T_=_EXPECTED _SEORTEALL)

7 . .

50 It is a simple matter to extend this for general m by calculating a more complex correction term A(T).

When call gapping bocomes implemented in the PSTN it will be possible to gap on a Route or
Destination NNG (national numbering group) basis. With the previous gapping methods this would be of
doubtful utility because of the danger of blocking a significant number of potentially successful calls.

The above analysis has been used to calculate performance of the algorithm and the results are now

s5 given for the simplest version of this algorithm with m = 1. it can be expected that the results will be better
for suitable values of m. As can be seen in Figure 2 the algorithm comes very close to the perfect
behaviour which can be characterised by,

R =RforR<1
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TABLE 3

COUNTER INITIALISED TO 16 ' OFFERED RATES
.90 95 1.0 1.05 1.1

Steady state .8999 9481 9845 9978 9998
First 100 periods .8995 0481 | 9944 | 1.0360 | 1.0709
First 500 periods 8996 9472 | .9866 1.0103 1.0202
Periods 200 - 500 8996 8470 | 9847 | 1.0039 | 1.0073

it will be appreciated that the above described algorithm should be simple to implement on a modem

software controlled digital switching system such as System X and add little to processing overheads. The

performance of the algorithm is nearly ideal thus ensuring its sffectiveness in practice and simplicity in use.

s0 [t can be used to control an overload focussed on individual numbers without the need for careful
monitoring. Indeed nts performance is good enough that it can be left on permanently.

Claims

55 1. A method of controlling call traffic in a communications switching system wherein the recurrence rate of
successive attempts for a particular type of call is limited, characterised by setting a predetermined
allowance (m) of call attempts in each of a succession of equal time intervals, and by carrying forward
unused allowance cumulatively.
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1t will be appreciated that the above described algorithm should be simple to implement on a modern
software controlled digital switching system such as System X and add little to processing overheads. The
performance of the algorithm is nearly ideal thus ensuring its effectiveness in practice and simplicity in use.
it can be used to control an overload focussed on individual numbers without the need for careful
monitoring. Indeed its performance is good enough that it can be left on permanently.
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Claims
A method of controlling call traffic in a communications switching system wherein the recurrence rate of

successive attempts for a particular type of call is limited, characterised by setting a predetermined
allowance (m) of call attempts in each of a succession of equal time intervals, and by carrying forward
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