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(57) Abstract

The invention relates to a method and
gate arrangement for controlling traffic in a
telecommunications system. The rate of oc-
currence of the units, such as calls, trans-
mitted is restricted to a certain predetermined
threshold value when their rate of occurrence
exceeds the value. In order that it might be
possible to better approximate an ideally op-
erating gapping gate, (a) when a new call ar-
rives, an average value of the interval between
two consecutive calls is computed on the ba-
sis of the earlier accepted calls only, and (b)
the call is accepted, if the average value com-
puted is at least the same as the predetermined
threshold value (I).
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Traffic control in a telecommunications system

The invention relates to a method according to
the preamble of attached claim 1 and a gate arrangement
according to the preamble of attached claim 7 for
controlling traffic in a telecommunications system.

The object of the method according to the
invention is to avoid overloading of the nodes or
equipment of the network. In particular, the method is
designed for controlling call traffic, but it can also
be used in connection with other kind of traffic, e.g.
for controlling data packets transmitted in a packet
network. In the following, however, a telephone network
where the traffic consists of calls made by the
subscribers of the network is used as an example.

A so-called call gapping method (this name is
used in several international standards, such as CCITT
Blue Book, Recommendation E.412, §3.1.1.2, and
Recommendation Q.542, §5.4.4.3) is a control method
based on the rate of the traffic, and in the method the
amount of traffic, e.g. number of calls, is restricted
so that at most a certain number of calls per one time
unit are allowed to pass through. This kind of method
is described e.g. in U.S. Patent 4,224,479, as well as
in the standards mentioned above.

An equipment operating according to the call
gapping method can be e.g. a gapping gate 10 of the
type shown in fig. 1, the gate having one input,
indicated by IN, and two outputs, indicated by PASS and
GAP. A certain predetermined restriction parameter U,
which corresponds to a certain number of calls per one
time unit (e.g. calls per second), is stored in the
gate. The incoming calls are conducted to the input IN
of the gapping gate, and the accepted calls are
forwarded from output PASS. The gapping gate restricts
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the frequency (rate of occurrence) of the calls so that
the amount of accepted traffic per one time unit is at
most the same as the above-mentioned restriction
parameter U (calls per second). When the amount of
incoming traffic per one time unit exceeds U, the
gapping gate conducts some of the calls to output GAP
so that the maximum rate of traffic outputted from gate
PASS is U. Calls outputted from GAP can be processed
further in many ways, but since the processing of these
calls does not fall within the scope of the present
application, it will not be described in greater detail
herein.

In the aforesaid U.S. Patent 4,224,479, a
gapping gate operates such that the calls are given the
shortest possible interval, e.g. 0.1 sec. between two
consecutive calls. (The restriction parameter stored in
the gate can thus also define the shortest accepted
time interval I, which is called a gapping interval,
between two consecutive calls; this is in principle the
same thing, since the parameters concerned are inverse
values of each other, i.e. U = 1/I). The gapping gate
stores the departure time of the last accepted call. If
the difference between the arrival time of a new call
and the stored departure time is smaller than the above
shortest possible time interval, the call will be
rejected. But if the difference is at least equivalent
to said time intetval, the call will be accepted and
the departure time of the last accepted call will be
updated such that it corresponds to the current time.

The operation of such a call gapping method is
illustrated in fig. 2. When the amount of traffic
offered by the network (represented by the horizontal
axis) is smaller than the above maximum U, no
restriction takes place. When the amount of offered
traffic exceeds this value, the gapping gate rejects
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some of the calls (conducting them to output GAP),
whereby the amount of traffic forwarded (represented by
the vertical axis) is U. The ideal situation is
indicated by a dotted line and the actual situation by
a continuous line. In practice, the characteristic
curve (continuous line) describing the operation of the
gapping gate is a smooth approximation of the partly
linear characteristic curve (dotted line) of the ideal
situation.

The drawback of the method described above is
that because of the non-ideal restriction performed by
the gapping gate, even a large number of calls that
could be forwarded are rejected. This means that a
gapping gate operating in accordance with the method is
not able to produce a very good approximation of the
situation indicated by a dotted line in fig. 2, i.e. a
situation where the gapping gate operates ideally. In
actual simulations, it has been observed that when the
amount of traffic reaches the allowed maximum U, the
gapping gate can conduct up to about 40% of the calls
to output GAP, although an ideally operating gapping
gate should still be accepting all calls. From the
point of view of the network operator, non-ideal
operation of this kind means that the network operates
at reduced capacity with respect to the resources and
that no income is obtained for such a large percentage
of calls.

That the gapping gate is not able to
approximate an ideal situation any better than this is
due to the fact that the traffic is not distributed
evenly on the time axis but occurs in bursts in which
momentary traffic density can be very high.

The object of the present invention is to
overcome the above drawback by providing a new kind of

control method that enables better approximation of an
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ideal gapping gate. This objective is achieved with the
solutions of the invention: the method is characterized
by what is disclosed in the characterizing part of
attached claim 1 and the gate arrangement is
characterized by what is disclosed in the
characterizing parts of attached claims 7 and 8.

The idea of the invention is to define, on the
basis of the accepted calls only, a value that
describes some kind of average between two consecutive
accepted calls, and to make a decision about the
acceptance of the call on the basis of the result
obtained.

The solution of the invention enables better
approximation of an ideally operating gapping gate,
whereby the amount of lost traffic and thereby lost
income is smaller than before.

In the following, the invention and its
preferred embodiments will be described in greater
detail with reference to the examples according to
figs. 3 to 9 of the attached drawings, in which

fig. 1 shows a schematic view of a gate
operating in accordance with a known gapping method,

fig. 2 illustrates the operation of the gate
shown in fig. 1,

fig. 3 shows an array of memory locations used
in a first embodiment of the invention,

fig. 4 is a flow diagram illustrating a first
embodiment of the method according to the invention,

fig. 5 is a block diagram showing a gapping
gate according to the first embodiment of the
invention,

fig. 6 is a flow diagram illustrating a second
embodiment of the method according to the invention in
its basic form,

fig. 7 is a block diagram showing a gapping
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gate according to a second embodiment of the invention,

fig. 8 1is a flow diagram illustrating a
preferred embodiment of the method illustrated in fig.
6, and

fig. 9 shows a gapping gate implementing the
method of fig. 8.

In the present invention, the average rate of
the accepted traffic is to be restricted on the basis
of the accepted calls such that it is always lower than
constant U. In principle, there are two ways of doing
this, depending on what information is stored in the
gapping gate.

In a first embodiment of the invention, the
times of the last n accepted calls are stored in the
gapping gate. Constant n is an integer that is clearly
bigger than 1, typically between 20 and 200. In the
following, the array of times is indicated by d as
follows: d[1l] is the time of the last accepted call and
d[n] is the time of the n* earlier accepted call (n =
1, 2, ...). The gapping gate thus contains an array 30
of memory locations as shown in fig. 3, the array
having n memory locations, in which only times of
accepted calls are stored. An array of memory locations
must here be regarded only as an example; instead of an
array, e.g. a circular buffer memory could be used and
one or more pointers associated with it. The time used
can be either the time when the call arrived at the
input IN of the gapping gate (i.e arrival time), or the
time when the call was outputted from PASS (i.e.
departure time).

Fig. 4 is a flow diagram illustrating the
first embodiment of the method according to the
invention. When a new call arrives (step 41), the
gapping gate stores the current time in variable t
(step 42). After this, the gapping gate computes the
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average time interval between two consecutive calls
during the last n accepted calls and compares the
result with a predetermined threshold value I (step
43), which on the basis of the above is an inverse
value of the traffic density U to which the operator
wants the traffic to be restricted. The result of the
comparison (true or false) is stored as a value of the
variable 'pass' (step 43). If in the next step (step
44) the average interval computed is found to be at
least equal to the predetermined threshold wvalue, the
call will be accepted. The array 30 of memory locations
is then shifted one step (one memory location) to the
right (step 45a), whereby the most distant time is
dropped and the last accepted time d[l] is given a
value t (step 46a). The call is then conducted to gate
PASS (step 47a). If the value of variable 'pass' is
false, the call is conducted to gate GAP.
The gapping gate thus accepts the call if

t-d(n)
n

2 I (1)

where I is the above-mentioned threshold value, which
is called a gapping interval. (It should be noted that
the denominator in formula (1) is n, since during n+l
calls, n time intervals between two consecutive calls
are obtained.)

In the beginning, before the array 30 of
memory locations is filled, d[n] is replaced with the
time that is currently the most distant.

Fig. 5 is a block diagram of a gapping gate
50, which operates in the manner described above. The
core of the gapping gate consists of a traffic control
unit 51, which comprises the input IN and outputs PASS
and GAP, all of which have been mentioned above (cf.
fig. 1). The gapping gate also comprises the array of
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memory locations shown in fig. 3, a memory 53 for
variables t and 'pass', and a memory 52 for constants
n and I. In addition to these memories, the gapping
gate also comprises computing means 55 and a clock 54.
When a new call arrives, the traffic control means
instructs the clock 54 to store the current time in
memory 53, after which it instructs the computing means
55 to compute the value of variable 'pass' and to store
it in memory 53. The comparison of variable 'pass’' is
then conducted inside the traffic control unit 51. If
the value of this variable is true, the traffic control
unit gives memory 30 a command SHIFT, by which the
array is shifted one step to the right and the value of
variable t is stored in the memory 30. The traffic
control unit then conducts the call to gate PASS. If
the value of variable ‘'pass' is false, the traffic
control unit forwards the call to gate GAP.

In the above embodiment, the times of the last
n accepted calls were stored in the gapping gate. In
the second embodiment of the invention, additional
variables t, and t, are introduced, in addition to the
variables mentioned above. Variable t, represents an
average between two consecutive calls, and variable t,
represents the time of the last accepted call. Variable
t discussed above is here indicated by t,. The procedure
is illustrated in fig. 6, which the following text
refers to.

At first, variable t, is given the value of
gapping interval I (i.e. the value corresponding to the
traffic density to which the operator wants the traffic
to be restricted (i.e. I = 1/U)). When an incoming call
is detected (step 61), the gapping gate stores the
current time in variable t, (step 62). After this, the
gapping gate computes (step 63) a value (true or false)
for variable 'pass', using the inequality
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(n—l) t2+(t1-t3)

2 TI. (2)
n

Variable t; is first given a value that
corresponds to the current time minus the value of the
gapping interval I. This guarantees that the first
incoming call will be accepted. If it is found out in
the next step (step 64) that the value of wvariable
'pass' is true, the call will be accepted, whereby the
value of the left-hand side of the above inequality is
stored as the value of t, (step 65a), and the value of
variable t, is stored as the value of variable t, (step
66a). The mean value is thus updated so that it
corresponds to the mean value computed in step 63
above, and the value of variable t, is updated so that
it is correct. The call is then forwarded to gate PASS
(step 67a). If the value of variable 'pass' is false,
the call is forwarded to gate GAP (step 65b).

In other words, when an incoming call is
detected at a moment t,, the call is accepted if

(n-1) t,+(¢t,-¢,)
n

2 I

is true.

The value of constant n can still be
considered to determine how many of the earlier
accepted calls will be taken into account, although it
does not show the number of the times to be stored.

In inequality (2), term (t,-t;) is given weight
(1/n), which corresponds to a situation where an
average interval between two consecutive accepted calls
is computed as regards the last n accepted calls (cf.
formula (1)). The weight of term (t,-t;) can also be
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changed such that the weight of the last call is either
decreased or increased as compared with the other
calls. Inequality (2) can be written in general form

at,+ b(t,-t,) 2 1. (3)

where a and b are suitably selected coefficients and
atb = 1. (In the other formulae, a = (n-1)/n and
b = 1/n.)

The advantage of the above second embodiment
over the above first embodiment is that times need not
be stored for n earlier accepted calls, but it is
sufficient that the values of the two additional
variables (t, and t,) are stored instead. The gapping
gate of this embodiment is thus, in principle,
identical to the gapping gate described in fig. 5,
except that it lacks memory 30 and that the values of
variables t, and t, are also stored in the memory 53 for
variables. A gapping gate like this is illustrated in
fig. 7, where the same elements are identified by the
same reference numbers as in fig. 5.

In order that in the mean value computed from
inequality (2) (left-hand side of the inequality),
several times could be taken into account, constant n
should have a high value. On the other hand, if the
calls arrive in bursts, the average value to be
computed is only decreased by (n-1)/n per each call.
Because of this, the value of parameter n should not be
too high, either. When a long period with no incoming
calls is followed by many calls arriving in a short
time (traffic burst), a gapping gate operating in the
manner described above lets all the calls belonging to
the burst pass through. This kind of operation can be
prevented by giving variable t, an upper limit that is
greater than I and is indicated in the following by T.
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The formula of variable t, is thus (4):

t, = min{(n_l) tz;(tl—t3) , T} (4)

By controlling the value of the upper limit T,
the size of the largest acceptable burst can be defined
to be as desired. In the following, the selection of
the upper limit will be discussed in greater detail.

Let us assume that no calls have arrived in a
very long time, and then a burst of calls arrives. The
goal is then to set the value of the upper limit T such
that the gapping gate will accept at most m calls of
the burst. The first call of the burst is accepted,
after which variable t, is given value T (which is the
smaller one of the values according to equation (4),
since the burst was preceded by a long period of time
with no incoming calls).

Since we are dealing with a burst, it can be
assumed that the difference between the arrival times
of two consecutive calls (indicated by term t,-t, in
equation (4)) is zero. The value of variable t, after m
calls is then:

t, = (“_"1 "t (s5)
n
The goal is achieved when t, < I, whereby, when (t,=1),
equation (5) gives:

T-= (.f.';_l)”"l T (6)

and so the value of upper limit T is:
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T=(n—’_’1)""11 (7)

Let us consider as an example a situation
where the rate of occurrence of incoming calls is 10
calls per second and n = 100. Therefore I = 100 msec.,
and if we assume that the maximal allowable burst size
is one hundred (i.e. m = 100), the upper 1limit is
T = 270.5 msec. The value of variable t, is thus at most
270.5 msec.

In the first embodiment described above, the
reference value was computed using the times of the
accepted calls, which meant that the times of the last
n accepted calls had to be stored. In the second
embodiment described above, there is no such need; it
suffices to store the additional variables mentioned
above. The two embodiments can also be combined such
that the value of t, is not updated after each call but
e.g. after every tenth call, whereby times of accepted
calls are stored between the instances of updating.
This saves computing capacity. Further, updating need
not be performed at regular intervals, but it can be
performed e.g. such that when a call arrives, a random
number is computed (it may be e.g. a number between
zero and one), and if the random number meets the
predetermined criteria, updating will be performed.

The solution of the invention can also be
applied to only part of the traffic, while the rest of
the traffic is not restricted. For example, calls
starting with a specified number/specified numbers can
be restricted, while all the other calls are forwarded.
In this case, there is a separate check gate before the
gapping gate, the check gate conducting all the calls
that meet the gapping criteria (number of the called
subscriber starts e.g. with 9800) to the gapping gate.
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Although the invention is described above with
reference to the examples illustrated in the attached
drawings, it is to be understood that the invention is
not limited thereto but can be modified within the
scope of the inventive idea disclosed above and in the
attached ciaims. Although above and in the claims, a
call serves as an example for units transmitted in a
network, the invention is to be understood as also
covering other corresponding consecutive occurrences,
e.g. control of data packet traffic in a data network.
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Claims

1. A method for controlling traffic in a
telecommunications system, in which the rate of
occurrence of units, such as calls, transmitted in the
system is restricted to a certain predetermined
threshold value when their rate of occurrence exceeds
the value, characterized in that

- when a new call arrives, the average value
of the interval between two consecutive calls is
computed on the basis of the earlier accepted calls
only, and

- a call is accepted if the average value
computed is at least the same as the predetermined
value (I).

2. A method according to claim 1, c har -
acterized in that times for a desired number
(n) of the last accepted calls are stored for the
computation.

3. A method according to claim 1, char -
acterized in that a (weighted) average value
(t;) of an interval between two consecutive calls
computed on the basis of several earlier accepted calls
is stored for the computation, and that when a new call
arrives, a new average value is computed and then
compared with said predetermined threshold wvalue, and
if the call is accepted, the stored average value is
then replaced with the computed average value.

4. A method according to claim 3, c har -
acterized in that a new average value is
computed every time a new call arrives.

5. A method according to claim 3, char -
acterized in that an upper limit (T) is set to
said average value, the upper limit being stored as an

average value every time the computed wvalue exceeds
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said upper limit.

6. A method according to c¢laim 5, c har -
acterized in that said upper limit is given
the value

T = (L)m-l I
n-1

where m represents the number of calls that will be
accepted in a burst of calls, I is said predetermined
threshold value, and n is a constant integer used in
computing said average value.

7. A gate arrangement for controlling traffic
in a telecommunications system, comprising

- selection means (51) for restricting the
rate of occurrence of the units, such as calls,
transmitted in the system by selecting those of the
incoming calls that will be accepted for forwarding,
and

- clock means (54) for defining the time of
occurrence of each call,
characterized by further comprising

- memory means (30), in which are stored times
of the last n accepted calls, n being clearly bigger
than 1, preferably between 20 and 200, and

- computing means (55) for computing the
average value of the interval between two consecutive
accepted calls on the basis of the times stored.

8. A gate arrangement for controlling traffic
in a telecommunications system, comprising

- selection means (51) for restricting the
rate of occurrence of the units, such as calls,
transmitted in the system by selecting those of the
incoming calls that will be accepted for forwarding,
and

- clock means (54) for defining the time of



10

15

WO 96/19070 PCT/F195/00679

15

occurrence of each call,
characterized by further comprising

- memory means (53), in which is stored a
(weighted) average value (t,) of the interval between
two consecutive accepted calls computed on the basis of
the earlier accepted calls, and

- computing means (55) for computing the
average value of the interval between two consecutive
accepted calls on the basis of the time of occurrence
of the new call, the stored average value (t,) and the
time (t,) of the last accepted call.

9. A gate arrangement according to claim 7,
characterized in that an allowed upper
limit (T) of the computed average value is also stored

in the memory means.
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