vy

A COMMUNICATION NETWORK CONTROL METHOD

This invention relates to a communication network control method.

In order to maintain the quality of service in communication networks, it is necessary to limit the
aumber of calls allowed onto the network. The optimum number of calls to be allowed on the
network is determined by the characteristics of the network which depend on trunk speeds and
other hardware constraints, such as buffer sizes. The mix of call types and the relative number

of each is also an imiportant consideration. -

Where a user of a network knows the mean bit rate of the call he wishes to place on the network,
it is possible to use methods which employ Convolution or Large Deviation Approximation

techniques to determine whether the call can be carried by the network without the quality of

service dropping below a minimum value. However, in practice the user is unlikely to know what

the call’s mean bit rate will be. This will be especially the case where the network carries
broadband services. It has been proposed to monitor the network’s traffic load and to refine the

control method in a dynamic way. This type—of method has been called dynamic Connection

Admission Control (CAC).

Given the uncertainties surrounding the data type that will be carried on communication networks
offering broadband services, there is a generally held belief in the communications field that it
will not be possible to employ statistical multiplexing techniques on networks that employ

asynchronous transfer mode techniques (ATM).

The present invention arose from a realisation by the inventor that whilst a resource trying to
make a connection with the network would be unmlikely to know its mean bit rate, it would

undoubtedly have knowledge about its peak bit rate.

According to the invention there is _provided a communication network control method for
controlling acceptance of a call from a first network node to a second network node over a
transmission path between the nodes comprising providing a database of activity distributions for
particular classes of calls, classifying the call, selecting from the database a distribution
appropriate to the call, determining a current load on the transmission path due to calls of that
class, deriving a posterior activity distribution from the selected distribution and current load, and

rejecting or accepting the call on the basis of the posterior activity distribution.
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By providing a database of activity distributions for particular classes of calls and generating,

‘from this and a measure of the current load due to calls of that class, a posterior activity

distribution, a much better estimate of the activity can be obtained.

An activity distribution could be a variance distribution or various forms of bit rate distribution.
It can be thought of as the likelihood or probability of a certain call load being attained by a

particular class of call. Preferably, the activity distribution is a mean to peak bit rate distribution.

The posterior distribution will then be used by a call acceptance control algorithm to determine
whether the call can be accepted onto the network. The preferred way of doing this is to
determine the effective bandwidth of the current load on the transmission path from the posterior
distribution. From the effective bandwidth, the quality of service if the call is accepted, will be
determined and compared with a requii'ed quality of service. If the quality of service is

maintained then the call is accepted, if not the call is rejected for that transmission path.

_ Preferably, the posterior distribution is generated by a Bayesian analyéis of the selected

distribution and the current load.

Preferably, the call is classified according to a parameter declared by the call. In a preferred
embodiment the parameter is the peak bit rate of the call. Other parameters that may be used are

much as whether its a particular type of call for example video or using a particular type of

equipment.

In some networks certaih classes of calls may be allocated certain bandwidth out of the total
transmission path bandwidth. However, in the other networks collectively there will not be any
bandwidth allocation. Whilst in the former form of network it will be possible to compare the
posterior distribution for the call class with the allocated bandwidth for that class and use this as
the basis for whether or not the call is accepted, in the latter type of network, preferably, the load
on the transmission path due for all call classes is periodically monitored and a measure of the
monitored load is stored. The call is then accepted on the basis of the stored monitored load and
the posterior distribution by, for example determining the effective bandwidth of the stored load
and posterior distribution and comparing this with the capacity of the transmission path to easure

that the required quality of service is maintained.

The advantage of periodically monitoring the load on the transmission path over producing, for

example, a posterior distribution for each call class upon a request being received to allow a call
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of a particular class onto the transmission path is that of speed in reaching the decision whether

to accept or reject the call.

A specific embodiment of the invention will now be described, by way of example, with reference _

to the drawings in which:

Figure 1. shows a communication network , being controlled by a method in accordance with

the invention;

Figure 2. is an explanatory diagram;
Figure 3. is a table datastructure used in the communication network shown in Figure 1 and;
Figure 4. is a flow chart of the method used to control the network shown in Figure 1.

With reference to Figure 1, a communication network 1 comprises a plurality of nodes 2,3,4 and
5 interlinked by transmission paths 6, 7 and 8. The precise nature of the nodes and transmission
paths will depend on the network and they may be for example, mulitplexes, switches and optical
fibre. The operation of the network is governed by a network manager which may itseif be a
node or distributed over a number of nodes comprising a computer terminal of known type such
as a Sun Microcomputer, marketed by the Sun Corporation which monitors, communicates with,
and controls the nodes 2, 3, 4 and 5 along control data paths 10, 11, 12 and 13 of known type.
The Network Manager a has a historical database 14 containing data about mean to peak bit rate
distributions of call types having particular declared peak bit rate and a measured load datastore

9¢c. A telephone 5a is served by node 5 via a transmission path Sc.

" Two typical mean to peak bit rate distributions are shown in Figure 2. The distributions can be

thought of as a measure of the activity of a call in the sense of the likelihood of the call having
a particular mean to peak bit rate. Thus it will be seen that distribution 31 is the distribution for
a call class or type having a greater activity, that is to say, its most probable mean to peak bit rate,

the peak of distribution 31, is closer to unity than that of distribution 32.

In practice, a large number ‘of prior distributions will be held on the database 14 in the form of
a table data-structure, as is illustrated in Figure 3. The table 41 comprises two fields, a first data

field 42 called PEAK and a second data field 43 called DISTRIBUTION.
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The PEAK field 42 contains ranges of possible peak bit rate values which will be declared by a

node when a request is madé t6 placeh call on the network.

DISTRIBUTION field 43 will contain parametrized versions of the distribution curves appropriate
to each range of peak bit rates stored in the PEAK field 42.

The network manager 9 operates to control the network 1 in a manner which will now be

described.

Let us consider the network 1 as it operates under the following conditions. Node 4 is
communicating with node 3 and node 2. The call traffic is a mixture of call types such as constant
bit rate and variable bit rate voice and video data. The network manager periodically measures
the load on the transmission path due to the call classes, as represented by box 21 in the flow chart
shown in figure 4. The determined load is held in datastore 9a, as represented by box 22. The
network manager 9 then monitors the network for a call connect request box 23. If a call connect

request is not received after a time delay, box 24 the load is measured again box 21.

Node 5, not at present transmitting data to other nodes, wishes to do so and requests the network
manager 9 to allow coanection to node 4. This is represented by box 25 of the flow chart shown
in Figure 4. When requesting connection, node 5 declares its peak bit rate which is determined

by the type of eqﬁipment of which the node 5 is comprised and will thus be "known" to the node.

The declared peak is then compared with the value ranges stored in the historical database 14, this
in effect classifying the call, box 26, and an appropriate historical mean to peak bit rate

distribution is selected, box 27.

The network manager 9, measures the network load as represented by box 28 but in this case it _
is the load for the class of the call which wishes to be accepted. In particular, it monitors the load

on a transmission path between the transmitting and receiving nodes, in this case path 6.

The measured load and the selected distribution are then used by the network manager 9 to
generate a posterior distribution, box 29. The preferred Way of generating the posterior
distribution is by a Bayesian analysis and it is a distribution of mean to peak bit rate against
probability as earlier described, but reflecting the predicted behaviour of the current call load for
a particular class. |
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The network manager 9 then uses the posterior distribution in a call acceptance algorithm, box

30, to determine whether the call is to be accepted, box 31, or fejected, box 32.

The preferred method for determining whether or not to accept the call onto the transmission path
is by determining the effective bandwidth of the present call load as will now be described.

The transmission path 6 has a capacity C and supports a number of calls separated into I different
classes. The calls in each class share the same characteristics. If the effective bandwidth of a call
in the jth class is aj and there are nj, such calls then the quality of service is maintained only if:

C> X aj.nj
j=1

Thus, if the network manager 9 derives from the posterior distribution an estimate of the mean
_bit rate of the load on the transmission path 6. The estimated mean bit rate in then used with the
peak bit rate for that class of call to calculate the effective bandwidth In the following manner.

If in the Bayesian analysis, the peak bit rate of the call is normalised to 1 and the prior
distribution x(p) represents our original belief of the activity (p) of a call defined as the mean bit

rate; peak bit rate ratio.

If the load generated by the n calls (of this type) currently carried by the link is represented by

S, and in the measurement period is s.

P(S, = sip) is the probability of the load S, being s in the Jast measurement period, conditional on
the activity of an individual call being p.
The posterior distribution =(p[S, = s) for the activity is then given by,

b1 P =g
n(pjS,=s) = 1 '
] =(p) B(S, =sip) d(p)
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The cell loss probability L is defined as,

ted ber el t
L=  Expected number of cells sent

The estimate for the cell loss probability t(n, s), from n calls, supported by a resource of

capacity C is given by,

A
L(n, s) = E[ S, (t)-C) [S,(0) =5s]

nE[X(1)iS, (0) =s]

Where S, (0) represents the monitored load used to obtain the posterior distribution, S, (t) the load

from all calls of this type at time t and and X(t) the load produced by an individual call at time
t. .

This can be expressed as:

— L9 = JZ PSS (§ 2 C +mlpyT(plsate)=s)dp

hj DT (215.(0) =S)O\P

If the maximum permissible cell loss is L, the maximum number of calls of this type which can

be multiplcxed[;n?s?ﬂ:“'crcfore obey, , m,.(‘c- |
' j P Sg (k)ZC+ mlp3T(pIS(0) =5 )clp
L mase Z'L(hﬁ) =2 é P3 t ?
Ao J PTCpISa(o) =) ap

This can be evaluated using the effective approx?manon,

o~

P%S'\mx G) z C \P3 X Q‘(f % - nﬂa,,("g_ ("\ S— -+

"‘hq Npar P

B (P (N8

"t pri XC

PES. (‘t) > (‘_(33 - P
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From n__, the effective bandwidth a for the call is obtained by using,

This effective bandwidth is added to the effective bandwidth of the stored network load retrieved
from database 9a by the network manager 9. The total effective bandwidth is then compared with
the capacity of the transmission path 6 and if the required quality of service is maintained the call

is allowed onto the transmission path 6.

If the required quality of service is not maintained then an alternative transmission path is selected

and considered as before.

In alternative embodiments, the load on the transmission path may be determined by providing
a database storing tables of effective bandwidth for particular classes of calls for particular loads
and numbers of calls. The network manager will obtain the ef’ fective bandwidth by inputting the
cumber of calls of the various classes on the transmission path in question. The provision of load
values as a table structure will reduce the amount of processing time required since the values are
not generated on-line. This will result in the need for a larger memory'capacity than would be

necessary if the values were generated on-line.

The prior distributions heid in the hisiorical database may, in some embodiments, be updated by

the network manager from the monitored load.

If the call is rejected for a particular transmission path, the network managei may find an -
alternative route for the call in a2 manner well known to those skilled in the art. The new route
will then be tested in the same way by generating a posterior distribution from the selected

historical distribution and the new transmission path’s load.
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Claim 1. A communication network control method for controlling acceptance of a call from
a first nerwork node to a second network node over a transmission path between
the nodes comprising providing a database of activity distributions for particular
classes of calls, classifying the call, sel'ecﬁng from the database a distribution
appropriate to the call, determining a current load on the transmission path due
to calls of that class, generating a posterior activity distribution froin the selected
distribution and current load, and rejecting or ascepting the call on the basis of

the posterior distribution.

Claim 2. A method as claimed in Claim 1 wherein the activity distributions are mean to

peak bit rate distributions.

Claim 3. A method as claimed in Claim 1 or Claim 2 wherein the posterior distribution is
generated from the selected distribution and current load by a Bayesian analysis.
Claim 4. A method as claimed in Claim 1, Claim 2 or Claim 3 wherein the call is classified

by reference to a declared peak bit rate for the call.

Claim 5. A method as claimed in any one of Claims 1, 2, 3 or 4 wherein an effective
bandwidth of calls is determined from the posterior distribution and the effective
bandwidth compared with the bandwidth of the transmission path to determine

whether to accept or reject the call for the transmission path.

Claim 6. A method as claimed in Claim 5 wherein the effective bandwidth is used to :
determine a predicted quality of service if the call is accepted omto the
transmission path and the predicted quality of service is compared with a required
quality of service and the call is rejected if the predicted quality of service is less

than the required quality of service.

. Claim 7. A method as claimed in any preceding claim wherein the load on the transmission
path for all call classes is monitored and a measure of the monitored load stored
and the call is acccpted of the basis of stored monitored load and the posterior

distribution.
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