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Abstract

Title : A performance model of a telecommunications network
structured according to Intelligent Network principles

Author : Adrian Newcombe

The Intelligent Network (IN) is an telecommunications services architecture which
enables the rapid creation and deployment of supplementary telecommunications
services. However, this flexibility makes the management of the network performance
critical in ensuring that customers receive their expected Quality of Service. This thesis
describes a model which has been developed to predict the delays in the network due to
IN-specific service processing.

The model proposed is a queuing network which builds on the existing state of the art as
follows. The characteristics of the flows between the IN physical entities are considered
and general service time distributions are assumed at each entity. Additionally, the model
allows the reservation of capacities as the SCP for each service type. An analytic
formulation was developed using the decomposition approximate method. The model was
also simulated in order to ascertain its’ accuracy.

The results of the analytic solution and the simulation were compared for different
scenarios and the results are presented in this thesis. The analytic approximation was
found to be a very good solution for situations where network utilisation was low or
medium. As the utilisation of the network increases to higher utilisation factors, the

accuracy of the analytic solution decreases.
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Chapter 1

1. Introduction

The Intelligent Network (IN) is a telecommunications network service control
architecture defined by ITU-TS. It provides a framework for the fast and efficient
provisioning of new services through the reuse of service capabilities and network
resources. The IN aims to facilitate service/network implementation-independent
provisioning of telecommunications services in a multi-vendor environment. This is
achieved by removing the dependence of operators on service developments by
equipment vendors and by providing reusable, service independent functions, which may
be used to ease the specification and design of new services. The processing of an IN
service occurs at distinct and specialised functional components in the network - in other
words, the service logic is distributed over each of the functional components. These
components may be collocated in the same physical equipment, or may be distributed
across physically separate Network Elements.

This situation is quite different to the traditional implementation of service logic in a
telephony network. In such cases, while the call itself makes use of many different
network resources (e.g. switching), the service logic resides at the end points of the
network. This means that the processing of value added services such as Freephone, or
Call Forward is performed at the local exchange, requiring the appropriate service logic at
each of the local exchanges in the network.

Due to the different nature of the service processing in an IN structured network, it is
important to consider what impact this new paradigm will have upon existing
performance models of networks. The need to model the performance of the network has
been apparent since the development of the first telephone networks. As networks
become more complex and their usage grows further, the need to model the performance
also increases. There are many situations in which it is important to model the

performance of a telecoms network, including :



¢ During network planning, it is important that the network planner is able to
predict the performance of the planned network. By modelling the
performance of a planned network, the operator can determine a-priori what
the expected performance of such a network should be.

e During network and resource dimensioning. In Telecoms networks, resource
dimensioning is generally done by estimating the amount of resources
required to meet the real or projected service usage and their associated
Quality of Service (QoS) requirements.

¢ During performance optimisation of the network. This allows the analysis of
planned changes to the network configuration, without committing the
expenditure of implementing the new configuration.

e During service provisioning. When the operator is introducing a new service
to the network or providing an existing service, to a new region, or large
corporate customer, a large load may be added to the network. It is essential
that the operator determines beforehand, what the effect on the network, of
such a significant service load will be.

¢ During the drafting of service level agreements. It is increasingly common for
large customers to enter into service level agreements about the costing and
the QoS which the customer can expect. It is important for the service
provider to be able to determine the nature of the performance related QoS
parameters, before the provider can commit to such an agreement.

e During the development of ‘crash plans’ for the network. A crash plan is a
plan of action to be taken when a certain overload or failure scenario occurs in
the network (e.g. a television phone-in causes an unprecedented load on
certain network resources, congesting them or causing a network resource to
fail). A performance model can be used to evaluate the performance of the
crash plan.

Given these motivations for performance modelling, it is important to address some
specific motivations which occur in an IN structured network. These arise from the

manner in which services are processed in the IN. The processing of an IN service is



distributed across the IN functional components. The advantage of this is that service data
and logic are in centralised locations and provisioning is more efficient. The operator
does not have to deploy the service in every switch or network equipment, but instead
deploys in a set of centralised nodes.

However, due to the distributed and shared nature of IN service execution, it is necessary
to consider the impact that a particular service will have upon the performance of other
services and on the performance of the network resources. A problem occurring at one of
these resources can affect all of the services at that service resource [1]. Additionally,
because the cverall processing of a service is performed at several nodes, a failure at one
node may have a knock-on effect on other nodes and affect a larger number of subscribers
[1]. Thus, the processing of the service is analogous to a chain, which is only as strong as
its weakest link - if a link were to break, the chain is broken, while if an IN resource were
to fail or become congested, the knock-on effect would be felt by the other IN resources
with which it is associated.

The operator will wish to avoid these problems as :

« A violation of the QoS parameters associated with a service is a breach of the
contract for that service.

« In a competitive environment, customer-operator contracts may contain
penalty clauses for each time QoS is violated. In such a case, the operator may
have to pay the customer 'compensation’ for each breach of contract.

o The customer may become tired of these breaches and may move to an
operator whom they perceive as being better able to meet their needs.

e« Where such congestion occurs, calls may be lost in the network due to
unavailability of resources or the calling party getting impatient with the
delay.

Each of these represent a loss of revenue to the operator, a situation that the operator must
rectify to become efficient and remain competitive. However, if an operator reduces these
problems by ensuring that there are always more than enough resources in the network to
meet the demand, then the operator introduces another problem. If resources are under

utilised, then there are resources in the network for which the operator is not getting any



return. As these resources cost money, then it is effectively money invested for which the
operator is not gaining any benefit. Obviously the operator will also want to minimise the
occurrence of this situation, so that all resources in the network are utilised as much as
possible. So the challenge for the operator is to minimise the QoS problems experienced
by service users while attempting to utilise scarce network resources to their full extent.
This means that a performance model of the network is required, which allows an
operator to predict the performance of a given network configuration under a particular
service load.
This thesis describes a performance model of an IN structured network which has been
defined. The model is a queuing network which enables the prediction of the mean delays
experienced by services in the network. An analytic formulation has been developed for
the queuing network which allows the formulation to be readily implemented on a
computer. A simulation was also developed to validate the results of the formulation.
In the remainder of this report, a performance model of an IN structured network is
proposed. The aim of the work is to define a tractable analytic model of the performance
of the resources and services in the network. The model is then compared with a
simulation of the network, in order to determine the efficacy of the solution.
The report is organised in the following manner.

e Chapter Two presents the IN concepts and a state of the art survey of IN

performance models.
e Chapter Three provides a short overview of queuing theory.
e Chapter Four describes the proposed queuing model of the network, the associated
analytic solution, and the simulation used to compare the results.
e Chapter Five details the results of the work.
e Chapter Six documents the conclusions of the work and the recommendations for

further study.


















































































































































































































































































































































































































