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Although much progress has been made on accelerating the development and introduction of new telephony features (for example, the Intelligent Network concept) [Viss95], the feature interaction problem [BDCG89] remains one major obstacle for the rapid development and introduction of new features into modern telecommunications systems. This thesis describes a model, based on a formal approach, for specifying a telephony system integrated with both switch-based features and IN features, together with an implemented feature interaction detection systems.  Our system rated among the best world wide in a recently held international context (see §1.3 Feature Interaction Contest)

6.1 Summary


The background and motivation for our work is given in Chapter 1. This chapter also includes a list of contributions. 

Chapter 2 presents a survey of related work on the formalisms that are used to specify telephony systems and of FI detection methodologies using FDTs. 

Chapter 3 gives an overview of the Basic Call Process, a classification of features, and presents the concepts of feature integration and activation. It describes the design of a telephony system model integrated with both switch-based features and IN features, finite or infinite. Four features, INTL, CFBL, INFB and TWC, are used as examples to illustrate the feature integration and activation mechanism. 

Chapter 4 shows the use of LOTOS as a Formal Description Technique (FDT) in specifying the telephony system model and features. First, it gives a brief overview of the LOTOS language by describing its main operators and some examples in the context of telephony network systems. Then, it discusses four main styles of writing LOTOS specifications of telecommunication systems. They are the monolithic style, the state-oriented style, the constraint-oriented style and the resource-oriented style. Each style has its own uses in telephony system specifications and styles can be mixed in one specification to meet different requirements. In our system model, since the observable behavior of the system is described as a composition of separate resources whose functionality is well defined, we chose a mixture of resource-oriented style and state-oriented style: the resource-oriented style is used to reflect the architectural model of the system at the specification level, and the state-oriented style is used to specify features (BCP, INTL, INFB, CFBL, TWC) that are defined by LTSs. 

In Chapter 5, a formal definition of Feature Interaction is provided and an FI Detection System (FIDS) is developed based upon the definition. FIDS deals with the detection of logical interactions which occur when some of the requirements or assumptions (the properties of the system and the features), that must be satisfied when a feature is introduced separately in the network, are violated. Our FI definition improves on the traditional one given by P. Combes et. al [CoPi94] and W. Bouma [BoZu92] by adding system properties into the set of properties that must be checked. This includes the correctness of billing and the consistency of successive signals given to user. 

FIDS consists of five parts: Scenario Designer, which takes the names of features to be considered and designs specific test scenario for them; Integrator, which integrates the test scenarios generated by the Scenario Designer, and the WatchDog process, that monitors the system property violation, into the system specification; FI Hunter, which can find FI sequences violating the system properties and potential FI sequences that will be further analyzed; Property Checker, which examines the potential FI sequences generated from the FI hunter to check the property of the activated features and filters out the FI sequences violating the feature property; and Translator which translates the FI sequences generated from the FI Hunter and the Property Checker into the format of Message Sequence Charts (MSC) and compiles the final FI report. An evaluation of FIDS with respect to the Feature Interaction contest benchmark is given at the end of Chapter 5 in terms of detected FI type, FI number and test scenarios used. The discussion shows that FIDS can detect 7 more FI types and 51 more FIs than the benchmark by using 23 fewer testing scenarios. On the negative side, 23 benchmark FIs were not detected by FIDS and the reasons for this are also discussed in Chapter 5.

The methodology presented in this thesis does not give a general solution to the feature interaction problem but a partial solution limited to the detection of logical interactions at the specification level. Detecting feature interactions at the specification level contributes significantly to speed up the design phase and to the correctness of the design. We have shown that telecommunication system designers can give precise descriptions and validate their designs with respect to potential feature interaction problems before the implementation stage. 

6.2 Future Work


The results of this thesis provide a basis for several future research directions. As new telecommunication features emerge, the need to provide a sound and flexible architecture becomes even greater.  We believe that the model we present here for specifying telecommunications features and for the formalization of the notion of interactions provides a good starting point for defining such architecture. Still, there are many ways by which other contributions can improve and complement our model.

6.2.1 Goal-Oriented Exploration 


As mentioned before, the trace-searching tool of FIDS, Caesar.Exhibitor, needs a fully pre-expanded specification to do the trace-searching. Because of the very large global state space generated, this greatly limits the size of the telephony network, the number of the end-users it can have and the number of features that can be introduced. Therefore, FIDS cannot detect those FIs that involve more than 3 users or complicated features such as CW, TWC, although theoretically they could be handled, see §5.7 FIDS evaluation. One solution to this problem could be using “on-the-fly” state exploration techniques [Pele96], which do not require saving the whole state space. Unfortunately, however, these techniques require more complicated algorithms.  

Another solution to this problem could use Goal-Oriented Exploration methodology. Haj-Hussein et al. [HaLS93] define a new type of inference rules which are capable of generating traces of actions leading to pre-selected actions in the specification. Unlike Caesar.Exhibitor, which needs a full expansion for searching, the goal-oriented exploration tool expands a small part of the behavior tree at a time. However, appropriate tools for this techniques are not available yet.

6.2.2 Enrichment of the system property set


As mentioned above, to establish the completeness and necessity of the derived property set is a big challenge of FI detection. No reference so far provides a systematic way for deriving the property set nor for proving its completeness and necessity. 

Deriving system properties is even more difficult than deriving feature properties. Unlike feature properties, which express expectations of marketable services well known by both sellers and buyers, the system properties are an iceberg of various assumptions made about the network, where the underwater part is noticed only when violated. Work needs to be done in this area.

In our simplified telephony network model, only the basic signals, i.e. signals given to user and billing signals, are considered and investigated. However, in a real system, there are more advanced signals, i.e. signals used for routing and roaming, which need to be analyzed and added into the system property set. 
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