Abstract

Telephony systems have evolved from the Plain Old Telephony System providing only the basic functionality of making phone calls, to sophisticated systems in which many features have been introduced, providing network subscribers more control on the call establishment process. The concept of Intelligent Network was developed to facilitate and accelerate the introduction of new features in a cost-effective manner. However, this objective confronts a major obstacle known as the feature interaction problem. A feature interaction occurs when at least one feature is prevented from performing its functionality or when the system functions incorrectly due to the presence of features. 

In the first part of the thesis, we present a model for specifying a telephony network integrated with both switch-based features and IN features using a mixture of resource-oriented style and state-oriented style as well as a specially organized Abstract Data Type hierarchy. The model is designed in a way that independent specification and rapid introduction of features is provided. 

In the second part of the thesis, we present an improved formal definition of the concept of Feature Interaction and a Feature Interaction Detection System. The system is limited to interactions caused by violation of features or system properties. Feature Interaction between the given features can be detected and presented in the format of Message Sequence Charts via five steps: Test Scenario Designer, Integrator, Feature Interaction Hunter, Property Checker and Message Sequence Charts Translator.

It is concluded that LOTOS is useful as a Formal Description Technique in specifying the telephony system with features and for detecting feature interactions at the abstract specification level.

Acknowledgement

I would like to thank all the people who helped me in completing this thesis.

First, I would like to thank my supervisor, Prof. Luigi Logrippo, for his encouragement, guidance and financial assistance through my graduate studies.

Second, I would also like to thank the members of University Ottawa LOTOS group for all their advise and assistance. In particular, I would like to thank Jacques Sincennes, Laurent Andriantsiferana and Rossana M. Castro Andrade. 

Most of all, I should like to thank my parents, Gui Heng Fu and Su Qin Tian, and my fiancé Tie Xu for their love, support and encouragement. 

Table of Contents

ABSTRACT………………………………………………………………………………………..
I

ACKNOWLEDGEMENT ...………………………………………………………………………
II

CHAPTER 1. INTRODUCTION: MOTIVATION AND BACKGROUND………………….. 
1

   1.1 Introduction …………………………………………………………………………….….… 
1

   1.2 Feature Interaction Problem ……………………………………………………………….… 
3

   1.3 Feature Interaction Contest …………………………………………………………….….… 
5

   1.4 Contributions of the Thesis …………………………………………………………….….… 
7

       1.4.1 Contribution 1: A model for specifying in LOTOS  a telephony system integrated 

      with both switch-based feature and IN features ….……………………………..…………….. 
7

       1.4.2 Contribution 2: Adding system properties into the traditional formal FI 

       definition ……………………………………………………………………………………… 
8

       1.4.3 Contribution 3: A Feature Interaction Detection System …..…………………………... 
8

       1.4.4 Contribution 4: Towards a method of Feature Interaction Detection…………………….
9
   1.5 Organization of the Thesis ……………………………………………….………………..… 
9

CHAPTER 2: RELATED WORK: FORMAL METHODS FOR SPECIFYING THE TELEPHONY NETWORKS AND DETECTING FI ……….………………………………… 
11

   2.1 Formal Specification Methodologies for Telephony Systems …………….…………………
11

       2.1.1 Finite State Machines ……………………………………………………………….…..
11

       2.1.2 Petri Nets ……………………………………………………………………………….. 
12

       2.1.3 SDL ………………………………………………………………………………….….. 
13

       2.1.4 LOTOS ………………………………………………………………………………….. 
14

   2.2 FI Detection Methods Using FDTs ……………………………………………………….…..
14 

       2.2.1 Step-by-Step Execution …………………………………………………………………..
14

       2.2.2 Model Checking ………………………………………………………………………….
15

       2.2.3 Backward Reasoning ……………………………………………………………………
16

       2.2.4 Conformance Theory …………………………………………………….………….….. 
16

       2.2.5 Abstract Data Types …………………………………………………………………….. 
17

       2.2.6 Goal Oriented Method …………………………………………………. …………….... 
17

CHAPTER 3. SYSTEM MODEL DESIGN……………………………………………………...
19

   3.1 General Architecture of the System Model…………………………………………………..
19

   3.2 Notation Description…………………………………………………………………………..
23

   3.3 Basic Call Process……………………………………………………………………………..
25

   3.4 Feature Activation Process……………………………………………………………………
29

       3.4.1 Feature Integration: POT&POR…………………………………………………………
29

       3.42 Feature Activation Process………………………………………………………………..
31

   3.5 Feature Classification………………………………………………………………………….
33

       3.5.1 Switch-based Features……………………………………………………………………
33

       3.5.2 IN Features……………………………………………………………………………….
35

       3.5.3 Finite Features……………………………………………………………………………
37

       3.5.4 Infinite Features…………………………………………………………………………..
37

   3.6 Descriptions of Features………………………………………………………………………
38

       3.6.1 INTL………………………………………………………………………………………
39

       3.6.2 INFB………………………………………………………………………………………
42

       3.6.3 CFBL……………………………………………………………………………………..
46

       3.6.4 TWC………………………………………………………………………………………
49

  3.7 Interface Definition……………………………………………………………..……………..
52

       3.7.1 User/Switch………………………………………………………………………………
52

       3.7.2 Switch/SCP………………………………………………………………………………
54

       3.7.3 Switch to DBAPI…………………………………………………………………………
56

       3.7.4 Switch To Clock………………………………………………………………………….
57

       3.7.5 SCP to DBAPI……………………………………………………………………………
57
CHAPTER 4. LOTOS SPECIFICATION OF THE SYSTEM MODEL …………………….. 
58

   4.1 An Overview of LOTOS ……………………………………………………….…………… 
58

       4.1.1 LOTOS Abstract Data Types ………………………………………………………….. 
59

       4.1.2 The Control Part …………………………………………………………………….….. 
60


4.1.2.1 LOTOS Process………………………………………………………………………………
60
  
4.1.2.2 LOTOS Action……………………………………………………………………………….
61 

   
4.1.2.3 LOTOS Behavior Expressions ……………...………………….…………………….. 
62


4.1.2.4 LOTOS Operators ……………………………………………………………….…... 
63

       4.1.3 Expansion…………………………………………………………………………………
67

       4.1.4 LOTOS Supported Tool: CADP…………………………………………………………..
68

  4.2 Specification Styles of Telephony Systems …………………………………………………. 
70

  4.3 LOTOS Specification of the System Model ………………………………………….….…... 
72

       4.3.1 Abstract Data Types ……………….………………………………………….….…….. 
72

       4.3.2 Architecture of the Specification ………………………………………………...……… 
76

       4.3.3 Process USER & USERS ……………………………………………………..…..……..
79

       4.3.4 Process CLOCK ………………………………………………………………..….……
81

       4.3.5 Process SWITCH ……………………………………………………………..………… 
81


4.3.5.1 BCP ……………….………………………………………………………………... 
82


4.3.5.2 Feature Activation Process …………………………………………………….…….. 
84


4.3.5.3 Features ……………..……………………………………………………………… 
86

       4.3.6 Process SCP ……………………………………………………………………….……. 
86

       4.3.7 Process DBAPI ………………………………………………………………….……… 
87

CHAPTER 5. FEATURE INTERACTION DETECTION SYSTEM…………………………
89

  5.1 Classification of FI……………………………………………………………………………..
89

  5.2 Formal Definition of FI ………………………………………………………………………..
90

  5.3 Two Phases of FI Detection Process……………………………………………………….…..
91

       5.3.1 Validation Phase………………………………………………………………………….
91

       5.3.2 Detection Phase…………………………………………………………………………..
92

  5.4 Deriving the Properties of Features…………………….……………………………………..
93

       5.4.1 Feature Composition ……………………………………………………………….…..
94

       5.4.2 System Properties………………………………………………………………………..
95

       5.4.3 Feature Properties……….………………………………………………..……………..
97


5.4.3.1 Derived Property of INTL…………………………………………………………….
99


5.4.3.2 Derived Property of INFB……………………………………………………………. 
99


5.4.3.3 Derived Property of CFBL…………………………………………………………….
100


5.4.3.4 Derived Property of TWC……………………………………………………………..
100

5.5 Feature Interaction Detection System……..……………………………………………………
102

5.6 FI Detection between INTL and CFBL, INFB, TWC…………………………….……….……
107

       5.6.1 Scenario Designer: TestScenario Generation……………………………...……….……
107

       5.6.2 WatchDog………………………………………………………………………………...
111

       5.6.4 Integrator…………………………………………………………………………………
113

       5.6.5 FI Hunter…………………………………………………………………………………
113

       5.6.6 Property Checker…………………………………………………………………………
118


5.6.6.1 INTL……………………...………………………………………………………….
119


5.6.6.2 INFB…………………………………………..……………………………………. 
120


5.6.6.3 CFBL……………………………………………………………..………………….
121


5.6.6.4 TWC………………………………………………………………………………….
122
       5.6.7 MSC Translator…………………………………………………………………………..
122

  5.7 FIDS Evaluation – Comparing Our Result with the Benchmark………………………………
126

       5.7.1 Comparison Based on FI Types……………………..…………………………………...
127

       5.7.2 Comparison Based on the Number of FI Detected………………….……………………
128

       5.7.3 Comparison Based on Testing Scenario Used Per FI …………..…………………….…
130

CHAPTER 6. CONCLUSIONS AND FUTURE WORK……………..………………………...
132

  6.1 Summary……………………………………………………………………………………….
132

  6.2 Future Work……………………………………………………………………………………
135

       6.2.1 Goal-Oriented Exploration……………………………………………………………….
135

       6.2.2 Enrichment of the System Property Set…………………………………………………...
136

APPENDIX.COMPARISON BETWEEN FIDS RESULT AND THE BENCHMARK FI…..
137

BIBILOGRAPHY…………………………………………………………………………………
145

LIST OF ACRONYMS……………………………………………………………………………
150

List of Figures

Fig 3.1 
Architecture of the System Model………………………………………….
19

Fig 3.2 
The LTS Tree of BCP ……………………………………………………..
26

Fig 3.3 
The Interacting Relationship between BCP and Other Features…………...
30 

Fig 3.4

BCP Integrated with FAPs………………………………………………..
32

Fig 3.5 
An Example of Switch-based Telephony Network………………………...
34

Fig 3.6 
An Example of IN Telephony Network……………………………………
36

Fig 3.7 
Classification of Features ………………………………………………….
38

Fig 3.8 
The LTS Tree of INTL……………………………………………………. 
40

Fig 3.9 
The LTS Tree of INFB……………………………………………………..
44 

Fig 3.10 
The LTS Tree of CFBL…………………………………………………….
47 

Fig 3.11 
The LTS Tree of TWC.…………………………………………………….
50 

Fig 4.1

An Example of Second Level ADTs……………………………………….
73

Fig 4.2

ADT Hierarchy Pyramid …………………………………………………..
75 

Fig 4.3 
Graphical Representation of the Top Levels of the Specification………….
77

Fig 4.4 
Top-level LOTOS Specification……………………………………………
78

Fig 4.5 
LOTOS Specification of Process USER and USERS………………………
80

Fig 4.6 
LOTOS Specification of Process CLOCK…………………………………
81

Fig 4.7 
LOTOS Specification of Process SWITCH…………………………….…..
82

Fig 4.8 
LOTOS PIC Processes (partial)…………………………………………….
83

Fig 4.9  
Feature Activation Process…………………………………………………
85

Fig 4.10  
LOTOS Process of SCP…………………………………………………….
87

Fig 4.11 
LOTOS Process of DBAPI…………………………………………………
88

Fig 5.1 
Feature Interaction Detection System…………………………………….
104

Fig 5.2 
Test Scenario for INTL and CFBL…………………………………………
110

Fig 5.3

The WatchDog Process……………………………………………….……
112

Fig 5.4 
System Integrated with WatchDog and TestScenario………….…………..
114

Fig 5.5 
An MSC Example…………………………………………………………..
124

List of Tables

Table 5.1
Compatible Relations of Signals Given to User……………………………
97
Table 5.2 
The Mapping Table of FI Types.……………………………………….…..
127

List of Charts
Ch 5.1

Comparison between FIDS Result and the Benchmark…………………...
130
PAGE  
IX

