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Abstract

LOTOS (Language Of Temporal Ordering Specification) is a Formal Descrip-
tion Technique (FDT) based on the temporal ordering of observational behaviour.
It was developed by ISO (Intemational Organization for Standardization) for the
specification of OSI (Open Systems Interconnection) services and protocols.

The topic of this thesis is first to present a Sample Telephone System, then
formalize it using the FDT language LOTOS. The resulting LOTOS specification
is then validated using an interpreter. Testing the design of the specification is
also discussed.

The thesis is structured as follows: in Chapter 1, we present an introduction to
formal description techniques along with a review of some relevant existing work
and the objective of this thesis. The next Chapter gives an overview of the LOTOS
language. In Chapter 3, we discuss concepts of design of telecommunication
systems. The Chapter includes an overview of telecommunication systems along
with an informal description of a Sample Telephone System. In Chapter 4,
we discuss the formal description in LOTOS of the Sample Telephone System
presented in Chapter 3. Validation and testing of the specification are also part

“of Chapter 3. The conclusions of the thesis along with a discussion of possible
future work follow in Chapter S.

Appendix A presents some technical abbreviations, and the Sample Telephone
Specification is presented in Appendix B. In Appendix C, we present a set of test
processes used o test the Sample Telephone Specification. Finally, some important
symbolic trees of processes are presented in Appendix D.

ii



Listof Figures .. ..... ... .. X
List of LOTOS Specifications . . .. ............... Xii
Chapter 1 Introduction .. ...... ... ... 1
Section 1.1 Background and Motivation of the Thesis ...... 1
Section12 RelatedWork .............. . 3
Chapter 2 An Overview of the LOTOS Language ... 5
Secticn 2.1 Introduction . ..... ..ottt 5
Section 2.2 LOTOS BehaviourExpressions . . . . ......... 5
2.2.1 Introduction . . . . ... ittt e e e 5
222 ActionPrefix . ... ... .. it 5
223 Enabling. . .. . ... i i i e 6
224 Internal Action . ... ... ... i e 7
2.25 Successful Termination . .................. 7
226 Disabling ......cciiiiniiiiinrnnnn. 8
2.27 Choice. .......ci it iiiiiienn-n 8
228 Inaction ... ... e 9
2.2.9 Process Instantiation . . . ... ............... 9
2210  Parallel Composition . . .................. 10
2.2.10.1 Independent Parailel Composition (Intereaving) . 10
2.2.10.2 Generalized Parallel Compesition . ......... 10
2.2.11 Hiding .......cciiiiiiiiiinn.. 12
2.2.12 Guarded Behaviour Expressions . ........... 12
2.2.13 Dischoice Construct ... ................. 13
2.214 tetConstruct . .......... ... iien-n. 14
2.2.15 ParConstruct . .. .......c.oiinnnnn 14

Table of Contents

iv



Section 2.3
Seaction 2.4

241
2.4.2
243
244
Section 2.5
2.5.1
2.5.2
2.5.3
254
2.5.5
Chapter 3
Section 3.1
3.1.1
3.1.2
3.1.3
3.1.3.1
3.1.3.2
3.1.3.3
3.14
3.1.4.1

3.1.4.2
3.1.4.3

Scope of Variable Declarations in LOTOS .. ... 15
Debugging LOTOS Specifications Using an
Iterpreter . ... v i it e e 18
Introduction. . . .. ... it e 18
Step-by-Step Execution . .. ............... 18
Symbolic Trees of Processes .. ............ 24
Conclusion ... ...ttt nnuennnnnnns 26
Specification Styles in LOTOS ............ 27
Introduction. . . ... ... ittt 27
MonolithicStyle . ... ... ... 27
Constraint-Oriented Style . . ... ....ovuunn.. 28
State-Oriented Style . ....... ... i 28
Resource-Oriented Style ................. 28
The Design of Telephone Systems .... 29
An Overview of Telecommunication Systems ... 29
Infroduction. . . . ... ... it i e 29
Distributed Systems .................... 29
Structure of a Telecommunication System . ... .. 32
The Centralized Structure . .............. 32
The Decentralized Structure . . . . .......... 33
The Distributed Centralized Structure . . ... ... 34
Design of a Telephone System . ............ 34
The Integrated Per=pective of a Telephone
System . ........ ... i 35
The Communication Service. . .. .......... 36
Structure of aConnection . .............. 37

v



Section 3.2  Informal Description of a Sample Telephone

System . . ... ... ... e 38

3.21 Introduction. . . ..... ... . . i i, 38
3.22 Technical Terminology . . . ... ... ... ...... 39
3.23 Structure of the Sample Telephone System. ... .. 41
3.2.3.1 Introduction . .......... ... .. ... 41
3232 AnAbstactView............ciiiiennn 41
3.23.3  Structure of a Single Connection . . . ........ 43
3.2331 TheTransmitter .................... 4
32332 TheReceivaer.......... ..o 46
3.23.33 TheConnectonHandler............... 46
3.2.3.3.4 The Additional Subscribers . . ........... 52
3234 TheSystemNetwork .................. 53
3.24 Definition of Telephone Signals .. ... .. ... ... 54
3241 Introduction ....... ... .. ... 54
3242 BusySignal ......... ... ... i 55
3243 OutOfServiceSignal.................. 55
3244 DialingSignal . ......... it 55
3245 RingingSignal ......... ... .. . ..., 55
3.246 DisconnectSignal . ........... ... .... 56
3247 ForwardSignal ... ... .. ... ... ... 56
3.25 Features of the Sample Telephone System . . . . .. 56
3.2.5.1 Infroduction . . ... ... . ... .. ... .. ... 56
3252 RingAgainFeature ................... 57
3.253 ForwardFeature ..................... 57
3254 HoldFeature ....................... 57
3255 LstenonHold ............ ... . ... S8
3.25.6 Transfer/Three-Way Calling Feature . . .. ... .. 58
3.25.7 ConferenceCallFeature ................ 59

vi



3.26 Call ProcessingPhases . . .. .............. 59
3.26.1 Introduction . ......... it 59
3.26.2 OrgnatonPhase ..........c.ccoivun-n 61
3263 TeminationPhase.................... 62
3.26.4 DisconnectionPhase .................. 65

3.27 Informal Description of the System Requirements. . 66
3.27.1 Introduction . ....... ... it 66
3.27.2 Definition of the Set of Requirements ... ... .. 66

Section33 Conclusions . ....... ... 68
Chapter 4 Formal Description in LOTOS of the Sample
Telephone System . .............. 69
Section 4.1 Introduction . .......cci it 69
Section 4.2  Architecture of the Sample Telephone
Specification. . .. ... i, 69

4.2.1 Introduction. . . . ... .. i 69

422 DesignPrinciples . . ........ccvvinnn. 70

4.23 Use of Specification Styles in the Sample Telephone

Specification . ......... ..ttt 71

4.2.3.1 The Extensional Description of 2 System. . . . .. 71
4.23.1.1 The MonolithicStyle ................. 71
4.2.3.1.2 The Constraint-Oriented Style ... ........ 72
423.2 The Intensional Description ofa System . .. ... 73
4.2.3.21 The State-OrientedStyle . ............. 73
4.23.22 The Resource-OrientedStyle. . .......... 73

424 Use of Constraints in the Sample Telephone

Specification ..............iiiiiian, 74

4241 localConstraints. . ............ e 74
4242 Endto-EndConstraints ................. 75
42432 GlobalConstraints . . .................. 75

vii



Section 4.3  General Structure of the Sample Telephone

Specification

4.3.1 Intfroduction. . .. ... ... ... i i i

432 Top Levels of the Specification .............

4.3.3 Description of the Abstract Data Types ........
4.3.4 Informal Description of the Sample Telephone

------------------------

Specification . ....... ... i i

Section 44  Design Steps of the Sample Telephone
Specification. . . .. ... ... .. i it
4.41 Introduction. . . ... .. i i
4.4.2 Processing Disconnection of Telephones . ... ...

4.43 - Creating Concurrent Connections
444 Design of a Single Connection
4441 The Origination Side
4442 TheDestinatonSide ..................
4443 TheConnectionHandler ................
445 Specification of the Sample Telephone Features . .
4.45.1 Ring Again and Call Forward Features
44511 RingAgainFeature..................
44512 CalForwardFeature................
4.45.2 Hold, Transfer/TWC, and Conference Features .
4.4.5.2.1 Formal Description of Hold Feature . . . . . ..
4.4.5.2.2 Formal Description of Transfer/TWC Feature .
44523 Formal Description of Conference Call Feature
44524 Specification of the Invoker of a Feature . ..
4.4.5.25 The Additional Subscriber
44526 ThePartyOnHold .................
4453 The Controller of Features Processing . ... ..
4.46 Formal Description of the System Network . . . ..

------------
--------------

------------------

viii



Section 4.5
4.5.1
4.5.2
4.5.3

Section 4.6

Section. 4.7

Chapter 5

Section 5.1

Section 5.2

Section 5.3

Appendix A

Section A.1

Section A.2

Section A.3

Section A4

Appendix B

Appendix C
Appendix D
Bibliography

Debugging the Sample Telephone Specification 120
INtrodUCtioN .« « v v v vt i h et 120
Step-by-Step Execution of the Specification .. .. 121
Symbolic Execution Trees . . ..........o v 126

Testing the Sample Telephone Specification . . . 127

ConcluSION . . . vt n ettt e 130

Conclusions & Future Work . . . ... ... 131

ConclusIoNS . ..ot ittt st e 131

Specification of Timing Characteristics . ... .. 132

Future Work . . . . . . . ottt i it 134

Technical Abbreviations .. ......... 135

KeyS . .iiii ittt 135

Signals . ... it i i i 135

External TORES . ... .. i viviemaannnnn 136

Other Abbreviations . .. .........cco.-. 137

LOTOS Specification of the Sample

Telephone System . . ... ......... 138

TestProcesses . . . v o v v v v v i a v e s 183

Symbolic Execution Trees of Processes . 204

............................ 209



Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11

Figure 12
Figure 13
Figure 14
Figure 15
Figure 16

Figure 17
Figure 18

Figure 18
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25

Figure 26
Figure 27
Figure 28
Figure 29

List of Figures

The Abstract View of a Distributed System . ... 30
Refinement of a Distributed System . . . ... ... 31
Refinement of an Embedded System (s3) ... .. 32
A Centralized Structure ofa System. . ... .. .. 33

A Decentralized Structure of a System . .. .... 33
A Distributed Centralized Structure of a System . 34
The Telephone System, an Integrated Perspective 35
A Snapshot of a Telephone System Configuration 36
Decomposition of a Single Connection ....... 37
The DMS-100 Business Set . . . .. ... .. ..., 33
An Abstract View of the Sample Telephone

SySteM . . . . et i s 42
ABusyline ... ... ... . i 44
AFreeline ........... . i 45
ForwardingaCall .. ........ ... ... ... 47
A Sample Evaluation Network. . . . ... .. .. .. 48
An Evaluation Graph for the Transmitter's
Communication Scenario . .............n 50
An Evaluation Graph for the Receiver's
Communication Scenario ............... 51
An Evaluation Graph for the Disconnection's
Communication Scenario . .............. 52
Structure of the System Network . . . . ... .. .. 53
Call Processing Flowchart for Line Origination . . 60
Flowchart for OriginationTests . ........... 61
Flowchart for Tarmination Tests . . . . . ... .. .. 63
Flowchart for Ring Again Feature . ......... 64

Flowchart for Transmission Path Disconnection. . 65
Top Level's Graphical Representation of the

Specification . ........... P 80
Refinement of 2a One_Connection .......... 81
Different Types of a Disconnection. . . ... .... 87
Creating Multiple Connections . ........... 89

Refinement of the Origination Side ......... 91

X



Figure 30
Figure 31
Figure 32

Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38

Refinement of the Destination Side ......... 94

A Configuration of the Connection Handler .... 96
Temporal Ordering of Intemal Events in & Normal

Call ... i e e et 97
Flowchart of Processing a Ring Again Feature .. 99
Flowchart of Processing a Forward Feature . . . 102
Flowchart ci the First Stage of Invoking aFeature 105
Invoking a Feature within a Conversation .... 107
The Controllerof Features . . ... ......... 115
Refinement of the System Network . ....... 117



List of LOTOS Specifications

Specification 1
Specification 2
Specification 3
Specification 4
Specification 5
Specification 6
Specification 7
Specification 8
Specification 9
Spacification 10
Specification 11
Specification 12
Spedcification 13
Specification 14
Spaecification 15
Specification 16
Specification 17
Specification 18
Specification 19

Specification 20
Specification 21

The Topmost Leve! of the Specification . . . .. .. 76
General Structure .. ....... ... . ..., 77
Top Levels of the Specification . ........... 79
Process Multi_Connections Definition . .. ..... 89
Process One_Connection Definition . . . ... ... 90
Process Subscriber Definition . . . . .. .... ... 9
Process Origination_Side Definition ... ...... 93
Process Destination_Side Definiten . . .. ... .. 94
Process Connection_Handler Definition. . . . . .. 98
Process Ring_Again_Feature Definition ... .. 101
Process Call_Forwarded Definition ........ 103
Process User_Talk Definition ............ 104
Process Feature Definition. . . . .......... 105
Process More_Conference Definition . ...... 109
Process Invoke_Feature Definition . . .. ... .. 111
Process Additional_Subscriber Definition . . . . . 112
Process Party On_Hold Definition . . ... .... 114
Process System_Network Definition . . . ... .. 118
The Symbolic Execution Tree of the Process
Origination_Side . . ....... ... .. ...... 127
A Simple Call TestProcess .. ........... 129
The Symbolic Execution Tree of the Simple Call
TeStProcess . ... o it i i it e 130
xii



Chapter 1 Introduction

Section 1.1 Background and Motivation of the Thesis

The conventional method of Telephone System design and implementation
does not use an effective methodology for finding design errors before the
implementation is derived. Consequently, many design errors become visible only
after the implementation phase. Removing such errors requires costly redesign and
reimplementation. In this thesis, we propose a different methodology, involving
the use of an executable specification language. In such a methodology, the
specification becomes a prototype of the implementation. By executing the
specification, many design errors can be caught before they are cost in the
implementation.

LOTOS is an executable specification language developed by ISO for the
specification of OSI services and protocols. It has a formal basis and it has been
shown to be appropriate for the specification of other types of opea distributed sys-
tems as well. Furthermore, it is important to note that although the Specification
and Description Language (SDL) [CCI88] is the most commonly used language
for the formal description of standard telephone services, the CCITT (Consultative
Committee for International Telegraph and Telephone) has beea smdying LOTOS
as a more advanced technique for the formal description of distributed systems.

The first aim of this tt :sis is to design a Telephone System that provides
its users with a number of telephone features. Then, the structure of this Sample
Systern will be refiected in its formal description using the FDT language LOTOS.
The resulting Telephone Specification is validated and its design is tested by use
of an interpreter. By this application, we show that the LOTOS language is
appropriate for formally specifying not only Plain Old Telephone systems (POTS
) but also more complex ones. We show also that LOTOS concepts allow users
to design a system in a stepwise fashion. The telephone features provided by
the Sample System include Call Forward, Ring Again, Call Transfer/Three-Way
Calling, Hold a Call, and Conference Call features.

Our LOTOS specification of the Sample Telephone System allows for an
arbitrary number of subscribers to use the Telephone Service simultaneously.
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Therefore, multiple connections may be processed in parallel.  Another useful
feature of this Sample Telephone Specification, is that it allows the environment to
update the system at any time during its functioning!. Because of the complexity
of the system designed, our specificaton uses a mixture of the different styles
known in the domain of LOTOS specificatons. The use of any style may depend
on the level of abstraction of the system. '

_ An important particularity of Telephone Systems is that they are governed by
the use of signals. The type of a signal being exchanged depends on the status
of the requested line. This has led to a design of a specificaton based on the
use of constraints. Constraints include the functioning of a specific entity in real
wotld Telephone Systems and of the system requirements on the use of a line.
The possibility of well structuring a specification in LOTOS helps us to design
the Sample Telephone System in a stepwise refinement approach and may lead to
a more precise description of the system. This method may help designers to get
a complete specification of telephone features at the design stage, and therefore it
enables early detection of design errors. All these aspects are discussed in detail
in this thesis.

For the purpose of readers acquainted with the area of software engineering
and real time systems design, we must mention that some technical terms, such
as ‘design’, ‘architecture’, and ‘structure’ are used in this thesis with meanings
that may differ from the ones encountered in these areas. Our description of the
elephone system in LOTOS uses the features of this language to describe the
system’s externally visible behaviour. It does not extend to describe the structural
modules of the system in an implementation architecture. This distinction is
mainly due to the concepts of the LOTOS language as a specification oriented
language. So, we have used a specification structuring style that aims at maximum
expressiveness in view of what can be done using the various LOTOS coastructors,
rather than aiming at structuring the specification in view of an actual system
structure. In other words, the terms mentioned above refer to specification
structuring, rather than to physical system structuring. If our aim had been to
show a system structure, we would have had to use a different, and probably
more complicated, structure.

1 Updating the system refers to adding new lines to the telephone system or removing some old lines from that system.
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Similarly, we use the term ‘component” to denote 2 specification component
or a part of it. A component here is represented as a process which interacts with
the other components via gates. So, the remarks above are also valid for the term
‘component’ as it is used here and where the philosophical meaning differs from
its use in ‘real time systems design’.

LOTOS allows to describe systems in a modular way. This has helped us
in the construction (design) of the system in a step wise fashion. A system
may be decomposed into subsystems where each subsystem may be viewed as
a process in a specification. A process in LOTOS can be a constraint, but it
may also represent a component which sometimes represents an independent part
of the overall system (specification). Therefore, from the design point of view
this construction can be viewed as at least a step in the design of a system (its
behavioural part).

Although there may be some disagreements over the appropriateness of the
use of these terms, we have used them consistendy in the thesis. We hope that
these clarifications will help the reader not to confuse their use in the two distnct
domains of LOTOS and real time systems design.

We conclude this thesis with a discussion of the specification debugging
method which involved the use of an interpreter [HFHS88], along with a presentation
of some interesting test sequences taken from real world functioning of Telephone
Systems and used as a basis to test the design of the specification in LOTOS.

Section 1.2 Related Work

During the last few years, our research group has been investigating different
applications of the LOTOS language. This includes the formal specification of
some OSI services and protocols [Gue89], distributed systems [HFI88], and basic
telephone systems [FLS90J{FLS91]).

The latter study was the subject of an early work leading to the specification
of a simple telephone system based on the concepts of POTS (Plain Oid Telephone
Systems). The specification given in [FLS90] was used as the basis of our work.
As mentioned in the previous section, this specification included only the basic
operations of POTS.



A number of different technigues have been used in the formal description of
Telephone Systems. In [Zav85], a formalism for describing distributed systems,
applied to Teleprone Systems, is presented. Bicbow and Hagelstein [BH] have
given a different formalism to write specifications by using algebraic abstract data
types. The latter was applied on a Telephonic example. In 1989, Tvrdy [Tvr89)
published a paper showing the application of the LOTOS language to the formal
scecification of Telephone Systemc. Also, Cam and Vuong [CV90] have specified
a mobile telephone system in LOTOS. In late 1989, an object-oriented approach
[Sim89] was applied on the specification of a Telecommunication Service using the
MLog programming language [Kar89). It includes the basic telecommunication
service and also 2 number of supplementary services and their combinations.



Chapter 2 An Overview of the LOTOS
Language

Section 2.1 Introduction

LOTOS is a formal specification language developed by ISO for the specifi-
cation of OSI services and protocols. The basic idea that LOTOS developed from
was that distributed systems can be described by defining the temporal relation be-
tween events in the externally observable behaviour of a system [ISO88]{ISO89].

LOTOS specifications consist of two components: 1) the control component,
based on Milner’s CCS [Mil80] and Hoare’s CSP [Hoa85], deals with the de-
scription of process behaviours and interactions, and 2) the data component that
describes the data structures and value expressions used in that system. This part
of LOTOS is based on the formal theory of algebraic abstract data types. Most
concepts in this component were inspired by the abstract data type technique
ACT ONE.

In the next sections we give a brief overview of the LOTOS language, we
discuss the execution of LOTOS specifications using an interpreter, and then we
discuss the use of specification styles in LOTOS.

Section 2.2 LOTOS Behaviour Expressioﬁs

2.2.1 Introduction

In this section we present the semantics of some LOTOS operators. The ex-
amples used in the explanation of operators are taken from our LOTOS Telephone
Specification. This is to facilitate understanding of the telephone systems specifi-
cations in LOTOS. Fore more details on LOTOS language see [BB87]. Behaviour
expressions are built out of actions and behaviour operators.

2.2.2 Action Prefix

This operator is used to prefix a behaviour expression with an event. An
event is an action composed of a gate, an optional list of expected or offered
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values and an optional predicate {(condition on values). It is also called “action”
or “action denotation™.

process Caller [user,line] :noexit:=
user \OffHook ?N:phone §
Calling [user line] (N)
endproc

This can be translated as, Calling process is preceded by an OffHook event
from the user originating a call.

2.2.3 Enabling

This operator is used to sequence two behaviour expressions or processes.
The first process or behaviour expression has to successfully terminate in order
to enable the execution of the second one.

process Calling [user line] (N:phone) moexit:==
Dialing [user,line] (N)
>>
Termination_Phase [user.line] (N)
endproc

The termination of the process Dialing enables the execution of process
Termination_Phase’s events.

Another type of enable operator is the sequental composition with value
passing.

process Calling [user,line] (N:phone) moexit:=
Dialing [user,line] (N)
>> |
accept N.phone in
line IN !CONN ;
User_Talking [user,line] (N)

6



endproc

The first process “Dialing” terminates and enables the second process to be
executed with passing to it the telephone numbers renamed by N and CN in the
accept construct.

2.2.4 Internal Action

An internal action, denoted “i”, is an action that a process can execute
independently, i.e. without collaboration with the environment. It can be used
to represent an internal event such as a shutdown or internal synchronization
between processes.

process Multi_Connections [user,line] noexit:=
One_Connection [user line]
I
1;
Multi_Connections [user line]
endproc

The internal action “i” in this process represents the internal events performed
by the system before creating a new connection. It is also used to make it possible -
to execute the specification on a simulator, because without it, an infinite number
of copies of process “One_Connection” would become simultancously enabled

(unguarded recursion).

2.2.5 Successful Termination

A process or behaviour expression terminates successfully if it performs all
the actions and then executes the LOTOS action exit which offers a special event
and then behaves as stop. -

process Dialing [user line] (N:phone} moexit:=
line N \DITO ;
user N 'DialKs ?CN:phone ;
line \CN !CORE ;



exit ()
endproc

On executing the action exit(N) the process Dialing is said 10 be successfully
terminated. If Dialing enables another process, we have an internal action
followed by the first action of the second process.

2.2.6 Disabling

This operator is used to express the situations where a process or behaviour
expression can be killed by an exceptional event during its normal functioning,
And as our goal is to specify communication systems, such situation can be

seen as the disconnection process that may occur at any time to interrupt the
communication.

process User_Talking [user,line] (N:phone) :noexit:=
Conversation [user line] (N)
[>
User_Termination [userline] (N}
endproc

Note here that the process User_Termination may occur and thus interrupt the
communication path, even before the conversation starts.

2.2.7 Choice

This operator allows the user to define different alternatives for a given process
depending on its actal state.

In the process User Termination (sce below) we define two alternatives for
the user terminating a call. The user may go OnHook, or it may receive a
disconnection indication from the other side after which tme it will be forced
to go OnHook.

process User_Termination [user line] (N:phone) ‘noexit:=
Hang_Up [user line] (N)

O



line \N 'DSIN ;
Hang_Up [user line] (N}
endproc

Note that the user cannot hang up the welephone and receive a disconnection
indication (DSIN) at the same time.

2.2.8 Inaction

An inacton is denoted by a “stop™ and represents a deadlock. It is used to
terminate (unsuccessfully) the sequence of actions of a behaviour expression or
a process.

process Hang Up [user,line] (N:phone) noexit:=
user \N HangUp ;
line N \DISC ;
StOp

endproc

2.2.9 Process Instantiation

When instantiating a process, its formal variable parameters are substituted
by the actual ones and its formal gates are relabelled by the actual gates at
instantiation time.

In telephone systems users can stay on the telephone for as long as they wish (for
a single call). In LOTOS, this can be achieved by recursively instantiating the
same process corresponding to the sequence of events for a specific user.

process Conversation fuser,line] (N:phone) :noexit:=
user N \SendVo ;
line N WVOCE ;
Conversation fuser,linej (N)

endproc



2.2.10 Parallel Composition

There are three parallel composition operators in LOTOS: interleaving, full
parallelism, and selective parallelism.

22.10.1 Independent Parallel Composition (Interleaving) The interleaving
operator “ ||| ™ is used to allow behaviour expressions or processes to be exe-
cuied independendy and in parallel.

process Telephones [userline] :noexit:=
( user '0ffHook IN:phone ;
line \N \DITO ;
user 'N DialKs "CN:phone ;
line 'CN \CORE ;
stop

!

( line 7CN:phone \COAT ;
line 'CN RING ;
user 'CN 'OffHook ;
stop

)

endproc

This represents a pure interleaving of two behaviour expressions. First either
one of the first actions in the two behaviour expressions may be offered and then

any one of the remaining actiors in the behaviour expressions respectively may
be offered and so on.

2.2.10.2 Generalized Parallel Composition The parallel composition operator
“ || ~ is used to force events on some specific gates to synchronize.

In our previous example, a user’s line may get a connection attempt (COAT) signal
before initiating a call from another side. To avoid such an anomaly, one may
add in parallel a third process that synchronizes with the other two on gate “line”
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to force a sequence of events on that gate to happen according to the telephone
system’s functioning.

process Connection [user,line] :noexit:=
( ( user \OffHook IN:phone ;
line N DITO ;
user N \DialKs ?"CN:phone
line I\CN !CORE ;
stop '
)
il
( line 7CN:phone 1COAT ;
line '\CN 'RING ;
user \CN 'OffHook ;
stop
))

|(ine]|

( line IN:phone \DITO ;
line 7CN:phone \CORE ;
line \CN 'COAT ;
line \CN 'RING ;
stop

)

endproc

This forces the connection attempt (COAT) signal to occur after a connection
request (CORE) has been sent from the other side. The CORE signal is sent to
the destination cnly if the origination side gets dial tone (DITO) first and then
dials the destination number.
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In our telephone specificaion we specified the process describing the controlier
in parallel with the processes defining the caller and called parties. The controller
synchronizes with the others on gate “line”, thus forcing a comrect sequencing of
the actions performed from different sides (telephones) participating in a single
connection.

2.2.11 Hiding

The operator * hide <gatelist> in  is used to hide actions (gates) which are
internal to the behaviour of a system.

In telephone systems the actions performed by the switching module are internal
to the system and not visible to the environment. In specifying telephone systems
in LOTOS all actions offered on gate “line” are internalized by hiding that gate.
Therefore, they become internal actions as explained in section 2.2.4. However
actions performed by users on telephones are not hidden and occur at gate “‘user™
in our specification. In this example, gate “line” is not known outside process
Connection, and therefore there is no need w wait for synchronization from
outside.

process Connection [user line] moexit:=
hide i in
( Caller [user,line]
Il
Called [user,line]
)
WWinelt
Controller [line]
endproc

2.2.12 Guarded Behaviour Expressions

In LOTOS one may state conditions on behaviour expressions by using guards.
If the expression in the guard is evaluated to true then the following behaviour
expression can be executed. However, if the expression in the guard is evaluated
to false then the following behaviour expression is equivalent to stop. In the latter
case, the remaining alternatives (if any) are explored.
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process Hang_Up [user line] (N1 N2:phone) :noexit:=
user N1 ‘HangUp ;
line \NI 'DISC ;
(I NI eg N2 ] —>

stop

1]
[ NI ne N2 ] —
line IN2 \DISC ;
stop
)

endproc

Tn this example, N2 stands for the user to whom the call was destined. NI
stands for the user to whom the call was forwarded by N2. Once user NI goes
OnH ook his or her line is disconnected. Then, if the call has been forwarded (V!
ne N2) disconnection of the user N2 is also required.

2.2.13 Dischoice Construct

With the choice operator “/J” we can only model a choice berween a finite
number of alternatives. As shown in section 2.2.2, let Calling [userline] (N}
be a behaviour expression that depends on a variable N (of sort telephone). We
can now specify the choice between the processes Calling [user,line] (N) for all
telephone numbers (available) by writing:

process Caller [user,line] :noexit==
choice Nphone [ Calling [user.line] (N)
where
process Calling [user,line] (N:phone) -noexit:=
user 'OffHook N ;
Dialing [user,line] (N)
>>
Termination_Phase [user linej (N}
endproc
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endproc

Note that the event “user !OffHook ?N:phone ;" has been replaced by the
event offer “user 10ffHook N ;”. This type of dischoice is called “summation
on values”. Another type of dischoice construct is the so called “summation on
gates”. In this type a set of gate identifiers is used to replace specific gates for
different alternatives. Therefore, a behaviour expression containing a dischoice
construct can be interpreted as a set of alternatives using the choice operator.

2.2.14 Let Construct

In LOTOS, it is possible to substitute value expressions by variable identifiers
in a behaviour expression. A concrete example of the use of this construct would
be the following behaviour expression,

process Caller [user,line] noexit:=
let N:phone = 10, Of-Key = OffHook 1N
user ‘Of IN ;
Dialing [user,line] (N)
>>
Termination_Phase [userline] (N)
endproc

The variable identifiers N and Of are (locally) used instead of the values 10 and
OffHook respectively.

2.2.15 Par Construct

Like the choice and let constructs, the generalized parallel operator “par” was
defined to compact specifications. It is also possible to interpret this generalized
parallel operator in terms of parallel compositions of the behaviour expression
that follows the parallel operator.

As example of this construct, take the following behaviour expression,

par g in [abc |[4]|
Bek [gd]
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This is equivalent to,

Beh fa.d]
({1

Beh [bd]
(4]

Beh [c,d]

Section 2.3 Scope of Variable Declarations in LOTOS

A variable declaration in LOTOS has the form ?x:t , where x is the name
of the variable and t is its sort identifier that indicates the domain of values over
which x ranges. Each variable declaration ir a specification has an associated
- Scope.

The scope of a variable declaration x includes all inner behaviour expressions up
to and excluding the behaviour expression where X is redeclared.

As in block-structured programming languages, the scope of a variable may
inciude the scope of another variable by the same name. A variable declaration
in LOTOS can be defined in five different ways:

1. A variable declaration as a formal parameter of a process,
process User Termination [user line] (N:phone} moexit:=

Hang_Up [user line] (N}
i

line 'N \DSIN ; )
Hang Up [user line] (N)

endproc

The scope of the variable declaration N is the definition block of the process
User_Termination. ‘

2. A variable declaration in an action denoiation,

15



process Origination_Side [user line] :exit(phonephone):=

user !OffHook ?N:phone ;

line IN IDITC ;
user !N !DialKs ?CN:phone ;
@ @ line !CN !CORE ;

endproc

The scope of the variable declaration N that appears in the first action denotation
is the behaviour expression (i) following that action in an action prefix construct.
The scope of the variable declaration CN that appears in the third action denotation
is the behaviour expression (ji) following that action.

3. A variable declaration in an enable construct,
process Destination_Side fuser,line] moexit:=

line 1CN:phone 1COAT ;
exit (CN)
5>
accept CN:phone in
line \CN 'RING ;
user \CN 10ffHook ;
line \CN ICONN ;
User_Talk [user,line] (CN)

endproc

The scope of the variable declaration CN (first occurrence) terminates at the action
exit (end of action prefix construct). However, a2 new scope is defined for the
second occurrence of the variable declaration CN in the accept operator of an
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enable construct. It includes all the inner behaviour expressions following that
operator where the variable declaration CN is not redeclared.

4. A variable declaration ir a dischoice construct,

process Hang_Up [user,line] :exit:=
choice N:phone [}

user 'N HangUp ;
line \N '\DISC ;
exit

endproc

The scope of the variable declaration N defined by the dischoice construct is the
inner behaviour expressions following the operator “f]” .

5. A variable declaration in g let construct as a local definition,

process Origination_Side [user,line] mnoexit:=
let N:phone = 14 , CN:phone = 15 in

user N \OffHook ;
line IN \DITO ;
user \N 'DialKs ICN ;
line 'CN \CORE ;
exit
>>
line 'N 1CONN ;
User_Talk [user,line] (N)

endproc

The scope of the variable declarations N and CN is the local definition of the
behaviour expression following the let construct in an inner level. If a variable is
redeclared a new scope for that variable declaration is defined.

17



Section 2.4 Debugging LOTOS Specifications
Using an Interpreter

2.4.1 Introduction

A useful feature of a specification language is executability. For an executable
specification language it is possible to build an interpreter, with whose help
specifications can be executed and tested.

At the University of Ottawa, an interpreter for the LOTOS language has been
implemented. This interpreter supports many functions useful for simulating the
execution of specifications and performing other related tasks. For more details
about this interpreter, called ISLA, see [HH88][LOBF88][GLS9b).

In the following we discuss with examples some of ISLA’s functions that
were needed for debugging and testing our specification.

2.4.2 Step-by-Step Execution

One of the basic features that ISLA offers is the execution of specifications
by steps. At each step, the user chooses the next action to be taken among all
possible actions that are offered at that level and may be asked to enter the data
needed to perform this action (if any). This method is very useful for checking the
conformance of a system (defined informally) to its formal definition in LOTOS.

This may be realized by any of the following:
1. checking if given test sequences are accepted by the formal specification.
2. checking if the test sequences obtained by executing the specification are
specified by the informal definition of the system.
3. checldng if test sequences that are not specified by the system are also not
accepted by the formal specification.

The following example taken from our specification shows the step-by-
step execution. Since it is not practical to show it on the whole specification
we took only the process that simulates the conversation between two users
after their connection has been established. In order to be able to execute
the process separately, the telephone numbers of the users are given in 2 let
construct. At any time during the conversation any participating user may interrupt
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it (by going OnHook). The conversation is controlled by a special process
Control_Conversation.

58 process Users [user,line] :noexit:=

(* Generation of telephone numbers *)

59 1let N:phone = 2222 , CN:phone = 1111 in
60 ( { Conversation [user,line] (N)

6l > _

{* The conversation may be disabled by any party *)
62 User _Termination [user,line] (N) )

{* Intexrleaving of the telephones *)

63 I

64 ( Conversation [user,line] (CN)

65 >

66 User_Termination [user,line] (CN) ) )

(* Synchronization of the Controller with the telephones *)
67 |[linell
68 ( Control Conversation [line] (N,CN)

69 >

(* The Control of the disconnection of telephones *)
70 ( Control Termination [line] (N,CN)

71 §

72 Control_Termination [line] (CN,N) ) )
73

74 wharae

75 process Conversation [user,line] (M:phone)

rnoaexit:=
76 user 'M !Sendvo ;
77 line M !'VOCE ;

78 Conversation [user,line] (M)

79 endproc (* Conversation *)

80

81 process Control Conversation [line] (M1,M2:phone)
;noaxit:=

82 line !M1 'VOCE ;
83 Control Conversation [line] (M1,M2)
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84
85
86
87
88
89

90
91
92
83

£l

Jline 'M2 !'VOCE ;

Control Conversation [line] (M1,M2)
endproc (* Control_Conversation *)

process Usexr Termination [fuser,line] (M:phone)
rnoaxit:=
user 'M !HangUp :
line 'M 'DISC ;
stop
[]

{* Receiving a disconnection indicatien *)

94
95
g6
97
98
938
100

line 'M 'DSIN ;

user M 'HanglUp ;

line 'M DISC ;

stop

endproc (* User Termination *)

process Control Termination [line] (M1,M2:phone)
rnoaxit:=

{* Any party may be disconnected *)

101

line 'M1 !DISC ;

(* A disconnection indication is sent to the other party *)

102
103
104
105

line 'M2 !DSIN ;

line M2 !DISC ;

stop

endproc (* Control Termination *)

106 endproc {(* Users *)

At the beginning of the execution, the following four actions are offered to
the user by the interpreter. Note that the line number in the specification of an
offered action is shown on the right side of that action and its sequencing number
is shown on its left side. This offer can be explained by stating that any user whose
number is either 1111 or 2222 may talk (SendVo) or go OnHook at this stage.

<1>- user 12222:phone !SendVo:action —> bhl [76]
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<2>- user 12222:phone !HangUp:acton —> bh2 [90]
<3>- user !1111:phone !SendVo:action —> bh3 [76]
<4> user !1111:phone !HanglUp:action —> bh4 [90]

ACT: la[ctions][<N>] ! ? | h[elp] ! <action number> | <command> => 1
Passed evaluated value ==> 2222
Passed evaluated value => SendVo

The first action is chosen to show that the user on line 2222 is now talking
and goes to next stage where it listens (VOCE).

<1>- user 12222:phone !HangUp:action —> bhl [90]

<2>- user !1111:phone !SendVo:action —> bh2 [76]

<3>- user 11111:phone !HangUp:action —> bh3 [90]

<4>- i (hiding: line !12222:phone !'VOCE:Signal) —> bh4 [77,82]

ACT: 1a[ctions][<N>] 1 ? | h[elp] | <action number> | <command> => 4
Internal event is executed

Passed evaluated value => 2222

Passed evaluated value ==> VOCE

The user on line 2222 is now listening (action 4). Any user may terminate
the call (actions 1 and 3), or user on line 1111 may send voice (action 2).

<1>- user 12222:phone !SendVo:action —> bhl [76]
<2>- user 12222:phone 'HangUp:action —> bh2 [90]
<3> user !1111:phone !SendVo:action —> bh3 [76}
<4>- user !'1111:phone !HangUp:action —> bh4 [90]

ACT: la[ctions][<IN>] | ? | hlelp] | <action number> | <command> => 3
Passed evaluated value => 1111
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Passed evaluated value ==> SendVo

At this stage both users are on conversation. The action number 3 is chosen
to show the next step where the user on line 1111 finishes talking.

<1>- user 12222:phone !SendVo:action —> bhl [76]

<2>- user 12222:phone !HangUp:action —> bh2 [90]

<3>- user '1111:phone !HangUp:action —> bh3 [90]

<4>- i (hiding: line !1111:phone VOCE:Signal) —> bh4 [77,85]

ACT: la[ctions][<N>] [ ? | h[elp] | <action number> | <command> ==> 3
Passed evaluated value => 1111
Passed evaluated value ==> HangUp

While listening to the user on line 2222 who is talking, the user on line 1111
goes OnHook (action 3). As soon as a party goes OnHook its disconnection 1s
required, although it is also possible for the other party to talk or go OnHook.

<1>- user 12222:phone !SendVo:action —> bhl [76]
<2>- user 12222:phone !HangUp:action —> bh2 [90]
<3>- i (hiding: line !1111:phone !DISC:Control_Signal) —> bh3 {91,101]

ACT: 1a[ctions][<N>] | ? ! hieip] | <action number> | <command> ==> 3
Internal event is executed

Passed evaluated value => 1111

Passed evaluated value => DISC

In this step we choose action 3 that corresponds to the disconnection (DISC)
of the user who goes OnHook, causing a disconnection indication (DSIN) signal
1o be received by the other side.




<1>- user 12222:phone !SendVo:action —> bhl [76]
<2>- user 12222:phone 'HangUp:action —> bh2 [90]
<3>- i (hiding: line 12222:phone !DSIN:Signal) —> bh3 [94,102}

ACT: lafctions][<N>] | ? | hielp] | <action number> | <command> ==> 3
Internal event is executed

Passed evaluated value ==> 2222

Passed evaluated value ==> DSIN

At this level the action number 3 is chosen for disconnection indication (DSIN)
signal

<I> user 12222:phone !HangUp:action —> bh1 [95]

ACT: la[ctionsj[<N>] | ? | h[elp] | <action number> | <command> =—=> 1
Passed evaluated value ==> 2222
Passed evaluated value ==> HangUp

In this step only one action is offered and the user is forced to choose it

After disconnection of the user on line 1111, the user on line 2222 is now forced
t0 go OnHook.

<1>- i (hiding: line 12222:phone !DISC:Control_Signal) —> bh1 [96,103]

ACT: la[ctions][<N>] | 7 | hielp] | <action number> | <command> => 1
Internal event is executed

Passed evaluated value ==> 2222

Passed evaluated véluc => DISC




This is the last action to be offered and executed by the user. It corresponds
to the disconnecton (DISC) signal from the user on line 2222, After this, the
system will stop.

2.4.3 Symbolic Trees of Processes

The step-by-step execution allows the user to interact with the execution of
the specification at each step and to choose one action among the offered ones.
Its exccution is slow. The interpreter (ISLA) also allows the user to obtiin
the symbolic tree of a specific process or of the whole specification where all
paths are symbolically executed and shown up to 2 maximum depth specified
by the user [GL89%]. Symbolic execution means that values to be provided by
the environment are represented by symbolic names. The predicates that involve
such values are assumed to be tue.

The symbolic tree of execution of the last example is given below. Each
action in the tree is followed by its line number in the specification and the depth
number of each action is giver by the number of bars that precede that action.
For reasons of space, we have limited ourselves to a depth of three.

1 user 12222:phone !SendVo:Key [76)

I 1 yser 12222:phone 'HangUp:Key [90]

111 user !1111:phone 1SendVo:Key [76] => continue

11 2 user !'1111:phone !HangUp:Key [90] => continue

131 (hiding: line !12222:phone !DISC:Control_Signal) [91,101] => continuc
| 2 user '1111:phone !SendVo:Key [76]

111 user 12222:phone !HangUp:Key [90] => continue

11 2 user !111%:phone !HangUp:Key [90] => continue

113 i (hiding: line 12222:phone 'VOCE:Signal) [77,82] => continue

I14i (hiding: line !1111:phone !VOCE:Signal) [77,85] ==> continuc

| 3 user '1121:phone 'HangUp:Key [90]

11 1 user 12222:phone 'HangUp:Key [90) => continue

112 (hiding: line !2222:phone !VOCE:Signal) [77,82] => continue

113 i (hiding: line 11111:phone !DISC:Control_Signal) [91,101] ==> continuc
14 i (hiding: line !2222:phone !VOCE:Signal) [77,82]

111 user 12222:phone !SendVo:Key [76] => continue

i | 2 user 12222:phone !HangUp:Key [90] ==> continuc

I 13 user !1111:phone !SendVo:Key [76] ==> continue
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{14 user 11111:phonc 'HangUp:Key [$0] ==> continwe

2 user 12222:phone 'HangUp:Key (90]

11 user !1111:phone !SendVo:Key [76)

i1 1 user '1111:phone !HangUp:Key (90] ==> continue

112 (hiding: line 12222:phone !DISC:Control_Signal) [91,101] => continue
{13 i (hiding: line !1111:phone 'VOCE:Signal) [77,85] ==> continu¢

! 2 user !1111:phone !HangUp:Key [90]

111 i (hiding: line 12222:phone !DISC:Control_Signal) [91,101] == continuc
112 i (hiding: line '1111:;phone !DISC:Control_Signal) [91,101) ==> continue
I 3 i (hiding: line 12222:phone !DISC:Control_Signal) [51,101]

111 user !1111:phone !SendVo:Key [76] ==> continue

i1 2 user '1111:;phone !HangUp:Key [90] ==> continue

1131 (hiding: line !2111:phone !DSIN:Signal) [94,102] ==> continue

3 user '1111:;phone 'SendVo:Key [76]

I 1 user 12222:phone !SendVoiKey [76]

I | 1 user $2222:phone !HangUp:Key [90] ==> continue

11 2 user !1111:phone !HangUp:Key [90] = continoe

113 i (hiding: line 12222-phone VOCE:Signal) [77,82] ==> continue

114 i (hiding: line 11111:phoae 'VOCE:Signal) {77,85] => continue

| 2 user 12222:phone 'HangUp:Key [90]

111 user !1111:phone 'HangUp:Key [90] => continue

1121 (hiding: line 12222:phone !DISC:Control_Signal) [91,101] ==> contirue
131 (hiding: Line !1111:phone !VOCE:Signal) [77,85] => continuc

I 3 user !1111:phone !HangUp:Key [90]

111 user 12222-phone !SendVo:Key [76] ==> continue

112 user 12222:phone !HangUp:Xey [90] == continue

{13 i (hiding: line !1111:phone !DISC:Control_Signal) [91,101] => continue
I 4 i (hiding: line 11111:pkone 'VOCE:Signal) [77,85]

i | 1 user 12222:phone 1SendVorKey [76] => continue

112 user 12222:phone 'HangUp:Key {90] ==> continue

113 user !1111:phone !SendVorKey [76] => continue

I 14 user 11111:phone HangUp:Key [90] => continue

4 user !'1111:phone !HangUp:Key [90]

I 1 user 12222:phone !SeadVo:Key [76]

111 user 12222:ptone 'HangUp:Key [90] = continue

112 i (hiding: line 12222:phone 'VOCE:Signal) [77,82] => continuc

I13i (hiding: line !1111:phone !DISC:Control_Signal) [91,101] => continue
| 2 user !12222:phone 'HangUp:Key [90]



It 1i (hiding: line 12222:phoae !DISC:Control_Signal) [91,101] ==> continu¢
{121} (hiding: line {1111:phone !DISC:Control_Signal) [91,101] => continue
13 i (hiding: line !1111:phone !DISC:Control_Signal) [91.101)

P11 user 12222:phone !SendVo:Key [76] ==> continuc

1 2 user 12222:phone 'HangUp:Key [90] ==> continue

113 i (hiding: line '2222:phone !DSIN:Signat) [94,102) ==> continug

2.4.4 Conclusion

A specification may be debugged by using an interpreter. This is a very
important task in the design stage. It may help the designer to detect design
errors, which can therefore be fixed before generating the final description of a
system.

The step-by-step executon of a specification is very slow, and therefore it
is convenient at the first stages of the design only. However, the symbolic
execution method may be used to check the different possible paths allowed
by the specification for a specific case, in particular when that case is too far
to be reached by the step-by-step execution approach. Note here that for big
specifications, the generation of the symbolic execution trees may also explode.
Therefore for such specifications, the use of symbolic execution wees is rather
recommendeqd for specific processes instead. The method may also be used for

the whole specification if the user specifies an appropriate depth of execution, as
discussed in Section 2.4.3.

Therefore, both methods are needed in the debugging process of a specifica-
ton. One starts with the step-by-step execution to test the possible paths, and
once this method becomes too slow, one may think of generating symbolic tree of
specific stages of the specification, then checking the different branches of the tree.

Another method that is found to be appzopriate for checking big specifications,
is the composition in parallel of sequences of actions with the whole specification.
Then, we generate the symbolic execution tree for the combined specification. For
more details on this method, refer 1o Sectior 4.6.



Section 2.5 Specification Styles in LOTOS

2.5.1 Introduction

A specification is an abstract definition of a set of the system’s requirements,
and can be used to derive various implementations. For comprehensibility and
to efficiently express its functionality, a specification needs to be well structured.
even if it introduces implementation-oriented elements.

LOTOS supports four well-defined specification styles [VSvS88], called a
monolithic, a constraint-oriented, a state-oriented, and a resource-oriented style.
These specification styles support the complete design trajectory from architecture
to implementation. Each one of these specification styles has its own uses in
telephone systems specifications, and depending on the goal of the specification
designer, the specification may use any one or a mixture of these styles. Following,
is a brie: discussion of the different styles and their uses in LOTOS specifications.

A more detailed discussion of the different specification styles along with their
use in the Sample Telephone Specification are presented later in Section 4.2.3.

2.5.2 Monolithic Style

In the monolithic style all possible sequences of actions are presented ex-
plicitly, and thus the specification appears as a tree of choices. In this style, the
specification shows explicitly the temporal ordering of actions.

This style allows only sequential composition, choice, guards, and recursion
constructs, and thus prohibits the parallel composition of behaviour expressions.
Therefore, it is useful for debugging specifications and generating test sequences.
Milner’s expansion theorem [Mil80], asserts that any LOTOS specification can
be transformed into 2 monolithic style specification. Although the expansion
may not terminate, it can yield finite initial subtrees of the full expansion of the
specification.

Although the monolithic style is very useful for the design of simple specifi-
cations, it is of little practical use for the design of more complex ones because
of its lack of structure, which causes difficulty for human comprehension.
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2.5.3 Constraint-Oriented Style

The constraint-oriented style is the most popular for specifications that are
wanted to be implementation-independent. In this style, only observable interac-
tions are defined by a conjunction of separate constraints.

This style allows modularity and a logical structuring of the specification. It
also makes the design of the specification flexible, that is, easy to extend and
modify.

However, this style may make specifications hard to implement or to under-
stand.

2.5.4 State-Oriented Style

In the state-oriented specification style, explicit system states are identified
by using state variables. This style is analogous to the monolithic style in the
presentation of dynamic behaviour of a specification, and therefore is not suitable
for specifications where abstractness is needed. However, this style is useful for
specifications where the informal definition uses the state concept, that is, in these
cases, the state-oriented style increases readability. This style is also useful for
specifications that are wanted to be relatvely close to an implementation.

2.5.5 Resource-Oriented Style

In the resource-oriented style, the system is described by processes that
represent different resources. The resources interact among themselves through
interfaces. Each resource is defined by a temporal ordering of both internal and
external interactions. Interactions among internal modules are hidden.

This style allows modularity and parallel structures. Therefore, it is useful
for implementation specifications. '



Chapter 3 The Design of Telephone Systems

Section 3.1 An Overview of Telecommunication Systems

3.1.1 Introduction

Telecommunications are among the most complex applications for hardware
and software systems. Telecommunication applications have evolved from two
main technological fields: the computer field and the communication field [Spr91].
Telecommunication Systems are one particular form of Distributed Systems because
of their distributed applications. Entities on different sites use Inzerfaces to com-
municate with each other. The set of Interfaces involved in the communication
process within a Telecommunication System is called an Interaction System.

In the next sections we briefly discuss the concepts of telecommu-
nication system structures, as derived from standard references such as
[VSAT89][Spro1]1[Tan89][Mar72]{CORS1]. First we give an overview of the
concepts of Distributed Systems and structures of a telecommunication system.
Then, a description of the methodology used throughout this work to design a
Telecommunication System is given. The resulting structure of the Telecommuni-
cation System will be the subject of a formal description using the FDT language
LOTOS in Chapter 4.

3.1.2 Distributed Systems

The most abstract view of a Syszem is that of a black box, that is, it provides
its users with a service in terms of their interactions with the Systzem, see Figure
1. In this view, users should not be interested in the internal structure of a System
but, instead, all the focus will be on the input/output of the interface functions
between a System and its environment.
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Figure 1. The Abstract View of a Distributed System

A System is thus a group of interacting items forming a unified whole, It
consists of a set of interacting Subsystems. That is, a Subsystem represents an item
of a System whose Function is a Subfunction of the overall System’s Function .

In order to communicate with each other, entities (Subsystems) on different
locations must be interconnected. The set of all the interconnected entities along
with the communication medias form a System. Such entities are said to be
embedded in the system. The resulting system is called a Distributed System.

A Distributed System is thus, a collection of parts that interact like a single
System with the environment. In other words, the users are not aware of the

existence of multiple independent parts. Each part performs a specific Funcncn.
for example, handling a Connection.

A Distributed System is also characterized by a partitioned presentation of
its Function, which appears to consist of a coilection of geographically separate
embedded Subfunctions.

For each Distribuzed System one can distinguish two types of System require-
ments: 1) System requirements that are applied on the execution of Subfunctions
at each embedded System considered in isolation (Local), and 2) System require-
ments that are applied on the execution of Subfunctions at each embedded System

depending upon execution of Subfunctions at other embedded Systems (Remote
or End-to-End).

Therefore, a first refinement of a Distributed System results in a set of

interacting Systems and further decompositions of the overall system will be
applied on the embedded Systems, see Figure 2.

30



g T
AREL RN LGN R aS ik n!
B it D
/ RIRas F ;
£ EiRR System D
HE s1
Int3 R 3 3 Int 1
: RAES’ o t4 t : ¢
System SRRSRIRS System!
3 Lo 7

4
2
EXA Ty
TR YT NN NI DA
AN

LI INEL LY

Figure 2. Refinement of & Distributed System

A System can itself be an embedded System within a Distributed System, that
provides users? and the other embedded Systems with a service in terms of its
interactions with them. It may also be further decomposed leading to a set of
embedded Subsystems, see Figure 3.

This process of refinement of a System may be repeated on the resulting
Subsystems until no further decomposition is possible. The resulting Functions
give a description of the behaviour of the original System’s parts. Therefore, a
design methodology of repeated decompositions provides a2 means for achieving
a clear and readable (final) representation of a Distributed System.

2 Umbueu:pundmcmmdmcmSw
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Figure 3. Refinement of an Embedded System (s3)

The Functions of the resulting parts are grouped together to give a description
of the Function of an embedded System. The resulting Functions of embedded Sys-
tems are also unified together and the process of grouping together the Functions
is repeaied until the description of the Function of the global system (Distribured
System) is achieved

3.1.3 Structure of a Telecommunication System

In fact, one may distinguish three different functional structures for Dis-
tributed Systems. These are the centralized structure, the decentralized structure
and the distibuted centralized structure.

3.1.3.1 The Centralized Structure In this structure, all the entities of a system
are connected to the same central processor. Let’s call it a Handler. Information
exchange is handled by this processor; it is sent from the ransmitting entity to
the handler which is in its turn sends it to the destination entity.

In Telecommunication Systems, this type of structure corresponds to the local
switching network, called the End Office. All local lines are connected to the
same End Office. To be able to communicate with each other, an entity first sends
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a request to the End Office. The End Office then searches for the destination entity
and establishes a line between the communicating enttes, as shown in Figure 4.

Figure 4. A Centralized Stucture of a System

3.1.32 The Decen’ralized Structure In this structure, similar to what existed
in early age telephone systems, all entities in the Syszem are strongly connected
to each other and there is no need for a handler. This structure is represented
by an undirected and strongly connected graph, as shown in Figure 5. Therefore,
this type of structure is not suitable for large Distribured Systems.

()

O,

Figure 5. A Decentralized Structure of & System
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3.1.3.3 The Distributed Centralized Structure In this soucture, a Telecom-
munication System is viewed as a Distributed System., The Subsystems of this
Distributed System are connected to each other. Fach Subsystem consists of a set
of embedded systems in a centralized structure.

Figure 6. A Distributed Centralized Structure of 2 System

Therefore, this structure is very suitable for large systems and where distance
is concerned. }

3.1.4 Design of a Telephone System

In the design of complex systems such as Telecommunication Systems, it is
generally hard and possibly impractical to deal with all the concerns of the System
in a single design step. Rather, a design should be applied on concemns in the
well known “stepwise refinement” way, as discussed in Section 3.1.2.

Each decomposition of the System gives 2 new step in the design process,
which is guided by the criterion of separating design concemns.

Therefore, for a successful design of a complex System, structuring methods
are the basic conceptual tools that the Sysrem designer must possess.

34



Telephone Systems are the very well known means of communication between
entities on different sites. This type of Systems is dominated by use of Connec-
tions. Therefore, such a Telephone System may be modeled using a Connection-
Oriented approach. This means that at connection time a communication path is
established between the users involved, path which will be used for information
transfer until disconnection. To talk to someone, a user picks up the handset of his
telephone, dials the other side’s telephone number, talks to him, and ther hangs
up his telephone. Similarly, to use a Connection-Oriented Network service, the
service user first initiates a Connection, establishes the Connection, uses the same
Connection, and then terminates this Connection.

3.1.4.1 The Integrated Perspective of a Telephone System In general there is
a multplicity of users around a Telephone Systermn (TS), the totality of them is
referred 10 as the “System’s Environment (SE)”. A Telephone System consists
of a Communication Service (CS) that is interacting () with several connections
being handled simultaneously, see Figure 8. A Connection, however, is a local
processor that handles only one call at a time.

+1(TsSE)

['elephone System!

t1TsSB)
Figure 7. The Telephone System, an Integrated Perspective

Definitions;

I : Interaction.

SE : System’s Environment.

TS : Telephone System

I(TS,SE) : Interaction of the Telephone System “TS” with the System’s Envi-
ronment *“SE”.
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The integrated perspective of a System, Figure 7, is the initial view of the
System’s design, when only the purpose of the design in known.

3.1.4.2 The Communication Service The Communication Service is the pro-
cessing unit of a Telephone System. It is responsible for maintaining connections
between communicating entities on different sites, regardless of the distance be-
tween entities.

The Communication Service interacts with all the entiies and is capable
of keeping track of all the existing lines, and of their status. Furthermore,
it replies to queries from different entities by sending back appropriate signals
and establishing counections. Once a connection is released, the Cormmunicarion
Service disconnects all the lines involved in it

Figure 8. A Snapshot of a Telephone System Configuration

Definitions;
I {Cn,CS) : Interaction of Connection “n” with the Communication Service “CS”.

I (Cn,SE) : Interaction of Connection “n” with the Telephone System’s Environ-
ment “SE”.

The Environment of 2 Connection “Ca” is the Telephone Si:stcm's Environment
“SE".

I (CS,SE)°: Interaction of the Communication Service “CS” with the Telephone
System’s Environment “SE”.

3 InFigore 7.'TS"mdd:r:Ccmeaion“Cn"oﬂhe'Canmuniadeavicc‘CS".
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The Environment of the Communication Service “CS” is the set of Connections
and the Telephone System’s Environment “SE”. :

3.1.43 Structure of a Connection A Connection consists of the Transmitter
that initiates a call and possibly of a Receiver if a call terminates successfully to
its destination. Once a Connection is established, many other subscribers Faay be
added to the same Connection, see Figure 9. This is the case when a participating
subscriber invokes a feature to call 2 new subscriber. The communication scenario
between subscribers in a single connection is contolled by a local processor,
called Connection Handler.

A

Figure 9. Decomposition of a Single Connection

All these components will be described in detail when presenting a Sample
Telephone System in Section 3.2.3.
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Definitions;

ST : A Subscriber as the Transmitter.

SR : A Subscriber as the Receiver.

CH : Connection Handler (in 2 Single Connection).

I (ST,CH) : Interaction of the Transmitter “ST” with the Connection Handler
“CH™.

I (SR,CH) : Interaction of the Receiver “SR” with the Connection Handler “CH™.
I (AS,CH) : Interaction of an Addirional Subscriber “AS™ with the Connection
Handler “CH”. :

I (ST,SE) : Interaction of the Transmitter “ST" with the Environment “SE”.

I (SR,SE) : Interaction of the Receiver “SR” with the Environment “SE”.

I (AS,SE) : Interaction of the Additional Subscriber “AS™ with the Environment
“SE”.

Note 1 : An interaction of a Connection with other comporents results from
the interactons of subscribers participating in the same Connrection with those
components.

‘Note 2 : ST, SR, and AS in Figure 9 comrespond to Ci in Figure 8.

Section 32 Informal Description of a Sample
Telephone System

3.2.1 Introduction

In this section, the design concepts introduced in Section 3.1.4 are employed
to present the first steps in the design methodology for a Sample Telephone System.

First, we give a definition of the technical words introduced in the description
of the sample model. Then, we present the structure of the Sample Telephone
System along with an informal description of its functionality.

The sample model is subject to a formal description in the LOTOS language
later in Chapter 4. Next, is an informal description of the telephone signals
involved in the sample model and of an informal definition of some modern
telephone features provided by this system along with their functionalities. It is
followed by a description of the different phases of a call processing. We end this
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section by giving an informal list of user requirements for our Sample Telephone
System.

3.2.2 Technical Terminology

A Connection in this Sample Telenhone System refers to the engagement of
a Subscriber in an attempt to inidate a call. It consists of a Subscriber using its
telephone to initiate a call denoted Origiration Side and possibly a recciver of
an incoming call to its telephone denoted Destinarion Side. The Destination Side
may be involved in a Connection only if the Origination Side does not abort the
call before its telephone becomes connected.

While in conversation, if any participating Sudscriber requeSts a speéiﬁc fea-
ture allowed by the Telephone System, some other Subscriber(s), called Addirional
Subscribers, may be involved within the same Connection.

Loudspeaker ialing Keys
andset Alphanumeric Display

fL.CD Indicators
l :ll_Rclcasc Key
[ 2L TWC Feawre Key
1| Y eanster Feamre Key
|__, L’ ‘—' ] Feature and/or
N L ]| Directory
OO B e
3 Keys
3
T T -
lv [Hold Key
olume Down Key
Volume Up Key

Figurc 10. The DMS-100 Business Set
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Each user owns a telephone which is known by an associated number, called
telephone nwmber. For each number there is a telephone, called Main Extension,
and there may be other telephones, called Extensions, associated with the same
number. A line is the logical connection of the telephone number 10 the Telephone
System. A telephone number gives the identity of the line being used.

Since our goal is to design a Telephone System that allows for an arbitrary
number of Subscribers to communicate with cach other via their telephones within
the same Connection, any Subscriber participating in this Connection has the
possibility of invoking any feature among the ones available within this Telephone
System. The sample Telephone, called Business Set, consists of a handset for
user's communication and a keyboard containing Dialing Keys and some other
additional keys, called Directory Number (DN) keys, used to invoke different
modern feamres.

There are two basic features thai are permanently assigned to the first two DN
keys on the Business Set. These are Three-Way Calling and Call Transfer features.
The Business Set may also have access to featres that are not permanently
Jssigned to DN keys. These features can be actvated by pressing the Three-
Way Calling or Call Transfer feature key and then dialing the appropriate feature
code. The sample Business Set is shown in Figure 10 [Bel88]. In additon 1o DN
keys, the sample Business Set offers to its users a set of other keys that allow
them to process a call accordingly. These are mainly dialing keys and Release
key. The latter allows a user to leave or abort a call without hanging up the
handset of his telephone.

While in conversation, a participating Subscriber may decide to invoke a
specific feature available on its telephone. To do so, this Subscriber must first
press a Directory Number (DN) key that is in use (idle) then proceeds to activate
that feamre, as specified above. The selected DN key will be occupied during the
use of the feamre. So, the DN keys allow Subscribers to invoke modera features
that are allowed by the Telephone System. This sequence of operations will be
taken as being as an atomic action of feature invocation in the rest of this thesis.

An initiator of a call or an invoker of a feature may get any one of different
types of tones, called Audio Services, depending on the status of the line being
requested. A Status Test on a line refers to the process of checking that line and
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providing an appropriate signal to the sender of the request.

A Connection Handler within a Connection is the local controller of signal
exchanges between telephones and the System Network. It controls the logical
sequencing of signal exchanges between the System Network and an arbitrary
number of Subscribers involved in a single Connection.

However, a System Network is the switching device that gets requests from
telephones involved in different Connections being handled in parallel and sends
back to them appropriate signals. This is achieved by making some status tests
on the requested lines as discussed above. A requested line may be in use within
some Connection (Busy), not connected to the Telephone System (Out Of Service)
or free for use (/dle). The System Network checks also whether a call terminates
to this line or it is to be forwarded to another line. In the latter case, all further
status tests are applied on the line 1o whom incoming calls have been forwarded.

3.2.3 Structure of the Sample Telephone System

32.3.1 Introduction As our objective in this work is to show that telephone
systems can be formally specified in LOTOS, the Sample Telephone System
presented in this section corresponds to a telephone service where time-out
concerns are ignored. This is due to the fact that the standard FDT language
LOTOS cannot represent the time faithfully, although s ae research has been
done in this area and proposals exist [QF87][Bri88a].

In this section, we informally describe in detail the structure of our Sample
Telephone System along with the functionality of its different components and of
the overall system.

First, the general structure of the Sample Telephone System is presented, then
each of its components is described along with the role that it plays in the
functioning of the overall system. The relation between each component and
the remaining components within the Telephone System is also described in this
section.

3.2.3.2 An Abstract View
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From the user’s perspective, a Telephone System is viewed as a black box that
is interacting with its Environment. The general structure of the Sample Telephone
System is presented in Figure 11. This structure is similar to the one presented in
Section 3.1.4.1, except that here we show the System’s Environmenr that consists
of an arbitrary number of Subscribers connected to a particular service provider
called Telephone System. The Subscribers use their telephones to communicate
with each other.

‘We note here that the dots in the figure shown below indicate the existence of
some Subscribers whose lines are not connected to the Telephone System but they
may want to use this service provider to communicate with other Subscribers.
This is explained in detail later in this secton.

The Telephone System

o 0 e : e o0

Figure 11. An Abstract View of the Sample Telephone System

Each Subscriber is connected to the Telephone System by a single line that can
be used either 1o initiate outgoing calls or to answer incoming calls. A Subscriber
represents a single component that may interact with other Subscribers via the
Telephone System by using its telephone. However, the Telephone System consists
of different components needed for handling the communication between different
Subscribers.
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Note that the structure of the Sample Telephone System is dynamic. This
is due to the fact that at a given time, the Telephone System consists of an
arbitrary number of Connections (calls) being handled in parallel. A snapshot
of a typical configuration the Telephone System is shown in Figure 8. The
figure shows a set of Connections being handled simultaneously by the Telephone
System. All these Connections must synchronize with the Communication Service
on signal exchanges. In the rest of this thesis the System Nemwork will denote
the Communication Service.

Therefore, the System Network plays the tole of the medium between different
Connections. It is capable of keeping track of the lines in service, of the lines
being used by the Subscribers, and of the lines to whom some incoming calls are
10 be forwarded. We note here that each Connrection is handled separately. As
already mentioned, the environment of the System Network at a given time is the
set of Connections being processed within the Telephone System and the overall
Telephone System’s environment.

The description of each component of the Telephone System will be presented
later in the next sections.

3.2.3.3 Structure of a Single Connection A Connection in our model refers
to the engagement of a Subscriber in order to initiate a new call. It lasts untl
the caller aborts the call or the communication path between the participating
subscribers is released. Such a Connection may also terminate if the line of a
Subscriber, as the initiator of a call, is busy* or its line is not connected to the
Telephone System.

Therefore, a Connection in this context requires the participaton of at least
one Subscriber. This is the case when a call is aborted before establishment of
the communication path.

The number of Connections being handled in parallel at a given tume is equal
to the number of subscribers who have iritiated new calls but have not terminated
it yet. Note that no new call is created when a participating Subscriber within
a Connection consults privately with an Additional Subscriber’. The structure

The linc of a caller is busy, if it is being uscd by an Extension within ancther Comnection.

=3 'I'h'ism;yoccnrwhmlsmwmnfmmﬂmWMMeilkam
Connection.
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of a single Connection is presented in Figure 9, Secrion 3.1.4.3. In this figure,
we show the interactions of a component within a Connection with the other
components and the environment.

A Connection is thus composed of at least an initiator of the call, called Trans-
mizter, and a local controller associated with the call, called Connecrion Handler.
A responder to the call, called Receiver, may be added to this Connection if the
current call terminates successfully to its line. Some other subscribers, called
Additional Subscribers, may also be added to the same Connection. These Addi-
tional Subscribers result from invoking some featres by cither the Transmitter,
the Receiver or any other participating subscriber in the current Connection®.

3.2.33.1 The Transmitter The Transmitter is the basic component that pro-
vokes the creation of a new Connection. When a subscriber, the Transmitter,
picks up the handset of its telephone to initiate a call, a new Connection is auto-
matically created within the Telephone System’.

Furthermore, when the Transmitter picks up the handset of its telephone to
initiate a call, it will be immediately identified by the System Network that sends
back to him a special Audio Service. The type of the Audio Service that the
Transmitter can get depends on the status of its line at that ime. Mainly, there

are three types of Audio Services that may be applied on the line of the initiator
of a new call

L.1. The line of the Transmimer is being uscd by an Extension on the same line and
therefore the Transminzer gets a Busy tone. This is presented in Figure 12 below.

 Transmitter’sline £ < Lransmiuer’s telephone
_.___L An Extension being used
(to Connection Handler) = £ ¢
|-

Figure 12. A Busy Line

S  Transmitter and Receiver denoic the Origination Side and the Destination Side respectively,
?

This ix not the case when 2 subscriber picks up the handset of its telephone 10 answer an incoming call to its line.
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In real world, this is not a Busy tone but the Transmitter can recognize the
busy status of its line. In our model, we counsider this situation like a Busy tone
received by the Transmitter from the System Network since the former cannot
initiate a call while an Exzension of its telephone is being used.

1.2. The line of the Transmirter is not in service and therefore it cannot be used
to either initiate new calls within the Telephone System nor to receive incoming
calls to its associated telephone(s). Therefore, when it picks up the handset of its
telephone to initiate a new call, the Transmitter gets an Qus Of Service tone.

In real world, such 2 telephone is not connected to the Telephone System.
Therefore, when a Subscriber, as a Transmitzer, picks up the handset of such a
telephone, it cannot get any tone but the Transmirrer can realize that this line is
not connected to the Telephone System. In our model, we take such a situation as
an Qur Of Service tone sent by the System Network to the Transmitter on that line.

1.3. The line of the Transmitter is connected to the Telephone System and free
for use (/dle) for either incoming or outgoing calls, and therefore when it picks
up the handset of its telephone to initiate a new call, the Transmitter gets a dial
tone. The Transmitter is now ready to dial the Receiver’s telephone number, see
Figure 13 below.

Transn*zittcr’s line £ “ Transmitter’s telephone
-, ——— J
(to Connection Handler) '
| J__Idle Extensions

Figure 13, A Free Line

Then, after dialing the Receiver’s telephone number and on termination of the
current call to the other side, the Transmitter gets an Audio Service. The type of
Audio Service that the Transmirter can get depends on the status of the line of the
Receiver. This can be summarized by the following statements:
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2.1. The line of the Receiver is being used by another Connection, and therefore
the System Network sends back to the Transmirter a Busy tone. Then the latter must

Hang Up its welephone to be disconnected and be available within the Telephone
System.

As we will see in the next secdons, when the Transmizter gets a Busy tone,
it may invoke a Ring Again feature and therefore it will be notified as soon as
the other side becomes available (/dle).

2.2. The Receiver's line specified by the Transmitter is not connected to the
Telephone System, and therefore the System Network sends back to the Transmirter
an Qut Of Service tone. The Transmitter then must also Hang Up its telephone
t0 be disconnected and be available (Idle) within the Telephone System.

2.3. The line of the Receiver exists and it is /dle, and therefore the System Network
sends back to the Transmitrer an Audible Ring tone. The Receiver’s telephone is
now ringing. The Transmirter may then wait for an answer from the Receiver or
abort the call and both telephones are disconnected.

3.2.3.3.2 The Receiver A Receiver is the subscriber to whom a call is destined.
It may also be the subscriber to whom a call has been forwarded by any other
subscriber to whom the current call is supposed to be destined.

Depending on the staws of its line, the Receiver may not be involved in a
Connection. This is the case when an incoming call to its telephone is aborted
by its Transmitter before an OffHook from the Receiver is detected.

If a Connection has successfully been terminated to its line, the Receiver then
will have the same priority as the Transmitzer to invoke any feature among the
ones provided by the Telephone System and that fulfills the requirements related
to the functionality of that feature, see Section 3.2.7.2.

Although the Receiver is the subscriber that answers 2 call, it may also be
the first participating subscriber to terminate it. Therefore, during a conversation
any participating subscriber may leave it for good or invoke any feature allowed
by the Telephone System.

32.33.3 The Connection Handler For each newly created Connection, there
is an associated Connection Handler. The Connection Handler plays the role of
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the manager of different scenarios between the telephones that are communicating
with each other within the same Connection. Furthermore, the Connection
Handler uses a temporary set of line identities whenever the current call is
forwarded to another pre-selected line. This set contains the identities of all
the lines that have forwarded this call and wall be kept busy until establishment
of the communication path between the caller and the end destination, or until the
call is aborted before its termination to the latter, (1) of Figure 14.

T1 forwards to T2

The Caller End Destnation
1. A Call Before its Termination to End Destination

@D/\Mommunicaﬁon Path

The Caller End Destination
2. Real Connection Between the Caller and the End Destination

Figure 14. Forwarding = Call

Whenever the communication path between the caller and the end destination
is established, (2) of Figure 14, all the lines (T1 and T2) that have forwarded
this call are disconnected. ‘

Some of the communication scenarios that may be found in a simple call are
presented in this section by using the formalism of evaluation networks. Later
on we shall see how LOTOS can represent the same scenarios, as well as much
more complicated ones, in a much more complete way.
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The graphs presented in Figures 16, 17 and 18 below represent three different
communication scenarios between subscribers and the Telephone System within
a simple call. These scenarios handie only the basic telephone communication
between two subscribers where there is no request for any feature. We assume
also that only Jdle telephones may be involved in this sample call®.

An evaluation network is a directed graph with three different types of nodes
[CORS81], see Figure 15.

— states, represented by a circle,
— queries, represented by a rectangle,
— and transitions, represented by a horizontal bar.

A sample graph is,

{1} Q {2) Q

(59

In graph {1}, the (sub) system is currendy in state S1. When 2 query Q
arrives from the other side it creates a transition that changes the system from
state Si to state S2. In graph {2}, the system is currently in state S3. Whenever
it sends a query Q, a2 new wansition is ¢reated and will change the state of the
system from S3 10 $4.

Figure 15. A Sample Evaluation Network

Following is the description of the evaluation graphs for some communication
scenarios between Subscribers and the System Network that may exist in a simple
Connection.

The first graph (Figure 16) represents a communication scenario between the
Transminer of a call and the Telephone System, while the second graph (Figure

¥ No stams test is applied on any line.
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17) represents a communication scenario between the Receiver of a call and the
Telephone System.

However, the last graph represents a communication scenario between either
subscriber, the Transmitter or the Receiver of a call, and the Telephone System
when attempting to terminate a call.

First, we give a definition of some notations used to identify the states and
queries that represent the nodes of these graphs:

Queries

Ofh : Other side goes OffHook
(0fh) : This side goes OffHook
Onh : Other side goes OnHook
(0onh) : This side goes OnHook
Dial : Other side dials number
(Dial) : This side dials number
States

Idle : Icdle state "OnHook"

Rin : Transmitter’s ring

Rout : Receiver’s ring

Est : Connection established
Tone : Gets dial tone

1. The Transmitter Side scenario Initially, the Transmitzer’s telephone is in
an Idle state. As soon as it picks up the handset of its telephone to initiate an
outgoing call, (Ofh), the Transmirter gets a dial tone, Tone.

The Transmizter may now start dialing the Receiver’s telephone number,
(Dial), or decide to abort the call, (Onk). In the latter situation the Connec-
tion Handler changes the state of the Transminter from Tone to Idle again and
terminates the call, while in the former one, the Connection Handler changes the
state of the Transmirzer from Tone 1o Rout (gets an Audible Ring). The Receiver’s
telephone is now ringing.

Then, if the Transmitter decides to go OnHook, (Onh}, before the Receiver
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answers the call, Ofh, the Connection Handler changes its state to J/dle again
and terminates the call. However, if the Receiver answers the call, Ofh, before
an OnHook, (Onn), from the Transmitter is detected, the Connection Handler
changes the state of the Transmirnter to Est.

At this stage the communication path between both subscribers is established
from the Transmitter’s side.

The corresyonding communication scenario between the Transminter’s side
and the Telephone System is given by the evaluaton graph shown in Figure 16
below.

@

>
IR i
(Onh) l @ l [Dial)
Onh Dial

@ (Onh) @ Ofh

Figure 16. An Evaluation Graph for the Transmitter's Communication Scenario
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2. The Receiver Side scenario Initially, the Receiver’s telephone is in an
Idle state. When its telephone number is dialed, Dial, by any other side (the
Transmitter), the Connection Handler changes its state to Rin. The Receiver’s
telephone is now ringing.

Meanwhile, the Receiver may go OffHook, (Ofh), and the communication
path between the Receiver and the Transmitter is established, Esz, from its side
or the call is aborted by the Transmitter, Onh, and the state of the Receiver is
changed to Idle again.

@

#——

Figure 17. An Evaluation Graph for the Receiver's Communication Scenario

T 11

With Idle state, the Receiver may play the role of the Transmirter in a new
call or answers any further incoming call to its telephone.

The corresponding communication scenario between the Receiver’s side and
the Telephone System is given by the evaluation graph presented in Figure 17
above.

3. The Disconnection Scenarios: While connected o each other, Esz, either
subscriber® (the Transmitter or the Receiver) may go OnHook, (Onh), and its

9

This communication scenario handles one side at a ume.
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state is changed to Idle again. Any subscriber with a new state /dle is now ready
to initiate a new call or receive any incoming call io its telephone.

(Onh); | (E) Onh

Tl
(a5 &

Onh
Figure 18. An Evaluation Graph for the Disconnection’s Communication Scenario

If instead, an OnHook, Onh, is detected from the other side while this side is
stll OffHook, the lauer will then get a Dial tone, Tone, and therefore it is ready
now to only initiate a new call (as a Transmirzer).

The corresponding communication scenario between either subscriber’s side
and the Telephone System is given by the evaluation graph presented in Figure
18 above.

3.2.3.3.4 The Additional Subscribers At the initial stage, only the Transmirtrer
and the Receiver are involved in a2 Connection. However, an Additional Subscriber
may be involved in a Connection if either the Transmitter or the Receiver decides
to call them within the same Connection. An Additional Subscriber that is
participating in a conversation may also add other Additional Subscribers 10 join
them within the same Connection.

To do so, a participating Subscriber must invoke an appropriate feature,
provided it is available in the Business Ser being used and then calls a new
Subscriber without leaving the current conversaton.

Once a new Subscriber is added to a Connection, it will play the same role
as any other participating Subscriber within this Connection. Therefore, a new
Subscriber may leave for good the conversation , invoke any (possible) feature
or add any other Additional Subscriber to the same Connection.
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3.2.3.4 The Syst.:~ Network In our model, the System Network is the global
handler of message exchanges between the Telephone System and its Environment.
The Environment represents all the Subscribers that may use this Telephone System
to communicate with each other.

Therefore, the System Network controls all the queries sent by Subscribers
participating in different Connections and replies to these queries by appropriate
signals. It has access 10 a database containing the set of identities of all the
telephones that are connected 1o the Telephone System and the set of identities of
all the telephones that are currently being used by Subscribers (busy).

The database may also contain the list of identities of the telephones that have
forwarded incoming calls to their telephones to other pre-selected telephones and
of the telephones to whom these calls were forwarded. The System Nerwork
may also have access to temporary sets of identities being used by Connection
Handlers. Fach Connection Handler uses a temporary sct to keep track of the
lines that have forwarded the current call to another line, until the end destination
is reached. This situation is explained in Sections 3.2.3.3.3 and 3.2.5.3.

Set

Processor

I(Cn.SN):;

Figure 19. Stucture of the System Network

Note: I(Ci,SN) denotes the interaction between a connection “i” being processed
and the System Nerwork.
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When a Forward feature is invoked, the System Network adds to the set of
ForwardPhonePairs the pair consisting of the invoker of the Forward feature and
the telephone to whom incoming calls are to be forwarded. This pair is removed
from the set whenever the Forward feature is cancelled from the same telephone.

Depending on the type of a request sent by a Subscriber, the System Network
checks the status of the associated line on that telephone and then sends back to
that Subscriber an appropriate signal.

As soon as a line is released by a Subscriber, the System Network makes it

available (free) for use by any Subscriber. It removes the released line from the
associated set.

The structure of the System Network is presented in Figure 19 and a snapshot
of a Telephone System configuration is presented in Figure 8, Section 3.1.4.2. Such
a configuration may take place at any time during the functioning of the Telephone
System and consists of a set of Connections being processed simultaneously and a

special manager referred to as the System Nerwork that controls the lines requested
by Subscribers from within these Connections.

3.2.4 Definition of Telephone Signals

3.24.1 Introduction Telephone systems are mainly governed by use of signals.
Among these telephone signals, some signals can be distinguished for their special
use by the handler of connections.

In our Sample Telephone System, six signels are of special interest. These
are Busy, Out Of Service, Dial, Ring, Disconnect and Forward signals. We refer’
to these signals as Control Signals, since they are used by the System Ne:work
to control the lines requested by different connections and to be able to reply to
a query by an appropriate signal. The remaining signals used in our model are
of little interest and used only to fulfill the scenarios between Subscribers and
the System Newwork.

Therefore, when a Subscriber requests a line, the System Network first checks
its status and then provides irs sender with an appropriate Control Signal, that is,
a special tone heard by the Subscriber. A Control Signal represents the status of
the requested line at that time.



A description of each of these Cewrol Signals is given in the following
sections.

.2.4.2 Busy Signal A Busy signal may be detected by a Subscriber (1) when it
picks up the handset of its telephone to originate a call while an extension of its
telephone on the same line is currently being used!®, (2) after having called a line
that is in a Busy state, (3) when anempting to call an Additional Subscriber from
within a Connection and the System Newwork finds out that the requested line is
Busy, and (4) if its call terminates to a line after it has been forwarded and where
this line is among the ones that have forwarded it. These lines are still kept busy
until establishment of the communication path.

3.2.43 Out Of Service Signal An Our Of Service signal is detected by a Sub-
scriber whose line is not connected to the Telephone System, but who picks up the
handset of its telephone in an attempt to initiate a call!l. Such a signal may also
be detected by a Subscriber after calling a line which is currently not connected
to the Telephone Sysien:.

Furthermore, an Owr Of Service signal is detected by a Subscriber when
anempting to call an Additional Subs< -iwber from within a Connection and the
System Network finds out that the requested line is not connected to the Telephone
System.

3.2.44 Dialing Signal A Dial signal is detected by a Subscriber when it picks
up the handset of its telephone to initiate a new call. It is detected only by a
telephone whose line is /dle (no other Extension on the same line is being used).

Therefore, when it goes OffHook to initiate a call, a S;_:bscn‘ber may get a
Dial signal only if the status tests described above on its line have successfully
been completed.

32.45 Ringing Signal Ringing should be applied to the terminating line if it is
found to be Idle!? and no Forward feature is in effect on that line. Following an
OffHook from the terminating side, Ringing should be removed from its telephone.

19 Thiz is the case where there is more than onc iclephone connected 1o the same line,
1 In real worid, this is the case when a Subscriber picks up the handsct but it gets 5o tane.
12 ‘The satus tests 3.2.42 and 3.2.4.3 on that line have been successfully completed.
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Ringing should also be removed from the telephone of the terminating side if the
call is aborted!® by its originator.

3.2.4.6 Disconnect Signal The communication path between the Transmirter
and the Receiver should be removed as quickly as possible following initial
detection of an OnHook &om cither side. The Disconnect signal is detected

by the System Network from a line after an OnHook has been initiated by the
Subscriber using that line.

3.2.4.7 Forward Signal This additional signal results from the use of a Forward
feature by a Subscriber whose telephone is Jdle.

When a call terminates to a line, the Sysrem Network checks first its status.
If it finds that incoming calls to that line are to be forwarded to a.ther line,
no Ringing is applied to it but, instead, it sends back a Forward signal and then
forwards that call to the pre-selected line. All further status tests are applied on
the line to whom a call has been forwarded.

Note that even the line to whom a call was forwarded, may also have
forwarded incoming calls to another pre-selected line and so on. The Forward
feature remains in effect undl it is canceled from the same line.

3.2.5 Features of the Sample Telephone System

32.5.1 Introduction Tae Business Ser presented in Figure 10, is designed in
such a way as to provide the Subscribers with a convenient means to access 10 2
number of more sophisticated operations!®. These are mainly, Hold, Ring Again,
Transfer | Three-Way Calling (TWC), Forward and Conference call features.

An informal description of each feature, together with its functionality, is
presented in the following sections.

B D&mﬁpﬂfmhd&gﬁwhdmwuSmnﬂcmkwmmom{ookfml.hclumiml.ing
side.

4 To activate other features than Transfer or TWC feature, press the Tronsfer or TWC feature key then dial the
appropriste feature code.



32.52 Ring Again Feature When you initiate a call and you find out that the
Destination Side’s line is busy, the Ring Again feature allows you to be notfied
when that line becomes free and will redial automatically the number for you.

To cancel this option simply press a second time the Ring Again feature key
and the call will be released
Functionality:
You dial a number and you get a busy signal (that Subscriber is already engaged
in another call). Press the Ring Again feature key then Hang Up the telephone.
When the Destination Side’s line becomes free you will hear a special ring (Ring
Again Notification (RANO)) on your telephone. Lift the handset (OffHook) of your
telephone and the call will be completed for you. You may, of course, cancel this
feature at any time by pressing a second tme the Ring Again feaure key.

3.2.5.3 Forward Feature This feature allows you to forward incoming calls
from your telephone to another pre-selected telephone.

Functionality: '

Without lifting the handset of the wlephone, press the Forward feawure key
and dial the telephone number to whom you want your further incoming calls
1o be forwarded to, then press the associated key again. While the Forward
feature is in effect, the telephone will not ring, for any incoming call, until the
feature is cancelled. This sequence of actions will be represented in our LOTOS
specification by a single atomic action.

To cancel the Forward feature, press the associated feature key once and you will
be notified whenever a call comes in to your telephone.

Note here that whenever a call is forwarded from one line to another pre-selected
line, the fozmer will be kept busy until the communication path between the caller
and the end destination is established or the call is aborted before its termination.
Note also that, if there is a cycle in forwarding 2 call, calling any number in the
cycle will result in 2 Busy signal.

3.2.5.4 Hold Feature This feature allows you to place a new call from within a
Connection while putting on hold the other Subscriber 1o whom you are connected.

Functionality:



You are talking to someone and you decide to call another Subscriber while
maintaining the first one connected. Press the Hold feature key then press an ldle
DN key and start dialing the required number for a new call. The other side is
automatically put on hold and that DN key is no longer Idle.

To return to the first call (on hold) press the same DN key. This will automatically
release the second call and re-connect you with the first one. To cancel this feature
simply press the same DN key a second time. |

32.5.5 Listen on Hold" If the Subscriber you are talking to places you on

hold, you are able to hear through the telephone speaker when that Subscriber
re-establishes the call.

Functionality:
You are talking to someone and he decides to put you on hold. Remain OffHook
and as soon as this Subscriber becomes free from the other call you will be

automatically re-connected with him. While on hold, you may terminate the call
at any tme.

3.2.5.6 Transfer/Three-Way Calling Feature This feature allows you to trans-
fer incoming calls to a third Subscriber or to set up a Three-Way Calling (TWC)
conversation. You may, of course, consult privately with the Subscriber to whom
you are transferring the call then return to the first Subscriber.

Functionality:

i . This is useful if, for some purpose, you decide to ransfer an incoming call
10 a third Subscriber: answer the call and then press the Transfer feature key.
Dial the required number and after the third Subscriber goes OffHook you will
be connected 10 a new call (privately), while the first Subscriber is stll on hold.

Press a second timic the Transfer feature key to connect together both Subscribers
and then leave the conversation (HangUp).

ii. To set up a TWC, simply complete step i but do not HangUp and join the
conversation. Now all three of you are connected together in a Three-Way Calling
conversation. You may go OnHook at any time and the other parties can continue
the conversation. o

B In fact, this is not a feature but a consequence of invoking the Hold feature by the other side.
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To cancel this option, press the Transfer feature key before the connection has
been established with the third Subscriber.

32.5.7 Conference Call Feature This feature aliows you to set up a conversa-
tion between yourself and N other Subscribers. At any time during the Conference
conversation any participating Subscriber can leave the conversation for good or
consult privately with another party and then return to the Conference. Additional
Subscribers may be added at any time to the Conference conversation.

Functionality:

You are in a conversation with someone and you decide to consult (privately) with
another party or to add it w the conversation. Press the Conference key and dial
the required telephone number. After that you may either consult privately with
this party or you may bring him to the Conference, in which case you press the
Conference key again. If the new party remains OffHook, you are all connected
10 the Conference conversation.

To leave (for good) the Conference conversation simply hang up your telephone.

3.2.6 Call Processing Phases

32.6.1 Introduction A Connection proceeds in three main phases that can be
distinguished by the Control Signals. A Connection begins with the Originarion
Phase to end with either the Termination Phase or the Disconnection Phase
depending on the status of the lines being used. This can be summarized by
the flowchart presented in Figure 20 [Bel87].

Within a Connection a sequence of tasks, referred to as Call Processing,
is performed. It starts with an Idle telephone and ends by making Jdle all
participating telephones. Any task can be performed if the preceding ones have
been successfully completed.

The flowchart presented in Figure 20 shows a sequence of steps of a Call
Processing. Note that this sequence may not be completely performed if 2 call is
aborted by the calling line or fails when using a line. This depends on the status
of the line(s) being used by that call.
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Figurc 20. Call Processing Flowchart for Line Origination
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32.62 Origination Phase The Origination Phase includes the processing of a
call from the detection of a tone untl the call is abandoned or terminates to the
destination line!®. The Origination Phase may also terminate on the detection of
a Busy or an Out Of Service wne by the line initiating the call. If the Origination
Phase is not completed successfully, no further phases will take place, see Figure
20.

Off Hook Out of
Service
I
Calling Line ‘ Calling Line
On Hook On Hook

(= (==

Figure 21. Flowchart for Origination Tests

The most important task in this phase are the Origination Tests, which consist
in testing the status of the line being used to initiate a call. They are represenied
by the flowchart in Figure 21. In this process all status tests are first applied on

16 dtaﬂmhuuwdndmhaﬁm!hxifﬂuSyﬁmNMkmzhnam request from the linc initiating
the
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the line of the Origination Side. Once this task passes, the Origination Side may
continue with the dialing of a telephone number.

When Dialing is successfully completed, the Termination Phase begins. How-
ever, if Dialing is not completed the call terminates and the Connection is released,
see Figure 20,

3.2.6.3 Termination Phase The Termination Phase includes the processing of
a call from the point at which the Syszem Network determines the destination line
unil the communication path is established. The Termination Phase may terminate
on the detection of a Busy or an Qur Of Service tone by the line ininating a call.

It starts by applying some status tests on the Destinadon Side’s line, Termina-
tion Tests, Figure 22, and ends when either side decides to terminate the current
call, see Figure 20.

Checking the status line of the Destination Side is explained by the flowchart
shown in Figure 22. These tests result in different situations:

First, if the Destnation Side’s line is not in service an appropriate tone is sent to
the calling line that must go OnHook, otherwise, the System Network proceeds in
checking the line for a Busy status.

Second, if the line is neither Qur Of Service nor Busy, the System Network then
verifies if incoming calls have been forwarded to another pre-selected line, a For-
ward feature is in effect. If not, the line is Idle and therefore the communication
path may be established. If the last werminating line is one of the lines that have
forwarded the current call, a Busy signal is returned to the calling line.

However, if the Destination Side’s line is Busy an appropriate tone is sent
to the calling line that may go OnHook and terminates the call, or invoke a
Ring Again feature and then Hangs Up its telephone. In the former case, the
calling line goes OnHook to release the Connection, while in the lauer case, the
System Network keeps looping on the Destination Side’s line unal it becomes free.
Processing Ring Again feature is presented in Figure 23.
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To Next Line

Figure 22. Flowchart for Termnination Tests

Meanwhile, the Ring Again feature may be canceled and the System Network
stops looping on the Destination Side’s line, and therefore the Connection is
released.
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While looping on the Destination Side’s line, as soon as the latter becomes
free, the System Network informs the invoker of the feature by sending him a
Ring Again Notification signal (RANQO). The calling line may then go OffHook and
wait for an answer from the Destination Side or cancel the Ring Again feature
and release the current Connection.

Processing
Ring Again Feature

Figure 23. Flowchert for Ring Again Featurc

64



3.2.6.4 Disconnection Phase The Disconnection Phase includes the processing
of a call from the detection of a Disconnect signal (from either line) untl the
communication path is released and the facilities are idled. Since it is one part of
a single Connection, this phase lasts until all participating telephones go OnHook.
This is explained by the flowchart presented in Figure 24.

On Hook - On Hook <
v Y

Await Await
Called Line Calling Line
On Hook On Hook
Called Line Calling Line
On Hook On Hook
Disconnect Disconnect
Path Path

(= (s

Figure 24. Flowchart for Transmission Path Disconnection
Note that the remaining features inroduced in our Sample Telephone System
may be invoked by any participating Subscriber in a Connection while it is in
conversation. Each additional call from within a Connection is similar to a normal
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call, except that it may use some other additional actions to inform the other sides
and to return to the initial Connection.

3.2.7 Informal Description of the System Requirements

3.2.7.1 Introducticn In this section we give an informal definition of a set of
requirements that are tzken from real telephone systems functionalities and used
as the basis for the functioning of our Sample Telephone System. The type of
requirements listed below are mainly related to the use of telephone lines and
also the use of the feamres provided by the sample Business Set presented in
Figure 10. Some general requirements on the overall system functioning are also
presented in this section.

There may be other situations that are not considered in this work but the
listed requirements will be refiected in the formal specification of the typical
Sample Telephone System in LOTOS.

3.2.72 Definition of the Set of Requirements

1. The Telephone System must allow for an arbitrary number of Connections to
be established simultaneously.

2. All lines that are in service are initially disconnected and the associated

telephones are in an OnHook state.

A line that is not in service is Qur Of Service (state).

Many telephones may use the same line alternately, so any telephone may

have Extensions.

5. A telephone is Busy if the associated line is connected to some other connec-

ton through the same telephone or some other Extension.

A telephone is ready to initiate or receive a call if it is not Qur Of Service

and not Busy.

A line must be in service or Our Of Service but not both.

A line that is in service must be free (ready) or Busy but not both.

A telephone must be OnHook or OffHook but not both.

10 A telephone that is ringing is Busy.

11. While a telephone is OrHook, the Subscriber cannot:

a. receive Audio Services (Dial tone, Busy tone, ... ),

W

o

1© 00 N
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12.

13.
14,

13.

16.

17.
18.
19.
20.

b. Dial a number,
c. invoke a feature among Hold, Conference, Transfer and Ring Again
features using that telephone.

While OffHook, a telephone cannot:

a. Ring,
b. notdfy a Ring Again.

A Subscriber can request a Forward featre only if its telephone is OnHook.
A Subscriber can request a Forward featare only if its line is in service and
not busy.

A Subscriber on any line can request a Forward feature only if that feature
is not currently active on the same telephone. ‘
At any tme a Subscriber can request a Forward feature provided that re-
quirements 13, 14 and 15 are fulfilled. Therefore for any incoming call to its
telephone and thus to the telephone to whom these calls have been forwarded,
its telephone remains busy until the communication path is established or the
call is aborted. )

A telephone can accept at most one Audio Service at a time.

A telephone cannot Ring unless someone dials it.

Subscriberl cannot dial Subscriber2 unless it has Dial tone.

Once the connection is established a participating Subscriber can:

a umlk,

b. listen,

¢. go OnHook,

d. put the current call on Hold,
¢. make a Conference call,

f. Transfer the current call.

. The features Hold, Transfer/TWC and Conference are not possible unless the

connection has been established.

. A Subscriber can invoke the Ring Again feature only if the Destination Side’s

line is Busy.

. While waitng for a Ring Again Notification or being put on Hold, a telephone

is Busy.

. A Subscriber that dials its own telephone number will get a Busy tone.
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25. A Subscriber can get Dial tone only if its welephone is:

a. OffHook,
b. not Busy,
¢. 1in service.
26. A Subscriber that has invoked the Ring Again feawre must HangUp his
telephone.
27. A Subscriber that has invoked a feamre can at any time cancel it.
28. With the Transfer feature a Subscriber may:

a. consult privately with a third party,
b. make a Three-Way Callirg conversation,
c. Transfer the call to a third party and then goes OffHook.

29. The Conference feature allows a Subscriber to set up a Connecrion between
himself and N other Subscribers , for N > 1. ,
30. During a Conference conversation, any participating Subscriber may:

a. consclt privately with a new Subscriber,
b. allow an Addirional Subscriber to join them in the Conference conver-
saton,

¢. goes OffHook.

Section 3.3 Conclusions

The structure of the Sample Telephone System described in Section 3.2 corre-
sponds to the structure presented in Section 3.1.4 where we discussed the design
of a telephone system in general. However, the functional structure of this Sample
Telephone System is described in such a way to reflect the requirements defined
in [Bei88].

The first aim in the design of this sample model is to allow the users to
process multiple connections in parallel. Another advantage of using this system
is that it provides its users with a number of telephone features.

The functioning of the Sample Telephone System is the subject of a formal
definition using the LOTOS language in the next Chapter.
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Chapter 4 Formal Description in LOTOS
of the Sample Telephone System

Section 4.1 Introduction

A specification is the abstract definition of a system. It is written in a
specification language that can be either formal (e.g. LOTOS) or informal (e.g.
English). Informal specifications are easier to read and write than formal ones,
but a substantial advantage of formal specifications is that they have a precise
meaning. In formulatng the system’s requirements in an informal language,
there is often ambiguity. One of the reasons for which the language LOTOS has
been chosen to be the specification language of our Sample Telephone System, is
that it can resolve such ambiguities in a precise way.

As mentioned in Chapter 3, 1o formally specify a system one needs a precise
definition of each of its parts and the way these parts are interconnected to each
other and to the system’s environment. In the following sections, the system
described in Section 32 of Chapter 3 is the subject of a formal definition using
LOTOS. The complete LOTOS specification of the Sample Telephone System is
presented in Appendix B.

First, we introduce scme design methodologies used to specify the sample
telephone system in LOTOS, then we present the general structure of the Sample
Telephone Specification along with an informal description of its functioning and
of the abstract data types as well. Next is the specification of the different system’s
components along with the features provided by this system. Finally, we discuss
the debugging of our specification using an interpreter, including a presentation
of a method to test a LOTOS specification.

Section 4.2 Architecture of the Sample
Telephone Specification

4.2.1 Introduction

An architecture is a general structure for the representation of a system
corresponding to the user requirements. When a satsfactory architecture is
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achieved, one may derive from it more concrete definitions of the system. A
good architecture needs 10 be well structured for human comprehension and to
facilitate the complete expression of the functonality of a system.

In the next sections we present some design principles to be respected by a
designer in order to get a better representation of the description of a system.
This will be followed by a presentation of some well-known specification styles
that allow the designer to structure formal specifications and that can be used as
a basis in a satisfactory design. Finally, we show how these styles were used in
the formal description of the Sample Telephone System

4.2.2 Design Principles

The first aim of the system design process is to derive an implementation —
a concrete instance of a system realization — that fulfils the user requirements.
But due to the complexity of some distributed systems, the design process may
become a more complicated task. In order to achieve a better — clear and readable
— representation of a system, the design process may be carried out in steps,
where each step represents a different level of abstractmess of the system. In
LOTOS, the complete specification of the behaviour of a (complex) system may
be achieved in a siepwise fashion. First, the system is described as a set of
processes that represent distinct objects within the system, then each resulting
process is decomposed into sub-processes. The process of refinement of the
system is repeated until we end up with simpler single entities where no further
decomposition is possible. Each stage of the refinement process represents a level
of abstraction of the formal description of the system.

This method, the stepwise refinement, helps the designer to achieve a clearer
description of the behaviour of each separate component, and yields a well
structured and readable behaviour of the overall system.

In the design of our Sample Telephone Specification we used a mixture of the
different specification styles discussed in Section 2.5. The use of a specification
style in the design of 2 system must respect some general principles of the
design. These design principles are mainly Orthogonality, Generality, and Open-
endedness [VSvS88]. Orthogonality preserves locality aspects of (sub)sysiéms,
Generality suggests the use of general-purpose parameterized definitions, and
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Open-endedness supports flexibility of a design to ease the modification of the
system functionality.

4.2.3 Use of Specification Styles in the Sample
Telephone Specification

In our design of the Sample Telephone Specification in LOTOS different
specification styles have been used. Each of these styles has its own role to play
in the formal description of the behaviour of 2 specific (sub)system depending on
its functionality and on the level of abstractmess of the overall system. In this
section we give a brief discussion on these styles and show their relation to the
design of the Sample Telephone Specification.

In order to achieve a satisfactory design, the use of specification styles in the
design stage of a system must fulfill the design principles discussed above. The
(formal) description of 2 systsm may have as its prime concern the description
of observable behaviour, like a black box, or it may have as a prime concern
the description of the internal behaviour of the system, like a white box. The
former description is called “extensional” while the latter is called “intensional”
[VSvS88]. For each type of description some specification styles have been
defined to guide the design process.

4.2.3.1 The Extensional Description of a System In this type of descripton
only observable interactions are shown and their temporal ordering relationship
is defined in terms of alternatives of sequences, or parallel composition of
constraints.

For extensional descriptions two specification styles have been defined
[VSvS88]; these are the monolithic style and the constraint-oriented style.

4.2.3.1.1 The Monolithic Style In the monolithic style the temporal ordering
relationship of interactions is defined in terms of alternatives of sequences. This
style is more suitable for a small system where only observable behaviour is of
concern, like a black box description. For complex (distributed) systems, however,
this type of style is impractical (to some extent), and if the description of such
a system is achieved all design principles discussed above are violated and the
description is more or less unreadable, because of lack of stucturing.

71



The monolithic style prohibits the use of parallel composidon operators.
Therefore, the monolithic style cannot be used for the top levels of our spec-
ification but it is sdll useful in the local description of a single component of

the system, ¢.g. the local description of the behaviour of the System_Nemwork,
presented in Section 4.4.6.

The Sample Telephone System described in Section 3.2 states that an arbitrary
number of connections may be handled simultancously. In addidon, each con-
nection is independent from the others in a sense that its subscribers use different
telephones. This is the idea of separation of concerns in the design strategy of
our Sample Telephone Specification. An arbirary number of connections may be
handled scparately and concurrently. In LOTOS, this rype of representation may
be achieved by using the interleave operator “||f”.

42.3.1.2 The Constraint-Oriented Style In the constraint-oriented style the
temporal ordering relationship of interactions is defined in terms of separate
constraints composed in parallel. Each constraint is defined on a subset of
interactions within a separate entity. If the subsets of interactions that are relevant
to some entities are disjoint, i.e. the entities do not synchronize on any action,
we use the “interleave” operator in LOTOS. If, however, there exist some non-
disjoint interactions in the subsets, the parallel composition is synchronized and
we use the “generalized™ parallel operator in LOTOS.

The constraint oriented style supports parallel structures and thus it provides
designers with tools for modularity of description by separation of concerns. The
structuring of the specification may also help a designer in the description of the
internal behaviour of a system. In this style, all design principles discussed above
are fully preserved.

The use of such a style in the specificatdon of a distributed system helps the
user in distinguishing between different types of constraints that may be applied
on the interactions within a system. A constraint may be applied on the overall
(distributed) system and in this case we say it is a remote constraint, it may be
applied between interactions of different (sub) systems within a system and in this
case is known as end-to-end constraint, or it is applied on the subset of interactions
within the local behaviour of an entity in the system and in this case we say that
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it is a local constraint. The use of different constraints in our Sample Telephone
Specification is discussed later in Section 4.2.4.

4.2.3.2 The Intensional Description of a System With the intensional descrip-
tion, both observable and internal interactions of a sysiem are presented. Two main
specification styles have been defined for such a description, the state-oriented
and the resource-oriented styles.

42.32.1 The State-Oriented Style In this style the system is regarded as 2
single entity whose internal behaviour is explicitly defined. Only observable
interactions are represented. Like in the monolithic style, a description in the
state-oriented style is represented in terms of a collection of alternative sequences
on interactions in a single process definition. State variables are present, and the
alternatives are guarded by tests on such variables.

Since this style gives.the explicit definition of a system, it can be used to
wansform the formal specification into the final implementation of the system.
The state-oriented style is therefore particularly useful in the end-phase of the
system design trajectory when the resource car be defined and understood as an
object that can be implemented by a single implementation authority [VSvS38].

In our Sample Telephone Specification, this style has been avoided in the
~ first stages of the design methodology because of its lack of structuring. The
Sample Telephone System considered in this work supports distribution of tasks
and therefore its design needs to be well structured for surveyability and human
comprehension. The description of the process System_Network in the Sample
Telephone Specification uses the state-oriented style. As a single entity, it is
represented by a set of alternative sequences of interactions. With each alternative,
a predicate is associated and the alternative is chosen only if the predicate is
evaluated to tue.

42322 The Resource-Oriented Style This style makes extensive usage of
parallel composition operators, but, unlike the constraint-oriented style, it allows
the presentation of both observable and internal interactions of 2 system. A
substantial advantage of using this style in the description of (particularly complex)
distributed systems is that it permits the usage of the hiding construct, which

73



is used to hide internal interactions, by making them invisible in the external
behaviour of a system.

Because of the complexity of telephone systems, their formal description
Tequires a style that allows modularity of the design. The functioning of telephone
systems is dominated by the use of signals. In the real world, these signals are
not visible to the environment, and therefore a means for hiding signal exchanges
between different entities is needed. We need also a specification style that
allows parallelism and synchronization to be able to compose in parallel different
connections and also to allow the Systemt Network and the Connection Handler
to synchronize with the telephones. All these concepts are, however, provided
by the resource-oriented style, except that we introduced the idea of constraints

everywhere in the Sample Telephone Specification as it will be discussed later in
Section 4.24.

Note that in the resource-oriented style, the structuring of the formal descrip-
tion of a system is based on distinguishing between separate embedded resources
by separating “intensional concerns” of the overall behaviour. The structure ob-
tained is similar to the one described when we discussed the constraint-oriented
style, however the description here is extensional. Note that the formal descrip-
tion of 2 single resource by itself may use any specification style among the
monolithic, the constraint-oriented, and the siate-oriented.

4.2.4 Use of Constraints in the Sample Telephone Specification

In the design of the Sample Telephone Specification three types of constraints
have been introduced [FLS91]. These constraints are applied on the temporal
ordering of events on the gates, which represent lines. A constraint may be
applied within the behaviour of a process (Local), between two processes (End-
t0-End), or on the overall system behaviour (Global).

42.4.1 Local Constraints The Loca! constraints control the temporal ordering
of events at each telephone. They are represented by using both parailel or
sequential compositions within the process that describes the behaviour of a single
entity of the system. As an example, consider the events involved in a normal
call'’;

17

In this example, we asnune that the telephone of the aller is free and the call is not aboned.
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.the constraints on initiating a call are:
- OffHook is followed by a Dial Tone,
- Dial Tone is followed by Dialing,
- Dialing is followed by a Connection Request . . .

Therefore, Local constraints are forced by the local definition of a single entity
of the system.

4.2.4.2 End-to-End Constraints The End-to-End constraints contgrol the inter-
action between communicating eatities within the same connection. For instance,
within a single connection different subscribers may communicate with ¢ach other,
To control the sequence of events performed by 2 subscriber with respect to the
others, we introduced a special process, Connection Handler, which controls the
sequencing of signals between different telephones participating in a single con-
nection.

As an example, consider the internal events involved in 2 normal call:'®

othe constraints on initiating a call in relation to being answered are:
- Dial Tone is the first signal in a connection,
- Dial Tone (caller side) is followed by a Connection Request (caller side),
- Connection Request is followed by a Connection Atempt (receiver side),
- Connection Attempt is followed by Ringing (calles side),
- Ringing is followed by 2 Connection Establishment (both sides) . . .

Therefore, End-10-End constaints are enforced by the process Connec-
tion_Handler. This process is composed in parallel with process Subscribers.
The two processes synchronize with each other on gate line for internal signal
exchanges only.

4.2.4.3 Global Constraints The Global constraints are system-wide constraints.
In the Sample Telephone Specification these constraints control the use of lines
by telephones within different connections. For instance, a line can be in use by
at most one telephone at any given time. Also, ringing cannot be applied on a
telephone that is currently being used within another connection. These constraints

:IL In this example, we assume that both telephones (the caller and the callee) are frec, and the callec must answer the
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are usually achieved by the use of Abstract Data Types (ADTs), namely sets of
telephone numbers in the case of our specification. Process System_Nerwork, that
has access to all the lines and is capable of appropriately responding to a query
from any subscriber, is responsible for manipulating such ADTs.

Processes Mulri_Connections and System_Nerwork synchronize with each
other on gate line, see Specification 1. In this case, the System Network is able to
control all the requested lines, and provides their senders with appropriate signals.

behaviour
hide line in
Multi_Connections [user,line]
| [1ine] | |
System_Network([user,update, line} (Empty, Empty, Empty,
NoPair)

Specification 1. The Topmost Level of the Specification

Section 4.3 General Structure of the Sample
Telephone Specification

4.3.1 Introduction

As already mentioned, the specification of the Sample Telephone System uses a
mixwure of different styles. Because it describes the system at a very abstract level
and therefore it is implementation independent, our formal description (in LOTOS)
uses mostly the constraint-oriented style, Section 4.2.3.1.2. Three different types
of constraints have béen specified, see Section 4.2.4.

The Sample Telephone Specification is structured as follows:

specification Sample_Telephone [user,update] moexit
library
NaturalNumber, Boolean
endlib
< Abstract Data Type Definitions >
behaviour
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< Processes Definitions >
endspec
Specification 2. General Stucture

It can be accessed through gate 'user’. For example:
user IN:Phone QffHook ;

represents the only possible action. that allows a subscriber to initiate 2 call. A
subscriber is identified by the first data item (number N)*® and the associated
action is given by the second value (OffHook) on the same gate user. The gate
line is used for the wansmission and reception of signals between the telephones
and the System Network. The line being used is given by the associated number
on the same gate line. Visible signals to the environment are transmitted on gate
line then sent to the environment on gate user. Signals that are internal to the
Telephone System are, however, handled only on gate line. In LOTOS, this type
of messages can be specified by hiding the associated gate (see Section 2.2.11).

In the following sections we give an informal description of our specification,
including its abstract data types part, and we explain how the functionality of
the Sample Telephone System can be formally specified using LOTOS. Then we
present the design of the whole specification in LOTOS.

'4.3.2 Top Levels of the Specification

The top levels of the control part of the Sample Telephone Specification con-
sist of two main processes, Multi_Connections and System_Network, composed
in parallel. The process Multi Connections creates a single connection, process
One_Connection, and then gives the environment the possibility of invoking new
connections. An arbitrary number of connections may be processed simultane-
ously and without synchronization, see Section 4.4.3.

All the connections must synchronize with process System_Network on inter-
nal signal exchanges. The gate line is used in the specification for handling all
such events. Therefore, processes Multi_Connections and System_Network must
synchronize on gate line. We explicitly hide the gate lLine because in the real
world the first stage of processing a signal exchange is an internal event to the

The number N is offered by the eavironment. It represents the telephone number of the Subscriber going OffHook
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telephone system. Once a signal is sent to its destination, if it is visible to the
environment, the same primitive will be sent again on gate user to make it visible
1o the environment.

In order to be able to control the lines and provide telephones with appro-
priate signals, the process System_Network uses four sets of numbers, BusySer,
ServiceSet, ForwardSet, and ForwardPairSet, see Section 4.3.3. Initially, all the
sets are empty. To update the set ServiceSer (add a new line or remove an old
one), the environment may at any time provide the appropriate line number using
a special gate “update”, see Section 4.4.6. Therefore, the gate update is used for
the interactions of the System Network with the environment to update the sets
of line numbers.

The behaviour of a single connection is described within process
One_Connection. Any subscriber may participate in the same connection and
with each connection is associated a local controller whose behaviour is described
by the process Connection_Handler. This process synchronizes on gate line with
the processes describing the behaviour of subscribers participating in the same
connection. This is to be able to control the temporal ordering of events (signal
exchanges) performed within the same connection.

The top level of process Subscribers consists of two processes composed
in parallel. These processes do not synchronize with each other, because each
process describes the behaviour of a subscriber in an independent way from the
other participating subscribers. So, each subscriber may start 2 new connection
by behaving as an Origination Side. Other subscribers that may be involved in
the same connection are invoked from within this connectior by any participating
subscriber. The control of protocols between subscribers is handled by process
Connection_Handler.

specification Sample Telephone [user,update] :noexit
(* ... Abstract Data Types Definitions ... ¥*)
behaviour
hide line in
Multi Connections [user,line]
| [1ine] |
System Network[user,update,line] (Empty,Empty,Empty,
NoPair)
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whare
procaess Multi Connections [user,line] :noexit:=
One_Connection [user,line]
111
1
Multi Connections [user,line]
where
procass One_Connection [user,line] :noexit:=
Subscribers f[user,line]

|[1line]]
Connection Handler [line]
whara
process Subscribers [user,line]

tnoexit:=
Origination_Side ([user,line]
1t
Destination_Side [user,line]
where
(*... Other Processes
Definitions ...¥*)
endproc (* Subscribers *)
(*... Process Connection Handler
Definition ...*)
endproc (* One_Connection ¥*)
endproc (* Multi Connections *)
(*... Process System Network
Daefinition ...%*)

endspec (* Sample Telephone *)

Specification 3. Top Levels of the Specification

The top levels of the specification are shown in Specification 3, and the

corresponding graphical representations are given by Figures 25 and 26. In our
graphical representation, parallel processes are represented next to each other
while interleaved ones are drawn on top of each other. Processes defined within
another process definition are represented inside the box provided for that process.
The gate over which processes synchronize is shown in the upper left comer of
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the box that includes those processes. Lines associated with small circles show
the access of a process to a specific gate.

(user) Gpdate-
Sample_Telephone | > pdats
[line)i
- ro—{@——®
Muld_Connegpons System_Network
i A
Ja %
One/Connection
Tne]T
. -
. -
One_Connection
IRine]l 7
ine

Figure 25. Top Level's Graphical Representation of the Specification

In Figure 25, gates user and update are drawn on the border line of the box
provided for the Telephone System, 10 show that they are the access point for
the environment. Gate line, however, is drawn inside that box to show that it is
hidden from the environment

Further refinement of the Telephone System gives the structure presented in
Figure 26. The process One_Connection consists of process Subscribers that is
composed in parallel with process Connection_Handler.
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~CuseD)

One_Connection |
I[line]l
Connection_Handler
Desting on_Sidei
Originabon_Side
@)
O

line >

Figure 26. Refinement of 2 Onc_Connection

4.3.3 Description of the Abstract Data Types

In LOTOS a standard library of data types is defined, but these are types of
general use. In order to be able to use other types than the existing ones, LOTOS
allows users to define their own data structures and value expressions in the data
part of a specification.

In our Sample Telephone Specification and in addition to the NaturalNumber
and Boolean types defined in LOTOS library, we defined a set of types that are
required by the contwol part. The numbers between brackets refer to the line
numbers where that type is defined within the Sample Telephone Specification
presented in Appendix B.

First, since we are dealing with telephone systems, we need to define rele-
phone numbers (lines 5-77) and some operations on them. The operations ==
and <> are used to compare telephone numbers®. Operation To_Nat is used to

2 The comparison is madc within a predicate.
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map real telephone numbers to Nawral Numbers. In type Phone_Num defini-
tion, operation Num is defined to allow the environment entering real telephone
numbers, provided it follows the format:

Num(dl, &2, . . . , d7) , where di are digits, for 1S i <7.

A tclephone number, in our specification, may consist of up to 7 digits,
however it’s also possible to usc numbers with larger numbers of digits. This
requires some changes in the definition of Phone_Num.

We need also to define a generic ser type (PhoneSet, lines 79-110) to be
actualized to define the sets BusySet, ServiceSet, and ForwardSer. The set BusySer
contains the identities of all the lines currently being used, while the set ServiceSet
contains the identities of all the currently existing lines in the telephone system®.
The remaining sets of numbers are used by the process System_Network 10 manage
the forwarding of calls. ForwardSet contains the numbers of the lines where 2
Forward feature is active. In order to be able to manage these sets, many useful
operations have been defined within the PhoneSer type. These are: operation
Empiy that denotes an empty set, operation [rsert to add a telephone number to
a set, operation Remove to remove a telephone number from a set, operation Isin
to check the existence of 2 telephone number in a set, operation Notln to check
the non existence of a telephone number ir a set, operation J/s_Empty to check
if a set is empty, operation Head to get the first element of a set, and operation
Tail to get the subset of the remaining numbers of a set after removing its first
clement. A second type of scts is the ForwardPairSet (lines 124-149) that is
needed for the Forward feature. This set contains pairs of telephone numbers of
type PhonePair (lines 112-122). Such a pair consists of the telephone number
that has forwarded a call and the telephone number to whom a call is forwarded
by the telephone given by the first number, ¢.g. ForPair (N, FN) means that N
has forwarded a call to FN.

Another important data item needed by the consrol part of the specification
are keyboard keys and signals. The Key type is defined in kines 151-169 and uses
two operations == and <> to check for a specific key being used by a subscriber.
Only three of these keys (HoldK, TransK, and ConfK keys) may be involved in
the comparison process. Signal types are defined in lines 178-204 using also two

2 The identity of a linc is the number of the telephone associated with that Line.
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op rations == and <> to check for a specific signal being sent by the System
Network. Among these signals some are of special use. These are RING, BUSY,
DITO, DISC, OOFS, FORW, and RANO. These signals differ from the others on
two accounts. First, an event with such a signal occurs only if specific conditions
are satisfied. Second, these signals may affect the set BusySer.Z These are defined
of type Control_Signal. The remaining signals are not constrained to any condition
and have no effect on any set of telephone numbers. Also the different tones that
a subscriber may get on its telephone arc defined of type Tone, lines 171-176.

4.3.4 Informal Description of the Sample Telephone Specification

The LOTOS specification of the Sample Telephone System ronsists of two
main parts: daza part and control part. '

In the data part, we define all the data used by the different processes of the
specification, Section 4.3.3, while in the control parr we describe the behaviour of

the components of the system in terms of processes and/or behaviour expressions,
Section 4.4.

The specification must be written in such a way as to allow for an arbitrary
number of Subscribers to use the Telephone System simultancously, see Section
3.2.7.2. Tt must also describe both the interactions of the Telephone System with its
Environment and signal exchanges between different componerits of the Telephone
System. To do so, three different gates are used in our LOTOS specification; gates
user and update to handle the interactions between the Telephone System and its
Environment, and gate line, used as a means o exchange signals between the
telephones and the System Nemwork. Within an event, different types of data may
be associated with the same gate. The first data item is the identity of the line
being used while the second onc defines the action being handled on that line (a
primitive) and possibly an additional data item to determine the destination line
of the current action.

The System Network tepresents the manager of all the lines used by the Tele-
phone System. It synchronizes with telephones on any internal action where the
associated predicates are satisfied. On gate user, it synchronizes with the envi-
ronment for Forward feature purposes. On gate update, however, it synchronizes
with the environment when for updating the sets of line numbers.

Z This is the case when a free line becomes busy or 2 busy line gets released.
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Within a single connection, One Connection, the Telephone System works in
the following manner:

The subscriber initiating a call, Origination Side, picks up the telephone handset
(OffHook). 1t then gets: (1) an out of service signal (QOFY) if its telephone is
not connected to the Telephone System®, (2) a busy signal (BUSY) if an extension
of its telephone is being used, or (3) a dial tone signal (DITO) if its line is free.
For more details on status line see Section 3.2.3.3.1.

In the first two cases, the Origination Side is forced to hang up (HangUp)
the telephone. In the third one, the Origination Side may start dialing the callee’s
telephonc number, Destination Side. When it finishes dialing, the control is passed
to the other side.

Once the caliee’s number is dialed, the Origination Side gets one of the
following three signals: (1) an out of service signal (OOFY) if the line specified
by the dialed number is not connected to the Telephone System, (2) a busy signal
(BUSY) if the callee’s line is being used, or (3) an audible ring if the callee’s
line is currently free. In {1), the Origination Side must hang up the telephone
(HangUp). In (2), the Origination Side may hang up the telephone and terminate
the connection or it may invoke a Ring Again feature and then hangs up the
telephone. If the Ring Again feature is invoked, the System Network keeps looping
on the Destination Side’s line until it becomes free, then it notifies the Origination
Side, which is waiting for a ring again notification (RANQO). As soon as the
Origination Side gets a RANO signal, it may pick up the telephone handset and
the communication path is established. Note that while waiting for 2 RANQ signal,
the Origination Side may cancel the Ring Again feawre.

However in situation (3), the Origination Side may wait for an answer from
the Destination Side, or hang up the telephone ard release the connection. In the
former case, the callee’s telephone may start ringing or the Destination Side may
have forwarded incoming calls to another telephone, and therefore Destination
Side now denotes the party to whom these calls were forwarded.

If the Destination Side answers the call (OffHook) before an OnHook from the
Origination Side is detected, then its telephone stops ringing and the communi-

D n real world this is not a signal, however the subscriber can recogaize it. So, in our specification it's taken as &
signal received by a subscriber.
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cation path between both subscribers is established. Thereafter, the participating
subscribers may eater in a conversation. Meanwhile, either subscriber may invoke
any feature among Hold, TWC, Transfer and Conference features.

Invoking Hold Feature

If a subscriber decides to invoke a Hold feature, it must first inform the callee
and then press the appropriate key. The callee is now on hold. While on hold,
the callee may go OnHook at any time.

The process of calling a new party within a connection is similar to the
one found in 2 simple connection except that the Origination Side’s telephone
is already OffHook and to terminate or abort a call, it simply presses the Hold
feature key again and will be re-connected to the first party. However if the first
party has left the connection, the Origination Side must hang up the telephone
after it returns to the first call and the connection is released.

Invoking Transfer Feature

When a call comes in to its telephone, the Destination Side presses the
Transfer key then dials the twelephone number of the party to whom this call
is to be mansferred. When the new party answers the call, the Destination Side
leaves for good the conversation and this new party becomes the new Destination
Side that will be connected to the Origination Side in 2 normal call.

Invoking TWC Feature

When a call comes in 1o its telephone, the Destination Side answers it then
presses the Transfer key to (privately) consult with a third party. The Origination
Side is automatically put on hold. After the new party answers the call, the
Destination Side then presses again the Transfer key and all three parties are
connected together in a conference like conversation. The feature is then called
a TWC feamre.

Invoking Conference Feature

While in conversation, a participating subscriber presses the Conference
feature key, consults (privately) with a third party then presses the Conference
key a second time to bring this new party to the conference. Note that an arbitrary
nurnber of subscribers may be involved in a single connection and any one may
leave (for good) the conversation at any tme.
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Section 4.4 Design Steps of the Sample
Telephone Specification

4.4.1 Introduction

In this section we show how the components of the Sample Telephone System
presented in Chapter 3 can be formally described using LOTOS.

First, we discuss some particularities of Telephone Systems and how they can
be described in LOTOS, then we present the structure of some important processes
that can be a basis for a formal description in LOTOS.

4.4.2 Processing Disconnection of Telephones

The process Connection_Handler plays the role of a controller within a single
connection. It is responsible for handling the connection of the lines to establish
calls, and also their disconnection to terminate calls. There are several ways in
which a call may be terminated.

— A call may be aborted by the Origination Side before its termination to the
end destination.

— A call may not terminate successfully to the end destination.

— A call terminates successfully to the end destination and any participating
subscriber may terminate it in a normal way.

 When the System Network teceives a disconnection request signal (DISC), it
may send a disconnection indication signal (DSIN) to the other side or no signal
is exchanged. This depends on the stage of the current call and the status of the
lines being used. These are summarized by Figure 27.

To abort or terminate a call we use the LOTOS disable operator “[>”. This
operator transfers control from the current behaviour to the behaviour following
the operator.
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Terminaton to End Destnation (CN) ;  { CN: The End Destination )
> e Disconnection of
>> {Hang Up ON) ==ty 1y N is required
Successful Termination to End Destination (CN) :
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Figure 27. Different Typcs of a Disconnection

A Subscriber as the Origination Side goes OnHook after an unsuccessful
OffHook?*, and therefore no disconnection is required.

2 Iy line is busy or out of service.



A Subscriber as the Origination Side gocs Ontook after a successful OffHook
but before the Destination Side’s telephone starts ringing®. Therefore, disconnec-
tion of only the Origination Side’s line is required. Note here that because the lines
that have forwarded a call are kept busy until establishment of the communication
path, they will be released upon disconnection of the Origination Side’s line?S,

If following a successful OffHook from the Origination Side and an unsuc-
cessful termination of its call w0 the Destination Side's line, the Origination Side
must go OnHook and disconnection of only its line is required.

If a call terminates to a busy line and the Origination Side invokes a Ring
Again feawre, then: (1) if the Origination Side cancels the feature while its
telephone is OnHook, the disconnection of only its line is required, (2) if after it
gets a Ring Again Notification signal (RANO), the Origination Side goes OffHook,
this automatically makes the Destination Side’s telephone ringing, and therefore,
if afterward the Origination Side goes OnHook, the disconnection of both side’s
lines is required, (3) if the Destination Side answers the call, this situation will
be similar to the one discussed below.

If following a successful termination of a call to the Destinaton Side whose
telephone starts ringing, the Origination Side goes OnHook, then disconnection
of both side’s lines is required and the Destination Side’s telephone stops ringing.

If following a successful termination of 2 call to the Destination Side who has
answered it, either side goes OnHook, then disconnection of its line is required.
Once this line is disconnected, a disconnection indication signal (DSIN) is sent to
the other side. The latter will be disconnected as soon as it goes OnHook.

Within a Connection, if any participating Subscriber invokes a feature to call
any other subscriber, disconnection of the latter’s line is required only after its
telephone starts ringing. Note that in 2 Conference conversation, whenever a
participating subscriber leaves the call its line is disconnected while the other
subscribers remain connected to the same call.

4.4.3 Creating Concurrent Connections

In the real world, an arbitrary number of connections may be handled simul-

I The Destination Side here refers 10 the end destination if the currert call was forwarded.
*  The current call is aborted.




taneously, where each conzsction is processed separately. In LOTOS, this can be
modelled by using the Interleaving operator “|I”, see Specification 4 below. For
more details on this operator refer to Section 2.2.10.1.

process Multi Connections [user, line] :noexit :=
One_Connection [user,line]
1!
i
Multi Connections [user,line]
endproc
Specification 4, Process Multi_Coanections Definition

The process Multi_Connections may generate an arbitrary number of connec-
tions by recursive instantiations of the process One_Connection®".

Muiti_Connections

Figure 28. Creating Multiple Connections

A snapshot representation of process Multi_Connections is given in Figure 28.
The dots indicate that there exist other copies of the process Multi_Connections.

T The mxemal acton “i" following the [merleaving operator is used 10 prevent the LOTOS inerpreter from Jooping
mﬂaﬂy.bymanpthgwpwidemhﬁnhcmbaothmh:hmdmﬂu_mm
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4.4.4 Design of a Single Connection

As shown in Section 3.2.3.3, 2 single connection consists of a set of sub-
scribers and a connection handler. The connection handler controls the temporal
ordering of internal events within 2 single connection. All internal events are
handied on gate lLnre.

In LOTOS, this can be represented by composing in parallel the process
describing the behaviour of subscribers, process Subscribers, with the process
describing the behaviour of the connection handler, process Connection_Handler.

Since the connecton handler has access to only internal events, process
Connection_Handler must synchronize with the process Subscribers on gate line.
Thercfore, we use the LOTOS generalized parallel composition “{[L][", where L
denotes the set of gates on which processes synchronize. In our representation, L
is a set that consists of only one gate line. The corresponding process is shown
in Specification 5 below.

process One _Connection [user,line] :noexit:=
Subscribers (user,line]
|{line]|
Connection Handler [line]

aendproc ‘

Specification S. Process One_Coonection Definition

Note that gate user is used for the interactions of the telephone system with
the environment, and therefore it is not subject to a declaration in process
Connection_Handler.

The process Subscribers used in Specification 5 is further refined. It consists
of a set of subscribers that are participating in a single connection simultaneously.
The behaviour of each subscriber is independent from the others, and therefore
we use the LOTOS interleaving operator “{|i” to formalize such a behaviour.

Once a subscriber goes OffHook, it becomes the originator within a new
connection. Its actions are handled in parallel with the actions performed by any
specified receiver of that call, see Specification 6 below.
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process Subscribers [user,line] :noexit:=
Origination_Side [user,line]
111
Destination_Side [user,line]

andproc

Specification 6. Process Subscriber Definition

4.4.4.1 The Origination Side The behaviour of the subscriber initiating a call
is described by the process Origination_Side presented in Specification 7. After
an OffHook, the Origination Side may get any signal among DITO, BUSY, and
QOFS, see Figure 29. This depends on the current statws of its line. In LOTOS
description, and with respect to the requirements on the use of telephones, see
requirement 17 in Section 3.2.7.2, we usc the choice operator “{]” to select one
alternative at a time.

(Pick Up the Handset )
- Successful - OffHook in - OffHook out
OffHook " Dito_T" Service "Busy T" of Service " Oofs_T"
- May Proceed in - Must Hang Up - Must Hang Up
Dialing a2 Number the Telephone the Telephone

Figure 29. Refinement of the Originaton Side

The Origination Side may at any time abort the call before establishment of
the connection. In LOTOS this can be achieved by using the disabling operator
“I>" because in the real world, once a call is aborted it cannot be retrieved. This
is another advantage of using LOTOS for the formal description of Telephone
Systems.

As stated in Section 3.2.6, a call processing proceeds in phases. Therefore,
we may think of passing from one phase to another in the formal description. In
LOTOS, this can be achieved by using the enabling operator “>>”.
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First, each phase is described separately (as a process) and after a successful
termination of the first phase, the next phase may begin. Between the wo
processes we use the enabling operator which provides the specifier with a means
to pass information from one process to the other. The first process terminates
by an “exit(L)” with some information (L) and the next process begins by an
“accept L in” to accept the same information.

In Specification 7, after a successful termination of the first phase (the
Origination Phase), the Termination Phase starts by a connection CONN, 2
detection of 2 busy signal BUSY, or an out of service signal QOFS. No information
is passed from the first phase. If the Destnation Side’s line (RN) is busy, the
Ring Again featre may be invoked in this phase. The Ring Again feature will
be discussed later in Section 4.4.5.1.1.

process Origination Side [user,line] rnoexit:=
user ?N:Phone '0OffHook ;
(* line of initiator is currently free *)
{ line 'N IDITO ;
( (. . .
>
(» initiator aborts the call *)
Hang Up [user,line] (N)
)
>>
(* successful termination of the origination phase *)
{* connection being established ¥*)
line 'N YCONN ;
User_Talk [user,linel] (N)
[1
(* destination line is currently out of service *)
line ?RN:Phone V00FS ;
8|
(* destination line is currently busy *)
line ?RN:Phone 'BUSY ?2Set:PhoneSet ;
user IN 'Busy T ;



(* initiator hangs up *)

( Hang Up [user,line] (N)
(1

{* initiator invokes ring again feature ¥)

[N <> RN] —>
Ring Again_ Feature [user,lina] (N,RN)

) )
[]

{* line of initiator is currently busy *)
line 'N 'BUSY !Empty
[1

(* line of initiator is currently out of service *)
line YN '0OFS;

- - -

)
andproc

Specification 7. Process Origination_Side Definition

After establishment of a connection CONN, the conversation may begin.
The conversation is described by process User_Talk, shown in Specificaton 12.
However, if a BUSY or OOFS signal was detected in the origination phase, the
Origination Side must hang up the telephone.

4.4.42 The Destination Side The Destination Side is the subscriber that may
be involved in a connection once its telephone starts ringing. Its identity is the
number dialed by the Origination Side, “CN” in Specification 7, and its behaviour
is described by the process Destination_Side shown in Specification 8. Note that
during the first phase of a call processing if the Origination Side aborts the call,
disconnection of the Destination Side’s line is not required, we use a stop after
the disabling operator to terminate the behaviour.
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({The Destination Side}

(Termination to This Side )
- Call Aborted - Telephone Rings - Call Forwarded
- Connection Released | | - Subscriber Answers |- Check Next Line

Figure 30. Refinement of the Destination Side

process Destination Side [user,line] :moexit:=
{ line ?CN:Phone VCOAT ;
exit (CN)
>
stop
)
>
accept CN:Phone in
{* termination t¢o destination line *)
Destination Phone Ring [user,line] (CN)
{]
(* a forward feature is active on this destination line *)
Call_Forwarded [user, line] (CN)
endproc

Specification 8. Process Destination_Side Definition

¥f the call is not aborted, the control is then passed to the termination phase.
The number CN is passed by the operator exit and is received by the follow-
ing behaviour through the accept construct, see Specification 8. The Destina-
tion Side’s telephone may then start ringing, “instantiation of process Destina-
tion_Phone_Ring”, unless a Forward feature is active on its telephone, in which
case the next checks must be applied on the line to whom this call is forwarded.
In the laner situation, the number CN is passed to process Call_Forwarded for
special purposes as we will see in Section 4.4.5.1.2. Note the use of the choice
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operator [] in the second behaviour. This is to force only one alternative at a
time, because in the real world, a telephone may ring or the call is forwarded
but not both at the same time.

Once it starts ringing, if the Origination Side aborts the call or the Destination
Side answers the call, disconnection of the Destination Side’s line is required .
After establishment of the connection, the behaviour of the Destination Side is

described by process User_Talk, see Specification 12. Processing Forward feature
is discussed in Section 4.4.5.1.2.

4.4.43 The Connection Handler As discussed above, for each connection an
additional process is needed to handle the temporal ordering of events performed
at different telephones within that connection. A sample configuration is given
in Figure 31. Only intemnal events arc presented within the Connection Handler
and some of them are shown in the figure “in bold type style”. To simplify the

figure, only some control signals are presented and the remaining sequences of
events arc omitted.
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3

" OffHook Detected (Origination Side))

1 ﬁnsuccwsfﬂ Ofﬂ-look; (Suceessful OffHook) nsuccessful OffHoo

JOofS Signal| D:al Signal Busy Signal

(Connection Released) ) (Connection Released)
(Terminaton to Destination Side )

(Unsuccessful Termination) Succes. Termination) (Unsuccessful Terminatio
[OofS Signal| Busy Signal
(Connection Released) (Connection Released)

(Forward Feature (Active)) ging at Destination Side
|Forw. Signal| [Ring Signal|
@ -

Nrol (onversano

( Control Features | Control Disconnection )

Figure 31. A Configuration of the Connection Handler

In Figure 32 below, we present an example of the temporal ordering of events
involved in a simple call where the OffHook from the Origination Side ard the
termination of the call are assumed to be successful. Note that the Connection
Handler synchronizes with the telephones on hidden events only.

The Connection Handler synchronizes with the Origination Side on event Dial
Tone and then with the Destination Side on event Ring. Since the Origination Side
does not synchronize with the Connection Handler on event OffHook, it cannot
execute the event Dial Tone untl it has executed the event OffHook. Then, the
event Dial Tone may take place followed by the sequence, Dial, Conn. Request,
and Conn. Attempt before the event Ring takes place, and so forth.

The same scenario continues with the remaining events. A synchronization
forces an internal event to take place, e.g. the intemal event Ring must be
preceded by the internal events Dial Tone, Conn. Request, and Conn. Aftempt.
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It also forces an observable event to take place if there is no synchronization,
e.g. the event OffHook®.

The Origination Side The Destination Side
\ g SN

The Cormection Handler

Figurc 32. Temporal Ordering of Internal Events in a Normal Call

In our specification, a process called Connection_Handler, see Specification
9, is associated with every new connection. During the first stage of a call
processing, the Connection Handler forces the first (internal) event 10 be one of
DITO, BUSY, and OOFS. It specifies also that this event must take place at the
Origination Side (N).

2 This is not always tue. However, in our samplc specification, synchronization is possible only on cvents intemal
10 the Telephone System.
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process Connection Handler [line] :noexit:=
line ?N:Phone 'DITO ;
Control_Termination ([line] (N,Empty)
[l
line ?N:Phone 'BUSY !Empty ;
stop

n o
line ?N:Phone 0Q0FS ;
stop

aendproc

Spec;ﬁanon 9. Process Connection_Handler Definition

In this figure, only (the internal part of) the first phase of a call processing is
presented. The remaining internal behaviour of a call is, however, prcsented in
Appendix B, process Control_Termination, lines 558-588.

4.4.5 Specification of the Sample Telephone Features

For modularity of the specification and to facilitate its modification, the
features were specified separately, each by a different process. The first stage
of the design of the specification is presented using the resource-oriented style.

In the next sections, we will present the formal description, in LOTOS, of
the telephone features discussed in Section 3.2.5 with respect to the requirements
on their usage, see Section 3.2.7. First, we describe the features Ring Again and
Call Forward which may be invoked during the early stage of a call processing.

The remaining featres, Hold, TWC, Transfer and Conference, are possible
only after establishment of the comuuunicaton path. Therefore, we prefer o
describe them later in 2 different section.

4.4.5.1 Ring Again and Call Forward Features In this section we focus on
two main featuwres, Ring Again and Call Forward. Ring Again feature may be
invoked by the initiator of a call, while Call Forward feature is to be invoked
by the receiver of a call.
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4.4.5.1.1 Ring Again Feature The Ring Again feature may be invoked by the
Origination Side when attempting to call a subscriber whose line is currently busy.
The formal description of its behaviour is given by process Ring_Again_Feature
that is instantiated from the process Origination_Side, see Specification 7. This
feature may be invoked by a subscriber provided that the dialed number is different
from its number, “[N <> RN] —>" where RN is the dialed number (the Destination
Side). However, if on the detection of a busy signal “BUSY”, the Origination
Side decides to hang up its telephone, the process Ring_Again_Feature is not
instantiated, and therefore the connection is released (process Hang_Up).
Processing the Feature

To invoke a Ring Again feature, the Origination Side must first press the
appropriate feature key RiAgK and then hang up its telephone “HanglUp ™.

:

f—Call Termination to Busy Line

(HangUp Telephenc)

(Get Ring Again Eou:ﬁmti on) (Cana Feature)
(OffHook Telephone) Cancel Feature

Y
(Again Busy Line) (Ringat Destination) (Release Connection)

@ {Establish Conriccﬁog‘)

Figure 33. Flowchart of Processing a Ring Again Feature
The System Network keeps checking the Destination Side’s line until it be-
comes free. It then notifies the Origination Side, by sending to it a RANO signal.
Meanwhile, the Origination Side may, at any time, cancel this feawre by pressing
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again the same feature key RiAgK and the connection will be released DISC. The
flowchart of invoking and processing the Ring Again feature is presented in Figure
33 and the LOTOS description of invoking it is given in Specification 10. Note
that this specification starts at the point indicated in Figure 33 by an arrow.

If the Origination Side does not cancel the feature and the Destination Side’s
line becomes free, the Origination Side will get a ring again notification “RANO”.
The Origination Side may then go OffHook and be connected or cancel the feature
and the connection is released.

process Ring Again Feature [user, line] (N,RN:phone)
tnoaxit:=
user 'N 'HangUp
(* initiator cancels the ring again feature *)
( user 'N 'RiAgK ;
line N DISC :
stop
I]
(* initiator gets a ring again notification *)
line 'N 'RANO 'RN ;
user 'N YRano T ;
(* initiator picks up telephone after notification *)
( user \N '0ffHook ;
line IN 'RIAG ;
(* connection being established (ring at destiantion side) *)
( 1ine 'N 'CONN ;
User_Talk [user,line] (N)
[l
(* again destination line is currently busy *)
line ?RN:Phone 'BUSY ?Set:PhoneSet;
user 'N 'Busy T ;
Ring Again_Feature [user,line] (N,RN)
)
il
(* initiator cancels feature after notification ¥)
‘user 'N 'RiAgK ;
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line 'N 'DISC ;
stop
) )
undproc

Specification 10. Yrocess Ring Again_Feature Definition

If, after it gets a notificaion “RANO signal”, the Origination Side goes
OffHook and finds out that the Destination Side’s line is again busy, then it must
HangUp the telephone and wait for another notification.

4.4.5.12 Call Forward Feature The Forward feature may be invoked only by
the Destination Side, and therefore it is instantiated from the process Destina-
tion_Side as presented in Specification 8. This feature allows a user to forward
automatically all further incoming calls to another pre-selected telephone. A For-
ward feature remains active on a telephone undl it is cancelled from the same
telephone.

When a call terminates to 2 line, the System Network first checks its stats.
Then, it either applies a Ring signal on that telephone if the line is free, by
instantiating the process Destination_Phone_Ring, or it Forwards the call to a
pre-selected telephone if the Forward feawre is active on that telephone, by
instantiating the process Call Forwarded.

To invoke the Forward feamre, the requirements 13, 14, and 15 must be
fulfilled, seec Secton 3.2.7.2. Note that whenever a call is forwarded by a
telephone, the line of the latier must be kept busy until establishment of the
call or until this call is aborted, see Section 3.2.7.2, requirement 16.

Processing the Feature

Without lifting the handset of the telephone, press the appropriate feawre key
“ForK™ then dial the number of the line to whom you want further incoming calls
to be forwarded 0. The description in LOTOS of invoking a2 Forward feature is
given by process Forward_Feawre presented in Appendix B (lines 1050-1067).
Note that a Forward featre may be cancelled at any time.
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' «— Initialize Set Sto Empty
o —p
(Termination to This Line)
Corward Feature Acﬁvﬁ (End Destination)
on ThisLine __{Remove Lincs fromS)
Apply Ringin
(Keep This Line in S) (Releasc Connection)
(Check Termination to Next Line) (Remove Lines from S)
Proceed —
@ o in the Connection

Figure 34, Flowchart of Processing & Forward Feature

Whenever a call terminates to 2 line, a new temporary set “S™ is created and
initialized to empty. If a Forward feature is currently active or an associated
telephone®, its number is added to the set S, and further status checks are applied
on the line to whom this call is to be forwarded. The use of the set § allows us
10 keep busy all the lnes where a Forward feature is active for the same call.

If the current call is aborted by the Origination Side, 2ll the numbers are
removed from the set S, and therefore the associated lines are released, see Figure
34. However, if the current call is not aborted, those numbers must be kept busy
until establishment of the communication path between the Origination Side and
the End Destination Side®®. Afterward, all the lines, except the End Destinarion
Side's line, are released. The lines involved in the forwarding are kept busy to be
ablctodctecta.nycyclcwhenforwa:dingthcsamccallanda]sowrcﬁlscﬁmher
incoming calls while a call is being forwarded.

3  More than one telephone may be associated with the same finc.
X The End Destination Side denotes the fine where no Forward featare is carrently active and an associsted teicpbone:
rings on termination of the currcnt call 1o its line.
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process Call Forwarded [user,line] (CN:Phone)
rnoaxit:=

line 'CN VFORW ;

(* call being forwarded from desatinaticn line CN to FN ™)
line ?FN:Phone FORW ;
{ line YFN 'CORE ;

line 'FN 'COAT ;

axit (FN)

[>

{* call aborted by initiator *)
stop

}
>>

accept FN:Phone in
{* current destination line is free, therefore successful

termination to this destinition (End Destination) *)
Destination Phone Ring [user,line] (FN)
(1

(* call forwarded to another destination (a Forward
feature is active on the curreant destination FN) *)
Call Forwarded [usar,line] (FN)
endproc

Specification 11. Process Call_Forwarded Definition

The formal description in LOTOS of forwarding incoming calis is presented
in Specification 11. The number CN denotes the Current Destination while the
number FN denotes the Next Destination, Call_Forwarded [user.line] (FN). If
a telephone starts ringing, Destination_Phone_Ring [user line] (FN), the number
FN then denotes the End Destination.

4.4.52 Hold, Transfer/TWC, and Conference Features After establishment
of the communication path between subscribers, any subscriber may invoke 2
feature among Hold, Transfer/TWC, and Conference Call. When a subscriber
invokes such a feature, the conversation with the other side is temporarily disabled
(by process Feature), then the former may proceed in calling 2 new side. The
problem presents itself, of how to represent such temporary disable by using
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the LOTOS disable operator. This has been done by reinstantiating the disabled
process after the disable operator. If a subscriber goes OnHook, the conversation
is disabled for good, by process User_Termination. This is described by the
process Uscr_Talk presented in Specification 12.

process User Talk [user,line] (N:Phone) tnoaxit:=
Conversation (user,line] (N)
[>
{* a hold feature is being invoked on line N *)
Feature [user,line] (N,BoldK,HOLD,HQOLDN)
L]
(* a transfer/TWC featuxe is being invoked on line N *)
Feature [user,line] (N,TranskK,TRAN, TRANN)
[1
(* a conference feature is being invoked on line N *}
Feature [user,line] (N,ConfK,CONF,CONEN)
[]
{* terminating this connection *)
User_Termination [eser,line] (N)
aendproc

Specification 12 Process User_Talk Definition

A process Feature is instantiated whenever a feamre is invoked. The alterna-
tive 1o be taken depends on the feature key being used (HoldK, TransK, or ConfK).
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{Feature }— — ,
(Subscriber(N) ; Key , Signal , Note

(Press Feature Key)
{Initatng a Feamre ) Party_On_Hold|
Additional_Subscriber] - State ( Key)
« State ( Key)
. Receives a Cﬂﬂ
VOke_f-eature » Receives a Feature
. States ( Key , Signal ) Notification
« Proceeds in Calling
a New Party

Figure 35. Flowchan of the First Stage of Invoking a Feature

Within the formal description of invoking a feature, the specification is mostly
written in the state-oriented style.

process Feature [user,line] (N:Phone,K:Key,
Sign,Note:Signal) :noexit:=
user !N !K ;
( Invoke Feature [user,line] (N,K, Sign)
1il
Additional_ Subscriber [user,line] (K)
)

1
Party On_Hold [user, line] (N,Note)

endproc
Specification 13. Process Feature Definition

Process Fearure describes the behaviour of a subscriber when a feature is in-
voked. A subscriber may be the invoker of the current feature (Invoke_Feature),
or the receiver of a feature notification (Party_On_Hold). The corresponding 1.O-
TOS specifications are shared by the features Hold, Transfer/TWC, and Conference
Call. These are given in Sections 4.4.5.2.4, and 4.4.5.2.6.
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The process Invoke_Feawre is interieaved with the process Addi-
tional_Subscriber whose description is given in Section 4.45.2.5. The process
Additional_Subscriber describes the behaviour of the New Side that may be in-
volved in the new call, sec Specification 16. When it gets a featre notificaton,
the New Side remains on hold until it is re-connected again to the original call. It
may also leave the call without informing the invoker of the current feature. The
control of events between different subscribers involved in a specific feature within
a single connection is handled by the process Control_Feature (lines 644-896)
in Appendix B. In Sections 4.4.5.2.1, 4.4.5.2.2, and 4.45.2.3, we briefly describe
each of these features.

4.4.52.1 Formal Description of Hold Feature To invoke a Hold feawre, a
subscriber N must first press the HoldK key, then start dialing the New Side’s
telephone number SN, see Specification 1531, If the invoker of the feature doesn’t
abort the new call, it then gets an audio service depending on the current stats
of the New Side’s line. If the termination of the new call to the New Side’s line
is unsuccessful, the invoker of the fearre may then press the HoldK key w be
reconnected t the first party, see Figure 36. At this stage, disconnection of the
New Side’s line is not required. To abort a call, press the HoldK key.

N The associated action will be "iser N tHOKK ;* and then process Iavoke_Feature [user Jine] (N BoldK HOLD)
s nsantisted
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Figure 36. Invoking a Feawre within a Conversaticn

As shown in Figure 36, within a connection, a new call may be initiated.
While calling a new party, the invoker of the feature may abort the cal! before
its termination to the new party’s line.

If the new call is not aborted, the type of its termination depends on the
current status of the new party’s line. In (1) in Figure 36, the termination is not
successful, and therefore the invoker of the feature is reconnected to the original
call “Reconnection (N)". In (2), however, the termination is successful and the
conversation with the new party may begin. Meanwhile, the new party may go
OnHook “Hang Up (SN)". Afterward, the new party’s line is released and the
invoker of the feature is reconnected to the original call “Reconzection (N)”. The
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invoker of the feature may also terminate the new call “Feature Key (N)’ and be
reconnected to the original call. The new party “SN™ must then go OnHook and
its line is released “Release Line SN,

4.4.522 Formal Description of Transfer/TWC Feature To invoke a Transfer
feature, a subscriber N must first press the TransK key, then start dialing the New
Side’s telephone number SN. If a subscriber invokes a Transfer feature and remains
on the line “Transfer Key (N)”, then all three partics are connected together in a
TWC conversation. This feature may also be used to transfer the current call to 2
third party then leave the conversation “Release Key (N)”, see Figure 36.

For some incoming call, the Destination Side may answer this call or transfer it
to a third party “New Side” and then leaves the original call. While in conversation,
the New Side may at any time go OnHook, see Specification 16.

If the Destination Side transfers an incoming call without leaving it, the
transfer feature is then called TWC feature. With this feature, all three subscribers
are connected together in a conference-like conversation, see Specifications 15, 16,
17, and Figure 36. During such a conversation, any subscriber may go OnHook.
However, when two subscribers leave the conversation, the third subscriber is
then forced to go OnHook and terminate the call,

4.4.52.3 Formal Description of Conference Call Feature With the Confer-
ence feature, a subscriber must press the associated feature key, before dialing
the New Side’s telephone number.

After establishing a connection between the Origination Side and the Des-
tination Side, cither subscriber may invoke a conference feature. When a fea-
ture is invoked by one side, the other side is temporarily put on hold “process
Party On_Hold". In our specification, this feature allows an arbitrary number of
subscribers to be involved in the same connection.

The invoker of a conference feature is specified by the process Invoke_Featre,
Specification 15. While processing a new call, its initiator may abort it at any
time “Feature Key (N)”, see Figure 36.

If the termination of the new call is unsuccessful, its initiator must press the
ConfK key to be reconnected to the first call. However, if the call terminates
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successfully to the New Side’s line, a connection path between the invoker of
the feature and the New Side is established, then both subscribers may enter in
a private conversation.

To bring the New Side to a conference conversation, the invoker of the feature
must press the ConfK key.

The behaviour of each subscriber participating in a conference call is described
by process More_Conference presented in Specification 14 below.

procass More Conference [user, line] (N:Phone)
tnoexit:=
{* conference conversation *)
Conversation [user,line] (N)
[>
(* conference feature on line N *}
Feature [user,line] (N,ConfK,CONF,CONFN)

1

{* subscriber on line N leaves the conversation *)
Hang Up [user,line] (N)
andproc

Specification 14. Process More_Conference Definition

At any time during a conference conversation, any participating subscriber
may consult privately with 2 new subscriber, instantiation of the process Feature
in Specification 14.

Furthermore, any subscriber participating in a conference conversation may
leave it for good, by going OnHook.
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4.4.52.4 Specification of the Invoker of a Feature The invoker of a feature
is the side that, while connected to a call, may decide to initate a new call.
The formal description of this side is given by the process Invoke_Feature, lines
378-426 of the specification presented in Appendix B. A less detailed description
of this process is given in Specification 15 below.

In Specification 15, the invoker of a feature is denoted by the number “N”,
while the new party “End Destination” involved in the new call is denoted by
“SN™. The corresponding flowchart for this specification is given in Figure 36,
and is shared by all the features.

process Invoke Feature [user, line] (N:Phone,
K:Key,Sign:Signal) :noexit:=
{* calling a new party *)
line I'N 'Sign ;
( user 'N 'DialKs ?SN:Phone ;
>
{* the new call aborted *)
User_Recon [user,line] (N,K)
)
>>
P, (* unsuccessful termination of the new call *)
[]
line 'N YCONN ; (* successful termination *)
{ Conversation (user,line] (N)
>
line YN YDSIN ; (* new party hang up *)
( [ K==7Transk] ->
[1
[ K <> TransK'] =>
(* reconnection of the invoker *)
User_Recon [user,line ] (N, K)
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[ K == TransK ] =>
{* the invoker establishes a TWC *)
{ user 'N !Transk ;
[l

{(* the invoker transfers a call *)

user N 'ReleaseK ;

Hang Up [user,line] (N}
)

(1
[ K <> TransKk'] >
(* reconnection of the invoker and hang up from

the new party *)
User_Recon luser,line] (N,K)

)
endproc

Specification 15. Process Invoke_Feature Definition

To initiate 2 new call, a subscriber proceeds as in a normal call. After
establishing the communication path, the conversation may begin. However, if
the New Side’s line is busy or out of service, the invoker must press the same
feature key to be reconnected again to the original call.

While in conversation, within the new call, any subscriber may terminate
it. To return to the original call, the description depends on the feature used to
initate a new call

In LOTOS, we associate a specizl key to each feamre and we use it as
a state in the specification. The description of the processes [nvoke_Feawre,
Additional_Subscriber, and Party_On_Hold uses mosdy the state-oriented style.

4.4.5.25 The Additional Subscriber A subscriber that is added to a connection
by a Basic Subscriber’? is called an Additional Subscriber. This situation may
take place when a subscriber invokes ary feature among Hold, TransferTWC and
Conference Call.

R A Basic Subscriber is the subscriber currenily connected 10 & call. It can be cither the Origination Side of the
Destination Side. I:mmummmmmmwmmmm.
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If the invoker of a feature aborts the new call before its termination to the
other side’s telephone, disconnection of the later’s line is not required. Otherwise,
if its telephone starts ringing, the Additional Subscriber may go OffHook and then
it will be connected o the invoker of the feature. If the Additional Subscriber
doesn't go OffHook, its telephone keeps ringing until the invoker of the feature
aborts the call, and therefore disconnection of the Additional Subscriber’s line
is required, sec process New_Phone_Ring (lines 459-486) of the specification
presented in Appendix B.

As it is the case in a normal call, the Addirional Subscriber’s telephone (SN)
may ring or a Forward feature is active on its telephone, and therefore that call
is forwarded to the next destination, see Specification 16. For more details, see
processes New_Phone_Ring (lines 459-486) and New_Subscriber_Forward (lines
442-457) of the Sample Telephone specification preseated in Appendix B.

process Additional_Subscriber [ user,line] (K:
Key) :noexit:=
( line 2?SN:Phone 'COAT ;
exit (SN)
>
stop (* new call aborted *)
)
>>
accept SN:Phone in
(* ringing at this side *)
New_Phone_Ring [user,line] (K, SN)
(1
{(* new call being forwarded *)
Hew_Subscriber_Porward {user,line] (K,SN}
endproc

Specification 16. Process Additional_Subscriber Definition

. While in conversation, an Additional Subscriber may, at any time, leave it
for good, regardless of the type of the current feature.

If the fearure is a Conference Call and its invoker presses the same feature
key, the Additional Subscriber is automatically connected to the original call.
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However, if it is a Transfer feature and its invoker presses the same feature
key, the Additional Subscriber is connected to the subscriber already on hold
in a normal conversation. Furthermore, if the feawre is a Hold and its invoker
presses the same feature key, the private consultation terminates and the Additional
Subscriber must go OnHook, scc Appendix B (lines 468—480).

4.4.52.6 The Party On Hold While in conversation, a participating subscriber
may invoke a feature, to privately consuls with a new party. The party waiting
for the completion of the feature is calleu the Party On Hold.

While waiting to be reconnected to the original call, the Party On Hold may
g0 OnHook without notifying the invoker of the feature. It may also wait until
the completion of the new call, then it will be reconnected “RECO™ again to the
original call, see Specification 17. ‘

procaess Party On Hold [user,line] (N:
Phone,Notify:Signal) :noaxit:=
line 'N 'Notify ; (* gets notification *)
{ line 'N 'RECO ; (* beiag reconnected *)
( [ Notify == TRANN ] ->
( Conversation [user,line] (N) (* TWC *)
>
line 'N 'DSIN ;
{* back to normal call *}
User Talk [user,line] (N)
[1
{* leaves for good the TWC *)
Hang Up [user,line] (N)
)
[]
[ Notify == CONFN ] —>
{(* conference.conversation *)
More Conference [user,line] (N)
¥
[ Notify == BOLDN ] ->
(* reconnection after a hold feature *)
User_Talk [user,line] (N)
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}
0]
line 'N 'DSIN ;
(* the invoker leaves the conversation *)
line 'N 'RECO ;
User Talk [user,line] (N)
[1
(* this party leaves the conversation *)
Hang Up [user,line] (N)
)
endproc

Specification 17. Process Party_On_Hold Definiion

When reconnected to the original call, one of the following situations may
occur’>;

1. if the feature was a Transfer, the Party On Hold enters in a TWC conversation
and may leave it at any time. The invoker of the feawre may have left the call,
and therefore the Party On Hold enters in a normal conversation with the New
Parry. The later case is a transfer of an incoming call.

2. if the feature is a Conference Call, the Party On Hold is reconnected to a cali
in a conference conversation and may leave it at any time, se¢ Specification 14.

3. finally, if the feature is a Hold, the Party On Hold is reconnected again with
the invoker of the feature in a.normal call and no new party is involved in the
current conversation.

4.4.5.3 ‘The Controller of Features Processing The use of each feane is con-
trolled by a process instantiated from within the process Connection_Handler that
is associated to the current connection. The former controls the order of inter-
nal events on all the telephones involved in the same connection, as shown in
Figure 37.

B When reading these statcments, please refer o Sprcification 17.
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Figure 37. The Contolkr of Feamres

1. Instantating process Control_Termination (line 585)* 1o control the events
when a call is to be forwarded to another destination.

2. Process Control_RingAgain (lines 604—631) controls the events involved when
a Ring Again feature is invoked by the Origination Side.

3. Process Control_Hold (lines 655-711) controls the events when a Hold feature
is requested by either subscriber participating in a call.

g Tbcuwciudnumbu:vdawlhclhcnmnbu:ddn&mpthkpthpaiﬁwionptuauedinAppmdixB.
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4. Process Control_Transfer (lines 713-786) controls the events when a Transfer
feature is invoked by the Destination Side. It includes also the establishment of
a TWC conversaton.

5. Finally, process Control_Conference (lines 795-855) controls the sequence of
events involved in a call when a Conference Call feanre is requested by any
subscriber participating in a call.

4.4.6 Formal Description of the System Network

The System Newwork, see Figure 38, interacts with both the environment
and the connections. The interactions with the environment on gate user allow
the System Network to keep wack of the telephones where a Forward feawre is
active. The Forward feature is described separately within the definition of process
System_Network. In addition, the interactions with the environment on gate update
allow the latter to add or remove line numbers to/from the set ServiceSer.

The second role of the System Network is to congol the internal events. It
checks the status of the associated line and then sends back an appropriate signal.
These are handled on gate line. Predicatcs are associated to only the signals of
_ type “Control_Signal”, see Section 4.3.3. An event with such a signal is possible
only if the associated predicate is evaluated to zue.
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Figure 38. Refinement of the System Network

The coeresponding LOTOS description of the process System Network is
presented in Specification 18. In this Specification, a predicawe is associawed
to each event. The control signals are not presented in this Specification, but their
descriptions along with the associated predicates are presented below.

process System Network [user,update,line]
(ServiceSet,BusySet, ForwardSet : PhoneSet,
ForwardPairs:ForwardPairSet) :noexic:=
update ?N:Phone;
( [ NotIn!N,ServiceSet) ]
System Network [user, update, line] (Insert (N,
ServiceSet),BusySet,ForwardSet, ForwardPairs)
8]
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{ IsIn(N,ServiceSet) and NotlIn(N, BusySet) 1 ->
System Network [user,update,line] (Remove (N,
ServiceSet),BusySet, ForwardSet, ForwardPa irs)
(1
{ IsIn(N,BusySet) ] =>
System Network [user, update,line]
(ServiceSet, BusySet, ForwardSet, ForwardPairs)
}
0l
Forward Feature [user, update, line] (ServiceSet,
BusySet, ServiceSet, ForwardSet, ForwardPairs)
[l
line ?N:Phone ?sign:Signal ;
System Network [usex,update,line] {ServiceSet,
BusySet, ForwardSet, ForwardPairs)
0l
line ?N:Phone ' (* control signal *)
1

andproc

Specification 18. Process System_Network Definition

The interaction with the environment is defined by the first two actions.

In the action “update ?N:Phone;”, a number is added to the set ServiceSet
“Insert(N,ServiceSet)” only if it is not currently in that set “NotIn(N,ServiceSet)”.
A number may be removed from the set ServiceSer only if it is in service and
is not currently busy “IsIn(N,ServiceSet) and NotIn(N BusySet)”. In the second
action, a Forward feature is invoked and therefore process Forward_Feature is
inswntiated. For more detail on the formal description of invoking a Forward

feature see the specification presented in Appendix B (lines 1050-1067).

A control signal is one of DITO, RING, BUSY, OOFS, DISC, RANO, and

FORW signals. For each of these signals, we give the predicate to be satisfied
in order for that signal to be applied on the associated line®®. The effect of the

corresponding event on the sets of numbers is also presented.

A linc is identificd by the associated pumber.
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DITO signal:
Associated Predicate
[ NotIn(N,BusySet) and IsIn(N,ServiceSet) ]
Effact of the Event: Insert(N,BusySet)
RING signal:
Assoclated Praedicate
[ NotIn(N,BusySet) and IsIn(N,ServiceSet)
and NotIn(N,ForwardSet) ]
Effect of the Bvent: Insert (N,BusySet)
BUSY signal:
Associated Predicate
[ IsIn(N,BusySet) or IsIn(N,TempSet) ]
Effect of thae Event: no effect
OOFS signal:
Associated Predicate
[ NotlIn(N,ServiceSet)} ]
Effact of thae Event: no effect
DISC signal:
Associated Predicate
[ IsIn(N,BusySet) ]
Effect of the Event: Remove (N,BusySet)
RANO signal:
Associated Predicate
[ NotIn(TN,BusySet) ]
Effect of the Event: no effect
FORW signal:
Associataed Predicate
[ IsIn(N,ServiceSet) and NotIn(N,BusySet)]
and IsIn(N,ForwardSet)
Effact of the Event: Insert(N,TempSet)

Following is a description of the predicates associated with the control signals:

A subscriber may get a “DITO” signal, only if its line “N” is free, and connected to
the Telephone System. The occurrence of such an event makes the line “N" busy.
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A iclephone may start ringing “RING", only if it is connected to the Telephone
System, free, and no Forward feature is active on it When the event occurs, the
associated line becomes busy.

A line “N” is busy “BUSY" for a given incoming call, if it is currently being used,
or another call is currently being forwarded via that line. To keep track of the lines
involved in the forwarding process of a call, we use an additional “temporary” set
of numbers “TempSer”. This sct is released whenever the communication path is
established, or that call is aborted. There are no effects following the occurrence
of such an event.

A telephone is out of service “OOFS”, if the associated line is not connected to the
Telephone system. There are no effects following the occurrence of such an event.

A line may be disconnected “DISC”, only if it is currently being used. The
occurrence of such an event affects the set of busy lines. The line “N” is removed
from the sct BusySet.

A subscriber “N” may get a “RANO” signal, only when the other side’s line “TN”
becomes free. There are no effects following the occurrence of such an event.

A call may be forwarded “FORW” from a telephone whose line is “N”, only if
that line is connected to the Telephone System, not being used, and no Forward
feature is active on that telephone. The associated line is temporarily kept busy
“set TempSer”.

Section 4.5 Debugging the Sample Telephone Specification

4.5.1 Introduction

Using the LOTOS interpreter of the University of Ottawa [HH88], we were
able 10 extensively debug our specification of the Sample Telephone System.
As mentioned earlier, there are two ways to execule a specification: (1) the
specification may be processed by steps, where at each step all the possible actions
are presented, and the environment may choose any action by giving its number
that appears on the left of that action, as presented in Section 4.5.2, (2) it may
also be executed by giving 2 symbolic tree for the whole specification or for only
a specific process, see Section 4.5.3.
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4.5.2 Step-by-Step Execution of the Specification

In the Step-by-Step approach, Section 2.4.2, the debugging focuses on specific
stages of processing a call. It may also be used to check the consistency of a
particular feature by validating at each step the sequence of events.

The Step-by-Step execution helps the specifier to check the specification for
specific stages by trying all the possible alternative at that step. Itis an interactive
execution of the specification, where the environment may be prompted for some
data in order for that specific action to be executed.

Following, is an example of executing the Sample Telephone Specification
using the step by step approach. It tests one functionality of the specification that,
if the subscriber whose number is (731-6979) dials the number (741-9729), and
the latter’s line is free, the associated telephone will ring. This is the simplest
case of a call processing described in our specification.

ISLA
Interactive System for LOTOS Applications
The available processes are:
{1} Telephone_System[user,update] ()
(2] Multi_Connections[user,line] ()
[3) One_Connectionfuser,line] ()
(4] Subscribers([user,line] ()

---------------------
---------------------
---------------------

[49] System_ﬁecwork[use:,update,line](ServiceSet,BusySet,
ForwardSet :PhoneSet, FoxrwardPairs:ForwardPairSet)
PROC: lp[rocesses]|?|hielp] |<process number>}<command> wm> ]
Enter actual process gates for execution
==> Telephone_Systen
Applying inferences rules !
+ Choose the whole specification.

<1>- user ?N:Phone !'OffHook:Kjy =---> bhl  [236]
<2>- i (specified explicitly) ---> bh2 [219]
<3>~ update 2?N:Phone ---> bh3 (1004}

ACT: lafctions] [<N>]|2Ih(elp] |<action numbex>|<command> ==> 3
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Enter a value for N:Phone => Num{7,3,1,6,%,7,9)
+ Add the line number (7,3,1,6,8,7,9} to the Telephone System.

<1>- user ?N:Phone 'OffHook:Key =---> bhl [236]
<2>- i (specified explicitly) =-—-> bhl [219)
<3>- update ?N:Phone ---> bh3 {1004]

<4>- user !'Num(7,3,1,6,9,7,9):Phone !ForK:Key ?FN:Phone
--=> bh4 [1060)

ACT: la[ctions) [<N>][?I1h([elp] |<action number>|<command> =m=> 3
Enter a value for N:Phone => Num(7,4,1,9.,7,2.,9)
+ Add the line number (7,4,1,9,7.2,9) to the Telephone System.

<1>- user ?N:Phone !0ffHook:Key ---> bhl [236]
<2>~ i (specified explicitly) =--—-> bh2 [219]
<3>- update ?N:Phone —--> bh3 [(1004]

<4>- user !Num(?,4,1,9,7,2,9):Phone !ForK:Key 2FN:Phone

-==> bh4 [1060]

<5>— user 'Num(7,3,1,6,9,7,9):Phone !ForK:Key ?FN:Phone

--=> bhS [1060]
+My&hﬂmemmgﬁﬂJJﬂJJ)wdHJJJJJJ)MW
invoke a Forward feature.

ACT: la[ctions] [(<d>]1?lh[elp] <action number> | <command> w=> 1
Enter a value for N:Phone => Num(7,3,1,6,9,7,9

Passed evaluated value ==> OffHook

+ The Origination Side goes offhook to initiate a call.

<1>~ i (specified explicitly) ---> bhl £219]

<2>=- undate ?N:Phone ---> bh2 [1004)]

<3>- user !Num(7,4,,9,7,2,9):Phone !ForK:Key 2FN:Phone
-=-=> bh3 [1060]

<4>- user 'Num(7,3,1,6,9,7,9):Phone !ForK:Key 2FN:Phone
-==> bh4 £1060]

<5>~ i (hiding: line !Num(7,3,1,6,9,7,9):Phone !DITO
:Control_Signal {and (NotIn{Num{7,3,1,6,9,7,9), Empty},
IsIn(Num(?,B,l,6,9,7,9),Insert(Num(?,d,l,9,7,2,9),
Insert {Num(7,3,1,6,9,7,9),Empty))))}) ---> bh5 [237,548,1020]

ACT: la[ctions) [<N>)|?|h[elp] |<action number>|<command> ==> 5
Internal event is executed
The existing predicate(s) for this action :
[and (NotIn {Num(7,3,1,6,9,7,9),Empty).,
TsIn(Num(7,3,1,6,9,7,9),Insert (Num(7,4,1,9,7.,2,9),
Insert (Num{7,3,2,6,9,7,9),Empty))))]
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evaluated to true
Passed evaluated value ==> Num{7,3,1,6,9.7,9)
Passed evaluated value ==> DITO

<1>- user 'Num(7,3,1,6,9,7,9):Phone !Dito_T:Tone ---> bhl [238]
<2>- i (specified explicitly) ---> bh2 [219]

<3>- update ?N:Phone ---> bh3 [(1004]

<4>- user 'Num(7,4,1,9,7,2,9):Phone !ForK:Key ?FN:Phone

--=> bh4 [1060]

ACT: lafctions] [<N>]1?(h[elp] |<action number>|<command> ==> 1
passed evaluated value ==> Num{7,3,1,6,%,7,9)
Passed evaluated value ==> Dito_T

+ The Origination Side Gets a dial tone.

<1>= user !Num({7,3,1,6,9,7,9):Phone !DialKs:Key 2CN:Phone
-==> bhl [238]

<2>- user !Num(?7,3,1,6,9,7,9):Phone !HangUp:Key -~~> bh2 [541]
<3>- i (specified explicitly) ---> bh3 [219)

<4>- update ?N:Phone -=--> bh4 [1004]

<5>= user !Num{7,4,1,%,7,2,9):Phone !ForK:Key 2?FN:Phone

~==> bh5 (1060]

ACT: la[ctions)] [<N>]]?|h[elp] |<action number>|<command> w==> 1
Passed evaluated value ==> Num{7,3,1,6,9,7,9)
Passed evaluated value ==> DialKs
Enter a value for CN:Phone w==> Num(7,4,1,9,7.2,9)

+ The Origination Side dials the number (7,4,1,9,7,2,3).

<1>- user !Num(7,3,1,6,9,7,9):Phone !'HangUp:Key ---> bhl [541]
<2»- i (specified explicitly) ---> bh2 [219]

<3>- update ?N:Phone ---> bh3 [1o041i

<4>- user 'Num(7,4,1,9,7.2,9):Phone !ForK:Key ?FN:Phone

-==> bhé {10860}

<5>- i (hiding: line !Num(7,4,1,9,7,2,9):Phone 'CORE:Signal)
-==> bh5 [240,559,1017]

ACT: la[ctions] [<>][?]1h[elp]|<action number>|<command> m=> 3
Internal event is executed
Passed evaluated value ==> Num(?7,4,1,9,7,2,9
Passed evaluated value ==> CORE

<1%>- user 'Num(7,3,1,6.,9,7,9):Phone !HangUp:Key ———> bhl [541]
<2>- i {specified explicitly) -—-> bh2 [219]
<3»- update 2?N:Phone --—-> bh3 [1004]
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<4>- user 'Num(7,4.,1,9,7,2,9):Phone !ForK:Key 2?FN:Phone
===> bh4 [1060]

<5>- i (hiding: line !Num(7,4,1.9,7,2,9):Phone 1COAT:Signal)
-==> bh5 [302,560,1017)

ACT: la[ctions] [<N>][?|h[elp] [<action number’> | <command> ==> 5
Internal event is executed
pPassed evaluated value =w=> Num(7,4,1,9.7.,2,9)
Passed evaluated value ==> COAT ‘

<1>~ user 'Num(7,3,1,6,9,7,9):Phone !HangUp:Key -—--> bhl [541]
<2>- i (specified explicitly) =---> bh2 (219}
<3»>~ update 2?N:Phone ~—--> bh3 £1004)
<4>~ user 'Num{7,4,1,9,7,2,9):Phone !'ForK:Key 2?FN:Phocne
-==> bh4 [1060]
<7>- i (hiding: line !Num(7,4.,1,59.7,2,9):Fhon2
IRING:Control_Signal [and({and(NotIn(Num(7,4,1,9,7.2,9).
Insert(Num(?,3,1,6,9,7,9),Empty)),IaIn(Num(7.4.l,9.7,2,9).
Insert (Num{7,4,1,9,7.2,9),Insert (Num(7,3,1,6,9,7,9) ,Empty) })S (1)),
NotIn (Num{7,4,1,9,7,2,8!,Empty))]) —--> bh7 [333,570,1024])
ACT: lafctions) [<N>]12[h[elp]|<action number>|<command> ==> 7
Internal event is executed
The existing predicate(s) for this action :
[and(and(NotIn(Num(?,4,1,9,7,2,9),Insert(Num(7,3,1,6,9,7,9),
Empty)) ,IsIn(Num(?.4,1, 9,7,2,9;,Insert {Num(7,4,1,9, 7.2,9),
Inse:t(Num(7,3,1,6,9,7,9),Empty)))),Not!n(Num(7,4,1,9,7,2,9),
Empty) )] evaluated to true
Passed evaluated value w=> Num(7,4,1,9,7,2,9)
Passed evaluated value ==> RING

<1>~ user !Num(7,3,1,6,9,7,9):Phone !HangUp:Key —--> bhl [541]
<2>- user !Num(7,4,1,9,7,2,9):Phone !Ring T:Tone ---> bh2 [334]
<3>- i (specified explicitly) =---> bh3 [219]

<4>- update ?N:Phone ---> bh4 [1004]

ACT: la[ctions] [<¥>]|2]h[elp] |<action number>|<command> ==> 2
Passed evaluated value ==> Num(7,4,1,9,7,2,9)
Passed evaluated value ==> Ring_ T

+ The Destination Side’s telephone is ringing.

<1>- user !Num{7,3,1,6,9,7,9):Phone !HangUp:Key —---> bhl [541]
<2>- user !'Num(7,4,1,9,7,2,9):Phone !'OffHook:Key --=> bh2 [337]
<3>- i (specified explicitly) ' ——-> bh3 [219])

<4>- update ?N:Phone «--> bhi [1004]
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<5>- i (hiding: line 'Num(7,4,1,9,7,2,9):Phone !ONRI:Signal}

_—

bhs

[597,997,1017]

ACT: la[ctions] [<N>] |2|h[elp] |<action number>|<command> ==> 2
Passed evaluated value wm=> Num(7,4,1,9,7,2,9)
Passed evaluated value ==> OffHook
+ The Destination Sige answers the call.

<A>~-
<2>-
<3>-
<4>-
—2

user !'Num(?,3,1,6,9,7,9):Phone !HangUp:Key ---> bhl [541]

i (specified explicitly)
update Z2N:Phone

--=> bh3

~==> bh2
[1004]

{219]

i (hiding: line !Num(7,4,1,9,7,2,9):Phone !CONN:Signal)

bhd

£338,573,1017]

ACT: lafctions] [<a%>] [?[h[elp] [<action number>|<command> ==> 4
Internal event is executed
Passed evaluated value ==> Num(7,4,1,9%,7,2,9)
Passed evaluated value ==> CONN

<1>-
<2>-
<3>-
<4>-
<5>-
<6>-
<7>-
<g>~
<9>-
-——>

user !Num(7,3,1,6,9,7,9):Phone !'HangUp:Key —---> bhl [541]
user !Num(7,4,1,9,7.2,9):Phone !SendVo:Key —---> bh2 [528]
user !'Num{7,4,1,9,7,2,9):Phone 'HoldK:Key ---> bh3 [368]

user !Num(7,4,1,9,7.2,9):Phone !TransK:Key ---> bh4 [369]
user 'Num(7,4,1,9,7.2,9):Phone !ConfK:Key —--> bh5 [369]

user !'Num(7,4,1,9,7.,2,9):Phone !'HangUp:Key ---> bhé [541]
i (specified explicitly) ---> bh7 [219)

update ?N:Phone ---> bh8 [1004]

i (hiding: line !Num(7,3,1,6,9,7,9) :Phone !CONN:Signal)

bh9

[247,574,1017]

ACT: laf[ctions] [<¥>][?lh(elp]I<action number>|<command> ==> 9
Internal event is executed
Passed evaluated value ==> Num(7,3,1,6,9,7,9)
Passed evaluated value ==> CONN

<1>-
<2>-
<3>-
<4>-
<5>~
<6>-
<7>-
<8>—
<9>-
<10>-

u3er

userx .

userx
user
user
user
user
user
user
user

'Num(7,3,1,6,9,7,9) :Phone
'Num(7,3,1,6,9,7,9%) :Phone
'Num(7,3,1,6,9,7,9) :Phone
tNum(7,3,1,6,9,7,9) :Phone
'Num{7,3,1,6,9,7,9) :Phone
'Num(7,4,1,9,7,2,9) :Phone
tNum(7,4,1,9,7,2,9) :Phone
iNum{7,4,1,9,7,2,9):Phone
'Num(7,4,1,9,7,2,9):Phone
'Noem{7,4,1,9,7,2,9) :Phone
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!SendvVeo:Key =---> bhl [528]
'HoldK:Key ---> bh2 [369]
!TransK:Key ~--> bh3 [369]
tConfK:Key ---> bh4 [369]
1HangUp:Key --—> bh5 [541]
!SendVo:Key ---> bhé [528]
1HoldK:Key —---> bh7 ([369]
tTransK:Key ---> bh8 [36%9]
1ConfK:Key —~=> bh9 [369]
'HangUp:Key ~—-> bhl0 [541]



<11>- i (specified explicitly) -—-=> bhll [219]

<12>- update ?N:Phone ---> bhl2 [1004)
+ The communication path is established between subscribers
and any may invoke a feature among (Hold, Transfer/TWC, and

Conference Call).

4.5.3 Symbolic Execution Trees

The symbolic execution method {GL89b] is used to generate a tree of symbolic
sequences of events involved in a specification or in a particular part of it. This
gives all the possible paths, allowed by the specification or by the selected parts.
In the Sample Telephone Specification, 2 symbolic tree represents the behaviour
ofaparﬁcularphascofacallproccssingorofapar&cularfcatum. Note that
due to the complexity of the specification, the generation of the whole symbolic
execution tree is not practical. However symbolic execution trees for some
important processes of the specification were generated using 2 small depth of
execution. The depth is chosen as small as possible provided it covers the main
part of the process description.

In this section we present one sample symbolic execution tres. This symbolic
wee, sec Specification 19, describes the behaviour of process Originarion_Side,
which is the behaviour of a call processing at its first stages. The conversation
may begin at level 7. Invoking Hold, TransferlTWC, and Conference Call features
may also take place at this level. A level in this case is the depth of execution
of the tree and it is represented by the number of bars displayed on the left of an
action. For example, the action corresponding to an OffHook event is at Jevel 1.
It is followed at level 2 by an internal event, thea at level 3 2 subscriber may get
a dial tone Dito_T. At the same level 3), 2 subscriber may also get a busy tone
Busy_T or an out of service tone Oofs_T. Note that only observable behaviour is
presented here “gate user”.

1 user 2Phone@l:Phone !OffHook:Key [236]
| | 1 user !Phone@l:Phone !Dito T:Tone [238]
| | | 1 user !Phone@l:Phone !DialKs:Key
‘ 2Phone@4.1:Phone [239]
1 1 11 | 1 1 user !Phone@l:Phone 1SendvVo:Key [528]
==> continue
| 1 11 | | 2 user !Phone@l:Phone 'HoldK:Key [369]
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==> ¢ontinue
i 1 I 1 | | 4 user !Phone@l:Phone !TransK:Key [369]
==> continue
] 1 1 1 ) | 6 user !'Phone@l:Phone !ConfK:Key [369]
==> continue
l 1 1 1 1 1| 8 user !'Phonefl:Phone !HangUp:Key [541]
==> continue
l + 1 1 | 1 1 user !Phone@l:Phone !Oofs_T:Tone ([251]
i 1 1 1 11t 1 user !Phone@l:Phone !'HangUp:Key [541]
' ==> continue
] 1 1 1 1 1 1 user !Phone@l:Phone !Busy T:Tone [255]
! 1 1 1 11 11 user !Phone@l:Phone !HangUp:Key [541]
==> continue
111 1 1 11 2 [<>(Phone@l,Phone@6) Juser !Phone@l:
Phone !RiAgK:Key [259] ==> continue
l 1 1 1 | 4 user !PhoneRl:Phone !HangUp:Key [541]
==> continue
| 1 | | 2 user !'Phone@l:Phone !'HangUp:Key [541]
==> continue
| | | 2 user !'Phone@l:Phone !HangUp:Key [541}
==> continue
| | 1 user !Phone@l:Phone !Busy T:Tone [263]
| 1 | 1 user !'Phone@l:Phone !HangUp:Key [266]
DEADLOCK :
| | 1 user !Phone@l:Phone !Oofs T:Tone [270]
| | | 1 user !Phone@l:Phone !HangUp:Key [271]
DEADLOCK

Specification 19. The Symbolic Execution Tree of the Process Origination_Side

Some symbolic execution trees of different processes are presented in Appen-
dix D. For each of these trees, a brief description of its behaviour is given.

Section 4.6 Testing the Sample Telephone Specification

Testing a specification is an appropriate way to detect errors at the design
stage. This can be achieved by composing in parallel 2 test sequence with the

127



whole specification, then execute the combined specificaton. The test sequence
is written as a separate process, se¢ Specification 20 below.

Using the tools provided by the interpreter ISLA [HH88][GHHLS38], some test
sequences have been run on our Sample Telephone Specification. The execution
of the composition will result in an execution tree [GL89b], from which either
the test sequence (process) may reach its last action (in this case we say that it is
accepted by the specification), or the test sequence is refused by the specification.
Furthermore, the execution tree allows users to see exactly where the error occurs
in the specification. This is possible, because in the symbolic wee, for each action
are associated action offers participating in that action.

Note that a test sequence must be deterministic in order for the designer w0
be able to judge its acceptance [Bri88b] by a specification. However, LOTOS
concepts allow the specification of non-deterministic systems. Note also that
the internal action “i” introduced in the specification to prefix the instantiating
of process Multi_Connections when creating new connections and to prevent the
interpreter from looping endlessly, is replaced by the gate line. This is to avoid the
occurrence of multiple i’s in the execution tree and also to allow synchronization
of a test process with the specification if the former has the purpose of testing
multiple calls in parallel. This method of testing is, of course, a ‘white-box’
testing [Mye79] in the sense that it presupposes complete knowledge and control
of the internal structure of the system.

Test sequences that we feel interesting in our system have been run in parallel
with the Sample Telephone Specification and have helped us to fix errors at the
design stage. Some of these test sequences are presented in Appendix C as
individual processes.

The purpose of the test sequence presented in this section, see Specification
20 below, is to verify that, if the subscriber whose telephone number is Ul dials
a telephone number U2, and the line on U2 is free, the telephone whose number
is U2 will ring. Note that we test only the user interface.
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process Test_Sequencel [user,update] :exit:=
let Ul:Phone = Num(7,3,1,6,9,7,9),

U2:Phone = Num(7,4,1,9,7,2,9) in
update U1 ; (* Add line Ul to the system *)
update !U2 ; {* add line U2 to the system *)

user Ul !'OffHook ;

{* Subscriber on Ul goes OffHook *)
user !Ul !Dito_T ;

(* Subscriber on Ul gets a Dial Tone *)
user !Ul !DialKs !U2 ;

(* Subscriber on Ul dials the number U2 *)
user U2 !Ring T ;

{* Telephone on U2 xings *)
user U2 !OffHook ;

(* Subscriber on U2 answers the call *)
user !'Ul !SendvVo ;
user U2 !SendVo ;
exit

endproc (* Test_Sequencel *)
Specification 20. A Simple Call Test Process

The corresponding symbolic tree is presented below, in Specification 21. A
subscriber may start talking at level 15 (count the number of bars that precede
the action associated with SendVo).

1 update !Num(7,3,1,6,9,7,9) :Phone [1025,223]
| 1 [NotIn(Num(7,3,1,6,9,7,9),Empty)lupdate
INum(7,4,1,9,7,2,9) :Phone [1025,224]
| {1 1 user !Num(7,3,1,6,9,7,9) :Phone
10ffHook:Key [257,225]
| 1 1 1 1 user !Num(7,3,1,6,9,7,9) :Phone
'Dito_T:Tone [259,226]
I 1 11 | 1 user !Num(7,3,1,6,9,7,9):Phone !DialKs:Key
INum(7,4,1,9,7,2,9) :Phone [260,227]
1 v 111+t | 1user !Num(7,4,1,9,7,2,9) :Phone
IRing T:Tone ([355,228]
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Lt 1111111t 2 user ‘{Num(7,4,1,9,7,2,9) :Phone
10£fHook: Key [358,229]
A T IO A A I I T I | 1 user !Num(7;3; 1,6, 8,7,9):
Phone !SandVo:Key [549,230]
L1t 111011 2user 'Num(7,4,1,9,7,2,9):
Phone !SandVo:Key
'1549,231] ==> continue

Specification 21. The Symbolic Execution Tree of the Simple Call Test Process

Once we generate the corresponding symbolic tree, we may check its status.
The last event in our test sequence is SendVo from U2. In the symbolic tree, the
last event is also Send Vo from U2, and therefore the test sequence is accepted by
the specification. The same process of testing the specification is repeated with
the remaining test processes.

Section 4.7 Conclusion

In this Chapter, the Sample Telephone System described in Section 3.2 is
specified formally using LOTOS. Some of the particularities of telephone systems
are discussed and the way that can be described in LOTOS is presented. All the
concepts introduced in the specification are explained and examples are given.
The resulting specification is validated using an interpreter.

The debugging of a specification is a very important task to validatwe a design.
It helps the designer to check its design at each stage, and fix design errors at
carly stages before the final realization of a system is achieved.
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Chapter 5 Conclusions & Future Work

Section 5.1 Conclusions

A demiled description of a Sample Telephone System has been given, after
presenting an overview of telecommunication systems structure and design. We
have also presented a design methodology to specify Telephone Systems in the
FDT language LOTOS. By this experience, LOTOS was found to be appropriate
for the specification of the service provided by telephone systems. We have also
shown how more advanced telephone features can be specified and included in the
initial specification of a system. Furthermore, we found that LOTOS specifications
display a clear and intuitive structure, and therefore LOTOS is appropriate for the
design of complex systems.

LOTOS has formal semantics, allowing verification of certain aspects of a
design. The availability of tools provided by the University of Ottawa interpreter
allowed us to extensively debug the Sample Telephone Specification and to test its
design at each stage. Note that the execution trees provided by LOTOS Toolkit
cnable design validation, and therefore design errors can be caught before the
implementation phase.

A method to debug LOTOS specifications was presented and test sequences
were validated using an interpreter. By precisely specifying the features of the
system at the design stage, the development team can achicve 2 better view of
the system’s functionality. The specification can then be validated by various
debugging, testing, and verification methods, and therefore costly design errors
can be detected at the design stage. Finally, an implementation can be obtained
from the formal specification. Test cases for the implementation can also be
derived from the specification. The lawer topic is not covered in this thesis,
however the related methodology is the subject of active research.

As discussed above, the step-by-siep execution (Section 2.4.4) of a specifica-
tion is very slow, and therefore it is more likely to0 be used at the first stages of
the design. However, the symbolic execution tree method (Section4.5.3) may be
used to check the different possible paths allowed by the specification for a spe-
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cific case, in particular when that case is too far to be reached by the step-by-step
execuzion approach.

The final stages, however, are more likely to be tested by composing in parallel
test processes with the specification and then checking for their acceptance by the
specification, see Section 4.6. This is becausc it is hard to check large sequences
in the generated symbolic tree or to execute them using the step-by-step method.

The LOTOS specification of the Sample Telephone System is given in Ap-
pendix B, and test sequences are presented in Appendix C. Also, some symbolic
execution trees of processes are presented in Appendix D.

Section 5.2 Specification of Timing Characteristics

The specification of the Sample Telephone System presented in this thesis does
not describe ‘real-time’ characteristics such as time-out, and similar. This is due
to the fact that facilities for the specification of real-time concepts are not (yet)
part of the standard FDT language LOTOS (in Section 3.2.3, we mention some
proposed extensions of LOTOS to deal with this problem). In spite this fact,
there are different ways to explicitly specify the time within a specification. One
wayistouscaclockasaprocessoompomdinpamﬂclwiththepmccsscsofthc
specification. This process synchronizes with every action and offers to this action
the current time. It then increments the time by one unit. This is possible by using
an additional variable (time) over the gate carrying the action. Another simpler
way is 1o specify timing eveats such as ‘start’, “expired’, and ‘reset’ as actions of
a process and then compose this process in parallel with the behaviour expression
where timing is considered. As an example, we take the process Origination_Side
that describes the actions performed by the initiator of a call. In this process, the
initiator goes OffHook and after a certain period of time if it does not complete
dialing a number, the given allowed time, represented by the internal event i, may
clapse. So, in process Timer, the first action is to start the timer “start’. Then after
a while, the time may elapse “expired’. If not, the initiator has cither completed
dialing the called number or aborted the call, and therefore the timer has to be
reset ‘reset’” for further usc by any other behaviour >xpression.
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process Origination_Side [user,line] :noexit:=
hide t in
({user ?N:Phone VOffHook ;
( line 'N 1DITO ;
user !N 'Dito T ;
t !staxt ;
( user 'N 'DialKs ?CN:Phone ;
line 'CN !'CORE ;
exit
>
( t 'expired ;
Hang Up (user,linej (N)
8
( Hang Up [user,line] (N)
>>
t 'reset ;
stop

))
1LEll
Timer [t]
)
endproc

The process Timer may be used by several other behaviour expressions or
processes. It states thar timing starts and expires after a certain period of tme.
This may be handled by the environment while simulating the execution of the
specification. If the tme expires, the intemal action ‘i’ is executed before the
action associated with the constant ‘expired’. This triggers the disable in the
timed-out process. However, if the time does not expire, the corresponding
behaviour expression terminates within the required time and the action associated
with the constant ‘reset’ is executed.
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procaess Timer [t] :noexit:=
t !start ;
(1
t lexpired ;
stop
>
t lreset ;
stop
)
endproc (* Timer *)

So, the time-out ‘expired’ event can occur at any time after the timer has
been started. The timer may also be resct before the required time elapses. This
method of specifying time-out was used in {Gue89] for the specification of the
LAP-B protocol.

In this work, we have chosen not to include specification of time, in order
10 keep the complexity 0 a minimum. We recognize, however, that time would
have to be specified in order to portray faithfully the system behaviour.

Section 5.3 Future Work

Since timing is very important in telephone systems, a good project would
be to write a similar LOTOS specification where timing concepts are introduced
as mentioned in the previous section. However, as mentoned, if the introduction
of explicit real time is desired, this will have to wait until LOTOS and related
tools are erhanced. .

In our thesis, a number of telephone features have been specified. Many other
existing features have not been included, but it is still possible to add them with
little change. This is because the specification is written in a very structured way
to allow its future modification.

Once 2 specification has been debugged and its design is tested, we can
proceed to code the implementation. Translators from LOTOS to C are available
[MdMvT89]. The specification can also be used to derive test cases for the
implementation.

3 Testing the design of the specification, refess 10 testing only the user interface of the specification.
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Appendix A Technical Abbreviations

Section A.1 Keys

Following is a list of the keys available on the Sample Keyboard DMS-100
shown in Figure 10 [Bel88). Interactons of the Environment “Subscribers™ with
the Telephone System are achieved by means of these keys. These keys allow also
the subscribers to invoke the features described in secton 3.2.5.

Basically, there are two features keys available on the Business Set keyboard.
These are Three-Way Calling and Call Transfer feature keys. However, any other
feature may be activated by pressing either the Three-Way Calling or the Call
Transfer featre key and then dialing the appropriate feature code. For more
details on the keys available on the DMS-100 keyboard, see Section 3.2.2,

ConfK : Conference Feature Key

DialKs : Dial Keys Available on the Keyboard

ForK : Forward Feature Key

HangUOp : Put Handset in its Cradle, it causes
Telephone to go OnHook

HoldK : Hold Feature Xey

OffBook : pick up Handset

ReleaseRK : Release Key, Similar to a HangUp but with
Handset out of its Cradle

RiAgK : Ring Again Feature Key
SendVo : Talk Through the Telephone
TranskK : Transfer Feature Key

Section A.2 Signals
The following list groups the signals sent/received by the System Network

toffrom the telephones. These signals correspond to the internal events within
the Telephone System.
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BUSY
COAT
CONF
CONFN
CONN
CORE
DISC
DITO
DSIN
FORW
HOLD
HOLDN

OOFS
RECO

RIAG
RING

VOICE

Y L L O I T I B T R Y ]

e s

CE Y B W R ]

Busy Signal

Connection Attempting Signal
Conference Signal

Conference Notification Signal
Connection Signal

Connection Request Signal
Disconnection Signal

Dial Tone Sigrial

Disconnection Indication Signal
Forward Signal

Hold Signal

Hold Notification Signal
Repeat Ring Signal

Out Of Service Signal

Ring Again Notification Signal
Reconnection Signal

Ring Again Signal

Ring Signal

Transfer Signal

Transfer Notification Signal
Gets Voice on the Telephone

Section A.3 External Tones

These are special tones heard by subscribers through their telephones. Such a
tone results from an appropriate signal detected by the same telephone. Depending
on the current status of a line, first an internal signal, see Section A.2, is sent,
then if it can be detected by a subscriber, the same signal is sent again to the

subscriber via its telephone®’.

» Tomakc'itclur.ldiﬂ'mopaldonitmedcnuwg:u'm:r".mepk.whmambsaibegmadiﬂm:.
firm the signal "DITO" is cxchanged via gaic line, then an exiemal woe “Dito T is sent 1o the eavironment vis gaic wser.
r
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(X}

Busy T Busy Tone Heard by a Caller

Dito T : Dial Tone Heard by a Caller

Oofs T An Out of Service Tone Heard by a Caller
Rano T : A Ring Applied on the Caller’s Telephone When
the Callee’s Telephone Becomes Free

A Ring Applied on the Callee’s Telephone if
it is Found Free

Ring T

Section A.4 Other Abbreviations

Following is a list of some other abbreviatons used in this thesis.

CCITT : Consultative Committee for International
Telegraph and Telephone

cCcs : A Calculus of Communicating Systems

cspP : Communicating Sequential Processes

FDT : Formal Description Technique

ISLA : An Inte.active System for LOTOS Applications
ISO : International Organization for Standardization
TLOTOS : Language Of Temporal Ordering Specifications
OSI : Open Systems Interconnection

POTS : Plain 0ld Telephone Systems

SDL : Specification and Description Language
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Appendix B LOTOS Specification of the
Sample Telephone System

Following is the LOTOS specification of the Sample Telephone System. The
associated numbers are not part of the LOTOS specificadon, but are used only to
show the line numbers referred to from the specification.

1 specification Sample Telephone {user,update]
tnoexit
2 (* Abstract Data Types Definitions *)
{* Use of the data types NaturalNumber and Boolean from the LOTOS
standard library. '
*)
3 library NaturalNumber,Boolean endlib
4
{~ Define the operations == and << on NaturalNumber type. *)
5 type Enriched Nat is NaturalNumber

6 opns

7 _ == _ : Nat, Nat -> Bool
8 _ <> _ : Nat, Nat -> Bool
9 eqns
10 forall m,n:Nat
11 ofsort Bool
12 m==n=meqg n;
13 m <> n = not{m eg n)

14 endtype (* Enriched_Nat *)

15

{(* Define digits to be used by (phone) numbers. To Nat is the
operation to map to natural numbers defined in the library.
*)
16 type Digits is Enriched Nat,Boolean

17 sorts Digit

18 opns

19 0,1,2,3,4,5,6,7,8,9 : -> Digit
20 To_Nat : Digit -> Nat

21 == : Digit, Digit -> Bool
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(*

(*

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

<> _ : Digit, Digit -> Bool

eqns

forall N,M:Digit
ofsort Nat
To_Nat (0} = 0;

To_Nat (1) = Succ{To_Nat(0));
To_Nat (2) = Succ(To_Nat(1l));
To_Nat (3) = Succ(To_Nat(2));
To_Nat (4) = Succ(To_Nat(3));
To_Nat (5) = Succ(To_Nat (4));
To_Nat (6) = Succ(To_Nat(3));
To_Nat (7} = Succ(To_Nat (6));
To_Nat (8) = Succ(To_Nat (7))

To_Nat (9) = Succ(To_Nat(8));
ofsort Bool

M == N = To_Nat (M) == To_Nat(N);

M <> N = To_Nat (M) <> To_Nat(N);

endtype (* Digits ¥*)

Define a type Phone Num and some operations on it. *)
41 type Phone Num is Digits,Boolean
sorts Phone

A phone number {(type Phone Num) consists of seven digits. *)

<>

42

43 opns
44 Num
45 Num
46 Num
47 Num
48 Num
49 Num
50 Num
51 _
52 _
53 eqgns

LY T X}

Digit,Digit,Digit,Digit,
Digit,Digit,Digit -> Phone
Digit,Digit,Digit,Digit,
Digit,Digit =-> Phone
Digit,Digit,Digit,Digit,Digit ~> Phone
Digit,Digit,Digit,Digit -> Phone
Digit,Digit,Digit -> Phone
Digit,Digit =-> Phone
Digit -> Phone

_ : Phone, Phone -> Bool

: Phone, Phone -> Bool
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(*

*)

(*

*)

54 forall Dll,D12,D13,D14,D15,D16,D17,D21,022,
55 D23,D24,D25,D28,027 :Digit, M,N:Phone
56 ofsort Bool

The comparison of two phone numbexs requires the comparison
of all their digits respectively.

57 (D17 == D27) and (D16 == D26) and (D15 == DZ5)

58 and (D14 == D24) and (D13 == D23) and

59 (D12 == D22) and (Dil == D21) =>

60 Num(Dl?,DlG,D15,D14,D13,D12,D11) ==

61 Num (D27,D26,D25,D24,D23,D22,D21) = true;

62

63 (D17 <> D27) or (D16 <> D26) or (D15 <> D253)

64 or (D14 <> D24) or (D13 <> D23)

65 or (D12 <> D22) or (D1l <> D21) =>

66 Num(D17,D16,D15,D14,D13,D12,D11) ==

67 Num (D27,D26,D25,D24,D23,D22,D21) = false;

68

69 M <> N = not (M == N);

70 ofsort Phone

71 Num (D17} = Num(0,0,0,0,0,0,D17);

72 Num{(D16,D17) = Num(0,0,0,0,0,D16,D17};

73 Num(D15,D16,D17) = Num(0,0,0,0,DlS,DlG,Dl?);

74 Num(D14,D15,D16,D17) = Nura (0,0,0,D14,D15,
D16,D17);

75 Num(D13,D14,D15,D16,D17) = Num(0,0,D13,D14,
D15,D16,D17);

76 Num(D12,D13,D14,D15,D16,D17) = Num(0,D12,D13,

D14,D15,D16,D17);
77 endtype (* Phone_Num *)
78

Define a set type PhonaSet on the phone numbers and some
useful operations om it.

79 type PhoneSet is Phone_Num,Boolean

80 sorts PhoneSet
81 opns
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82
83
84
85
86
87
88
89
S0
91
92
83
94
95
86
97

98

9s
100
101
102
103
104
105
106
107
108
109
110
111

Empty : -> PhoneSet

Insert: Phone,PhoneSet
Remove: Phone,PhoneSet
IsIn : Phone,PhcneSet
NotIn : Phone,PhoneSet
Is_Empty : PhoneSet ->
Head : PhoneSet -> Phone

Tail : PhoneSet =-> PhoneSet

eqns

-> PhoneSet
=> PhoneSet
-> Bool

-> Bool
Bool

forall x,y:Phone, s:PhoneSet

ofsort PhoneSet
Remove (X, BEmpty)

Insert (x, Insert (x,s))
Remove (x, Insert (x,s))
Remove (%, Insert (x,Empty) )= Empty ;
x <> y => Remove (%, Insert(y,s)) =
Insert (y,Remove (%, s));

Tail (Insert (x,s))
Tail (Empty)
ofsort Bool
IsIn(x,Empty)
IsIn(x, Insert(y,s))

(

= Empty
Insert (x,s);

57
Empty;

false;
== y) or(IsIn(x,s)):;

IsIn(x,Remove(x,s))= false;
% <> y => IsIn(x,Remove(y,s))= IsIn(x,s);

NotIn(x,s)
Is_Empty (Empty)

ofsort Phone

not (IsIn(x,s));

= true;
Is_Empty (Insert (x,s))= false;

Head (Insert {x,s))= %

endtype (* PhoneSet *)

(* Define a type PhonePair and some useful operations on it.
An operation of type PhonePair requires two phone numbers.

*)

112 type PhonePair is Phone_Num, Boolean

113

sorts PhonePair
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114 cpns

115 ForPair : Phone,Phone -> PhonePair

116 ==, <ot PhonePair,PhonePair -> Bool

117 egns

118 forall f1l,f2,£f3,f4:Phone

119 ofsort Bool

120 ForPair (f1, £2) == ForPair(f3,f4)= (fl == £3)
and (f2 == £4):;

121 ForPair (f1,£2) <> ForPair(f3,£4)= (f1l <> £3)

or (f2 <> £4):
122 endtype {(* PhonePair *)
123

(* Define a second set type ForwardPairSet and some operations
on it. The elements of this set are of type PhonePaixr.

*)
124 type ForwardPairSet is PhonePair

125 sorts ForwardPairSet

126 opns

127 NoPair: -> ForwardPairSet

128 Insert: PhonePair,ForwardPairSet->
ForwardPairSet

129 Remove: PhonePair,ForwardPairSet->
ForwardPairSet

130 IsIn : PhonePair,ForwardPairSet-> Bool

131 NotIn : PhonePair,ForwardPairSet-> Bool

132 ForwardTo: Phone,ForwardPairSet —-> Phone

133 eqns

134 forall x,y:PhonePair,s:ForwardPairSet,
pl,p2,p3:Phone

135 ofsort ForwardPairSet

136 Insert (x, Insert (x,s)) = Insert(x,s):

137 Remove (x, Insert (x,8)) = s;

138 Remove (x, Insert (x,NoPair) )= NoPair ;

139 x <> y => Remove (%, Insert(y,s))=

Insert (y,Remove (x,8));
140 ofsort Bool
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141 IsIn(x,NoPair) = false;

142 IsIn{x,Insert(y,s))=s (x == y} or
(IsIn(x,s)).;

143 IsIn(x,Remove(x,s))= false;

144 x <> y => IsIn(x,Remove(y,s)) = Isin(x,s);

145 NotIn(x,s) = not(Isin(x,s));

146 ofsort Phone

147 ForwardTo (pl, Insert (ForPair (pl,p2),s8))= p2;

148 pl <> p2 => ForwardTo (pl, Insert (ForPair

{p2,p3).8))= ForwardTo(pl,s);
149 endtype (* ForwardPairSet *)
150

(* Define the keys as of type Kay with their comparisons. *)

151 type Key is Boolean

152 sorts Key

153 opns

154 OffHook,DialKs, SendVo, HangUp, Releasek,

155 HoldK, RiAgK, TransK, ConfK,ForK :-> Key

156 == ,_<>_ : Key,Key -> Bool

157 eqns

158 forall x,y:Key

159 ofsort Bool

160 HoldK == HoldK = true ;HoldK <> HoldK = false;
16l HoldK == TransK= false;HoldK <> TransK= true ;
162 HoldK == ConfK = false;HoldK <> ConfK = true ;
163 TransK== HoldK = false;TransK<> HoldK = true ;
164 TransK== TransK= true ;TransK<> TransK= false;
165 TransK== ConfK = false;TransK<> ConfK = true ;
166 ConfK == HoldK = false;ConfK <> HoldK = true ;
167 ConfK == TransK= false;ConfK <> TransK= true ;
168 ConfK == ConfK = true ;ConfK <> ConfK = false;
169 endtype (* Key *)

170

{(* Define the tones as of type Tone. *)
171 type Tone is
sorts Tone

172
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173

opns

Busy_T,Dite¢_T,00fs_T,
Rano_T,Ring T :-> Tone
(* Tone *)

(* Define normal signals as of type Signal with their

(* Define control signals as of type Control Sigmal. *)

type Signal is Boolean
sorts Signal

COAT, CONF, CONFN, CONN, CORE,
HOLD, HOLDN, ONRI, RECO, RIAG,
TRAN, TRANN, VOICE,DSIN :-> Signal

<>_

forail x,y:Signal
ofsort Bool

i
]

(*

HOLDN
TRANN
CONEN

HOLDN =

TRANN
CONEN
HOLDN
TRANN

CONEN =

Signal

true ;HOLDN
false;BOLDN
false;HOLDN
false; TRANN
true ;TRANN
false; TRANN
false; CONEN
false; CONEN
true ;CONEN
)

type Control_Signal is
sorts Control Signal

BUSY,DISC,DITO,FORW, QCFS,
RANQ,RING :-> Control_ Signal

174

17S

176 endtype
177

comparisons.

*)

178

179

180 opns
181

182

183

184 _==_
185 egns
186

187

188 HOLDN
189 HOLDN
190 HOLDN ==
191 TRANN ==
192 TRANN
193 TRANN
194 CONEN
185 CONFN
186 CONFN =
197 endtype
198

199

200

201 opns
202

203

204

endtype (* Control_Signal *)
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<>

: Signal,Signal =-> Bool

HOLDN
TRANN

CONEN =

HOLDN
TRANN
CONEN
HOLDN
TRANN

CONEN =

false

258G
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true
true ;
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205

206 (* Bekavioural Expressions *)
207 Dbehaviour

208

209 hide line in

210

(* Synchronization of the connections with the system network on
gate line. Initially, 2ll the sets are empty.

*)

211 Multi_Connections [user,line]

212 1 {line] |

213 System_Network [user,update,line] (Empty,Empty,
Empty,NoPair)

214

(* The process Multi_Connections consists of multiple connections
being processed in parallel but without synchronizing with each
other.

*)

215 where

216 process Multi_Connections [user,line]:noexit:=
217 One_Connection [user,line]

218 .

218 ig;

220 Multi_Connections [user,line]

221

(* A single connection consists of a number of subscribers and
a controller "Connection_Handler™ of their scenarios.
The latter controls internal events only.

*)

222 where

223 process One_Connection [(user,line]:noexit:=
224 Subscribers [user,line]

225 | [(1ine] |

226 Connection_Handler [line]

227

(* The process Subscribers consists of two basic subscribers that
interleave with each other. Additional subscribers may be added
to the connection from within the corresponding processes.
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")
228 where

229 process Subscribers [user, line] inoexit:=
230 Origination_Side [user,line]

231 Ll

232 Destination_Side [user,line]

233

{(* The origination side whose phone number is given by N starts
a connection by going OffHook.

")

234 where

235 process Origination_Side [user,line]
tnoexit:=

236 user 2?N:Phone !OffHook ;

237 (iine !N !DITO ;

238 user !N !Dito_T ;

239 ((user !N !DialKs 2CN:Phone ;

240 line ICN !CORE ;

241 exit

242 >

(* The originator aborts the call at the origination phase. *)

243 Hang_Up [user,line] (N)

244 )

245 >>

246

(* The communication path is being established. *)

247 line !N !CONN ;

248 User_Talk [user,line] (N)

249 []

(* The destination line is out of service. *)

250 line ?RN:Phone !OQQFS ;

251 user !N !0ofs_T ;

252 Hang Up [user,linz] (N)

253 I

(* The destination line is currently busy. *)

254 line ?RN:Pnone !BUSY ?2Set:PhoneSet ;
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255 user !N !Busy T ;

(* The originator goes OnHook after it gets a busy tone. *)
256 (Hang _Up [user,line] (N)

257 {]

{* The originator invokes a ring again feature after it gets
a busy tone.

*)

258 [N <> RN] ->

259 user !N !RiAgK ;

260 line !N !RIAG ;

261 Ring_Again Feature [user,line]
(N, RN)

262 ))

263 (]

{(* The originator line is currently busy. An extension of its
telephone is being used.

*)

264 line tN !BUSY !Empty ;
265 user !N !Busy T ;
266 user !N !HangUp;
267 stop

268 [l

(* The originator line is out of service. *)
269 line !N !0OFS;

270 user !N !00fs_T ;
271 user !N !'HangUp;
272 stop

273 )

274

(* Formal definition of processing the ring again feature. *)
275 where

276 process Ring Again_Feature [user,line]
(N,RN:Phone) :noexit:=
277 user !N !'HangUp ;

(* The originator cancels the ring again feature before it gets
a ring again notification "RANO".

*)
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278 (user !N !RiAgK;

279 line !N !DISC ;
280 stop
281 [l

(* A ring again notification is being applied on the originator
telephone.

*)

282 line !N !RANO !RN ;

283 user !N !Rano_T ;

(* The originator goes OffHook to call the same destination. *}
284 (user !N !OffHook ;

285 line !N !RIAG ;

{* The communication path is being established. *)

286 (line !N !CONN ;

287 User_Talk ([user,line] (N}

288 (1

(* The destination line is busy after it has been released. *)
289 line !RN !BUSY 2Set:PhoneSet ;
290 user !N !Busy T ;

291 Ring Again_Feature[user, line] (N,RN)
292 )

293 (]

{(* The originator cancels the ring again feature after it gets
a ring again notification "RANO".

*)

294 user !N !RiAgK;

295 line !N !DISC ;

296 stop

297 )

298 endproc (* Ring Again Feature *)
299 endproc (* Origination_Side *)

- 300

{* The destination side is involved in a connection when a call
terminates to its line. It starts with a connection attempt
“COAT" sent to its line.

x* ) .
301 process Destination_Side [user, line]
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302
303
304
305
306
307
303
308

rnoexit:=
(line Z2CN:Phone !CCAT ;
exit (CN)
>
stop

)
>>

accept CN:Phone in

(* Successful termination of a call t¢ the destination "CN". *)

310
311

Destination_Phone_Ring [user, line] (CN)

£l

(* A forward feature is active on the destination line "CH". *)

312
313

Call_Forwarded [user,line] (CN)

(* Formal definition of processing the forward feature. *)

314
315

316
317
318
319
320
321
322
323
324
325
326

where
process Call Forwarded [user,line]
{CN:Phone) :noexit:=
line !CN !FORW ;
line ?EN:Phone !FORW ;
(line !EFY !CORE ;
line !FN !'COAT ;
exit (EN)
[>
stop
)
>>
accept FN:Phone in

{(* Successful termination of the call to the next destination

line

*)
327
328

Destination_Phone Ring [user, line] (FN)
il

{* A forward feature is active on a telephone at the next
destination line "FN".
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*)
329 Call_Forwarded {user, line] (FN)

330 endproc (* Call_Forwarded *)

331

332 process Destination_Phone_Ring [user,
line} (CN:Phone) :noexit:=

333 line !CN !RING ;

(* The destination telephone starts ringing. *)

334 user !CN !Ring T ;

{(* The telephone keeps ringing until the destination side answers
=0ffHook™ or the call is aborted. In the latter case, its line
must be released "DISCT™.

*)

335 (Ringing [line] (CN)

336 [>

337 (user !CN !'OffHook ;

338 line !CN !CONN ;

338 User_Talk [user.line] {(CN)
340 {]

341 line !CN !DISC ;

342 stop

343 ) )

344 endproc (* Destination_Phone Ring *)
345 endproc (* Destination_Side *)
346

(* This process describes the conversation between subscribers in
one connection. The latter is disabled whenever a feature is
invoked "Feature", or a subscriber leaves it for good
"User_Termipnation". The process User_Talk is associated with
every subscriber. If a subscriber disables a conversation, the
latter is still active with the other subscribers.

*)

347 process User_ Talk [user, line] (N:Phone)
tnoexit:=
348 Conversation [user,line] (N}
349 (>
350 Feature[user, line] (N, HoldK, HOLD,
HOLDN)
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351 (]

352 Feature [user, line] (N, TransK, TRAN,
TRANN)

353 il

354 Feature [user,line] (N, ConfK,CONF,
CONFN)

355 ()

356 User_Termination [user,line] (N)

357

358 endproc (* User_Talk *)

359

(* This process is associated with every subscriber participating
in a confercuce call conversation. Any one can either invoke a
conference feature "Feature" or leave for good the conversation

*dang_Up".
*)
360 process More Conference [user,line]
(N:Phone) :noexit:=

361 Conversation [user,line] (N)

362 >

363 Feature [user,line] (N,ConfK,CONF,
CONEN)

364 (]

365 Hang Up [user,line] (N)

366 endproc (* More Conference *)

367

368 process Featurefuser,line] (N:Phone,K:

Key, Sign,Note:Signal) :noexit:=
(* A subscriber behaves as the originator of a feature. *)

369 user !N !K ;

370 (Invoke_Feature [user,line] (N,K,
Sign)

371 L1

372 Additional_Subscriber(user, line] {(K)

373 )

374 (]

(* A subscriber behaves as the party waiting for the invoker of a
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feature to be re-connected.
*)

375 Party On_Hold [user, line] (N, Note)
376 endproc (* Feature *}

377

378 process Invoke Feature [user,line]

(N:Phone, K:Key, Sign:Signal)
rnoexit:=

379 line !N !Sign ;

380 (user !N !DialKs ?TN:Phone ;
381 line !TN !CORE ;

382 exit

383 >

(* The invoker of a feature aborts the new call before its
termination to the new line (Additional Subscriber's Side).

*)

384 User_Recon [user,line] (N,K)

385 }

386 >>

(* Termination of the new call to a busy line "IN". *)

387 line ?TN:Phone !BUSY 2Se'-:PhoneSet ;
388 user !N !Busy T ; ‘

389 User_Recon ([user,line] (N,K)

390 (]

(* Termination of the new call to an out of service line. *)
3ol line ?TN:Phone !OOFS ;

392 user !N !0ofs_T ;

393 User_Recon [user,line] (N,K)

394 (1

(* Successful termination of the new call to its destination. *)
395 line !N !CONN ;

386 (Conversation [user,line] (N)

397 [>

(* while in conversation with the new party, the invoker of the
feature gets a disconnection indication "DSIN".

*)
398 line !N !DSIN ;
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{(* If the feature was a transfer, this side is re-connected to
the original call.

*)

399 ([K == TransK] ->

400 user !N !Transk ;

301 line !N !'RECO ;

402 User Talk {[user,line] (N)

403 (1

{(* If the feature was not a transfer, check process User_Recon. *)
404 [K <> TransK] =>

405 User_Recon [user,line] (N,K)
408 }

407 ]

408 [K == TransK] ->

{* While in conversation with the new party, the invoker of the
transfar feature establishes a three-way conversation.
*)

409 {(user !N !TransK :

410 line !N !RECO ;

411 (Conversation [user,line] (N)
412 [>

413 Hang_Up [user,line] (N)
414 (1

415 line !N !DSIN ;

416 User_Talk [user,line] (N)
417 )

418 {]

(* The invoker of the transfar featur: transfers the original
call and then leaves it for good.
*)

418 user !N !ReleaseK ;
420 Hang Up [user,line] (N)
421 )

422 {]

(* while in conversation with the new party, the invoker of the
feature (other than the transfer feature) terminates it.

*)
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423 [K <> TranskK] =->

424 User_Recon {user,line] (N, K)
425 )

426 endproc (* Invoke_ Feature *)

427

(* This process describes the behaviour of the subscriber involved
in a new call.

")

428 process Additional Subscriber[user,line]
(K:Key) :noexit:=

429 (line ?TN:Phone !COAT ;

430 exit (TN)

431 [>

432 stop

433 )

434 >>

435 accept TN:Phone in

436

(* Successful termination ¢f the new call to its line "TR". *)

437 New_Phone_Ring [user, line] (K, TN)

438 (1

{(* A forward feature is currently active on this telephone. *)

439 New_Subscriber Forxward [user,linel

(K, TN)

440

441 where

442 process New_ Subscriber_ Forward [user,
line] (K:Key, TN:Phone) :noexit:=

443 line !TN !FORW ;

444 (line ?FN:Fhone !FORW ;

445 line !FN !CORE ;

446 line !FN !COAT ;

447 exit (FN)

448 [>

449 ‘ stop

450 )
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451 >>

452 accept FN:Phone in

453

{(* Succassful termination of the new call to next line “FN". *)
454 New_Phone_Ring [user,line] (K,FN)

455 @

{* A forward feature is currently active on the next destination’s
telephone "EN".

*)

456 New_Subscriber Forward [user,line]
(K, FN)
457 endproc (* New_Subscriber Forward *)
458
(* Processing the successful termination of a new call. *)
458 process New Phone_Ring [user,line]
(K:Key, TN:Phone) tnoexit:=

460 line !TN !RING ;

461 user !TN !Ring T ;

(* The telephone of the new party is ringing. *)

462 (Ringing [line] (TN)

463 (>

(* The new party answers the new call. ™)

464 user !TN !0ffHook ;

465 line !TN !CONN ;

466 (Conversation [user,line] (TN)
467 (>

(* The new party leaves for good the call. *)

468 Hang Up {user,line] (TN)

469 (1

(* The new party is added to a conference conversation (if it is
a conference feature).

*)
470 [K == ConfK] ->
471 line !TN !RECO ;
472 More_Conference [user,line] (TN)
473 []
474 {K <> ConfK] ->
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(~ The feature was not a conference, and the new party gets a
disconnection indication.
*)
475 line !TN !DSIN ;
476 ([K == TransK] ->
(+ If it is a transfer feature, the new party is automatically
connected in a normal call with the party on hold.

*)

477 User_Talk [user,line] (TN)
478 (1
479 [K == HoldK] ->

(* If it was a hold feature, the new party must hang up its
telephone.

*)

480 Hang_Up [user,line] (TN)
481 ) )
482 £l

(* The new call is aborted while it is ringing. Therefore,
disconnection of this line is required.

*)

483 line !TN !DISC ;

484 stop

485 )

486 endproc (* New_Phone_ Ring *)

487 endproc (* Additional_Subscriber *)
488

(* This process describes the behaviour of the party that gets a
feature notification and it is put on hold.

*)
489 process Party On Hold [user,line]
(N:Phone,Notify:Signal) :noexit:=
{(* This party gets a feature notification. *)

430 line !N !Notify ;

491 {line !N !RECO ;

492 ([Notify == TRANN] ->

(* This side is re-connected to a three-way conversation. *)
493 (Conversation [user,line] (N)

484 (>
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{(* While in a three-way conversation, this side may get a
disconnection indication and be ze-connected with the remaining
subscriber in a normal call. It may also leave the conversation
at any time.

*)
495 line !N !DSIN ;
496 User_Talk [user,line] (N)
497 [1
498 Hang Up [user,line] (N)
499 )
500 (1
501 [Notify == CONFN] ->
(* This side is re-connected to a conference call conversation. *)
502 More_Conference [user,line] (N)
503 13
504 [Notify == HOLDN] ->
(* This side is re-connected again to the original call. *)
505 User_Talk [user,line] (N)
506 )
507 (]

(* It then gets a disconnection indication from the invoker of the
feature. This side is.re-connected with the new party.
*) :

508 line !N !DSIN ;

509 line !N !RECO ;

510 User_Talk [user, line] (N)

511 (1

{(* While on hold, this party leaves for good the call. *)

512 Hang Up [user,line] (N)

513 )

514 endproc (* Party On_Hold *)

515

(* This process handles some cases of a re-connection. *)

516 Process User Recon [user,line]
(N:Phone, K:Key) :noexit:=

517 user !N !K ;

518 line !N IRECO ;
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519 ({K <> ConfK] ->

520 User_Talk ([user,line] (N)

521 (]

522 [K == ConfK] ->

523 More Conference fuser, line] (N)
524 )

523 endproc (* User_Recon *)

526

527 process Conversation [user, line]
' (N:Phone) :noexit:=

528 user !N !SendVo ;

529 line !N !VOICE ;

530 Conversation [user,line] (N)

531 endpro¢ (* Conversation *)

532

(* A subscriber may be a terminator of a call or the receiver of
a disconnection indication from the other side.

*)

533 process User_Termination [user, line]
(N:Phone) :noexit:=

534 Hang Up [user,line] (N)

535 (]

536 line !N I!IDSIN ;

537 Hang Up [user,line] (N)

538 endproc (* User_Termination *)

539

(* This process handles termination of a call by a subscriber. *)

540 process Hang_Up fuser, line] (N:Phone)

:noexit:=

541 user !N !HangUp ;

542 line !N !DISC ;

543 stop

544 endproc {(* Hang_Up *)

545 endproc (* Subscribers *)

546

{* The process Connection_ Handler describes the behavior of the
controller of scenarios within a single connection. Only hidden
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events "gate line” are of concern.
*)
547 process Connection_Handler[line]:noexit:=
{* It forces a dial tone "DITO", a busy signal "“BUSY", or an
out of service “OOFS"” signal to be the firat internal event in
a connection. These signala are applied on the telephone of
the originator.

*)

548 line ?N:Phone !DITO ;

549 Control_ Termination {[line] (N,Empty)
550 []

551 line ?N:Phone !BUSY !Empty ;

552 stop

553 {]

554 line ?N:Phone !QOFS ;

555 stop

556

(* Controls the termination of a call to its destination. *)
557 where

558 process Control_ Termination {line]
{N:Phone, Set :PhoneSet) :noexit:=

559 (line 2TN:Phone !CORE ;

560 line !TN !COAT ;

561 exit (TN)

562 (>

563 line !N !DISC ;

564 stop

565 )

566 >>

567 accept TN:Phone in

568

{* Check if the current destination "TN" didn’t forward the same
call (this is to detect a cycle in the forward processing).
*)

569 [NotIn(TN,Set)] ->
570 line !TN !RING ;
571 (Ringing [line] (TN)
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572 [>
{(* The current call is being established. *)

573 {line !TN !CONN ;

574 line !N !CONN ;

575 Control_Ceonversation [line] (N,TN)
576 (]

(* The current call is aborted. Disconnection of both subscribexs
is required.
*)

577 line !N !DISC ;
578 line !TN !DISC ;
579 stop

580 ) )

581 (]

(* If a forward feature is currently active on this telephone,
the call is forwarded to the pre-selected line "FN".

*)

582 [NotIn{TN,Set)] ->
583 line !TN !FORW ;
584 line ?FN:Phone !FORW ;
(* Control termination of this call to the next destination. ™)
585 Control_Termination [line]

(N, Insert (TN, Set) )
586 [}
587 Unsuccessful_Termination [line]

{N, TN, Set)

588 endproc (* Control_Termination *)
589
5480 process Unsuccessful_ Termination [line]

(N, TN:Phone, Set :PhoneSet) :noexit:=
(* The current destination is busy. Either a cycle in the forward
processing is detected or the line is currently being used.

*)

591 line !TN !BUSY !Set ;
592 (line !N !DISC ;

593 stop

594 s
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{* The originator invokes a ring again feature on a busy tone. *)

595 line !N !RIAG;

596 Control RingAgain ([line] (N, TN, Set)
597 )

598 (]

{(* The current destination line i3 out of service. %)
599 line !TN !OOFS ;

600 line i3 !DISC ;

601 stop

602

603 where

604 process Control_ RingAgain [line]

(N, TN:Phone, Set :PhoneSet) :noexit:=
{* The originator cancels the ring again feature before it gets
a ring again notification.

*)

605 (line !N !DISC ;

606 stop

607 [1

(* The originator gets a ring again notificatien. *)
608 [NotIn(TN,Set)] ->

609 line !N !RANO !TN ;

610 (line !N !RIAG ;

611 ([NotIn(TN,Set)] ->

{* Successful termination of the current call. *)
612 line !TN !RING ;

613 (Ringing [line] (TN)

614 [>

{* The current call is being established. *)

615 {line !TN !CONN ;

616 line !N !CONN ;

617 Control Conversation [line] (N, TN)
618 []

(* The originator aborts the current call while it is ringing
at the destination side.
*)

619 line !N !DISC ;
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620 line !TN !DISC ;

621 stop
622 Y )
623 §!

(* The current destination is busy after it has been released.
The originator may then wait for further notification or cancel
the feature.

*)

624 line !TN !BUSY !Set ;

€25 Control RingAgain [line] (N, TN, Set)
626 )

627 (]

(* The originator cancels the ring again feature after it gets
a notification (when the line of other side becomes free).

*)

628 line !N !DISC ;

€29 stop

630 }) .

631 endproc (* Control_Ringagain *)

632 endproc (* Unsuccessful_Termination *)
633

{*~ This process contrels the conversation between two subscribers
*R” and "RN".
*)

634 process Control_Conversation [line]
(N, RN:Phone) :noexit:=

635 Talking [line] (N)

636 P11l

637 Talking [line] (RN)

638 [>

(* While in conversation, any subscriber may invoke 2 feature. *)

639 Control Feature [line] (N,RN)

640 {1 .

641 Control Feature [line] (RN,N)

642

(* This process controls the behaviour of a conversation after a
feature has been invoked.

*)
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643 where

644 process Control_Feature [line]
(N, RN:Phone) :noexit:=

645 Control_Hold {[line] (N,RN)

646 (]

647 Control_ Transfer [line] (N,RN)

648 1]

649 Control Conference [line] (N,RN)

650 {i

651 Control Disconnection [line] (N,RN)

652

653 where

654

{* This process controls a conversation if the invoked feature is
a hold.

*)

655 process Control Hold [line] (N,RN:Phone)
rnoexit:=
(* Controls the origination phase of the new call. *)
656 Control Feature Origination [line]
(N, RN, HOLD, HOLDN)

657 >>
658 accept TN:Phone in
658
(* Controls the termination phase of the new call. *)
660 Control_Hold_Ring [line] (N, RN, TN, Empty)
661 []
(* A forward feature is active on the destination side’s line. *)
662 Control Hold_Forward [line]

(N, RN, TN, Empty)
663

(* Controls the behaviour of the new call if it terminates to a
line where a forward feature is in effect.

*)
664 where
665 process Control Hold Forward [line]
(N,RN,TN:Phone,Set:PhoneSet):noexit:=
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(* Controls the origination phase of a forward feature. *)

666 Control Forward Origination ([line]
(N, RN, TN, Set)
667 >>
668 accept FN:Phone,NewSet:PhoneSet in
669
(* Controls the termination phase of the new call to the next
destination.
*)
670 Control_nolthing[line](N,RN,FN,NewSet)
671 (]
{~ A forward feature is active on the next destination line. *)
672 Control_ Hold Forward [line]
(N, RN, FN, NewSet)
673 endproc (* Control_Hold Forward *)
674

{(* This process controls the behaviour of a conversation when the
new call terminates to its destination line. This is the case
of a hold feature.

*)
675 process Control Hold Ring [line]
(N,RN,TN:Phone,Set:PhoneSet):noexit:=
676 (NotIn(TN,Set)] —->
(* Successful termination of the new call to line "TN". *)
677 line !TN !'RING ;
678 (Ringing {line] (TN)
679 >
(* A communication path for the new call is being established. *)
680 line !TN !CONN ;
681 line !N !CONN ;
682 ((Talking [line] (N)
683 11
684 Talking [line] (TN)
685 )
686 [>
(* The originator of the feature terminates the new call. *)
687 : (line !N !RECO ;
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688 line !TN !DSIN ;

689 line !TN !IDISC ;

690 (line !RN !RECO ;

691 Control_Conversation[line] (N,RN}
692 (]

693 Control_Disconnection(line] (RN,N)
694 )

695 {]

{(* The new party terminates the new call. *)

696 line !TN !DISC ;

697 line !N !DSIN ;

698 Reconnection [line] (N,RN)

693 ' )

700 (1

(*» The originator of the feature cancels it. Disconnection of the
new party’'s line "IN" is required.
*)

701 line !N !RECO ;

702 line !TN !DISC ;

703 (line !RN !RECO ;

704 Control_Conversation [line] (N,RN)

705 1

706 Control Disconnection [line] (RN,N)

707 ) )

708 N

(* Unsuccessful termination of the new call. *)

708 Unsuccessful_Feature_Termination [line]
(N, RN, TN, Set)

710 endproc (* Control Hold_Ring *}

711 endproc (* Control_ Hold *)

712

{(* This process describes the behaviour of a conversation after
a transfer / three-way calling feature is invoked.
*) :
713 process Control Transfer [line]
(N, RN:Phone) :noexit:=
{* Controls the origination phase of a feature. *)
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714 Control_Feature_Qrigination [line]

(N, RN, TRAN, TRANN)
715 >>
716 accept TN:Phone 1in
717
{* Controls the termination phase of the new call to the next
destination.

*})
718 Control_Transfer_Ring [line]

(N, RN, TN, Empty)
718 (1
(* A forward feature is active on the destination side’s line. *)
720 Control_Transfer_ Foxward [line]

(N, RN, TN, Empty)
721

(* Controls the behaviour of the new call if it terminates to a
line where a forward feature is in effect.

*)

722 where

723 process Control Transfer_ Forward [line]
(N,RN,TN:Phone,Set:PhoneSet):noexit:=

{(* Controls the origination phase of a forward feature. *)

724 Control Forward Origination [line]
(N, RN, TN, Set)
725 >>
726 accept EFN:Phone,NewSet:PhoneSet in
727
(* Controls the termination phase of the new call to the next
destination.
*)
728 Control Transfer_ Ring [line]
(N, RN, FN, NewSet)
729 (]
{* A forward feature is active on the next destination line. ¥*)
730 Control_Transfer Forward [line]
(N, RN, FN, NewSet)
731 endproc (* Control Transfer Forward *)
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732

{* This process controls the behaviour of a conversation when the
new call terminates to its destinationr line. This is the case
of a transfer / three-way calling feature.

*)

733 process Control Transfer Ring [line]

(N, RN, TN:Phone, Set :PhoneSet) :noexit:=

734 [NotIn (TN, Set)] ->

(* Successful termination of the new call to line "IN". ¥)

735 line !TN !RING ;

736 {(Ringing [line] (TN)

737 (>

{* A communication path for the new call is being established. *)

738 line !TN !CONN ;
739 line !N !CONN ;

740 {(Talking [line] (N)
741 1!

742 Talking [line] (TN)
743 [>

{* The originator establishes a three-way conversation. *)

744 line !N !RECO ;
745 (line 'RN !'RECO ;
746 (Talking [line] (N)
747 11
748 Talking [line]l (RN)
748 111
750 Talking [line] (TN)
751 (>
. {* One of the three subscribers leaves for good the three-way
conversation.

* ) '
752 (Special_Control [line] (RN,TN,N)
753 []

754 Special_Control [line] (N,TN,RN)
755 [1

756 Special_Control {line] (N,RN,TN)
757 ) )
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758 {1
(* The party on hold leaves for good the original call. *)

759 line !RN !DISC ;

760 Control_Conversation [line] (N,TN)
761 )

762 [}

{(* The new party leaves for good the new call. *)

763 line !TN !DISC ;

764 line !N !DSIN ;

765 Reconnection [line] (N,RN)

766 1

(* The originator of a transfer feature trausfers the current
call then leaves it for good.

*)

767 line !N !DISC ;

768 line !TN !DSIN ;

769 (line !RN !DSIN ;

770 line RN !RECO ;

771 Control_Conversation {line] (RN, TN)
772 [1

773 Control_pisconnection[1ine](RN,TN)
774 ) )

775 [3

{(* The originator of the feature cancels it. Disconnection ¢f the
new party’s line "IN" is required.

*)

776 line !N !RECO ;

71 line !TN !DISC ;

778 (line !RN !RECO ;

779 Control_ Conversation [line] (N,RN)
780 £l

781 Control Disconnection [line] (RN,N)
782 ))

783 []

{(* Unsuccessful termination of the new call. *)

784 Unsuccessful_Feature Termination{line]

(N, RN, TN, Set)
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785 endproc (* Control_Transfer_Ring *)
786 endproc¢ (* Control_Transfer *)
787

(* This process controls the case when a subscriberx in a
three-way conversation leaves it for good.

*)

788 process Special_Control [line]

(N1,N2,DN:Phone) :noexit:=

789 line !DN !DISC ;

780 line !N1 !DSIN ;

791 line !N2 !DSIN ;

782 Control_Conversation [line] (N1,N2)

793 endproc (* Special_Control *)

794

(* This process describes the behaviour of a conversation after
a conference call feature is invoked.

*)
795 process Control_ Conference [line]

(N, RN:Phone) :noexit:=
(* Controls the origination phase of a feature. *)

796 Control Feature_Origination [line]
{N, RN, CONF, CONFN)
797 >>
788 accept TN:Phone in
799 :
(* Controls the termination phase of the new call to the next
destination.
*)
800 Control_Conference_Ring [line]
(N, RN, TN, Empty)
801 []
(* A forward feature is active on the destination side’s line. )
802 , Control_Conference Forward [line]
(N, RN, TN, Empty)
803

(* Controls the behaviour of the new call if it terminates to a
line where a forward feature is in effect.
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*)

804 where

805 process Control Conference_ Forward
[line] (N,RN, TN:Phone,
Set :PhoneSet) :noexit:=

(* Controls the origination phase of a forward feature. *)

B06 Control_rorward;prigination [line]
(N, RN, TN, Set)
807 >>
808 accept FN:Phone,NewSet:PhoneSet in
809
{* Controls the termination phase of the new call to the next
destination.
*)
810 Control_Conference_Ring [line]
(N, RN, FN, NewSet)}
811 (1
{(* A forward feature is active on the next destination line. ¥*)
812 Control Conference Forward [line]
(N, RN, FN, NewSet)
813 endproc (* Control Conference Forward *)
814

(* This process controls the behavioux of a conversation when the
new call terminates to its destination line. This is the case
of a conferance call feature.

*)

815 process Control_Conference_Ring [line]
(N,RN,TN:Phone,Set:PhoneSet):noexit r=

816 [NotIn (TN, Set)] ->

(* Successful termination of the new call to line "TH". *)

817 line !TN !RING ;

818 (Ringing [line] (TN}

819 [> ‘

(* A communication path for the new call is being established. *)

820 line !TN !CONN ;

821 line !N !CONN ;

822 (Talking [line] (N)
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823 1

824 Talking [line] (TN)

825 [>

(» The originator establishes a conference call conversation. )
826 line !N !RECO ;

827 {line !RN !'RECO ;

828 line !TN !RECO ;

829 (On_Conference [line] (N)
830 L]

831 On_Conference [line] (RN)
832 111

833 On_Conference [line] (TN)
834 )

835 (1

{(* The party on hold leaves for good the original call. *)
836 line !RN !DISC ;

837 Control_Conversation(line] (N, TN}
838 )

839 (]

{* The new paréy leaves for good the new call. *)

840 line !TN !DISC ;

841 line !N !DSIN ;

842 Reconnection [line] (N,RN)
843 )

844 (1

(* The originator of the feature cancels it. Disconnection of the
new party’s line "IN" is required.
*)

845 ‘ line !N !RECO ;
846 line !TN !DISC ;
847 (line !RN !RECO ;
848 Control Conversation [line] (N,RN)
849 (1
- 850 Control Disconnection ([line] (RN,N)
851 ) )
852 []
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{* Unsuccessful rermination of the new call. *)

853 Unsuccessful_feature_rermination[1ine]
(N, RN, TN, Set)

854 endproc (* Control_Conference Ring *)

855 endproc (* Control_Conference *)

856

(» This process controls the origination phase of processing a
feature among hold, cransfer/three-way calling, and conference
call features.

*)

857 process Control Feature_ Origination
{line]} (N, RN:Phone, Sign,
Note:Signal) :exit (Phone) :=

858 line !N !Sign ;

B59 ' line !RN !Note ;

860 (line ?2TN:Phone !CORE ;
861 line !TN !COAT ;

862 exit (TN)

863 >

{* The invoker of a feature cancels it before the termination
of the new call to its destination.

*)

864 Reconnection [line] (N,RN)

865 )

866 endproc (*Control_Feature_Origination*)
867

(* This process controls the processing of forwarding 2 call
from a line to a pre—selected cne.
*)
868 process Control Forward Origination
{line] (N,RN, TN:Phone, Set:
PhoneSet) :exit (Phone,PhonesSet) :

n

869 [NotIn(TN,Set)] ->

870 line !TN !FORW ;

871 (1ine 2FN:Phone !FORW ;
872 line !'FN !CORE ;

873 line 'FN !COAT ;
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874 exit (FN, Insert (TN, Set))
875 {>
(* While a new call is being forwarded, its originator abortas it.
This is done by canceling the inveked feature.
*}

B76 Reconnection [line] (N,RN)

877 )

. 878 endproc (*Control_ Forward_Origination*)
879

(* This process controls the situation when a subscriber is being
re-connected to the original call.
*)

880 process Reconnection [line] (N,RN:Phone)
inoexit:=

881 line !N !RECO ;

882 (line !RN !RECO ;

883 Control Conversation [line] (N,RN)

B84 [1

885 Control_Disconnection {line] (RN,N)

886 )

887 endproc (* Reconnection *)

888

(* This process controls an unsuccessful termination of a new
call.

*)
889 process Unsuccessful_Feature Termination
[line] (N, RN, TN:Phone, Set:
PhoneSet) :noexit:=
(* The destination line is currently being used. *)

890 line !TN !BUSY !Set ;

B9l . Reconnection (line] (N, RN)

892 [l

(* The destination line is currently out of service. *)
893 line !TN !QOFS ;

894 Reconnection [line] (N,RN)

895 endproc

896 endproc (* Control_Feature *)

173



897 endproc (* Control_Conversation *)
898

{* This process controls the behaviour of every subscriber
participating in a conference call conversation.

*)

899 process On_Conference (line] (N:Phone)
inoexit:=
900 Talking [line] ()
a01 >
(* One of the subscribers leaves for good the conference call
conversation.
=)
902 line !N !DISC ;
903 stop
904 (]

(= One of the subscribers invokes a conference call feature to add
a new subscriber to the conference conversation.

*)

805 Add_Conf ([line] (N)
906 endproc (* On_Conference *)
907

(* This process controls the situation where a subscriber
participating in a conference call conversation invokes a
conference call feature to ¢onsult privately with a new
subscriber or to add to the conversation.

*)

808 process Add_Conf [line] (N:Phone)
noexit:=

909 line !N !CONF ;

910 (line 2?TN:Phone !CORE ;

911 line !TN !COAT ;

912 exit (TN)

913 [>

(* The invoker of the conference call feature cancels it before
the termination of the new call to its destination.

")
914 line !N !RECO ;
915 On_Conference [line] (N)
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916
817
918
918

)
>>

accept TN:Phone in

{* Termination of the new call to its destination. ™)

820

921

Control_ MoreConference_Ring [line]
(N, TN, Empty)
[

{* The new call is to be forwarded to a second destination. *)

922

923

Control_MoreConference_Forward [line]
(N, TN, Empty) .

(» This process controls the forwarding process of new call. *;

924
925

926
927
928
9239
930
§31
932

where
process Control_MoreConference_Forward
[line] (N, TN:Phone, Set:
PhoneSet) :noexit:=
[NotIn (TN, Set)] ->
line !TN !FORW ;
{line ?FN:Phone !
line !FN !CORE ;
line !FN !COAT ;
exit (FN, Insert (TN, Set))
[>

FORW ;

(* The invoker of the conference call feature cancels it before
the termination of the new call to its next destination.

*)
933
934
935
936
937
938

line !N !RECO ;
On_Conference [line] (N)

)
>>

accept FN:Phone,NewSet:PhoneSet in

{* Termination of the new call to its next destination. *)

839

Control_MoreConference_Ring {line]
(N, FN, NewSet)
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540 (1

{~ The new call is to be forwarded to another destination. *)

941 Control MoreConference_Forward [line]
(N, FN, NewSet)

942 endproc

943

(~ This process controls the termination of the new call to its

destination.

*)

944 process Control_MoreConference Ring
[line] (N, TN:Phone, Set:
PhoneSet) :noexit:=

945 [NotIn (TN, Set)] ->

(* Successful termination of the new call to line "TIN". *)
946 line !TN !'RING ;

947 (Ringing [line] (TN)

948 [>

(* A communication path for the new call is being established. *)
949 line !TN !CONN ;

850 line IN !CONN ;

851 {Talking [line] (N}

952 (RN

953 Talking [line] (TN)

$54 >

(* The originator of the conference feature allows the new party
to participate in the conference conversation.

*)

955 line !N !'RECO ;

956 line !TN !RECO ;

857 (On_Conference [line] (N)
958 11

958 On_Conference [line] (TN)
960 )

96l (]

{(* The new party leaves for good the new call. *)

962 line !TN !DISC ;

963 line !N !DSIN ;
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964 lire !N !RECO ;

965 On_Conference [line] (N)
8966 )
967 (]

{(* The originator of the feature cancels it. Disconnection of the
new party’s line "IN" is required.

*)
968 line !N !RECO ;
969 line !TN !DISC ;
970 On_Conference [line] (N)
871 , )
972 []
(* The end destination "TK" is currently busy. *)
873 line !TN !BUSY !Set ;
974 line !N !RECO ;
975 On_Conference [line] (N}
876 ]
(* The end destination “TN" is currently out of service. *)
$77 line !TN !OOFS ;
878 line !N !'RECO ;
979 On_Conference [line] (N)
980 endproc (*Control MoreConference_Ring*}
981 endproc (* Add_Conf *)
982
(* This process controls the conversation at every side. *)
983 process Talking ([line] (N:Phone)
:noexit:=
984 line !N !VQICE ;
985 Talking [line] (N)
986 endproc (* Talking *)
987 ‘
(* This process controls the disconnection of 2 subscriber., *}
988 process Control Disconnection [line]
(N, RN:Phone) :noexit:=
989 line !N !DISC ;
990 line !RN !DSIN ;
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991 line !RN !DISC ;

942 stop
983 endproc (* Control Disconnection *)
994 endproc (* Connection_Handler *)
995
(* This process zontrols the ringing signal on a telephone. *)
936 process Ringing [line] (N:Phone) :noexit:=
997 line IN !ONRI ;
938 Ringing [line] (N)
999 endproc (* Ringing *)
1000 endproc (* One_Connection *)
1001 endproc (* Multi_Connections*)
1002

{* The process System Network interacts with both the
telephones (gate line) and the environment (gates usaex and
update). Only the choice operator is used in the definition of
this process. A predicate is associated with each action to
control the synchronization of this process with the telephones
on signals. With the environment, a predicate controls the
updating of the system and also, it controls the use of a
forwaxrd feature on a telephone.

*)

1003 process System Network [user,update,line]
(ServiceSet,BusySet,ForwardSet :PhoneSet,
ForwardPairs:ForwardPairSet) :noexit:=

(* Interaction with the environment to update the system. *)

1004 update ?N:Phone ;

1005 ([NotIn (N, ServiceSet)] ->

{* The line "N" is to be added to the telephone system. *)
1006 System Network [user,update,line]

(Insert (N, ServiceSet),BusySet,
ForwardSet, ForwardPairs)

1007 []

1008 [IsIn(N,ServiceSet) and NotIn(N,BusySet)]->
(* The line "N" is to be removed from the telephone system. *)
1009 System_Network [user,update,line]

(Remove (N, ServiceSet), BusySet,
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ForwardSet,ForwardPairs}
1010 (]

1011 [IsIn(N,BusySet)] ->
(* The line "N" is currently busy, and therefore it cannot be
removed from the telephone system.

*)

1012 System Network [user,update,line]
(ServiceSet, BusySet,ForwardsSet,
ForwardPairs)

1013 i

1014 il

(* A subscriber invokes a2 forward feature on its telephone. *)

1015 Forward Feature [user,update, linel

(ServiceSet,BusySet,ForwardSet,
ServiceSet,ForwardPairs)
1016 [1

(* The signal being exchanged is not constrained to any condition,
and therefore no predicate is needed for this action.

*)

1017 line ?N:Phone 2sign:Signal ;

1018 System Network [user,update,line]
{ServiceSet,BusySet,ForwardSet,
ForwardPairs)

1019 []

(* Syanchronization on DITO signal. The line "N™ must be free
and in service.

*)

1020 line ?2N:Phone !DITO
1021 [NotIn (N,BusySet) and IsIn(N,ServiceSet)] ;
1022 System;Network[user,update,line]

(ServiceSet, Insert (N,BusySet),
ForwardSet,ForwardPairs)

1023 [1]

(* Synchronization on RING signal. The line "N" must be free,
in service, and no forward feature is currently active on an
associated telephene.

*)

1024 line ?N:Phone !(RING
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1025 [(NotIn(N,BusySet) and IsIn(N,ServiceSet) and
NotIn(N,ForwardsSet}] ;
1026 System_ Network[user,update, line]
(ServiceSet, Insert (N, BusySet),
ForwardSet,ForwardPairs)
1027 1
(* Synchronization on BUSY signal. The line "N" must be busy

or a forward feature is currently active on an associated
telephone.

*)

1028 line ?N:Phone !BUSY 2Set:PhoneSet
1029 [ IsIn(N,BusySet) or IsIn(N,Set) ] ;
1030 System Network[user,update,line] (ServiceSet,

BusySet,ForwardSet, ForwardPairs)
1031 []

{* Synchronization on OOFS signal. The line "N" must be out
of service.

*)

1032 line 2N:Phone !OOFS

1033 [ NotIn(N,SexrviceSet) ] ;

1034 System_Network[user,update,line](ServiceSet,
BusySet,ForwardSet,ForwardPairs)

1035 [1

(* Synchronization on DISC signal. The line "N" must be busy.

*)

1036 line ?2N:Phone !DISC

1037 [ IsIn(N,BusySet) 1] :

1038 System Network[user,update,line]

{ServiceSet,Remove (N, BusySet),
ForwardSet,ForwardPairs)
1039 (]

(* Synchronization on RANO signal. The line "N" must be free.
*)

1040 line ?N:Phone !RANO 2TN:Phone
1041 [ NotIn{TN,BusySet) ] ;
1042 System_Network[user,update,line](ServiceSet,

BusySet,ForwardSet,ForwardPairs)
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1043 |l

(* Synchronization on FORW signal. The line "N" must be free,
in service, and a forward feature is currently active on an
associated telephone. The operation ForwardTo returns the
line to whom this call is to be forwarded.

*)

1044 line ?N:Phone !FORW

1045 [IsIn(N,ForwardSet) and IsIn (N, ServiceSet)
and NotIn(N,BusySet) ] ;

1046 line !ForwardTo (N,ForwardPairs) !FORW ;

1047 System_Network[user,update,line](ServiceSet,

BusySet,ForwardSet,ForwardPairs)
1048
{(* This process loops on the set ServiceSetl, to allow all the
subscribers using the telephones on the lines currently
connected to the telephone system to invoke a forward feature.
*) :
1048 where
1050 process Forward Feature {user,update, line]
(ServiceSetl,BusySet, ServiceSet,
ForwardSet :PhoneSet, ForwardPairs:
ForwardPairSet) :noexit:=

1051 [not {Is_Empty (ServiceSetl))] ->
(* Instantiates the process Forwaxrd FeatureZ with the first line
in the set ServiceSetl.

*)

1052 (Forward Feature2[user,update, linel
(Head(ServiceSetl),BusySet,ServiceSet,
ForwardSet,ForwardPairs)

1053 §!

(* Loops on the remaining lines in the set SarviceSetl. *)

1054 Forward Feature [user,update,linel
(Tail (SexrviceSetl) ,BusySet, ServiceSet,
ForwardSet,ForwardPairs)

1055 )

1056

(* This process checks the status of the line "N", then it
either allows the subscriber on an associated telephone to
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invoke or to cancel a forward feature.

*}

1057 where

1058 process Forward Feature2 [user,update,line)
(N:Phone, BusySet, ServiceSet,
ForwardSet :PhoneSet,ForwardPairs:
ForwardPairSet) :noexit:=

10598 [NotIn(N,ForwardSet) and NotIn(N,BusySet)]->

{* The line "N" is not busy and also no forward feature is

currently active on this telephone, and therefore a subscriber
may invoke such feature on the same telephone.

*)

1060 user !N !ForK 2FN:Phone;

1061 System Network [user,update,line]
(ServiceSet,BusySet, Insert (N,
ForwardSet), Insert (ForPair (N,FN),
ForwardPairs))

1062 {1

1063 [IsIn(N,ForwardSet) and NotlIn(N,BusySet)] ->

(* A forward feature is currently active on this telephone and
also the line is not busy, and therefore a subscriber may
cancel such feature on the same telephone.

*)

1064 user !N !ForkK; :

1065 System Network [user,update,line]
(ServiceSet, BusySet, Remove (N, ForwardSet},
Remove (ForPair (N, ForwardTo (N,
ForwardPairs)),ForwardPairs))

1066 endproc (* Forward_ Feature2 *)

1067 endproc (* Forward Feature *)

1068 endproc (* System Network *)

1069 endspec (* Sample_Telephone *)
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Appendix C Test Processes

1. The following process is a formal representation of a test sequence (of
observable actions only) that validates two functionalities of the specificaton.
First, if Ul calls U2 and U2 is free, a call may be established between Ul
and U2. Then, while U1 and U2 are in conversation, another subscriber uses an
extension of the telephone attached to the same line being used by U2. Therefore,
that subscriber will get a busy tone Busy T.

Note here that, since this sequence tests for two calls being processed in
parallel, the internal action ‘i’ is replaced by the gate ‘line’, see Section 4.6. This
is to allow the generation of a second call upon synchronization on gate ‘line’.

process Test_Sequence2 [user,update] :exit:=
let Ul:Phone Num(7,3,1,6,9,7,9),
U2:Phone = Num(7,4,1,9,7,2,9) in
update !Ul ;
update 02 ;
user Ul !0OffRHook ;
user Ul !Dito_T ;
user Ul !DialKs !U2 ;
user U2 !Ring_T ;
user U2 !0ffRook ;
user Ul !SendVo ;
user U2 !SendvVo ;
line ;
user U2 !QffHook ;
user !U2 !Busy T ;
user U2 !'HangUp ;
exit
endproc (* Test_Sequence2 *)
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2. This process describes the situation where 4 subscriber U1 dials a number
whose line is not connected to the Telephone System. The subscriber Ul will then
get an out of service tone Oofs_T.

process Test_Sequence3 [user,update] texit:=

let Ul:Phone

U2:Phone =

update Ul ;

user !'Ul !QffHook
user Ul !Dito_T
user !Ul !DialKs
user !Ul !Cofs T
user Ul !'HangUp
exit

Num(7,3,1,6,9,7, 9,
Num(7,4,1,9,7,2,9) in

L4

a
N
1]

wy % -

endproc (* Test_Sequencel ¥*)
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3. The sequence presented by this process describes two calls being handled
in parallel. In one cali, subscriber U1 is calling U2. Meanwhile, subscriber U3
picks up the handset and tries to call Ul. The subscriber U3 gets a busy tone
Busy_T. It then invokes a Ring Again feature “RiAgK™ and hangs up its telephone.

While the Ring Again feature is active on telephone U3, Ul goes OnHook
“HangUp”. Subscriber U3 then, gets a ring again notification “Rano_T. Once
U3 goes OffHook to proceed in the call, telephone U1 starts ringing Ring T.
Subscriber U1 then goes OffHook and both subscribers, Ul and U3, enter in a
conversaton.

process Test_Sequenced [user,update] :exit:=

let Ul:Phone Num(7,3,1,6,9,7,9),
U2:Phone Num(7,4,1,9,7,2,%,
U3:Phone Num(S,6,4,9,4,3,9) in

update Ul ; ’
update U2 ;
update U3 ;
user U1 tOffHook ;
user !Ul !Dito_T ;
user Ul !bialKs !U2 ;
line ;
user U3 !0OffHook ;
user !'U3 !Dito_T ;
user U3 !DialKs !Ul ;
user !U3 !Busy_T ;
user !U3 !RiAgK ;
user !'U3 !HangUp ;
user Ul !HangUp
user U3 !Rano_T ;
user U3 !0ffHook ;
user !Ul !Ring T ;
user U1l 10ffHook ;
user U3 !SendVo ;
user U1 !SendVo ;
exit

endproc (* Test_Sequenced *)
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4. This sequence of actions describes the (observable) behaviour of the
situation where a subszwber on U1 calls another subscriber on telephone U2,
while the later has forwarded ForK further incoming calls to its telephone, to
another pre-selected one “U3™. However, because U3 is not connected to the
Telephone System, U1 will surely get an out of service tone Oofs_T.

process Test_SequenceS [user,update] rexit:=

let Ul:Phone

U2:Phone = Num(S5,6,4,9,4,3,9),
U3:Phone = Bum(7,4,1,9,7,2,9) in

update Ul ;

update 02 ;

user !'U2 !FoxK !U3 ;

user !'Ul !0ffHook ;

user !Ul !Dito_T ;

user Ul !'DialKs U2 ;

user Ul !0ofs T ;

user Ul !HangUp ;

exit

endproc (* Test_Sequenced *)
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5. This process describes a more complicated situation of 2 call processing.
In this situation, two calls arc being handled in parallel. Inidally, four lines
are connected 1o the Telephone System and a Forward feature ForK is active on
telephone U2. Further incoming calls to U2 will be forwarded 10 U3 (as stated
in the process below). -

The subscriber on Ul calls U2. This call is autcmatically forwarded to the
line U3 whose telephone starts ringing Ring_T. Then the communication path is
established between subscribers on Ul and U3. Meanwhile, another call is being
processed where a subscriber on U4 is calling U2. Because a Forward featre
is still active on U2 and U3 is busy in the first call, subscriber will get a busy
tonc Busy T.

process Test_Sequenceb [user,update] :exit:=
let Ul:Phone Num(7,3,1,6,9,7,.9),

U2:Phcne = Num({5,6,4,9,4,3,9),
U3:Phone = Num(7,4,1,%,7,2,9),
U4 :Phone = Num(S5,6,4,9,2,3,2) in

update Ul ;
update U2 ;
update U3
update U4 ;
user U2 !ForK !U3 ;
user !'Ul !'OffHook ;
user Ul !Dito_T ;
user Ul !DialKs !02
user !U3 !Ring T ;
user !U3 !0ffHook ;
user Ul !SendVo ;
user U3 !SendVo ;
line
user U4 !'0ffHook ;
user !U4 !Dito T
user !'U4 !DialKs
user U4 !Busy T
user U4 'HangUp :
exit

endproc (* Test_Sequenceé *)

e

b1}

htl

U2

LY} - We
e
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6. This sequence handles the situation where there is a cycle in the forwarding
process of a call. In this situation, U2 forwards “ForK™ incoming calls to its
telephone to the telephone on line U3. The latter, at the same time, forwards
these calls to U4, while the telephone on U4 forwards those calls to the telephone
on line U2 that has forwarded the same calls. If the system cannot detect such
a cycle, a call may never return a signal.

In this example, a subscriber on line Ul calls the line U2. As discussed
above, this call is forwarded from line U2 to line U3 then from U3 to line U4,
It is also forwarded from line U4 to line U2. Now the system detects that this
same call was forwarded by this line U2. It then, rens a busy tone Busy T
to the caller on line Ul.

process Test_Sequence7 [user,update] rexit:=
let Ul:Phone Num(7,3,1,6,9,7,9),

U2:Phone = Num(5,6,4,9,4,3,9,
U3:Phone = Num(7,4,1,9,7,2,9),
U4:Phone = Num(5,6,4,9,2,3,2) in
update Ul
update U2

update !U3
update !U4
user U2 !ForK !U3 ;
user !U3 !ForK !U4
user !U4 !ForK !U2 ;
user !'Ul !'0ffHook ;
user Ul !Dito T ;
user Ul !DialKs !U2 ;
user !Ul !Busy T ;
user !Ul !HangUp :
exit

endproc (* Test_Sequence? *)
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7. This is the case where 2 call has been successfully forwarded. At the inital

state, a subscriber invokes a Forward feawre “ForK™ on a telephone of line U2
to forward incoming calls 1o this telephone to line U3. Meanwhile, a Forward
feature is active on a teleplione of line U3, Its aim is to forward incoming calls
to a telephone on line U4.

A subscriber on Ul goes OffHook 10 call the number U2. This call is

forwarded from U2 to U3, then from U3 to U4 as its End Destination. The
telephone on U4 is free and therefore it starts ringing Ring_T. The subscriber on
U4 goes OffHook and the conversation may begin.

process Test_Sequences8 [user,update] :exit:=

let Ul:Phone

U2:Phone

U3:Phone

U4 :Phone
update !Ul
update !U2
update U3
update !U4

e wa Wy

r

Num(7,3,1,6,9,7,9),
Num{5,6,4,9,4,3,9),
Num(7,4,1,9,7,2,9),
Num(S, 6,4,9,2,3,2) in

user U2 !FoxK !U3 ;
user U3 !'ForK !U4 ;
user Ul !'0ffHook ;
user !'Ul 1Dito_T ;
user Ul !DialKs !U2 ;
user !U4 !Ring T ;
user U4 !0ffHook ;
user Ul !SendVo ;
user U4 !1SendvVo ;

exit

endproc (¥ Test_Sequence8 *}
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8. In this sequence, a subscriber on U3 goes OffHook 1o make its line busy.
At the same time, a subscriber on Ul goes OffHook and dials the number U2.
The conversation between Ul and U2 may begin.

‘While in conversation, the subscriber on Ul invokes a Hold feature and calls
U3. Buat, because U3 is busy, subscriber Ul will get a busy tone Busy_T. It must
then, press the hold key HoldK again to return to the original call.

process Test_Sequence?d [user,update] rexit:=

let Ul:Phone = Num(7,3,1,6,9,7,9),
U2 :Phone Num(5,6,4,9,4,3,9),
U3:Phone Num(7,4,1,9,7,2,9) in

update U1 ;
update U2 ;
update U3 ;
user U3 !0ffHook ;
user !U3 !Dito_T ;
line ;
user !Ul !0ffHook ;
user Ul !Dito T ;
user !Ul !DialKs !U2
user !U2 !Ring T ;
user U2 !'0ffHook ;
user Ul !SendVo ;
user U2 !SendVo ;
user !Ul !HoldK ;
user Ul !DialKs !U3
user !Ul !Busy T ;
user !Ul !HoldK ;
exit

endproc (* Test_Sequenced *)
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9. In this sequence, two features are concerned. First, a subscriber on a
telephone of line U3 forwards incoming calls 10 its telephone to line U4. Then, a
subscriber on U1 calls U2 that is currenly free. After the conversation between the
subscribers on U1 and U2 begins, the subscriber on Ul invokes a Hold feature
“HoldK™ and calls U3.

The call is forwarded to U4. Since U4 has been added to the Telephone
System and it is currently free, the associated telephone starts ringing Ring_7 and
the conversation between the subscribers on Ul and U4 may begin.

process Test_Sequencell [user,update] :exit:=
let Ul:Phone = Num(7,3,1,6,9,7,9),
U2 :Phone Num{5,6,4,9,4,3,9),
U3:Phone Num(7,4,1,9,7,2,9),
U4:Phone = Num(7,4,1,9,2,3,2) in
update Ul
update U2 ;
update U3
update U4 ;
user U3 !FoxK U4 ;
user !'Ul !'0ffHook ;
user Ul !Dito_T ;
user !'Ul tDialKs !U2 ;
user U2 !Ring T ;
user U2 !'0ffHook ;
user !Ul !SendVo ;
user U2 !SendVo ;
user !Ul !HoldK ;
user Ul !DialKs !'U3 ;
user !U4 !Ring T ;
user U4 !0ffHook ;
user Ul !SendVo ;
user U4 !SendVo ;
user Ul !HoldX ;
user U4 !HangUp ;
exit
endproc (* Test_Sequencell *)
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10. In this process, a subscriber on line U1 calls a subscriber on line U2. Then,
" when the call terminates to U2, the latter invokes a Transfer feature “TransK™ 10
transfer this call to a telephone on line U3, then establish a Three-Way Calling
between subscribers using the lines U1,U2, and U3. This is achieved by the second
action TransK. Line U3 is free, and therefore its telephone starts ringing Ring_T.

process Test_Sequencell [user,update] :exit:=
let Ul:Phone = Num({7,3,1,6,8,7,9),

U2 :Phone

U3:Phone =
update Ul ;
update U2 ;
update !'U3 ;
user !'Ul !0ffHook
user Ul !Dito_T ;
user U1 !DialKs !
user !'U2 !Ring T ;
user U2 10ffHook
user Ul !SendVo ;
user 102 !SendVo ;
user U2 !Transk ;
user !U2 !DialKs !
user !U3 !Ring T ;
user U3 !'0ffHook
user U2 !SendvVo ;
user !U3 !SendvVo ;
user U2 !TranskK ;
exit

= Num(5,6,4,9,4,3,9),
Num(7,4,1,9,7,2,9) in

r

vz ;

e

r

endproc (* Test_Sequencell *)
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11. The scenario in this process is similar to the one discussed above in
process Test_Sequencell except that, the subscriber on U2 wansfers TransK the
calls to U3 then leaves for good “ReleaseK™ the conversation. The feature is then
called a Transfer feature for short.

process Test_Sequencel?2 [user,update] :exit:=

let Ul:Phone

Num(7,3,1,6,9,7.9),

U2:Phone = Num(5,6,4,9,4,3:,9),

U3:Phone = Num(7,4,1,9,7,2,9) in
update U1 ;
update U2 ;
update U3 ;
user Ul !OffHook ;
user Ul !Dito_T ;
user Ul !DialKs !U2 ;
user U2 !Ring T ;
user 102 !0ffHook ;
user Ul !'SendVo ;
user !U2 !SendVo ;
user U2 !Transk ;
user U2 !DialKs !U3 ;
user !'U3 !Ring T ;
user U3 !0ffHook ;
user !'U2 !SendVo ;
user !U3 !Sendvo ;
user U2 !RaleasekK ;
user U2 'HangUp ;
user !Ul !SendVo ;
user U3 !SendVo ;
exit

endproc (* Test_SequencelZ *)
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12. The cumrent situation is similar to the one presented in process
Test_Sequencel2 except that a Forward feature is active “ForK™ on a telephone
of line U2. Therefore, the call is forwarded to U3. The latter invokes a Transfer
feature and tansfers “TransK™ the call to U4 then leaves for good “ReleaseK™
the call. The conversation is now between Ul and U4.

process Test_Sequencel3 [user,update] :exit:=
let Ul:Phone = Num(?7,3,1,6,9,7,9),
U2:Phone = Num(5,6,4,9,4,3,9),

U3:Phone = Num(7,4,%1,9,7,2,9},
U4:Phone = Num(5,6,4,9,2,3,2) in
update U1 ;
update U2 ;
update U3 ;
update !'U4 ;

user U2 !FoxK !U3 ;
user !Ul !'0ffHook ;
user Ul !Dito_T ;
user !'Ul !DialKs !U2 ;
user !U3 !Ring_ T ;
user U3 !'0ffHook ;
user !'Ul !Sendve ;
user U3 !SendVo ;
user U3 !Transk ;
user !'U3 !DialKs !
user  !U4 !'Ring T ;
user U4 0£fHook -
user U3 !SendVo ;
user U4 !SendvVo ;
user !U3 !Releasek ;
user !U3 !HangUp
user Ul !SendVo ;
user U4 !SendVo
exit

endproc (* Test_Sequencel3 *)
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13. This situation is similar to the one presented in process Test_Sequencel3,
except that the line to whom the call is forwarded from U3, after its wansfer to
U3, is currently not connected to the Telephone System “Oofs _T.

process Test_Sequenceld [user,update] :exit:=
let Ul:Phone = Num(7,3,1,6,9,7,9),
U2:Phone = Num(5,6,4,%,4,3,9),
U3:Phone = Num(7,4,1, 9,7,2,9) .,

U4:Phone = Num(5,6,4,9,2,3,2) in
update !Ul ;
update U2 ;
update !U3 ;

user U3 !FoxrK U4 ;
user Ul !0ffHook ;
user !Ul !Dito_ T
user !Ul !DialKs
user U2 !Ring_ T
user U2 !0ffHook
user Ul !SendVo
user U2 !SendVo
user U2 !Transk
user !'U2 !DialKs
user U2 !Oofs_ T
user 02 !Transk
user Ul !SendVo
user U2 !SendVo
exit

endproc (* Test_.equenceld *)}
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14. This process describes a sample situation where a Conference Call feature
is requested by subscribers while they are in conversation.

Initially, four lines arc connected to the Telephone System. A subscriber
using the line Ul calls a subscriber whose telephone number is U2. While in
conversation, Ul invokes a conference feature ConfK and calls a new subscriber
whose telephone number is U3. At this stage, Ul is in a private conversaton

with U3. The subscriber Ut presses the key ConfK to bring U3 to the conference
conversation.

Then, while the subscribers whose numbers are Ul,U2, and U3, are in a
conference conversation, Ul invokes a conference feature ConfK and calls another
new subscriber whose number is U4. Currently, Ul is in a private conversation
with U4. Ul then presses the key ConfK and brings U4 to the conference
conversation.

At this stage of the call, all subscribers whose numbers are Ul, U2, U3, and
U4, are in a Conference conversaton.

process Test_SequencelS [user,update] rexit:=

let Ul:Phone = Num(7,3,1,6,9,7,9),
U2:Phone = Num(5,6,4,9,4,3,9),
J3:Phone Num(7,4,1,9,7,2,9),
U4 :Phone Num(5,6,4,9,2,3,2) in

update !Ul1l ;

update U2 ;

update !U3 ;

update U4 ;

user !Ul !0OffHook ;

user Ul !Dito_T ;

user Ul !DialKs !U2 ;

user !U2 !Ring T ;

user U2 !10ffHook ;

user Ul !Sendveo ;

user U2 !SendVo ;

user Ul !ConfK ;

Il
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user 'U1l !DialKs !U3 ;
user !U3 !Ring T ;
user !'U3 !'0ffHook ;
user Ul !SendVo
user !'U3 !SendVo
user !Ul !ConfK ;
user Ul !SendVo
user U2 !SendvVo
user. U3 !SendVo
user !Ul !ConfK ;
user Ul !DialKs !U4 ;
user !'U4 !Ring T :
user U4 !0ffHook ;
user !Ul !SendVo
user U4 !SendVo
user Ul !ConfK ;
user !Ul !SendVo
user U2 !SendVo
user !U3 !SendVo
user !'U4 !'SendVo
exit

endproc (* Test_Sequenceld *)
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15. The following test process describes a more complicated situation of 2
call. Initially, four lines are connected to the Telephone System. A Conference
conversation is established between these telephone as explained in process
Test_Sequencel5 above.

While in conversation, the subscriber on telephone Ul invokes a conference
feature ConfK and calls a new subscriber of telephone number US. Because the
line US is not connected to the Telephone System, the subscriber using the line
U1 gets an out of service tors Oofs_T.

The subscriber invoking this feature, then presses the conference key ConfK
and returns to the conference conversation.

process Test_Sequencelb [user,update] :exit:=
let Ul:Phone = Num(7,3,1,6,9,7,9),

U2 :Phone = Num(5,6,4,9,4,3,9%),
U3:Phone = Num({7,4,1,9,7,2,9),
U4:Phone = Num(5,6,4,9,2,3,2),
US:Phone = Num(S5,6,0,8,6,9,0) in

update Ul ;
update U2
update !U3 ;

update U4 ;

user Ul '0ffHook ;
user Ul !Dito_T ;
user !Ul !DialKs !U2 ;
user U2 !Ring T ;
user U2 !'QffHook ;
user !Ul !SendVo ;
user !U2 !Sendvo ;
user Ul !'ConfK ;

user !'Ul !DialKs !U3 ;
user U3 !Ring T ;
user U3 !0ffHook ;
user !Ul !SendVo ;
user U3 !Sendvo ;

L]
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user !'Ul !ConfK ;
user Ul !SendVo ;
user !'U2 !SendvVo ;
user (U3 !SendVo ;
user Ul !ConfK ;
user !'Ul !DialKs !U4 ;
user 'U4 !Ring T ;
user U4 10ffHook ;
user Ul !SendVo ;
user U4 !'SendVo ;
user !Ul !ConfK ;
user Ul !SendVo
user U2 !SendVo
user !U3 !SendVo
user U4 !SendvVo
user !'Ul !ConfK ;
user Ul !DialKs !'US5 ;
user !Ul !Oofs_ T
user !Ul !ConfK ;
user U1l !SendVo
user U2 !SendVo
user !U3 !SendVo
user U4 !SendVo
exit

endproc (* Test_Sequencelé *)
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16. In the following situation, two features are of involved in call, the Forward
and the Conference Call features.

Inidally, five lines (U1, U2, U3, U4, and U5) are connected to the Telephone
System. Also, two telephones using the lines, whose numbers are U3 and US,
invoke a forward feature. U3 wants “ForK™" that any further incoming call to 1ts
line to be forwarded to a line number U4. Any call that comes to a telephone on
the line US will also be forwarded “ForK™ but to the line U2,

A subscriber using U1 starts the call by establishing a conversation with
line U2. Then, the former invokes the conference feawre ConfK and calls line
U3. Since a Forward feature is active on U3 and U4 is free, this new call will
successfully terminate to U4. Then, Ul brings U4 to the original call. Currently
all telephones using the lines U1, U2, and U4 are in a conference conversation.

Again, a subscriber on Ul invokes the conference feature ConfK and calls
US. Since a forward feamre “ForK™ is active on US, this new is forwarded to
U2 as stated above. But, U2 is busy with the original call, and therefore the
subscriber using U1 gets a busy tone Busy_T and returns ConfK to the conference
conversation with the subscribers using the lines U2 and U4.

process Test_Sequencel? [user,update] :exit:=
let Ul:Phone = Num(7,3,1,6,9,7,9}),

U2:Phone = Num(5,6,4,%,4,3,9) .,
U3:Phone = Num(7,4,1,9,7.2,9),
U4:Phone = Num(5,6,4,9,2,3,2),
US:Phone = Num(5,6,0,8,6,9,0) in

update Ul ;

update U2 ;

update U3 ;

update U4
update !US ;

user U3 !'ForK !U4 ;
user U5 !ForK !U02 ;
user !'Ul !10ffHook ;
user !Ul !Dito_T ;
user !'Ul !DialKs !U2 ;

200



user !'U2 !Ring_T ;
user 'U2 !0ffHook ;
user !'Ul !SendVo ;
user U2 !SendvVo ;
user !Ul !ConfK ;
user Ul !DialXs !U3 ;
user U4 !Riag T ;
user !U4 !QOffHook ;
user !'Ul !SendVo ;
user U4 !Sendvo
user !Ul !ConfK :
user Ul !SendVo
user !U2 !SendVo
user !U4 !SendVo
user !Ul !ConfK ;
user Ul !DialKs
user !Ul !Busy T
user Ul !ConfK ;
user Ul !SendVo
user U2 !'SendVo
user U4 !SendVo
exit

endproc ({* Test_Sequencel?
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17. In this sequence, two features (Forward and Conference Call features)
are involved, but it describes also the situatdon where there is a cycle in the
forwarding process.

Initially, six lines (U1, U2, U3, U4, U5, and U6) are connected to the
Telephone System and a subscriber on line U4 invokes a forward featre ForK to
forward incoming calls to its telephone 10 the line US. The later also invokes a
forward feature ForK to forward incoming calls to its telephone to the line U6. In
its tumn, 2 subscriber on U6 invokes the same feature ForK to forward incoming
calls to its telephone to the line U4.

A subscriber on Ul starts by establishing a call with U2, Then, it invokes a
conference feature ConfK and calls U3. Currendy, all lines (U1, U2, and U3) are
connected to each other in a conference conversation.

The subscriber on U1, invokes again the conference feature ConfK and calls
U4. But, because a forward feature is stll active on U4, this new call is forwarded
to U5. Also, a forward feature is active on U5, and therefore this call is forwarded
to U6 as stated above. Again, the same featre is active on U6, and therefore
the call is forwarded to U4.

However, U4 is currently busy with the original call, and therefore the caller
(ul) gets a busy tone Busy_T. Then, the subscriber on Ul presses the conference
key ConfK to return to the original call and join the other subscribers using the
lines U2, and U3 in the conference conversaton.

process Test_Sequencels [user,update] :exit:=
let Ul:Phone Wum(7,3,1,6,9,7,9),
U2:Phone = Num(5,6,4,9,4,3,9).,

U3:Phone = Num(7,4,1,9,7,2,9) .,
U4 :Phone = Num(5,6,4,9,2,3,2),
U5:Phone = Num(5,6,0,8,6,9,0),
U6 :Phone = Num({S,6,0,8,5,4,5) in

update !Ul ;

update U2 ;

update U3 ;

update !U4 ;



update U5
update U6 ;
user !U4 !'ForK !US ;
user !'U5 !ForK !U6 ;
user U6 !ForK !U4 ;
user Ul !0ffHook ;
user !Ul !Dito_T ;
user !Ul !DialKs !'U2
user U2 !Ring_T ;
user U2 !'QffHook -
user !Ul !SendVo
user U2 !SendVo
user !Ul !ConfkK ;
user Ul !DialKs !
user !U3 !Ring T ;
user U3 !'0ffHook ;
user !Ul !SendVo
user !'U3 !SendVo
user !'Ul !ConfK ;
user !Ul1l !SendVo
user U2 !SendVo
user U3 !SendVo
user !Ul !ConfkK ;
user !Ul !'DialXs
user Ul !Busy T
user !Ul !ConfK ;
user Ul !SendVo
user U2 !SendvVo
user !U3 !SendVo
exit

endproc (* Test_Sequencel8 *)
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Appendix D Symbolic Execution
Trees of Processes

1. Process Ring_Again_Feature Symbolic Tree
The following symbolic execution tree describes the behaviour of the process

Ring Again_Feature 1o a depth of exccution of 8. The number associated with
an action is the number of the branch at a given level.

1 user !Phone&0:Phone !HangUp:Key [277]
| 1 user !'Phones&0:Phone !RiAgK:Key [278]
==> continue
user !Phone&0:Phone !'Rano_T:Tone [283]

1 user !'Phone&l:Phone !OffHook:Key [284]
11

|
I
!

1
!
|

(I

I
Pl

2

1

user 'Phone&(:Phone
==> continue
user !Phone&(:Phone
==> continue
user !Phone&(:Phone
==> continue
user !Phone&:Phone
==> continue
user !Phone&(:Phone
==> continue
user !Phone&(:Phone

!SendVo:Key [528]
'HoldK:Key [369]
!TransK:Key [369]
ConfK:Key [369]
'HangUp:Key [541]

!Busy_T:Tone [290]

| 1 user !Phone&0:Phone !HangUp:Key [277]

==> continue

2 user !'Phones&0:Phone !RiAgK:Key [294]
==> continue

2. Process Destination_Side Symbolic Tree

The first event on the Destination Side’s telephone is when a call terminates

to it. The telephone starts ringing and the subscriber may go OffHook or the call
is aborted and it is disconnected.



| | 1 user !Phone@l:Phone !Ring_T:Tone [334]
1 | | 2 user !Phone@l:Phone t0offHook:Key [337]
==> continue
| | 1 1 2 user !Phone@l:Phone 10ffHook:Key [337]
==> continue
| | | 2 user !Phone@l:Phone '0ffHook:Key [337]
i 1} 1 1 user !Phone@l:Phone 'SendVo:Key [528]
==> continue
1 1 1 1 1 2 user !Phone@l:Phone 'HoldK:Key [369]
==> continue
l 1 1 {1 4 user !Phone@l:Phone tTransK:Key [369]
==> continue
| | 1 1 | 6 user !Phone@l:Phone !ConfK:Key [369]
==> continue
| 1 1 1 | 8 user !Phone@l:Phone 'HangUp:Key [541]
==> continue

3. Process Invoke_Feature Symbolic Tree

To invoke a feature, a subscriber must request the associated feature key. This
event is not shown in the following symbolic tree, because this action is specified
in process Feaure, before the instantiation of process Invoke_Feature. The event
number 2 in column 2, states that a feature may be cancelled at this stage, and
also does the event number 2 in column 3.
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1 user !Phones0:Phone !DialKs:Key ?Phone@2.1:
Phone

I
[

|1

I
I

|

1
|

1
|

5

[380)

user !Phone&0:Phone !Busy T:Tone [388]

1 user !Phone&0:Phone !'K&0:Key [517]
==> continue

user !Phone&0:Phone !Oofs_T:Tone [392]

1 user !Phone&l:Phone !K&0:Key [517]
==> c¢ontinue

user !Phone&0:Phone !SendVo:Key [528]

3 [==(X&0,TransK) Juser !Phones&0:Phone
!TransK:Key [409] ==> continue

4 [==(X&0,TransK) Juser !Phone&0:Phone
'ReleaseK:Key [418] ==> continue

5 [<>(K&0,TransK) luser !Phone&(:Phone
'K&0:Key [517] ==> continue

1 [==(K&0,TransK)]Juser !Phone&0:Phone
'TransK:Key [400] ==> continue

2 [<>(K&0,TransK) juser !Phone&0:Phone
'K&0:Key [517] ==> continue

[==(K&0, TransK) Jusexr !Phone&0:Phone

'TransK:Key [409] ==> continue

[==(K&0, TransK) Juser !Phone&0:Phone

IReleaseK:Key [419] ==> continue

[<>(K&0, TransK) Juser !Phone&0:Phone

'K&0:Key [517] ==> continue

4 user !Phones&l:Phone !K&0:Key [517]
==> continue
| 2 user !Phone&0:Phone !K&0:Key [517]

==> continue

2 user !'Phone&0:Phone !K&0:Key [517]
==> continue



4. Process Additional_Subscriber Symbolic Tree

This symbolic tree of process Additional_Subscriber presented below, shows
all the possible “OffHook™ events with the new subscriber that is called from
within another call. Such an event may occur only after the telephone starts
ringing “Ring_T".

| | 1 user !Phone@l:Phone !Ring_T:Tone [461]
1 1 1 1 1} 2 user !'Phone@l:Phone \0ffHook:Key [464]

(I

==> continue

| 2 user !Phone@l:Phone !OffHook:Key [464]

==> continue

2 user !Phone@l:Phone !OffHook:Key [464]

| | 1 user !Phone@l:Phone !SendVo:Key [528]
==> continue

| | 2 user !'Phone@l:Phone !'HangUp:Key [541]
==> continue

5. Process Party_On_Hold Symbolic Tree

The following symbolic tree represents the first stage of a behaviour of the

party waiting for the other side to finish with the new call. The party on hold
may at any time leave the call “HangUp”.



1 [==(sign&0, TRANN) Juser !Phone&0:Phone
!SendvVo:Key [528] ==> continue

3 [==(sign&0, TRANN) Juser !Phone&(0:Phone
'HangUp:Key [541] ==> continue

4 [==(sign&(,CONFN) Juser !Phone&l:Phone
!SendVo:Key [528] ==> continue

S [=={sign&0,CONFN) Juser !Phone&0:Phone
!ConfK:Key [369] ==> continue

7 [==(sign&0,CONFN) Juser !Phones&0:Phone
'HangUp:Key [541] ==> continue

8 [==(sign&0,HOLDN) Juser !Phone&0:Phone
'SendVo:Key [528] ==> continue

9 [==(sign&0,HOLDN) Juser !Phone&(:Phone
'HoldK:Key (369 ==> continue

11 [==(sign&0,HOLDN) juser !Phone&(:Phone
!TransK:Key [369] ==> continue

13 [==(sign&0, HOLDN) Juser !Phone&0:Phone
'ConfK:Key [369] ==> continue

15 [==(signé&0,HOLDN) Juser !Phone&(:Phone
'HangUp:Key [541] ==> continue

user !Phones&0:Phone !HangUp:Key [541]

==> continue



Bibliography

|BB87]

{Bel8?)
[Bel88]
(BH]
[BHRS84]
[BLS1]

[Bri88a]

[Bri88b]

[BSS87]

[CCIB8]

[CORS81]

[CV90]

T. Bolognesi and E. Brinksma. Introduction to the ISO Specification
Language LOTOS. Computer Networks and ISDN Systems, 14:25-
59, 1987.

Bell Communications Research. Call Processing. LATA Switching
Systems Generic Requirements (LSSGR), July 1987.

Bell Canada, Inc. The DMS-100 Business Set User's Manual, 1988.
B. Bicbow and B. Hagelstein. Algebraic Specification of Synchro-
nization and Errors: A Telephonic Example. Lecture Notes in Com-
puter Science, 186:294-308.

S.D. Brookes, C.AR. Hoare, and A.-W. Roscoe. A Theory of
Communicating Sequential Processes. JACM, 31(3):560-599, 1984,
R. Boumezbeur and L. Logrippo. Specification and Validation of
Telephone Systems in LOTOS. In TRIO Retrear. TRIO, May 1991.
E. Brinksma. On the Design of Exteaded LOTOS. A Specification
Language for Distributed Systems. Doctoral Dissertation, 1988.
Univessity of Twente, The Netherlands.

E. Brinksma. A Theory for the Derivation of Tests. In S. Aggarwal
and K. Sabnani, editors, Protocol Specification, Testing, and
Verification VIII, pages 63~74. North-Holland, 1988.

E. Brinksma, G. Scollo, and C. Steenbergen. LOTOS Specifications,
their Implementations and their Tests. In G. von Bochmann and
B. Sarikaya, editors, Protocol Specification, Testing, and Verification
VI, pages 349-360. North-Holland, 1987.

CCITT. Recommendation Z100. Specification and Description
Language, 1988.

CORNAFION. Systemes Informatiques Repariis. Concepts et Tech-
niques. BORDAS, Paris, 1981.

R. C. Cam and S. T. Vuong. A Formal Specification, in LOTOS,
of a Simplified Cellular Mobile Communication Systern. In S. T.
Vuong, editor, Formal Description Techniques II, pages 485-499.
North-Holland, 1990.



[FLS90]

[FLS91]

[Gal89]

[GHHL33]

[GL89a)

[GL.35b]

[GM36]

[Gue89]

[HHSS]

(Hoa85]

[ISO88]

M. Faci, L. Logrippo, and B. Stepien. Formal Specifications of
Telephone Systems in LOTOS. In E. Brinksma, G. Scollo, and
C. Vissers, editors, Protocol Specification, Testing, and Verification
IX. North-Holland, 1990.

M. Faci, L. Logrippo, anC B. Stepien. Formal Specifications of
Telephone Systems in LOTOS: The Constraint-Oriented Style
Approach. Computer Networks and ISDN Systems, 21:53-67, 1991.

S. Gallouzi. Trace Analysis of LOTOS Behaviours. Master’s thesis,
University of Ottawa, Ottaw 4, Ontario, Canada, 1989.

R. Guillement, M. Haj-Hussein, and L. Logrippo. Executing Large
LOTOS Specifications. In S. Aggarwal and K. Sabnani, editors,
Protocol Specification, Testing, and Verificatinn VIII, pages 399-
410. North-Holland, 1988.

D. Gueraichi and L. Logrippe Derivation of Test Cases for LAP-
B from a LOTOS Specification. In S. T. Vuong, editor, Formal
Description Techniques II, pages 361-374. North-Holland, 1989.

R. Guillemot and L. Logrippo. Derivation of Useful Execution
Trees from LOTOS by using an Interpreter. In K. J. Turner, editor,
Formal Description Technigues, pages 311-325. North-Holland,
1989.

N. Gehani and A.D. McGetrick, editors. Software Specification

Techniques. International Computer Scisnce Series. AT and T Bell
Telephone Laboratories, Inc., 1986.

D. Gueraichi. Derivation of Test Cases for LAP-B from a Formal
Specification in LOTOS. Master's thesis, University of Otutawa,
Outawa, Ontario, Canada, 1989.

M. Haj-Hussein. An Interactive System for LOTOS Applications
(ISLA). Master’s thesis, University of Ottawa, Otawa, Ontario,
Canada, November 1988.

C.A.R. Hoare. Communicating Sequential Processes. Prentice-Hall
International, UK, LTD., 1985.

1SO, DIS 8807. Information Processing Systems - Open Systems
Interconnection - LOTOS - A Formal Description Technique Based
on the Temporal Ordering of Observational Behaviour, June 1988.

210



[(1SO89]

[Kar89]

[Lan85]

[LOBESS)

Mar72]
[MdMvT89]

(Milg0]

Mye79]

[QAF89]

[QF87]

[Sim89]

[Sin82]

1SO, IS 8807. Information Processing Systems - Open Systems
Interconnection - LOTOS - A Formal Description Technique Based
on the Temporal Ordering of Observational Behaviour, May 1989.

G. M. Karam. MLOG: A Language for Prototyping Concurrent
Systems. Technical Report TR SCE-88-3, Dept. of Systems and
Computer Eng., Carleton University, Omawa, Ontario, Canada,
March 1589.

M. G. Lane. Data Communications Software Design. Computer
Science series. Boyd and Fraser Putlishing Company, 1985.

L. Logrippo, A. Obaid, J.P. Briand, and M.C. Fehri. An Interpreter
for LOTOS, a Specification Language for Distributed Systems.
Software-Practice and Experience, 18:365-385, 1988.

J. Martin. Introduction to Teleprocessing. Prentice-Hall, Inc., 1972.

J. A. Manas, T. de Miguel, and H. van Thienen. The Implementation
of a Specification Language for OSI Systems. In PHJ. van
Eijk, C.A. Vissers, and M. Diaz, editors, The Formal Description
Technique LOTOS, pages 409-421. North-Holland, 1989.

R. Milner. A Calculus of Communicating Systems, volume 92 of
Lecture Notes in Computer Science. Stinger-Verlag, 1980.

G. J. Myers. The Art of Sofiware Testing. John Wiley and Sons,
1979.

J. Quemada, A. Azcorra, and D. Frutos. TIC: A Timed Calculus for
LOTOS. In S. T. Vuong, editor, Formal Description Techniques I,
pages 195-209. North-Holland, 1989.

J. Quemada and A. Fernandez. Introduction of Quantitative Relative
Time in LOTOS. In H. Rudin and C.H. West, editors, Protocol
Specification, Testing, and Verification VII, pages 105-121. North-
Holland, 1987. '

L. Simon. An Object-Oriented Delta Approach to Telecommuni-
cation Service Specification. Master’s thesis, Carleton University,
Ottawa, Ontario, Canada, December 13, 1989.

W. Sinnema. Digital, Analog, and Data Communication. Reston
Publishing Company, Inc., Reston, Virginia, 1982.

211



[Spr91]
[TanB4]
[Tan89]
[Tur87]
[Tur88)
[Tvr89]
[VEVDE9]

[VHTZ89]

[VL36]

[VSAT89]

[VSvS88]

[Zav85]

1.D. Spragins, editor. Telecommunications. Protocois and Design.
Addison-Wesley Publishing Company, Inc., 1991.

A. S. Tanenbaum. Structured Computer Organization. Prentice-Hall,
Inc., 1984.

A. S. Tanenbaum. Computer Networks. Prentice-Hall, Inc., second
edition, 1989.

K. J. Turner. The Formal Specification Language LOTOS. A Course
for Users, August 1987, University of Surling.

K. J. Turner. Constraint-Oriented Style in LOTOS, 1988. University
of Strling.

L Tvrdy. Formal Modelling of Telematics Services Using LOTOS.
Microprocessing and Microprogramming, 25(1-5):313-317, 1989.
P.H.L. van Eijk, C.A. Vissers, and M. Diaz, editors. The Formal
Description Technique LOTOS. North-Holland, 1989.

V. H. P. van Hulzen, P. A. J. Tilanus, and H. Zuidweg. LOTOS
Extended with Clocks. In S. T. Vuong, editor, Formal Description
Techniques II, pages 179-193. North-Holland, 1989.

C. A. Vissers and L. Logrippo. The Importance of the Service
Concept in the Design of Data Communications Protocols. In
M. Diaz, editor, Protocol Specification, Testing, and Verification
V. North-Holland, 1986.

C.A. Vissers, G. Scollo, R.B. Alderden, J. Schot, and L. Ferreira
Pires. The Architecture of Interaction Systems. The Structuring of
Distributed Systems. Lecture Notes. C.A. Vissers, Enschede, The
Netherlands, February 1989.

C. A. Vissers, G. Scollo, and M. van Sinderen. Architecture and
Specification Style in Formal Descriptions of Distributed Systems.
In S. Aggarwal and K. Sabnani, editors, Protocol Specification,
Testing, and Verification VIII, pages 189-204. North-Holland, 1988.
P. Zave. The Distributed Altemnative to Finite-State-Machine Spec-

ifications. ACM Trans. On Prog. Lang. and Systems, 7(1):10-36,
1985.

212





