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Abstract

Timethreads are a new notation for visual description of the different causality paths of a system.
They illustrate causality sequences of activities through systems. A design process based on the
use of timethreads has already been defined.

The Formal Description Technique LOTOS (Language Of Temporal Ordering Specification) is 2
specification language based on the temporal ordering of observational behaviour.

This thesis aims at the integration of formal methods in the design of real-time and distributed
systems by presenting a LOTOS interpretation of timethreads. With the heip of 2 timethread
grammzr and a suite of techniques, LOTOS specifications are derived from timethread maps. The
designer can then “play’ with the design by validating the specifications during the early stages of
requirements capture and analysis.
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CHAPTER 1| Introduction

1.1 Motivation

This thesis is part of an ongoing project from the Formal Methods in Design (FMD) research
group. This project aims at defining a framework for the integration and support of formal
methods in the timethread-centered design process. For that purpose, one of the first steps defined
was to show that LGTOS specifications could be generated from timethread designs. This thesis
addresses this issue.

E ) Methods in the Design P
Formal methods in software engineering intend to provide a mathematical foundation to the
process of software design. transformation, and validation. Many such methods were developed
in the last decade. Their integration in the design process may indeed prove very profitable, if this
is done in an appealing and cost-effective way for use in the industrial environment. Nevertheless,
industrial developers are not inclined to integrate these new methods in their design processes.
Some of the main reasons concern the relative complexity of formal languages, and the new ways
of thinking they impose on designers.

Formalization of Timethreads Using LOTOS 1
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A certain degree of informality 1s essential m carly stages of the development process. Designers
in industy regularly use a varety of notations in a partially informal manner to capture
requiremenis and candidate solutions. These notations. although informal. are usetul as thinking
tools. However. one cannot proceed from the informal to the formal by formal means. We cannot
go automatically from these informal diagrams and sketches to a complete formal specitication. It
is also almost impossible o capture the requirements correctly by using formal methods directly.

Design decisions have to be made. and many intermediate steps are often required.

We need a less painful way of creating formal specifications in tndustry. We want a method where
designers could use the power of formal techniques through a user-friendly interface. One of the
purposes of oer work is to be able to capture the requirements and then to do high-level
requirement testing in early stages of development. This is very important since the tfurther errors
are detected in a product’s development, the more costly it is to fix them [Pro 92]: “Fixing a
* problem in the requirements costs 1% as much as fixing the resulting code™ [Pf1 92].

Problem Definiti
We believe that formal methods do not intend to replace the whole design process. but their
integration in the development process could lead to solutions with fewer errors in a shorter time
period. The real question then becomes: how should formal methods be integrated in the design
process of real-time and distributed systems in an appealing way for industrial engineers?

We think that the integration of formal methods is best achieved when designers do not have to
change their way of thinking and communicating. The following requirements, already discussed
in [BBO 94]. present the main issues from our point of view:

R1) Designers should be allowed to use whichever design description model offers them
the expressiveness and flexibility they need to design real-time and distributed
systems. The way people actually work does not have to be radically changed.

R2) Designers can use different formal methods to analyze different aspects of these
systems. One formal method is not expressive enough to capture the whole design. It
is only a projection. A multi-formalism approach has many advantages over a single-
formalism approach.

R3) Designers do not have to be experts in a specific formal language to use it. A formal
method should be transparent to the user while its strengths are being used.

2 Formalization of Timethreads Using LOTOS
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R4) Since visual notations are more expressive and casier to conceptualize at a high level
of abstraction than wextual descriptions. they should be used to capture the major
concents and basic scenarios from the requirements.

R3) Tools must be availuble to help the designer go from the informal to the formal. Tools
specialized for a formal method can be used afterwards on the formal description.

Many problems arisc from such general requirements. This thesis proposes a solution based on
the Timethread notation and the formal description technique LOTOS.

1.2 Objectives

This thesis aims at providing elements for the integration of the formal technique LOTOS in a
timethread-centered design process while conforming to the five requirements enumerated in the

previous section.

We define four main objectives in this context:
01)To demonstrate that we can manually generatt LOTOS specifications from
timethread maps

02) To show that these specifications are meaningful and that they can be used to execute
the design. This is also referred as play the design.

03) To show that tools could eventually support the transformation from timethreads to
LOTOS.

04) To discuss resulting problems, difficulties, and new research issues.

To satisfy these objectives, we will use an approach based on formal interpretation methods.
Chapter 3 presents more deeply this approach and the different contributions of the thesis.

1.3 Organization
The seven remaining chapters will cover the following issues:

CHAPTER 2; Background
We review the Timethread visual notation, the formal language LOTOS, and the LARG model for
architectural graphs. Several terminology definitions are also given.

Formalization of Tonethreads Using LOTOS 3
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3: : ibutions
We present the approach taken by the FMD research group for the integration of formal methods
in the design process. This approach is based on formal interpretation methods. Four sub-methods
{map decomposition. LAEG. mapping. and composition) are introduced. Then, the contributions
of the thesis are enumerated w.rt. the objectives of the previous section. Finally, we present an
ongoing casc study: the Traveler svstem.
: i s

This chapter presents the LOTOS semantics given to the Timethread notation. [t enumerates a few
basic concerns and according solutions. and then discusses a new timethread grammar. Single
timethreads, simple interactions. and special timethread symbols are developed using this
grammar, for which mapping rules are given for the generation of LOTOS specifications.
Examples inspired from the Traveler system are given all along the chapter.

e

_ We firstly present a short overview of a timethread-oriented life-cycle methodology, and then

different techniques related to this methodology are discussed. We present the complete mapping
procedure of the Traveler timethread map onto LOTOS, followed by a discussion about a few
transformation techniques. Finally, we apply LOTOS-based validation techniques to our
timethread-oriented specification.

The methods and techniques introduced in the previous chapters are applied to a more realistic
real-time and distributed system: the multimedia application Telepresence. We present two
timethread maps where one is a transformation of the other. The first one is constructed from
basic use cases, mapped onto LOTOS, and then validated against the requirements. The second
timethread map is a transformation (factoring) of the first one that preserves path equivalence.
Again, a LOTOS specification is generated and validated using different simulation and testing
techniques.

CHAPTER 7: Di .
This chapter discusses several issues encountered in the research work of this thesis. We chose to
emphasize four main issues related to: the first architecture, the STDL grammar, validation in
general, and a few ideas on possible tools.
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N ) : sjon ; Work
This last chapter concludes the thesis. [t reviews the contributions with respect to the thesis

objectives. Then. shori-term and iong-term rescarch issues are identified.

Formalization of Timethreads Using LOTOS
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CHAPTER 2 Backgr ound

2.1 The Timethread Notation

“A timethread is a path for the flow of causality from a stimulus at the start (indicated by a filled
circle), through a progression of responsibilitics (shown as labelled points along the path),
culminating in a response (a “T -junction at the end). The name (timethreads) comes from the
fact that rime increases along them and they look like threads™ {BuC 94a]. Timethreads are useful
for design discovery and system reasoning at 2 global and high-level perspective. They express
cause-to-cffect relationships by linking activities performed by the system, resulting from some
stimulus (cause) and terminating with some eventual response (effect).

This notation is considered intuitive and appealing by many engineers. At a very abstract level,
timethreads Icave intentionally many details unresolved. Refinement permits to clarify many of
these details. We use timethreads to focus on the end-to-end behaviour of the system we want to
design. Timethreads are also example-oriented, mr aning that they are used to show examples of
representative scenarios. They are not intended to show complete behaviours, but they can clearly
specify possible causality paths in the system.

Formulization of Timethreuds Using LOTGS 7
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Timethreads are also ditterent than threads of control. muking ihem more appropriate for
understanding macroscopic behaviours [BuC 92[0 Carnsality flow should be interpreted netther as
data flow nor as control flow. Timethreads are in fact more related 10 wxe caves [Jac 91] as they

both represent the start and end points of causal tlow paths [BCP 93]

. "The flow model of timethreads is casy to understand in terms of moving tokens™ [BuC 94b]. We
can think of instances of a timethread as tokens going along its path. A token placed at the start of
the path is moved along this path from responsibility to responsibility, to explain what will happen
as a result of a stimulus. This token ts removed when it reaches the end of the timethread. We will
refer to this model as we explain how the difterent timethread constructors work.

Being still in evolution and not completely formal. the Timethread notation presents many open-

ended issues vet it offers much tlexibility to the designer.

2.1.1 Basic Timethread Set

The Timethread notation includes very few basic symbols [BuC 94a, BuC 94b, and Buh 93].
Figure 1 shows the basic notation clements of timethreads. A typical timethread starts with a
waiting place (triggering event) and ends with a junction point (resulting cvent). The body, on
which acrivities are placed. links the triggering event to its resulting event(s).

/\/“M

On which activities are placed.

Waitine pl
. At the beginning of body. for a start triggering event.
Along a body. for a triggering event from another timethread
or from the environment.
Juncti int
l At the end of body, for a resulting event.
Along a hody, for synchronization between concurrent timethreads.

Figure 1: Basic notation elements

More complex timethreads are also composed of these symbols. Notions such as choice,
parallelism, and synchronization can also easily be expressed. Figure 2 describes the usual ways
of forking and joining timethread paths. !n this figure, we assume a timethread flow from left to

right:

8 Formalization of Timethreads Using LOTOS



{ay OR-Fork:

{5y OR-Join:

() AND-Fork:

(e} AND-Join:

The Timetiread Newsron

An exclusive choice between two paths is given, A token along the

entering path will follow only one of the exiting paths.

Twa paths merge into one. without any synchronization. A token along

any of the entering parhs will follow the single exiting path.

A path forks into two concurrent paths. A single token aiong the
entering path will split into clones that follow each exiting path
concurrently.

Two paths synchronize together and only one path results. One token

from ...t entering path will wait one from each other path. They

combine afterwards in a single token to follow the exiting path.

—_—

(a) OR-Fork

> —~4= 94—

(&) OR-Join {c) AND-Fork {d) AND-Join

Figure 2: Forks and joins

Note here that there is no constraint on the number of paths involved. We may join more than two
paths at once. and they could come from the same timethread or different ones. The same
reasoning applies to the fork operations.

2.1.2 Timethreads Interactions

Synchronous and asynchronous interactions, implying two or more timethreads, are easily
expressed without adding any new notation. Interactions may occur on waiting places and
junction points. The most common types of interaction are presented in figure 3.

(a) Concatenation: An ending timethread triggers another one. A token at the end of its

path is removed and a new one is placed at the beginning of the
second timethread and follows it.

Formalization of Timethreads Using LOTOS 9
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() In-passing: Asynchronous interaction where the timethread on the left triggers the
one on the right. without stopping. and then continues. A new token 1s
placed at the beginning of the timethicad on the right when the token
from the timethread on the left passes the start point. After that, the

two tokens progress concurrentty down the two separate paths.

(¢} OR-Start: A umethread is triggered by one or the other ending timethread. A
token at the end of cither ending path 1s removed and o new one is
immediately placed at the beginning of the starting timethread and
follows it.

{(d) AND-Start: Two timethreads synchronize together and tngger another one. One
token from cach ending path will wait for all others an then they allow

a new token to go on the next timethread path.

(a) Concatenation (b} In-passing (¢) OR-Start () AND-Start

Figure 3: Typical interactions

Note that the number of interacting timethreads is not restricted to two or three. In the general
case, we can compose these types of interactions to build more complex ones involving many
more timethreads. Also, interactions can occur at any waiting place along a timethread, not only at
the starting event (see figures 40 and 41). This approach is flexible and yet powerful.

2.1.3 Other Symbols

Special-purpose symbols can be added at the designer’s convenience to increase the expressive-
ness of the Timethread notation. In the literature [BuC 94b], many such symbols have been
introduced. especially to highlight issues associated with robustness, real-time, and concurrent
behaviour that need to be resolved ir the architecture. Because of their usefulness in many
situations, some of these symbols will receive special attention in chapter 4. They are presented
here in figure 4:

(a) Timer: A special waiting-place that is used to express delay, time-outs, watch-
dogs, etc.

10 Formalization of Timethreuds Using LOTOS
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(h) Swub: A collapsed timethread that is 1o be defined (or refined) at a later stage.

Details are hidden inteationally at this level of abstraction. Stubs may

also have other uses.

{¢) Abort: Destroys the instances of another timethread (or the tokens along the

timethread).

{d) Loss: This "zround” symbol indicates the loss of a token along the timethread

path. It is used to express robustness concerns.

{a) Timer (b) Stub (c) Abort

® ¢ e B

8
=
B

Figure 4: Other symbols

2.1.4 Timethreads Refinement and Transformations

Different timethreads refinement and transformations have been used in the literature. They help

the designer to manipulate a timethread map. Although they are not compledy formalized yet, the

most important ones are presented here in a general way (see [BoL 94] for further information):

Activity refinemenr: An activity is considered as a black box which can itself be

decomposed as a sequence of activities.

Stub refinement: More general case where a black box (timethread stub or path stub) is
replaced by a more complex and complete timethread or path.

Functionality extension: Addition of details to a path (concurrent or alternative path,

new activities, elc).
Timetiread cutting: A timethread is split into two or more independent timethreads.

Timethread merging: Independent timethreads are merged together to form only one
timethread. Parts of paths from different timethreads can also be merged.

Timethreads composition: Addition of an interaction between several timethreads.

Timethreads decomposition: Removal of an interaction between sevoral timethreads.

Formalization of Timethreads Using LOTOS H
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- 2.2 LOTOS

In this section. we recall the origin of LOTOS as a formal technique., and then present its main
operators, trunsformation and validation concepts, and a few tools used in our research. For a
more complete description of the language and s different uses. refer to [BoB 87, LFH 91,
Sch 93, and Tur 92].

2.2.1 Formal Methods

Formal methods. in particular process algebras, proved their uscfulness in capturing descriptions
of complex. concurrent, and communicating systems. LOTOS (Language Of Temporal Ordenng
Specification) is an algebraic specification language and a Formal Description Technique (FDT).
It was especiaily developed for the formal description of the OSI architecture (interfaces. services
and protocols). although it is applicable to distributed and concurrent systems in general. Today,
people try to extend its field of action on hardware, telephony [Bou 91]. operating systems,
. embedded systems and real-time systems. LOTOS has been an 1SO Standard (8307) since 1989
{ISO 88].

The basic idea of LOTCS is to describe a system by defining the temporal relatuons along the
interactions that constitutes the system’s externally observable behaviour. The process part of
LOTOS (known as Basic LOTOS) is based on ideas found in CCS [Mil 80] and CSP [Hoa 85).
The data part of LOTOS (included in Full LOTOS) is based on the theory of abstract data types
and comes from the language ACT ONE [EbM 85].

2.2.2 Operators

In LOTOS, systems are described in terms of processes. A process is viewed as a black box
interacting with its environment via its observable gates (figure 5). Its internal actions are
unobservable by the environment. The behaviour expression is built by combining LOTOS
actions by means of operators and possibly instantiations of other processes.

The basic element of a behaviour expression is the action which represents a synchronization
between processes, between a process and its environment, or both. An action consists of a gaie
name, a list (possibly empty) of value experiment offers (value offers or interaction parameters),
and possibly a predicate that imposes conditions on the event to be accepted. Actions are atomic
in a sense that they occur instantaneously, without consuming time.

12 Formalization of Timethreuds Using LOTOS



LOTOS

Gacal Gazel
Environment
Gateb
Gatel Process! = Process2 Gated
System

Figure 5: Representation of a system specified in LOTOS

In figure 5. the system is composed of two processes that interact with each other on the hidden
gate GateS (interaction point). In LOTOS terms, we say that Processl is synchronized with
Process2 on Gate’5. LOTOS synchronization is based on a multi-way rendezvous concept.

The partial LOTOS specification 1, corresponding to the system presented in figure 5, is given
here (reserved words are in bold):

specification System [Gatel, Gate2, Gate3, Gated] : noexit
behaviour
hide Gate5 in
Processl[Gatel, Gate2, GateS5)
| [Gate5] |
Process2[Gate3, Gated, Gated]

where
process Processl[Gatel, Gate2, GateS5] :noexit :=
{* ... Behaviour of Processl *)
andproc
process Process2[Gate3, Gated, Gate5] :noexit :=
(* ... Behaviour of ProcessZ *}
sndproc
andspec
Specification 1: System example

Formualization of Timethreuds Using LOTOS 13
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The main LOTOS consiructors are recalled in figure 6. where a is an action, 3. are behaviour

expressions. g; are gates, and 2 18 a predicate:

Name Behaviour Expression ; Comment
E Inacuon stop Cannot engage in any interaction (deadlock?,
R
= 3 | Successtul exit Indicates that & process has sucesstully per-
T = ¥ pe
=< Z | Termination formed all its actions.

i
2 E- Process ProcName {g;, ..., g,l] | Crealesan instance of a process.
% =3 | Instantiation
m

" Action Prefix a; B Used to prefix a behaviour expression B with an
o S action a. There exists a special action, catled i,
g ‘E‘ that 2 process can execute independently.

s
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tion wlentifier (x) of sort s in B,

Figure 6: Main LOTOS constructors

More operators exist (choice and par) but they are not used in this thesis. Also, the construction
and the use of abstract data types in LOTOS are not discussed in the current section, but they are
fully described in [ISO 88].
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2.2.3 Transformations and Validation

LOTOS provides formal means to manipulate, combine, factor. and transform behaviour
expressions in various ways. Properties can also be verified and tested by the available tools. We

present here the terminology used in the LOTOS comrmunity.

Trapsformations

“The term transformation is often used to cover all forms of refinement and reformulation of a
specification” [Tur 91). For instance, a high-level abstract specification can be transformed into a
more concrete and deterministic one. This is usually referrcd as stepwise refinement. LOTOS
allows many types of transformations from which Correctness Preserving Transformations
[CPT 92), or CPTs, are the most interesting ones. There exist many CPTs such as functionality
decomposition, behaviour expansion, action refinement, processes splitting and regrouping. gates
rearrangement, inverse expansion, multi-way 1o two-way synchronization, etc. Transformations
from a specification writien in one LOTOS style to a specification in another style also exist
[VSS 91]. Equivalence, reduction and extension relations are used to assess the correciness of the
transformations.

Validati

Demonstration of design compliance with stated and unstated user requirements [LOT 92].
Validation is a generic term that includes testing and verification techniques. It is mostly used to
check properties such as conformance. absence of deadlocks, liveness, and completeness.

Testing
Checking of the real behaviour of the system by the application of test cases [LOT 92). Practical
testing (which is not exhaustive), is confined to the detection of certain types of problems or

particular instances of inconsistencies. A testing theory for LOTOS is presented in [Bri 88]. It
includes notions, of canonical testers, conformance testing and test cases derivation.

Simulati

LOTOS specifications are executable. Interactive simulation is therefore a validation technique
often used, mainly in the early stages of the design process.
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. Verificati

“Demonstration of consistency between two designs™ [LOT 92]. The algebraic properties of
LOTOS provide a theoretical foundation that supports some formal reasoning about the
specification. called verification. Behavioral specifications can be verified using relations such as
bisimulation. testing equivalence, and trace equivalence. Desirable properties for the svstem,

expressed in terms of temporal logic formulas, can be verified using model checking {Grh 92].

These definitions of validation and verification slightly differ from the ones now generally used
by the software engineering community. In [Pre 87] for instance. verification is defined as “Are
we building the product right?”. and validation as “Are we building the right product?”. The
terminology used in the thesis is based on the definitions given in the previous paragraphs.

2.2.4 Tools

LOTOS tools for various stages of the development cycle are developed by many groups around
" the world [GLO 91 and Sch 93]. From the tools avatlable to us, two are particularly uscful for
step-by-step execution of specifications:

ELUDOQ

ELUDO (Environnement LOTOS de I'Université D'Qtutawa) is a toolkit regrouping many
previous tools (such as ISLA and SELA) with a new interface. An X-Windows interface also
exists (XELUDO). We will use ELUDO for validation purposes in the upcoming case studics.

LOLA

LOLA (LQTOS LAboratory) is a tool developed at the Universidad Politécnica de Madrid. It also
allows the simulation and expansion of LOTOS specifications.

Other tools, such as SMILE, CAESAR. and TOPO, also possess the functionalities required to
‘animate’ the specifications, just as it is needed in the case studies.
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2.3 LARG

2.3.1 The LARG Model

The LARG (LOTOS Architectural Representation Graph) model has been developed to serve as
the intermediate structural model in the LOTOS interpretation method for architecture-based
design [Bor 93 and BBO 94]. An example of a LARG, in which the different types of components
are identified, is given in figure 7. The structural components of the LARG model are called
processes. Interactions between processes are realized by means of multi-way rendezvous on

Lates.

The initial LARG model has been developed in such a way that the LARG artifacts (processes
and gates) can directly be mapped onto LOTOS structural constructs. Finally, for the purpose of
the LAEG (LOTOS Architectural Expression Generation) method, both a Grouping algorithm and
an UnGrouping algorithm have been defined on LARGs. The LARG model, the Grouping
algorithm and the UnGrouping algorithm are ali formally defined in [Bor 93].

/Proccsa. id/cntiﬁcr 71::'
S A A CXX:
Hidden gate sct —sb- hide a in I d/ \
Label set
(2. b, ¢ (a. b, d‘//an:ufaoc)
T p1” O P2
Process box 4 \@f-/ :a‘l?:c imcraction
/ (2. c.d) [ c.d ]
Gmuping/ P3 /4 -! % P3
/ AN
! N
Link 2-way interaction
gate set
Figure 7: Example of 2a LARG

232 LAEG Method

The LAEG method aims at generating LOTOS structural expressions from LARGs. It is
conducted in two distinct phases:
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* LARG analysis

* Generation of LOTOS structural expresstons.

This phase aims at detecting architecturai errors and non-determinism. In the case of timethreads
interpretation. the LARG analysis phase can be reduced to a structural ambiguity identitication
(called non-deterministic interaction-choice in [BoA 93}).

We say that a gate g is the source of structural ambiguity in a LARG P, iff:

* gis contained in more than one gate set (GS) in P

< Every GS containing g is linked on one side to a constant set of processes, called the
root process set of the structural ambiguity, and on the other side to distinct processes,
i.e. processes which are linked to only one GS containing g, called the choice process

set of the structural ambiguity.

Thus, every process which possesses gate g is either linked to every GS containing g, or to one
and only one GS containing g.

In figure 8, an example of such structural ambiguity is given. In this LARG, gate a is the
ambiguous gate. We observe that P/ can interact with cither P2 or P3 on the 2-way interaction
gate a. We also observe that P2 and P3 do not interact together. Therefore, in order to have an

interaction on gate a, we need to have P/ ready to interact on a and cither P2 or P3 also ready to
interact on «.

Figure 8: Structural ambiguity in a LARG
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Generation of LOTOS Structural E"xnm‘cjgns

The second phase consists in generating LOTOS structural expressions from LARGs. This phase
is essential since LOTOS possesses binary operators only. It involves successive applications of
the Grouping algorithm. The algorithm is applied until we obtain a binary grouped LARG which
is equivalent to the former one.

An illustration of LARG binary grouping is given in figure 9. Figure 9(b) gives an equivalent
binary grouping LARG which has been obtained by successive applications of the Grouping
algorithm. The grouping sequence used in figure 9 has been arbitrarily chosen, and is only one of
many possible soluttons.

ae —~ de ‘ .
Pi ) P5 = =
Pl | ‘| Pa |
! : i !
lﬁi b.c i | )
a.b c.d :1 '@' P3 l_®_i :
P2 P4 i | : ‘
e pm o B e

g | r | L ps

P3 }ll i ' | l

(@) (b)

Figure 9: Binary grouping of a LARG

The tree representation of the LARG of figure 9(b) and its associated LOTOS structural
expression are given in figure 10. We see from these two figures that the generation of a LOTOS
structural expression from a binary grouped LARG is straightforward.:

I[c.e]l
Ib)! I[d]i
N N
[a)i P3 P4 P5
RN
Pl P2

((Pi[a. e] l[a}l P2[a, b]) I[b]l P3[b, ¢]) {c, e]! (P4[c, d] i{d]I P5[d, e])
Figure 10: Tree representation and LOTOS A.E. of the linearized LARG
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Structural Ambisuities in LARG

Grouping an ambiguous LARG might be problematic because. in some cases, groupings violate
the interaction semantics of the LARG. For example figure | (a) and 11(b) represent two different
groupings derived from figure 8. We observe that these two groupings lead to two non-cquivalent
LARGs. In the first case ¢ is a 2-way interaction while in the second case ¢ is a 3-way interaction.
The LARG of figure 11(a} corresponds to a correct interpretation of figure 8, while figure 11(b)
corresponds 1o an incorrect one.

To eliminate ambiguities from such LARGS, a technique called structural ambiguity grouping
(also called non-deterministic inmteraction-choice grouping in [Bor 93]) was defined. In this
technique, we group together all processes contained in the choice process set (refer to [Bor 93]
for more details on grouping techniques). Figure 11(a) illustrates an example of the application of
this technique.

i : ‘ - ” - :
| P2 | p1 ® P2 ;
Pl —'@— _ Gl‘e
. ' a
= P3
1 P3
(a) Structural ambiguity grouping (b) Incorrect grouping
Pl[a] I{a]l (P2[a] ill P3[a]) P3[a] I{a]l (P1[a] I[a)l P2[a])

Figure 11: Grouping an ambiguous LARG
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2.4 Definitions

Since LOTOS and the Timethread notation use common terminology. we define here the specific

terminology that will be used in the remaining chapters:

Trigeering event.

Resulting event:
Process:

Interaction:

Synchronization:

Activity:

Event:

Action:

Starting event of a timethread.
Ending event, termination of a timethread.
A LOTOS behaviour abstraction, unless cited otherwise.

General relation of observation between the environment and a triggering
or resulting event, or between many timethreads on a waiting place.

Special case of interaction, usually artificial and internal, within one
timethread. Multiway synchronization refers however to the LOTOS

concept.
Action or event along a timethread.

Activity on which there is interaction. Events are of three kinds: triggering,
resulting or synchronization events.

Activity on which no timethread interaction is allowed. An action
corresponds 10 a certain functionality within the system.

In the thesis, new words or concepts, as well as references to timethreads and LOTOS code, will

be italicized.
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CHAPTER 3 The Approach and the
Contributions

Five requirements (referred as R/ to R5) have been defined in section 1.1. Many problems might
arise from such general requircments. The following sections present a solution based on the
Timethread notation, the formal description technique LOTOS, and formal interpretation
methods. Then, the contributions are introduced with respect to the thesis objectives.

3.1 The Approach

A solution to our problem is introduced in [Bor 93 and BBO 94], where the concept of formal
interpretation methods is presented. Such a method allows the interpretation of a given design in
terms of a given formal semantic model. We think we can apply this idea to the Timethread
notation.

Timethreads are an intuitive visual notation that can be used as a design model to capture the
requirements (R4 in §1.1). They can also lead to a first architecture expressed in any design
description model useful to designers (RI). This introduction of timethreads in the design process
(figure 12) is simple and yet very helpful for designers since they already use most of these
concepts, often in an ad-hoc way. Such integration facilitates the transition from the problem
domain to the solution domain.
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Figure 12: Timethreads in the design process

Being still informal, timethreads open the door to the introduction of formal methods in the design
process. We can create an interpretation method for timethreads, allowing their interpretation in
one or more formal languages (R2).

LOTOS is the first formal method that has been chosen as a formal basis for our Timethread
notation. Previous work has been done on other approaches. In [ViB 91] and [Vig 92]. the authors
presented a technique that can be used to support an effective process for generating the design of
concurrent systems, with the help of timethreads (called siices at that time) and LOTOS. In
[LaB 92], the authors try to see whether or not two different approaches of a design conception,
ObjecTime and LOTOS, could be used in a complementary way in order to add timethreads
concepts to the ObjecTime tool. The approach presented in our research differs considerably from
these two, but the experience gained helped in getting a better understanding of timethreads.

Other formal methods, such as Petri nets [BDC 92] and event structures [Roz 92], can be
considered as other options as a formal basis for the Timethread notation. In [FCB 93], the authors
introduced 2 Petri net interpretation of timethreads. As a first step, we decided to use LOTOS. hs
" expressiveness {especially w.r... communication), its transformation and validation methods, and
the numerous available tools are among the main reasons why we chose this particular language.
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In order to integrate LOTOS in the timethread-centered design process. the first step consisted in
defining an interpretation method thet allows the generation of LOTOS specifications from
timethread maps. which are coliections of interacting timethreads. The idea of formal
interpretation method presented in [Ber 93] has been adapted to timethreads and LOTOS by
E. Bordeleau in [BoA 93]. We present this method in figure 13 where the grey box represents the
main contributions of this thesis.

Timethreads
Model
Y
Map
decomposition
| methad
LOTQOS ﬁ.\o«i}ccl Grammar
Intervretation l .
Method \ ] 'J Contribution
LAEG Mapping -
method mCL'hod
LOTOS
behavioral
Composition of expressions
complete specification
method
3
Lotos LOTOS specificziion

Figure 13: LOTOS interpretation method for timethreads

This LOTOS interpretation method for timethreads is composed of four methods, which are
enumerated here:

Man d - thod

In our view, timethreads are considered as entities in their own right. This leads to a decompo-
sition method consisting of two steps:

 Mapping of the topology of interacting timethreads (from the map) onto a LARG. This
is mostly discussed in section 4.4.

« Description of the paths of individual timethreads using a timethread grammar.
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The LARG and the grammar are constdered part of the tniernal representation of the timethread
map. Therefore. this thests will take the LARG and the grammar as starting points for the

generation of a specification. The grammar will be discussed in chapters 4 and 7.

The LAEG (LOTOS Architectural Expression Genesation) method aims at gencrating LOTOS
structural expressions from LARGs. It is conducted in two distinet phases:

* LARG analysis, where potential structural ambiguities are detected and fixed.
* Generation of LOTOS structural expressions.

This method was presented in §2.3.2.

Mapping Method

The mapping method is a compilation from the grammar representation to a LOTOS behaviour
expression. In the next chapter, this compilation process is shortly introduced. and many examples
and rules are developed, but no complete algorithm will be given. This is still work to be done.

C ition of the Comuplete Specification Method

The composition of the complete specification method consists in combining both the LOTOS
structural expression (which expresses the way timethreads interact in the timethread map) and
the different LOTOS behavioral expressions (each of which expresses the activity sequence in a
single timethread) in a global LOTOS specification. The resulting LOTOS3 specification reflects
the path behaviour of the complete timethread map and can be used as an input to validation tools.

3.2 Contributions of the Thesis

The major contributions of this thesis related to the thesis objectives (O/ to 04 in §1.2) are
enumerated here.

LOTOS Interpretation of Timethreads

A LOTOS interpretation method for individual timethreads is developed. It allows the generation
of LOTOS processes from single timethread. This interpretation provides a formal semantics to
the Timethread notation, with LOTOS as an underlying medel. This contribution intends to
satisfy the objective O which relates to the generation of LOTOS specifications from timethread
maps.
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Timethread Grammar

A grammar for single timethreads description is presented. This contexi-free grammar s an
internal representation that defines the single timethreads in 2 map. and allows the generation of
specifications in formal languages such as LOTOS. Objectives O/ and 03 (suppor of toois) are

aimed by the creation of this grammuar.

Jechnigues

Techniques for the transformation of timethread maps are introduced. and validation techniques
arc discussed. They are mostly based on LOTOS transformations and validation techniques. and
on different LOTOS tools. These techniques should help designers to play the design (objective
02).

Case Study

A multimedia case study, the Telepresence system. is developed in chapter 6. The interpretation
method is applied to the timethread map in order to get a LOTOS specifications. We also make
use of the transformation and validation techniques on this example. This complex case study also
attempts to satisfy ali four objectives.

Of course, for each contribution, we will point out resulting problems, difficulties, and research
issues (objective 04). Other minor contributions will be identified along the remaining chapters.

We believe that the approach we propose will help in capturing and testing system requirements.
Also, once user-friendly timethread interfaces are available, our method could lead to fast
production of formal specifications in industry, thus allowing designers to use the power of formal
techniques.

3.3 Ongoing Case Study for Chapters 4 and S

An ongoing case study is used in chapters 4 and 5 in order to relate methods and concepts to a
concrete and simple example. For this purpose, we use the Traveler system, an example adapted
from [BuC 93] and [BuC 94b). A complete LOTOS specification will be derived from the
timethread map of the traveler system using the LOTOS interpretation method for timethreads
described in this thesis (see also [BoA 93]).
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The traveler system. shown in figure 13,15 not a compuicr system in a literal sense. This example
depicts a familiar situation from evervday life which is casy enough to illustrate properties similar
to common computer sysiems. We can think of the travelers, the taxis, the planes, ete., as
components analog o computer-based subsystems, processes, or objects. Therelore, the traveler
system will help us thinking about distributed systems in the large without committing to any
architectural concemns.

Note that this is not rhe only way of using timethreads for design. For insteace, timethreads have

been used in association with role-architectures in object-oricnted design [BuC 94b].

3.3.1 Informa! Description of the Traveler System

Travelers use a traveler system 10 get to a certain destination. The timethread map of figure 14
shows a use case [JaA 92] delimiting the system (black box) and its environment. We consider
this a use case because it expresses a sequence of transactions in a dialogue between the user and
the system.

To transform this black box into a grey box showing how a traveler gets to its destination, we need
a more complete description. The latter will be our starting point for the development of the
interpretation method.

New Traveler

Figure 14: Use case of the traveler system

Suppose that the traveler system is composed of a taxi company, where a dispatcher receives
requirements from the travelers and then dispatches a taxi, and an airline. Different components
are defined: traveler, dispatcher, cab, and plane. They collaborate to get travelers to their
destination without the intervention of a master controller to direct their individual activities and
without themselves necessarily having individual knowledge of how they fit into the whole
[BuC 93]. This can be considered a distnibuted system.
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Here is the path description of cach component (fig. 13). with corresponding activities along the
path. When a new traveler comes (Trew), she phones the dispatcher for a cab (TphoneD), goes o
a rendezvous point, gets in the cab (Tgerin(). hasa taxi ride (TCride), gets out the cab (TgerourC),
and goes to the airport (Tairport). Then, she wuits for a plane. gets on the plane (TgetonP). flights
10 another airport (TPflight). gets off the plane (TgeroffP). and finally gets to the final destination
(Tdest).

The dispatcher comes to the office (Din). waits for a request from a traveler (TphoneD). looks for
an available cab (DlookforC). asks for a cab (DaskC), fills internal statistics (Dfillstuts). and
leaves the office (Din) or gets ready for the next traveler (Dready).

A taxi driver gets in the cab (Cin), waits for a request from the dispaicher (DaskC), waits for the
traveler to getin at a rendezvous point (TgetinC), gives a ride to the traveler (TCride), leaves the
traveler (and gets paid!) (TgerourC), and gets ready for a new request (CgoD) or goes to the
garage (Cgarage) and gets out the taxi (Cout).

At the airport, when an airline plane is ready (Pready). it waits for a traveler to get on (TgetonP),
flies to the next airport (TPflight), leaves the traveler (TgetoffP) and goes to a hangar (Phangar).

3.3.2 Timethread Map of the Traveler System

Following the complete description of the last section, the simple use case presented in figure 14
can be refined. using a timethread-centered design process [BuC 93], into a detailed path
description: the timethread map of figure 15.
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Figure 15: Timethread map of the traveler system

The refinement process is not presented here. This diagram is considered as a first “design” and a
LOTOS specification can therefore be derived. A few things have to be noted here:

» The refined grey box description of the system under design (SUD) still has the same
environment as the black box description (fig 14). Every activities in the SUD could be
*hidden™ from a LOTOS point of view.

» A timethread is neither a component, an agent, nor an object, as the map could suggest.
Timethreads span components, and they are not necessarily related on a 1-to-1 basis
with components. Therefore, the fact that we have four timethreads here and that we

assumed we have four components is a coincidence.

 Different shadings are used here to differentiate timethreads, to give them a different
identity. The identity of a timethread’s segment is not yet clarified in the notation.
Shadings, colours, and identifiers can be used for this purpose.
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CHAPTER 4 From Timethreads to LOTOS

The Timethread notation includes a basic set of timethreads symbols, symbols to denote different
types of interactions between timethreads, and special symbols. This chapter preseats the LOTOS
semantics given to this notation.

4.1 Basic Concerns

4.1.1 Guiding Rules

We need a few guiding rules to help us giving 2 semantics to timethreads:

» We consider timethreads as entities in their own right. One way to represent this fact is
t0 associate one LOTOS process to one timethread. This solution is preferable to the
one where each section of a timethread path is mapped onto a LOTOS process. The
latter solution leads to many processes and hidden interactions that destroy the
timethreads structure.

« Waiting places and junction points are represented as LOTOS gates on which
interaction with the environment or with other timethreads will occur. They can be
hidden to represent abstraction levels or internal interactions.
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» The body will only represent sequencing of activities. No special semantics is given to
empty paths, although some underlying machinery may be refined from these paths at a
later stage. Because we cannot specify what 1s not explicitly drawn on a timethread
map. we assume no behaviour.

» Timethreads are not a front-end for LOTOS-based design. LOTOS is the formal
underlying model that supports timethread design. Therefore, we do not intend to
generate LOTOS in any traditional specification style [VSS 91]. A timethread-oriented
sivle, which reflects the timethread structure of the system under design but not its final

architecture, will result from the mapping.
With these ideas in mind, we can now proceed in giving a semantics to the Timethread notation.

4.1.2 Levels of Specifications

N
Figure 16: Basic timethread

Figure 16 represents a basic timethread, or a cause-to-effect relationship. It is intuitive to think
about this behaviour in a sequential way and to define its LOTOS equivalence as P:= A; stop,
where A represents a sequence of acrivities. A timethread’s activity can identify future fragments
of sequential code: an abstract sequence of actions, a function, a procedure, a method, or parts of
processes. Timethread activities are mapped onto LOTOS gates: gates without interaction (from
the environment or other timethreads) for actions, and gates on which there is interaction for
events (refer to §2.4 for the terminology).

* We should also consider the start point and the end point as LOTOS gates. The start point has a
triggering event, called Trigger, coming from the envirorment or from another timethread. The
end point has a resulting event called here Result. Thus, a unique instance of this timethread could
be represented as follows (we deliberately omit the gate parameters for conciseness although they
should be all present in each definition and instantiation):
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process P[...] : noexit :=
Trigger?P; &; ResultP; stop
endproc (* process P, level 1 without recursion *)

Nevertheless, since we deal with reactive systems, our timethread’s representation must be able to
react to more than one initial stimulus from its environment. We would like this process to be
executed as often as the environment desires to, i.e., more than one token can go along the path.
Hence, recursion can be included in the process definition:

process P(...] : poexit :=
TriggerP; A; ResultP; P[...]
endproc {" process P, level 1 with recursion *)

We also need these instances to execute concurrently (or the tokens to go concurrently), which is
not the case in the last definition. LOTOS parallelism needs to be introduced and unbounded
recursion should be avoided. as in the following process:

process P[...] : noexit :=
TriggerP; (A; ResultP; stop ||| P[...]1)
endproc (* process P, level 3 *)

A could be an empty sequence of activities. In this case, the timethread will simply represent the
cause-effect relationship between TriggerP and ResultP. Besides, since the first action, TriggerP,
is observable (or synchronized with other timethreads, as it will be explained later), unguarded
recursion is avoided'.

For execution purposes, we may prefer not to have an unbounded number of instances of a
timethread at once in a system. Hence we could parametrize the maximum number of instances
using, for example, the NumberInstances abstract data type:

type NumberInstances is NaturalNumber
opns Pred : Nat -> Nat

egns
foxrall x : Nat
ofgsort Nat
Pred(Succ(x)) = x;
andtype
1. A first attempt in defining this kind of recursion was P := (A; stop ||| i; P).Although

recursion is guarded. this process introduces infinite sequences of internal events. This type of recursion
mak=s validation and execution of LOTOS specifications more difficult.
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This parameinized number of concurrent instances could be handled. for example, using recursion
and selection predicates in the following way:

process P[...] (n:Nat): noexit :=
(* n » 0 is the maximal number of instances *)
TriggerP; |

A; Result?; P[...] ({Succ(0))

|11
fn ne Succi{0)] ->» P{...1{Pred(n})
)
endproe (* process P, level 2 with recursion and *)
{* with concurrent execution *)

The guard [n ne Succ(0)] together with the parametrized recursion P(Pred(n}) instantiates n
instances of process P, as in a countdown, namely from P(n) to P(Succ(0)). Then, no other

concurrent process will be created. Tail recursion (P{Succ(0))) will keep the number of instances
to n in the system.

Another possibility would be to instantiate an absolute maximum of n occurrences of process P in

parallel, without any tail recursion. Therefore, only n concurrent instances will exist and
terminate:

process P[...] (n:Nat): noexit :=
(*n > 0 is the maximal number of instances *)
TriggerP:
A; ResultP; stop
11
[n ne Suce¢(0)] -> P[...] (Pred{n))
)
endproc (* process P, level 2 without recursion and *)
{(* with concurrent execution *)

The last possibility is a parametrization where we have a bounded number () of instances,
executed sequentially:
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. (Predin}) )

endproc (" process P, level 2 with seguential *)
{(~ execution *)

Thus. several different types of behaviours can be associated with a timethread. Depending on

what exact behaviour we want to simulate, different levels of abstractions can be defined.

Figure 17 presents a summary of options associated to our levels of specification. A short

example (without gate parameters) is given for each:

Level Options Example
—— —
L1: Without tauil process P : noexit :=
Single instance | recursion TriggerP; A; ResultP; stop
aendproc
With tail process P : noexit :=
recursion TriggerP; A&; ResultP; P
endproc
L2: With process P (n:nat) : noexit :=
Parametrized | sequential TriggerP; (
ber of . A; ResultP;
number o execution { [n ne Succi{G)] -> P(Pred(n)) )}
instances endproc
Without tail process P (n:nat) : noexit :=
recursion, TriggerP; (
A; ResultP; stop
Concurrent ]
1]
exccution [n ne Succ{0)] -> P{Pred(n}) )
endproc
With tail process P (n:nat) : noexit :=
recursion, TriggerP; {
A; ResultP; P{Succi(0))
Concurrent |
execution [n ne Succi(0)] -> P{Pred(n)) )
endproc
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) ]
Levei Options ! Example
L3: None | process T : npoexit :=
|
Unbounded : Trigger?; |
A; Resul:tP; stop
flumber of [ W
instances ! ? )
‘endproc

Figure £7: Levels of abstraction and their options.

Depending cn what type of questions we want to ask of a generated specification. and on how
much detail we want to consider, we may prefer to use different levels. For example, if we wish to
quickly test some behaviours or play some easy scenarios in carly stages of the design process, a
level | (L/) specification is rapidly generated and tested. For more complex and realistic
scenarios (including concurrency. robustness, cycles, etc...) or for the generation of test cases for
the implementation, a level 2 specification could be used. The last level (L3) is like a level 2
specification where there is no commitment to a specitic number of instances. Note that (L3) has
semantics nearly equivalent to the Petri nets presented in [FCB 93], while (L) leads to more
workable and understandable LOTOS code.

Of course, a natural extension of this concept would be to allow mixed-levels specifications, i.c.,
each timethread would independently have its own level and options. These specifications could
simulate the behaviour of a final system in a very realisic way and would be more
implementation-oriented than pure L3, L2 or L1.

Our interpretation of timethreads often results in a new style of LOTOS code, i.c., with a lot of
concurrent instances and many resulting stop processes. This timethread-oriented style reflects
the timethread structure of the system under design but not its final architecturc. We are
concerned here with a behavioral interpretation of the path specification, without architectural
considerations (at least at this abstraction level),

By using such concurrent and recursive interpretation, the execution of our specification will
result in a large number of stop processes interleaving with the rest of the behaviour. Although
this type of resuiting behaviour is usually unwanted, it does not reatly lead to any problem, even
for simulation tools (such as XELUDO or LITE). What is really dangerous is the recursion in
parallelism (levels 2 and 3), which is not accepted by some tools (for instance, the tool CAESAR).
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One way to avoid probiems arising from recursion in parallelism might be to add 2 macro
sommand in a meta-language (or @ tool control language) to manage the number of instances of a
process. No option would be needed with such an operator: a single fevel of specification could
alwavs be used for any simulation. This feature is not implemented in any known tool vet. and

therefore we have to simulaie it dircetly in the specification.

In this thesis. we mostly use level 1 specifications, because they are the most simple and useful
ones. Level 3 specifications are discussed sometimes, but level 2 specifications are put aside

because they introduce a high level of complexity in LOTOS specifications for a very litile gain.

4.1.3 Tag Mechanism

In the previous section, we mentioned that each timethread instance. or token. has an implicit
state. This state could determine which path will be followed when a choice occurs. We may or
may not know this state during early stages of the design process. But at some point in time, we
want to capture it to give a more specific picture of behaviour.

Timethreads are path specifications, not complete behaviour specifications. Although the
intention is not to specify the complete behaviour, if we can be accurate on what path can be
tuken, based on an instance’s internal state, then we should use this information in the diagram to
derive the specification accordingly. The notation may need to have fags and guards for adding
such details.

By attaching guards to paths at an OR-fork junction (when needed), we can solve most of the non-
determinism problems associated to choices and unfeasible paths. One of the different alternatives
would be chosen according to previous information set by tags.

These tags and guards should not be mandatory. They should be used only when required on
specific paths. Non-determinism can still be present, if we do not have the information to solve it.
In this way, a map can be incrementaily extended if desired. without changing what is already
there.
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We arve a simple example with tags and guards in figure I8, When a token takes (in @ non-
determimistic way) the upper path at the fiest OR-fork. a tag T is set to the vatue Up. Then, at the
second OR-fork. it is forced to take the upper path again because a guard constrains the lower path
to tags 7 different from the value Up. It the token follows the lower path at the first OR-tork. the
tag T becomes Dewvn, and the token can take either path at the second OR-fork, because it satisties

the guard of the lower path and there is no constraint associated to the upper path.

[T<>Up]
T=Down

Figure 18: Use of tags and puards

This mechanism is implementable in LOTOS using an abstract data type Taug that cnumernes
possible tags and defines equality and inequality operations. Assignation of a value to a tag is
done using the LOTOS 1let construct, and the guards are mapped onto LOTOS guards. A more
complete description of the mapping is presented in section 4.5.5.

A timethread tool could implement many facilities to create and manipulate tags, in a user-
friendly way. Such tool could also have the options to show or hide guards and/or tags to make the
diagram simpler.

4.14 Tag Flow

The choice of a specific timethread path can influence the choice of another timethread path as an
effect. Tags and interactions between these two timethreads are needed. There are only two ways
of indicating inter-timethread interactions: preconditions and explicit interactions. Most
timethread pattems are handled clearly by one or the other method. However, data has to flow at
an interaction point for tag information to be transferred from one timethread to another. This can
be implemented by message passing or by global variables.

Timethreads allow the usc of both message passing and global variables. Since we are designing
distributed systems, often without shared memory to manage such variables, global variables
could be considered useless or dangerous to use. However, at a high level of abstraction, they can
help designers delaying many decisions related to implementation while making the big picture
clearer.
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In this thesis, we formalize message passing only. because this way of handling data relates more
closely 1o distibuted systems in general. LOTOS offers the powerful mechanism of multi-way
svnchronization, o allow message passing (ADTs) at interaction points. Timethreads interactions
can be mapped onto LOTOS multi-way synchronizations. and tag information can then flow from

one timethread to another. or trom the environment to & tmethread.

In figure 19, there are three tags (LOTOS value identifiers) C. T. and P. There is a flow of
information going from the environment to C. as expressed by an wrow going towards the
timethread (incoming arrow). This information is associated to a token which takes a path
according to the guards. Then 7 is set and passed to the next imethread (outgoing arrow), which
accepts this value in a local tag P (incoming arrow). Finally, P is used to determine which path is
to be taken in the sccond timethread.

[C=1] T=Up [P=Up]

C —@)—

’\%‘

3
[C<>1) T=Down To—ep [P<>Up]

Figure 19: Flow of information

The tag flow symbol (e—=) is not part of the traditional Timethread notation, although an
equivalent data flow symbol has been used in the literature. There is a trade-off between capturing
every detail and making the big picture clear. Too much notation clutters the picture.
Nevertheless, we consider the tag flow notation to be simple and clear, and we will use it in this
thesis to express flow of information between timethreads. We also use one type of data (Tag)
only. in order for the mapping to be simple. At the abstraction level that interests us, timethread
maps do not contain other tvpes of data.
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4.2 STDL Grammar

We use 2 Single-Timethread Description Lunguage (SDTL). expressed as @ grammar. to describe

vaitd single timethreads. We use STDL to map timethreads onto formal languages such as

LOTOS. It is a step towards a general description model that is expected to become the internal

representation of timethread maps in a design tool.

The decomposition method of a timethread map (§3.1) would output @ LARG description of the
interactions and also the description of each individual timethread in STDL. Then a “compiler™

would take these descriptions and output a LCTOS process for each timethread. in scction 3.1,

this was called the mapping method.

4.2.1 Requirements

In order to have the functionality expressed above, the grammar should:

Gi)

G2)

G3)

G4)

G3)
Go)

G7)
G8)

Be general enough for the generation of LOTOS processes. while being independent.
Other formalisms, such as Petri nets, could be used as output languages of other
mapping methods.

Reflect a complete single timethread instead of segments, since these are less
meaningful and do not fully express a timethread’s intentions.

Produce readable descriptions, so that people can actually read them. This helps in the
design, debugging and implementation of a tool. This grammar almost becomes a
language by itself.

Ease timethread-to-timethread transformations.
Support tags and data flow.

Be adaptable, i.e., it should be easily modified or extended in order to suit special
needs or special notations.

Avoid redundant constructors while keeping the intentions of the timethread.

Possibly be integrated in a more general description model where timethread
interactions and visual details are also supported.
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4.2.2 Achievements

The STDL grammar presented in the next section achieves most of the goals mentioned:

Gl)

G2)

G3)
GY4)

G5)

G6)

G7)

G38)

LOTOS code can be generated from SDTL (this is the topic of the nexi section).
However, mapping methods for other formalisms (such as Petri nets) are stll untested.

SDTL generally reflects a complete timethread and its intentions. not only some of its

paths or segments,
SDTL descriptions are easy to read and understand.

This has not been verified yet, although we give a taste of transformations in the next
chapter.

Tags. guards and message passing are supported by SDTL.

We can adapt SDTL in order to include new special symbols or constructs, mostly by
modifying the <Seg>, <GenOptions>, and <WPOptions> rewrite rules.

Only a few constructors can be considered as redundant (Par and AndFork, Choice
and OrFork), and this trade-off aims at preserving timethread intentions.

SDTL can be associated to LARGs to cover interactions (§4.4). The integration of
composition rules and visual informations to complete map description and
representation is still work to be done.

4.2.3 SDTL Grammar in EBNF

The following context-free grammar represents the Single-Timethread Description Language. We

use an Extended Backus-Naur Form where:

Rewrite rules are of the form Left-Hand Side = Right-Hand side

Non-terminal symbols are delimited by < and > as in <Name>

Terminal symbols are in bold-italic as in Name

Alternative rules are separated by vertical bars ( | ) asin <Delayed> | <Time>

Optional items are enclosed in square brackets ({ and }) as in [<RecTagValues>]
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» Optional lists, possibly empty, are enclosed by braces { and } as in {<Seg>}. A star
(*) is added to indicate non-ecmpty lists as in {<Seg>}~.
* Enumerations arc expressed with .. asina. .z

e Comments are between (~ and =) .

(= ST2L., Junc 8, 1984 *i}

{* Single-timethread definition. We Separale STuds 1om complelte Simethread for tuture use, *)
<Timethread> < Tipethread ~77TId> I& <3SIudOrTT> ZadIT

<SLubhorTT> = <Szub> | <GenCptions» {(«<Internals>] «Triger» <FirntPath-~

{* Stub definition. No general opiions ner segments. They represent timethread stubs *)

<Stub> = Stub <Trigger> <Result> EzdsStob

(* General options available to timethreads; can be extended. At the Doment, there are two *)
{* non-exclusive options available tor aborted and constrained timethreads. *)

<GenOptions> = [<Aborted>] [«Constraineds]

< rred> = AbostedOn ( <EventId> )

<Constrained> = Constraiped

{* A list ot activities can be internal. i.e. hiddea from the timmthrecad's environment. *)
<Internals> = Internal <Iidentifier> {, <ldentifier>»}

{* A trigger has access o waiting places options and it might receive tag values, *}
<Trigger> = mrigoer <WPOptions> ( <Triggerld> [<RecTagValues>] }

{(* The f£irst path of a timethread does not need the keywords Path and EndPath to be clear. *)
<FirstPath> = {<Seg>} <Result>

{* A result can send tag values to the environment or other interacting timethreads. *}
<Result> = Result ( <ResultId» [<SendTagValues>] }

{* Waiting places options available; the list can be extended. At the moment, we consider two *)

(* exclusive options. *} -*
<WPOptions> = [<Delayed> | <Timed>]

<Delayed> = Delayed

<Time> = Tize

(* Types of segments available; the list can be extended *)

<Seg> = <Abort> |
<action> |
<AndFork> |
<Asyne> |
«<Choice> |
<Loop> |
<Loss> |
<OrFork> |
<Par> |
<SegStub> |
<sync> |
<Tag> |
<Waiting>

{* This event aborts another timethread. *)
<Abort> = Abort ( <Eventld> )

{(* Indicates an action and its identifier. =)
<Action> = Action ( <ActionId>» )
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Arog -
i

te t e IR Forwow ORF-Jo.n: oand OF-Fork (no loin) segmentn. The Choicw has

S Lerial Lagt ool neqmentio ondd The GIFOrr an oo ohoige Delwenn the contincation of
(e rnginas athoand at Leant omee Doew patih. Guardo ave cptionas., )
s, e Choice -Tuarcx! («Sins: (OF («<Guazrd>] {<Seq:; (* EndChoice
EXFES P orPork ~Cuavd»! Comtinue {Or [<Guard>] <Path>i* EadOrXork
(" A feew paath Lo ol

“Path-

{* A Loop iu compourd of twe uecticns, Compulsory and Optional. indicated by their coresponding *)
{* mipwords {(they can De abbreviated by Comp and Opt), Guards are optional. <=}

< LOOp.. = Loep -.oopComp> <LoopOpt> EndLocp
<LoopComp> = <CompSymb> [«<Cuard>} (<Seg>]
~Looplpt> - <OptSymb> [<Guard»] {(<Seg>}
wCampuymb> = Cazp | Compulsory

~Qptoymbs> = opt | Optional

(* Loss 0f afi instance or token. Can be guarded. *)
<Losne = Loss ( |~Guard»! <LossId» )

(* Pur [AND-Fork & AND-Join! and AND-Fork (no join) segments. The Par has at least two *)
{* optional list of segments. and the AndFork adds at least one concurrent path. =)

{* Guards are forbidden (it is not a choicel. *)

<Par> = Par {<Seg>} [And {<Seg>)}* EndPar

<AndFork> = Andrork <Path> {And <Path>) XodAndFork

{* Scqment stub detinition. They represent path stubs., *)
<SeqStub> = SegsSctub { <SegStubld> )

{* Walting place that waits for an environment stimulus. *)
<Waiting> = wait <WPOptions> ( <EventId> [<RecTagValues>] )

(* Tags definition and tags passing (send and receive). *}

<Tags = Tag { <Tagld- = <Valueld> )
<RecTagValues> = P <Tagld> [<RecTagValues>]
<SendTagValues> = ! <Tagld> [<SendTagValues>]

{* Guard expressions. The list of equation operators and boolean cperators can be extended. *}
{* These operators are currcntly based on LOTOS boolean and natural ADTs. *)
<Guard» = Guard { <GuardExpr> )
<GuardExpr> = <TagId> <EqOp> <ValueId> |
@ot ( <CuardExpr> ) |
{ <GuardExpr> } <BoolOp> ( <GuardExpr> )
<EqOp> = e | De
<Boolop> = and | or | xor | implies | iff

(* Ditfterent identifiers used. They all scart with & letter. except ValueId. *)
<Actionld> = <ldentifier>

~EventId> = <Identifier>
<Losald> = <ldentifier>
<Resultid> = <Identifier>
<SegStubld> = <Identifier>
<Tagld> = <Identifier>
~TriggerId> = <Identifier>
<TTId> = <Identifier>
~Valueld> = {<Alphanum>}*
~Identifier> = <Letter> {<Alphanum>}
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<Alphanum» = wDIGiTr  wTenters

<Digit> = c..9

<Lotters - a,.=  A..Z

Appendix A presents the syntax diagrams of the STDL grammar. Rewrite rules are in rectangles
and terminal symbols are in ellipses. Section 4.6 also presents the mappings from STDL to
LOTOS according to these rules.

We believe SDTL is a siep towards the automated gencration of LOTOS specifications from
timethread maps. Section 7.2 discusses more in depth the utility and advantages of this grammar.
The next section presents most common cases of mapping from single timethreuds to SDTL to
LOTOS processes.

4.3 Single Timethreads in LOTOS

We present here the mapping method that generates LOTOS from single timethreads expressed in
STDL. We mostly use level 1 specifications, although level 3 specifications are sometimes
discussed. We also refer to the Traveler System introduced in section 3.3 to illustrate pertinent
exarnples.

Section 4.3.1 presents basic timethread combinations, i.e. unconstrained and constrained starts,
and the loop constructor. Section 4.3.2 shows the use of concurrent and alternate segments within
a given timethread. In the upcoming examples, we present the timethread map, the corresponding
STDL code, and then the resulting LOTOS process. We use a simpler LOTOS syntax (without
gate parameters and process identification) in order to simplify the behaviour expressions
generated. The complete LOTOS syntax is however respected in the appendices specifications.

Note that for some instances of basic combinations (e.g., constrained start and loop), the trans-
lation is not straightforward. However, we believe that it could be formally defined and auto-
mated, and this is why section 4.6 reviews most of the general mappings from STDL to LOTOS.

4.3.1 Basic Combinations

Sequence
The basic timethread of figure 20 has been already discussed in §4.1.2. The sequence is a very

common pattern that can be found in the Traveler System (timethreads Traveler and Plane). In the
following example, we consider the timethread Plane alone, without any interaction with
Traveler. We obviously see that events and actions are directly mapped onto LOTOS gates.
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Timethread Planuv is Podne o=
Trigger (Pready) pready:
Plane ;
Action (Tquion?) TgeTonP;
Mewar ToetofEP ' ’ ’
TgeLonp ; Action (TPLlightl TPilight:
Action (Tgutoit?) Tgetofip;
3o - o 1ol -
Pready Result (Phangar} Prhangar; stop
Phangar £n4TT )+ Ll o)

Figure 28: Example of sequence

To get a level 1 specification with recursion, we replace stop with the process instantiation
Plane[gates...]. A level 3 specification is obtained by adding ||| Plane[gates...]
after stop. Generally, these are the only modifications needed to get a specification at a specific
level. This is easily manageuable for a tool or a compiler.

Internal Actions

In the previous timethread (fig. 20). we can observe all activities since nothing is declared
internal. We defined events to be activities on which the environment or other timethreads
interact, so they cannot be hidden or abstracted within a timethread, although whole interactions
could be hidden at a higher level in a timethread map (see §5.2.1). Actions however can be
internal to a timethread, and the STDL grammar allows this with the Internal construct.

For instance, we can make actions TgetonP and TgetoffP internal to the timethread (fig. 20). All
actions declared internal is mapped onto a LOTOS hidden gate.

Timathread Plane is Planc :=
Internal hide TgetonP,