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Abstract

Verilog is a hardware description language (HDL) that has been standardized
and widely used in industry. MDESL is a Verilog-like language, which is a
multithreaded discrete event simulation language. The language contains
interesting features such as event-driven computation and shared-variable
concurrency. For ensuring correctness of hardware design, precise
understanding of the language based on semantics is very important. There are
several semantics for the language and the consistency of these semantics is
challenging. This dissertation focuses on the semantics of MDESL and their
linking theory.

The denotational semantics of MDESL has been formalized under a discrete
time model. In order to deal with the shared-variable feature, the behaviour of a
process is described in terms of a trace of snapshots. The operational
semantics has been formalized as a set of transition rules, which is expressed
in the notation of SOS (Structural Operational Semantics). A prototype of the
operational semantics has been developed using Prolog. The operational
semantics is fully compositional, which can be linked with the denotational
semantics. Algebraic properties have been studied, which can be used in
support of program simplification and optimization. The program properties can
be proved by two approaches: denotational semantics and operational
semantics (via bisimulation).

Two approaches have been proposed in order to formally link operational
semantics with denotational semantics. The first approach is to derive
denotational semantics from operational semantics. The second is the inverse
approach, which is to derive operational semantics from denotational semantics.
In order to represent the denotational view of a transition, the concept of
transition condition and phase semantics has been defined for each type of
transition and applied in both approaches.

Regarding the operational semantics, two significant questions have been
investigated: soundness and completeness. The understanding of these two
aspects is based on the denotational semantics. The operational semantics has
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been proved to be sound and complete. The aspect of non-redundancy for
operational semantics has also been discussed.

How the algebraic semantics relates with the operational semantics and
denotational semantics has also been explored. The approach starts from the
algebraic semantics, where every program is expressed as a healthy normal
form of guarded choice. A transition system (i.e., operational semantics) for
MDESL has been derived and the equivalence between the derived transition
system and the derivation strategy has been proved. The healthy normal form
has also been derived back from the transition system. The denotational
semantics for finite programs has also been derived from the healthy normal
form.

The results achieved here are not limited to MDESL. The approaches taken
may also be applicable to some other languages with different programming
features.

he theme of this workshop deals thh the practica_. dsmens:ons ;
_at is how formal methods can deal w:th the chai!enges in the'
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Abstract

Critical systems, especially in case of realtime characteristics, require
specification, design, and verification methods with high thoroughness,
supported by proper tools. Recent progress in the automatic verification
techniques find use in this area, but still require further research and design of
applications in order to be exploited in common engineering tasks, in particular
when time comes into play with its different granularities.

The aim of this thesis is to extend the existing verification techniques,
typically built on traditional finite state automata, to treat complex critical
systems with time constraints. Such techniques must be based on appropriate
formalisms, whose power must be accurately balanced between real systems
description capability and possibility of efficient automatization of the verification
process.

The TRIO specification language [1], which is a typed first order logic that
supports a linear notion of time with both past and future operators (TRIO-in
the-small), and can be extended with the typical object oriented programming
constructs [2], is an excellent specification language for such systems. But, in
general, TRIO is undecidable; therefore, in order to obtain an entirely automatic
verification method, it is necessary to limit TRIO to a decidable subset,
disallowing variables, considering the natural numbers as time domain and
limiting all the other domains to finite domains.

During this research work, we focused on a decidable subset of TRIO,
and introduced a new model checking technique based on automata, which
allows us to take advantage of TRIO modular aspects.

The proposed approach allows the automatic verification of TRIO
specification through the Spin model checker. Note that the problem we are
dealing with slightly differs from the classical model-checking problem, seeing
that, instead of considering an operational model, we use a purely descriptive
specification; hence a technique for the verification of models defined both in
the past and in the future has been developed.

Shortly, the proposed approach is based on an initial separation of the
past and future components, always possible by the Gabbay separation
theorem. The two components are then differently translated, considering that
the past component refers to finite words, since we are considering the natural
numbers as temporal domain, and the future component refers to infinite words.
Therefore, we propose a translation of the past component to deterministic
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Biichi automata [4], and of the future component to alternating automata [3],
which allow non determinism and parallelism. Both the considered automata are
enriched with a set of finite counters, in order to keep track of the quantitative
aspect of time, which is part of TRIO. The two components are then merged
through the composition of the two automata [4], and the resulting automaton is
then translated to Promela, which is Spin input language. Let us notice that the
automaton obtained with the composition of the past and future components is
still an alternating automaton, while Spin uses Biichi automata. Anyway, an
alternating automaton can always be transformed into a Blichi automaton with
an exponential explosion in the number of the states; in order to avoid such
explosion in the translation to Promela, the automaton obtained with the
composition is directly simulated in Promela.

The proposed techniques have been implemented in the TRIOZ2Promela
translator, a plug-in for Trident, a platform for the specification and verification of
TRIO models, based on Eclipse. With the usage of the translator it has been
possible to experimentally validate the proposed technique.
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Lisbon, Portugal .
5‘3http //fmt isti.cnr, lt!FM!Csos
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Across

3 borrowed philosophical term

5 new bird from W3C

6 famous Vulcan

8 mobile phone operating system

11 increasingly popular browser
13 Cambridge security expert (surname)
14 1815 - 1864 very logical (surname)

Down

Lindisfarne's forecast for FM057? (four words)
dodgy software can land you in this

new home games console

Bluetooth worm

1815 - 1864 very logical (first name)
Austrian city

Cambridge security expert (first name)
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Title of Account: BCS-FACS

If a receipt is required, please tick here (] and enclose a stamped self-addressed
envelope.

Please send completed forms to:

Dr Paul P Boca
PO BOX 32173
LONDON N4 4YP
UK
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~ the Management & Organisation (of ,..), the__Rules & Regutations:(an_dg' Scfipts}'(of ) and
; :lhe Human Behawours _(ofa__gi_omam) e _;;_ __; dee

§

;fptease email Paul Boca |gaui boca@vurgm net] your name by 23 éu%y 2{}{}5 Pre-i
: jreg;stratmn :s requlred as secunty at the__BCS Ofﬁces is quste tught '

 Seminars webpage: —m;;a:nw;gsf;s;facg:&qféverﬁéfgéeneﬁqfs_én&,;aéfsf
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Solution to crossword on page 49:

Gly|

uc|o v

wiL] s K|

EL

o [=m> o

©o|w <o |m <]

> [z [z[m|-[<]

m|mlofo|=

D[H

M)

m [Z< [ |m[x[4]z |0 [0

'Blolo]L

Guess the caption competition

After the recent FACS evening seminar, Professor Jonathan Bowen, FACS
Chair, and Dr Sue Black, BCSWomen Chair, continue discussions in a local
hostelry. Why was Dr Black so shocked? Answers by email to the Editor
[editor@facsfacts.info].
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FACS is always interested to hear from its members and keen to recruit
additional Committee members. Presently we have vacancies for officers to
handle publicity and help with fund raising, and to liaise with other specialist
groups such as the Requirements Engineering group and the European
Association for Theoretical Computer Science (EATCS). If you are interested in
helping the Committee, please contact the FACS Chair, Professor Jonathan
Bowen, at the contact points below:

You can also contact the other Committee members via this email address.

Please feel free to discuss any ideas you have for FACS or voice any opinions
openly on the FACS mailing list [FACS@jiscmail.ac.uk]. You can also use this
list to pose questions and to make contact with other members working in your
area. Note: only FACS members can post to the list; archives are accessible to
everyone at http://www.jiscmail.ac.uk/lists/facs.html .

"Annou”é;cement from Escher Techrnologles Ltd
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