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Preface

The main aims of the series of volumes "Advances in Petri Nets" are:
(1) 10 present to the "outside" scientific community a fair picture of recent advances
in the area of Petri nets, and
{2) to encourage those interested in the applications and the theory of concurrent
systems to take a closer look at Petri nets and then join the group of researchers
working in this fascinating and challenging area.
The ESPRIT Basic Research Action DEMON (DEsign Methods based On Nets)
has been a focus of developments within the Petri nets community for the last three
ears. The research done within DEMON spans many areas of Petri nets; it has
rtainly heiped to consolidate and unify the knowledge about Petri nets, and it has
d to many new developments. Hence, it fits the aims of "Advances” to have a special
LiJbiume presenting some of the achievernents of DEMON.
The papers presented in this volume have been selected from 24 papers
submitted to "Advances" in response to a call for papers directed to participants of
—HEMON. The papers went through the refereeing process, and those that were
(accepted appear in this volume in a revised form.
This volume contains technical contributions giving insight into a number of
ajor achievements of the DEMON project. It also contains four survey papers
overing important research areas: basic net models and modular net classes,
tructural techniques in performance analysis of Petri net modeis, recognizable
nguages of infinite traces, and equivalence notions for net based systems. These
urveys certainly help the reader to get an overview of a broad range of research
king place in the area of Petri nets and related models of concurrent systems. The
Cgolume begins with a description of DEMON given by its coordinalor E. Best.
| want to thank E. Best for his help in preparing this volume. Special thanks go
the referees of the papers in this volume who very often are responsibie for
onsiderable improvements. The referees were: L. Aceto, M. Aimane Marsan,

. Astesiano, J. Baeten, J. Billington, W. Brauer, M. Broy, A. Corradini, F. De Cindio,
Ph. Darondeau, P. Degano, J. Desel, R. Devillers, C. Diamantini, V. Diekert, H. Ehrig,
J. Esparza, U. Goltz, R. Gorrieri, J. Hall, A. Heise, R. Henderson, R. Hopkins, B. Keck,
A. Kishn, E. Kindler, M. Koutny, H.J. Kreowski, M. Kwiatkowska, M. Latteux, G. Mauri,
A. Mazurkiewicz, M. Nielsen, L. Petrucci, M. Pinna, A. Poigné, L. Pomello, W. Reisig,
G. Reggio, B. Rozoy, C. Simone, E. Smith, P. Starke, P. Taylor, W. Thomas,

W. Vogler, K. Voss, D.N. Yankelevitch, W. Zuberek. The editor is also indebted to
Mrs. M. Boon-van der Nat and Dr. A. Deutz for their help in the preparation of this
volume.

Leiden, April 1992 G. Rozenberg
Editor
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Esprit Basic Research Action 3148 [B-&-{Y-®-\
(Design Methods Based on Nets)
— Aims, Scope and Achievements —

Quote of the Initial Statement of DEMON (1989)

The vverall atm of the Action 15 to {ay the foundation for the cventual development of a design caleulus for concurrend
systems based on the principles of Petri met theory. These principles concern basic chargcierisiics of concurreni
systems, suck a5 decentralisation, distinctions beiween concurrency and nondelerminism, and an inlegrated view of
the interpley between the sfales end the iransitions of ¢ sysicm. [...) As the central net theoretic foundaiton for the
cnvisaged cafculus, siructuring end nodularity fechnigues are fo be developed which tnclude abstraction, refinement,
rotapositiion, preserration of properites both within and arross levels of absiraction, appropricte notions of equivalence
and implementation, and analpsis technigues, addressing the spectrum of fechnigues needing to be covered by 2 design
calculus. The development of these techniques will anvolve original research, buf shell aise be gusded by, end hove
an impact on, erpericnce with the design of concurrent systems and existing other approaches fo the modelling of
concurrenl systems, Jt shall be gecomponied by the evalyation of case studies. Our proposel 15 thus nof enly meant as
o further development locaied purely within nef theory, but also as o wadening of its scape as well as an explodtation
of s gencvality, since we propose Te lake mtc account insighls from complementary opproaches in an imporient
way. (...) Having identified the imperfance of making progress m investigating and developang the abouve issues [
partiewlar, modularity), the Aclion propeses to concendrate an the following work:

The development of one or more classes of structured Pefr nets which feature ebstraction, refinement and
compasifion aperalors, along with oppropriate nolrons of equivalence, logic / algebraic calesli and analysis
fechnigues. Swch ¢lnsses of nets would form the core of on cventual design calculus, bridging the gap which
presently exists between applications of Pelri nels as o non-formal graphical fool in the carly siages of the
design proress, and applications of anafytical tecAniyurs wsed in fhe final siages of the design process.

The eareful evaluation of the relationship Lo various complementary approaches atmed af sermalar goals, such ax
CSP (.}, COSY, CUS, trace theory and evend strucfures, with the aim of ensuring transistebility, compatbility,
and ihe fransferral of wseful technigues in both directions, (..}

- The investigation of the Petri net semantics of eristing programming languages such as Occam, along with the
transfermad of fechnigues as described above. Thuw investigation is done with twe wims o mmd: 1) {0 make
cxplicil the comneclion fo the programming of large end complex sysiems, and {1} to stndy the possble definftion
of v Petrt net besed pregramming netation fo provude a convenient wey of expressing Fetri nei implemenietions.

The study of @ number of desi cases o suppor! the proposed concepluel techniques.

- The study of o selecied number of enisting design mothods such as abstract date fypes, stalecharis and logic
formahisms. This is done with the wim of studying what new espects are introduced in such methods by the
canstderetion of true conrurrency semantics, kowm they can be refafed fo the Peir net framemwork to be deorloped;
nad how the resulling methods can be applicd fruitfully in aetual design. {..)

- The study of a number of specific and ymporiant issucs which are of greal practical importance bui not yet
theorefically fully understood. These concepis include priorities {Occam, Ada), erception handlimg {Ada), the
compositionality aspecls of buffered communacation and dynamic system siructure. The aim of fhis investigetion
ts nol Jusi to sfudy the semantics of these concepts in terms of he structured nef classes, but also, conversely,
{0 obfam criteric by which the usefulness of these classes can be evalunted.

The above work of the Action will be structured miv two mam sfrands of aclfondy, covering respectively fhe centrul
Petre nef theory work and he work on releted ureas, huil sirongly interrefated both m fme and in contents. The
Jivst strand consists of 0 evmmon effort to define news classes of modular Pedrd weds whieh are provided wilh means
for composition, asbstraction and refinemeni. thus csleblishing a eommon framcwork. fn the sccond sirand, more
speeiatised work wilt be donr both as motivation and mpu! for work on the first strand, or es a resufl ond epphication
of id. {End of guote)
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In line with this work programmr, the first, so-called ‘core’ strand of DEMON was intended to carry
uut Petri net based research that would lead to the required net olasses, equivaience relations and prool
methods, Strand T was accordingly organised into three Working Groups, WGs 1, 2 and 3. The second,
so-called *supporting’ strand was intended to carry out work that would interface with the needs of praciice
and with related models. Originally, this strand was organised into seven Working Groups, but it soon
became apparent (and was instigated by DEMON's reviewers) that the commbination of some of these WGs
wauld he sensible. Peesently, Strand IT congists of three Workiog Groups, WGs 4, 5 and 6:

Strand T: Working Group 1: Structured Classes of Nets.,
Working Group 2: Fquivalence and Simulation Relations,
Warking Group 3: Algebra and Proof Melhods,

Strund II: Working Greup 4: Abstract Models,
Wocking Group 5: High Level Nels, Case Studies and Specification.
Working Group 6: Programming and Related Issues.

The DEMOXN Consortium and its boundary conditions have had the following shape:

DEMON Partner Country HRdéle
Gesellschaft fiir Mathemaltik und Datenverarbeitung D Cuoordinator
Mjversite Paris-Sud F Partner
Geroupe Ball, Paris F Partrer
Universiti degli Studi di Milano I Partner
Technische Universitit Munchen D Partper
Rijksuniversiteit te Leiden NL Partyer
Universilat Passau D Partper
University of Newcastle upon Tyne GB Partner
Universilé Libre de Bruxelles B Pariner
Universidad de Zaragoza E Partner
Thniversitiat Hildesheim D Subcuatractor.

Start date: June 18, 1989
End date: NMarch 18, 1992 Budget: KCU 731 500 . -

Result Summary

This sectian is organised W(i-wise. lts purpose is to provide a reasonably complete pictnre of the results
of DEMON. However, the reader will nnt find all of the topics addressed in this section {o be cavered by
the papers contained in this volume; information or further reading is provided by the list of references in
the next section.

In addition ta its original tasks (and not contained in the above quotation), DEMON has intended to
produce survey and tutorial papers on some of the topics that are important Lo its goals. This volume
cantains three of these survey, while two earlier surveys {on refinements in Fetri nets, and on structure
theory of free choice nets, respectively) can be found in the Advances in PPetri Nets 1990 {Springer Lecture
Notes in Clomputer Science Vol 4%3).
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Warking Group 1: Structured Classes of Nets
Approach

The task of W{-1 was the definition of structured classes of nets starting from ‘primitive’ nets. More
precisely, the aim of the group was to obtain an algebra in the mathematical sense, i.e., a carrier set {of
nets) together with a set of operations (on nets). The pursuit of this goal has been constrained from two
sides. The requirement to provide composilional semantics on the elementary Petri net level has tended
to restrain the operators under consideration. The requirement that DEMON’s aet dasses should form a
daonain for the semantics of languages with data, dala sharing, communication ele, has tended to demand
moye, and mwore powerful, operators.

The WG has solved this problem by adopting a two-level approach. On the lower level, a small set of
primitive oparatars indigenous to Petri nets have been defined: adding a place or a transition, and removing
a place or a transition. On the higher level, more complex operations have bheen defined which, on the
ane hand, are hased on the primitive operations of the lower level, but, on the other hand, are distinctly
ariented towards the reqnirements of Strand 11 This algebra has been christened the ‘Petri Box Calenlus’
{PRC). WG-6 has built a tinite niodel based on a class of high level nets.

Luiportant caoperation lias been with Working Groups 2, 3, 4 and 6. WGs 2 and 4 have provided motivation
amwd basic work on equivalences; for instance, these WGs Lave paved the way for the aotion of transition
refinement that is presently adopted in the Box algebra. Both WGs presently continue to provide the ground
work for two jmportant further devedopnents: the adoption of a weaker notion of equality between Boxes,
amd the definition of & compositional partial order semantics. WG-6 has strongly influrnced the particular
shape of vur operatars which are, partly, novel. In particular, multi-label communicativu, recursion and
iteration have been influenced by WG-6. Conversely, WG-6 hus profitted (rom the Box algebra by being
able to define o smmall programudng, notation (with more expressiveness than occam) and its compusitional
Petri el semantics. Moreover, WGs 4 and 6 have done three voutrivial case studies spedifically based un
the notation. WGs 3 and 6 have provided the structured operalional semantics for the Box algebra which
is the main vehicle used so far in proofs of case studies.

Main achievements

¢ A survey of existing notions of net classes.

o Calegurical setting at the lower level.

s A powerlul algebra at the higher level, in particular as regards communnication.
o A wealth of structural algebraic laws.

® Fixpoint semantics for general recursion.

= [ndigennius operational semantics (in cooperation with Wis 3 and 6.

Working Group 2: Equivalence and Simulation Relations
Approach

The task of Working Group 2 was the definition of equivalence and simulation notions for models of
concurrelcy with special emphasis on Petri nets. Important questions to be addressed were the study of
equivalences based on partial orders, as well as the study of the practical relevance of the defined notions.
The Working Ciroup has approached its task by sampling existing equivalence notions (from the large
existing set) and producing two survays. Moreover, the WG has investipated the principles which underly
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the fact thal cerlain ways of strenpglhening non-congruences {or non-belaviour preserving eguivalences)
would yield econgroences (or behaviour-preserving cangruences), while others would rot, and has found
a number of generally applicable methods to create one’s lavourite behaviour-preservatlion eguivalence.
Moreaver, the WG has selected a few candidate congraences which are ready to be transported to the Box
algebra framework. The transportation appears to he possible in a smoolh way fur two reasons: Fiost, hoth
W(is have based their investigations on labelled (rather than unlabelled} nets. Second, some precondilions
of WG-2 thearems are actwally theorems of WG-1.

In proving the desired conpgrience and behaviour-preservation resultes, WG-2 encountered fand overcame)
severe tochnical difficulties, Apart from this work, W(;-2 has also examined questions of decidability and
state-based equivalences. Cooperation has been mainly with W(is | and 4.

Main achievements

+ Categorisation and evaluzlion of equivalences.

» MNew resiults on congroences [for lastance, for the first time taking into account systoms with silent

actions}.
e Development of principles to define ‘good’ equivalences.
s New rosulls on decidability.

» (Ground work for research on state refinement and state-based eguivalences.

Working Group 3: Algebra and Proof Metheds
Approach

The task of Working Group 3 was the development of verification and svethests teclinigues for atruetured
nets. Classical Petri net techniques had to be adapted and extended, and their application to the ver
ifcation of concurrent programs {through the net semantics defined by Working Group 6} investigated.
The approach of Working Group 3 has been strongly centered upon efliciency: fast algorithims applica
ble only under certain constraints have heen given more consideration than ineflicient algorithms of wide
applicabilivy.

One line of approach has been to find very fast algorithms (polynemial time in the size of the net) for the
checking of various important properties such as deadlock freeness. In accordance with known negative
complexity resalts, this was axpected to be possible only for subclasses of nets. The class of free choice
nets has been the Favoured choice for this WO, beranse a sumber of berutiful results could be fonnd which
establish strong links between the structure and the behaviour of a net, in all cases Jeading to the desired
PTIME algonthins for = number of properties. WG-3 has developed this theory to the extent that i
morograp on the subject is being currently written. WG-3 has also used and applied this theory to the
problem of performance analysis of free chotee systemes (and their subclasses).

Hawever, this theory, nontrivial though it is, has left WG-3 dissatisfied for several reasons, Fired, it s
geared to unlabelled free choice nels and is thus at the same level as what has been called “primitive’
operations above (i.e. removing and adding of places and transitions - althongh these are phviously not
the only siructnral operations employed in frec choice theory}, It secms very hared to adapt the theory lo
tabelled nets in general. and 1o the operations of the PBC in particular. Tndeed, WG-3 has alse produced
several ‘impossibility’ results of the nature that cartain simple Box exprassions cannot be simulated by free
choice nets. A second reason for dissatisfaction was that only spocific propersies could be checked, rather
than a class of properties.

WG-3 has sought and found two ways to overcome ilicse limitations, Firetly, the WG has investigated the
generalisatinn of its decision algorithms to semidecision algorithms which are applicable to more general
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classes of systems. Secondly, the generalisation from specific properties to classes of properties involves the
definition of a logic and the consideration of model checling. WG-3 has approached model checking from
two differcil angles.

{1} One of the developments has been to investigate under which circurnstances model checking is feasible
in polynomial time in the size of Lthe net (rather than the transition sysiem). Two recent results
indicate that PTIME model checking is possible for a nontrivial class of nets (safe conllict free nets)
and that the approach can be used to obtain fast model checking for persistent nets. This approach is
beneficial not only by its generality, but also because persisiency is a property Lhat can be transferred
immediately to labelled nets and to the I'"BC (as opposed to the free choire property which is much
more indigenous te nets). In these results, the use of partial orders as defined in net theory {i.e. as
alternations of local states and local transiiions) plays a vital role, vindicating one of the presumptions
of the project that concerns the exploitation of the strong points of Petri nets.

{2} A second development has concerned model checking in general. WGE-3 has produced the notion of
‘optimal simulation’ which concerns the minimum amonnt of simulations that have Lo be cartied out
such that one still gets a correct model checker. This work is alsa based on concurrency semantics,
albelt on the step sequences rather than on the processes of a svstem.

Almost all fast aleorithms  be they decision algorithms, performance analysis algorithms, semidecision
algorithius or algorithms for madel checking of persistent nets  are based ou linear wlgebraic and Lincar
Programming methods. This means that when the methods are eventually transforred to the Box expression
level, they will rely on the latier’s Petri Box semantics,

Main achievements

o Well-rounded stencture theory of free choice nets,
o Application of structure theory to performance analysis.
» Judicious application of linear algebraic and Linear Programming methods to obtain fast algorithms,

o Various genoralisations and extensions: semidecision algorithms; model checking,

Working Group 4: Ahstract Models

The task of Working Group 4 was the study and extension of abstract models for concurrency — in particnlar
Mazurkiewicz's traces — and the study of the relationskips between these models and more *concrete” models
- several classes of Petri nets and process algebras.

The Working Group has obtained resulls on a wide spectrum of abstract models. Not only trace theory has
been studied, also models such as asynchronous automata, event structures, vector synchronized systems
and transition systems have been considered. Trace theory has been very thoroughly studied; several
extensions — conlext-sensitive traces, comtraces, infinite traces - have been considered, which briug traces
closer to distributed languages and extend the range of phenomena that can be modelled by the theory.
There has been interaction with WG-6 and WG-1 on action refinement and on implementations of the
handshake synchronisation. Some of the work items have been carried out in cooperation with other
groups (in particular, connections between frec choice nets and process ulgebras with WQG-3, research on
CCS5/CEP-like siructunng operations with WG-1 and WG-§).

Main achievements

¢ Detailed study of several extensions of irace theory.

¢ Characterisation of processes {ormalised through dependency graphs.
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s Advances in the recognizability problem for classical and infinite traces,

* Hesearch on the trace languages of net classes,

s Sirong relationships between elementary nets, transition systems and evenl structures.
e Study of action refinement in cvent structures.

# Study of veclor synchronisation mechanisms and their effects,

Working Group 5: High Level Nets, Case Studies and Specifications

Working Group 3 was dealing with two tasks:

- Case stadies. Test cases should be studied as motivation for the development of proper structuring
techniques.

- Developmaent of Specification and Requirements Engineering Techrigues. Technignes for expressing
formal specifications. for deriving formal specifications from semi-formal requirements and for relating
specificalions to each other had to be devaloped. Work on statecharts and logical formalisms was
planned.

The Warking Group has Tocussed its efforls on the first two phases of software development, namely the
specification of requirements and the desiga of an operational maodel (the third heing the actual production
of code), The Group has studied logical formalisms for the requiremnert specification and Petr net bhased
formalisms for the operational design. In particnlar, sinee the latter had to support data structures, high-
level nets have been considernd. The wark on case studies has partly been done in cooperation with W(s

4 and 6.

Main achievements

o Design and study of new partial ooler logics,
s Design and development of the speeification languages OBJISA and CO QPN

o (lonnections hetween high level nets and functional approaches,

Working Group 6: Programming and Related Issues

Approach

Warking Groups 6 has addressed its tasks extremely pragmatically, one by one as reentioned in the DEMOXN
work programme. In addition, WG-6 has also devalaped (in eooperation with WGs 1 and 3) Lhe operational
semantics for the Tox calculus, and WG-6 Las carried out two case studies using 1he calenlus, Furthermors,
WG-6 hias delined a class of high level nets with compositionality properties and has given a semantics
for the full valeulus in it (the only restriction being that recursive calls must be surrounded by call freturn
actions).

Main achicvements

s Qperalional semantics for the Box calcelus,

o Two nontrivial case studies using the calentus. One of them includes the semalics of wnbounded
buffer commurication by basic means {i.e. in terms of clementary Petri nets}.
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s Petri nel semantics of occam using a version of the PBC, including all semantically significant features.

» Detinition of a hasic Petri net based programming notation and its denotational I’etri Box semantics.
This includes the semantics of handshake and hounded buffer commnnication.

¢ ‘I'be development of an allerpative sermantic model in terms of FITO nets for unbuvuoded buffer
commmunication.

& Petri net semantics of stalic and dyonamic priorities, and development of a theory peneralising causal
partial orders which captures the conenrrency in prioritised systems better than is otherwise possible.

Compasitional high level net semantics of general recarsion.

Investigations on dynamic structure, including the semantics of dynamic processor allocativ and net
muodelling.

All Working Groups have made considerable progress in their respective tasks. This progress has shown o
decisive tendency to converge; strong links can already be discerned. Cotnbining their results into a single
framework is within reach. The combination can have the form of a unified theory, and of a tool that
implements the algebra and its semantics together with the analysis algotithms.
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Ahstract

RIST

LIJ A new Petn net calotlus called the caleulus of Petri Boxes is described. It has been designad to allow reasaning
about the strizcture of 2 net and about the relationship between nats, and fo facilitale the compositional semantic
trapslation of high Tevel constructs sueh as blocks, variables and atomic actions jolo elementacy Petri nets. The
calenluy is Iocated ‘rrgdway’ 1 such a ranslation.

This paper first defines an algebra of Box expressions. A corresponding algebra of Boxes is then defined and
D ised composilionally as a sernantic model of Box expressions. The two algebras feature a general asynchronous
D communication operation extending that of CCS. Synchronisation is delined as a unary operator. The algebras also

include refinement, iteration and recursion. It is shown how they can be used to describe data and blocks.

Asthe mam resndts of this paper, it s proved tlat the Box algebra satisfies various desirable steuctural laws and enjoys
lwo inportant hehavioural properties. [he paper alse contains an example proof of a mutual excluston protocol.
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1 Introduction

Petri nets [54,56] are a causal model of concurrency in that they allow one to reasun aboutl eveuts between
which there is no cansal relationship. A major drawback of Petrl nets is that they have very little basic
structnre in an algebraic sense. This may have adverse bnplirations for the systematic construction and
verification of systems.  An important alternative to Petri nets are process algebras [1,43,50]. These
approaches were orginally based on a single observer (interleaving) model in which the occurrenee of
events is sefjalised even for independent processes?
information may be lost.

. A disadvantage of this approach is that causalivy

Part of the ebjectives of the Esprit Basic Research Action DEMON has been the search of a good way of
bringing together the lwo models. We quote from [13]:

‘The long term objective for which this Action lays the foundation is the development of o design
calculus based on Petri nel theory and supporting modular structuring, as well as specification anl
analysis techniques. [...) In outline this involves: DNetailed analysiz of existing variants of the basic
model (‘net classes’), and distillation of their features inte a small number of tractahle, well behaved
and modular net classes of wide applicability 7

This paper describes part of the results of this endeavour. We produce a new net-based model for specifying
concurrent systems called the Box algebra, which bas as [ts natural senantic domain a simple but versatile
form of siructured Petrj nets. The Box algebra has been developed,

~ 1o serve as the semanlic domain of a compositional semantics of high fevel concurrent programming
languages such as occam [48);

lo provide a composilional semantics in terms of Peiri Nets and their associated partial order {troe
roncurrency ) behaviour.

In a sense, the Box algebra is located midway between such user-lriendly ligh-level constructs as blacks,
variables, recursion, critical sections ete., and such theoretically important primitive concepts as loral
states and transitions. It is designed to serve as a bridge between (Petri Net] theory and (Concurrent
Programming) applications. Tts alm 18 also to build a superstructuce an tap of Potrl nets, which allows one
1o reason about the relationship botween nets and aboul the striecture of 4 pel - rathar than just abaut
a net’s immediate constitnents such as places, transitions and ares - while retaining the passibility of
exploiting indigenons analysis methods known from net theory. This kind of superstructure is not achieved
by the High Level net model |29,45,55], sinre tha inscriptions of a high level net provide information neither
ahout the nes’s steneiure vor about its relation to other nets.

The Box algebra consists of two parts:
{i) A syntactic domain of Bor expressions, and
(i A semantic domain which we christen the domain of Petri Boses.

There exists a semantic homomorphism frow Box expressions to Doxes. Boxes are equivalence classes
of Petri Nets cyuipped with an interface. They helave like black boxes exiended with a commuricilion
lacility and can be combined appropriately at their interfaces. The most important technical requirement
we Inlposc on our semantics is that of strict compositionality, .o, the reguirement that operators on one
domain and operations on another demain shonld match each other. This requirenent, together with
the requirement of being able to model data and atomic actions, has had an interesting influence an the

types of events wa allow. As we have moved away from an interleaving semantics we can now give a true
implementation of atomic actions as single events without the use of semaphore type constructs as in [50].
For instance, an atomic aclion of the form

2An a rule, process algebra forinalisms depend on the inledeaving view, For instance, the well known expansion theorem
helds only in the presence of inlerleaving: the ‘head normal form of processes’ which is an impartant proof technique depends
on the expansion theorem.
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{where the brackets {...} enclose ‘virtually atomic' actions see [3] and others) involves a multi-way
synchranisation of the action’s constituent parts, namely the variables z and y, the channel ¢ and the
process in which the action is contained. However, since the variables {and the channel ¢) may be declared
in different blucks, the compositionality princple makes it necessary to build this mnlti-way synchronisation
incrementally.
The stepwise construction ol multi-way synchronisations is achieved by the techuical device of multi-labels,
that is, to allow the transitions of a net to be labelled by multisets of action names. We have found the CCS
approach (with conjugate matching labels) to Lbe more conducive to compositionality than the TCSP or
COSY approach. The operators we have defined oun wulti-labels are, therefore, extensions of those defined
ou the CCS single label algebra. The generalisations allow various unifying observations Lo be made (snch
ax u silent action being the empty mulli-label, ie., literally the absence of any visible action, and the use
of simple disjoint unkon for concurrent composition). SCCS and related formalisms 18,58 50] achieve a
similar geueralisation. However, our approach differs fundamentally from SCCS in that it is asynchronous
while $CCS is syuchronous®. It is for this reason that commutativity of synchrouisation is a uwontrivial
|—issue in our approach; the couunutalivity result is central to Lthe present paper.
The paper is structured as follows, Section 2 defines the Box expression algebra. Section 3 introduces the
= domain of Lhe Petri Box modeal. Section -4 defines the Rox algebra,i.e., the set of operations on the domain.
In Sectioa 5, elementary structural properlies such as the commutativity of synchronisation are stated
and proved. Section § defines the semantic homomorphism from Box expressions to Hoxes, and Section
O 7 describes some elementary hehavionural properties of the semantics. Section R contains miscellaneons
comments. [t is described how data can be translated into Box expressions; an example is given; and some
discussion on literature and on further wark can be found. Section 9 contains some concluding remarks
and an outlank, as well as acknowledgements.
This paper gives the reader an inlermediate ‘snapshot’ on the development of a Petn zet indigenous wlgebra.
[l is not to be viewed as a self-coutained finished piece of work. Indeed, several problems have been left
open here. They are being taken up in ather work that is in progress. which will be reported upon io future
papers. We indicate such open ends throushoul the text.

LL
—)2 'The Box Expression Algebra

2.1  Action names

HEQ

Before defining the syntax of the Box cxpression algebra, we describe its basic constituents. Action names
I are defined axiomatically; in the model, they will reappear as transition lahels.

O Definition 2.1
T We assume a countably infinite set of action names, A, to be given. On A, we assume a bijection ~
with the [allowing properties to be defined:
A A
with @ #acandd=nforalae A

BIBL

T'his bijection is called conjugalion, and a,é& are called conjugates of aach other?. m2l

[u applications, we shall choose the elements of 4 freely, Whenover a name g is chosen, it must be specified
what its conjugate, &, luoks like. For instance, the conjugate of ¢!l {‘output the valoe | on channel o'}
could be ¢?1 [‘input the value | from chaunel @'}, but not «?2. Or, the conjugate of C¥ could be 7 or,
the conjugate of P! (in Py) conld be AT (in Pg).

Communications are based on multisets; Appendix A gives summe definitions relating to multisets.

TI'he diffecace can he seen on the exampe afj@llzl|z which s discussed in Section 4.5
*We s the symbol © instead of C25% ~, because we reserve the pverbarring symbol lor the operalional semantics of Bax
exprassions [17]





