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Abstract

In this paper, we define a subset of Lotos that can be modelled by finite Place/
Transition-nets (P/T-nets). That means that specifications in that Lotos subset
can be translated into finite P/T-nets and validated using P/T-net verification
techniques. An important aspect of our work is that we show that conversely
P/T-nets can be simulated in our Lotos subset. It means that the constraints
we put on Lotos in order to obtain finite nets are minimally restrictive. We may
also conclude that our Lotos subset and P/T-nets have equivalent computational
power. To the best of our knowledge, no such bidirectional translation scheme
has been published before.

Topics:

Relationships between net theory and other approaches.

1. Introduction

In this paper, we define a subset of Basic Lotos [Bolo 87, ISO 88] that can be
modelled by finite Place/Transition-nets (P/T-nets). That means that specifica-
tions in that Lotos subset can be represented and translated into finite P/T-nets
and validated using P/T-net verification techniques. An important aspect of our
work is that we show that conversely P/T-nets can be simulated in our Lotos
subset. It means that the constraints we put on Lotos in order to obtain finite
nets are minimally restrictive. We may also conclude that our Lotos subset and
P/T-nets have equivalent computational power. To the best of our knowledge,
no such bidirectional translation scheme has been published before.

The problem of modelling process-oriented languages, and more specifically
CCS and CSP like languages, by Petri nets has been tackled by several authors.
Cindio et al. [Cind 83], Degano et al. [Dega 88], Glabbeek [Glab 87], Goltz
[Golt 84a, 84b, 88], Nielsen [Niel 86], Olderog [Olde 91] and Taubner [Taub 89]
considered CCS or CSP, or both. Lotos has been worked by Marchena and
Leon [Marc 89], and Garavel and Sifakis [Gara 90]. The approaches may be
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categorized based on the following criteria: i) style of definition, ii) finiteness of
the representation, and iii) distinction of concurrency and nondeterminism.

One of two definition styles may be adopted, namely denotational or opera-
tional. A denotational style is used in: {Cind 83}, [Gara 90], [Glab 87], {Golt 84a,
84b, 88], [Niel 86], [Marc 89] and [Taub 89], whereas an operational style, a la
Plotkin, is used in: [Dega 88], [Olde 91] and in the present paper. In opposition
to the operational approach, the denotational style is constructive. It means that
the definition yields directly to a procedure for translating terms of the process-
oriented language to Petri nets. However, we shown in [Barb 91a, b] that thanks
to our operational definition an important P/T-net verification method can be
adapted to Lotos without even translating the latter to the former.

Another important matter is whether or not the Petri net representation of
the process-oriented language is finite. It is well known that an unbounded num-
ber of Petri net places and transitions is required to represent a process-oriented
language when recursion is combined with parallel composition, sequential com-
position, hiding and disabling operators. This difficulty means that it is impos-
sible to transfer to the process-oriented language several important verification
techniques elaborated for Petri nets, since they require finite nets. Note that in
our mind, finite nets does not mean finite state systems. Finite representations
can be obtained by restricting the process-oriented language or using high-level
Petri net models. Finite representations for subsets of CCS are proposed in [Golt
88], using P/T-nets, and in [Taub 89], using Predicate/Transition-nets, which is
a high-level model. Finite extended Petri nets are generated from Lotos, with
the finite control property, in [Gara 90}, this work is also interesting because the
data part of Lotos is also handled. In this paper we define a subset of Basic
Lotos, with syntactical constraints, that can be modelled by finite P/T-nets.

Non distinction of concurrency and nondeterminism means that Lotos ex-
pressions such as a; stop|||b; stop and a; b; stop[]; a; stop have the same semantic
interpretation. Distinction of concurrency and nondeterminism allows accurate
representation of behaviors by partial orders. It is a representation that shows
just natural dependencies between actions. Multi-sets of actions are possible
in a single transition. This has an impact on treatment of fairness problems
[Reis 84]. Our Place/Transition-net semantics is less attractive, than definitions
described in Refs. [Dega 88], [Golt 88], [Niel 86] and [Olde 91}, with respect to
distinction of concurrency and nondeterminism.

An important feature in our approach is that we show that P/T-nets can be
simulated in our Lotos subset. Other authors have proposed simulations of Petri
nets in languages such as Prolog, Azema et al. [Azem 84], or Meije, Boudol et
al. [Boud 85]. These simulations are not in languages that have been shown
translatable into finite Peo nets. The goal of Azema et al. is to use Prolog as a
simulation tool for Petri nets whereas the aim of Boudol et al. is to provide a
textual representation for Petri nets. Translation into Lotos of another graphical
representation for behaviors, called Process-Gate Network, is described [Bolo 90].

In Section 2, we introduce the P/T-net model. Our Basic Lotos subset that
can be translated into finite P/T-nets is called PLotos and is defined in Section
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3. In Section 4, we discuss modelling of PLotos by P/T-nets. The converse
simulation is presented in Section 5. We conclude in Section 6.

2. P/T-nets
We represent a P/T-net [Pete 81] as a tuple (P, T, Act, My) where:
e P, is a set of places {p1,...,pn},
o TC NP x Act x NP, is a transition relation,
e Act, is a set of transition labels, and
e My € NP, is the initial marking.

A P/T-net is finite if the sets P, T' and Act are finite.

N is the set of non-negative integers. N'¥ denotes the set of multi-sets over
the set P. An element ¢t = (X,a,Y) € T is also denoted as X —a — Y. Its
preset pre(t) is X, postset post(t) is Y and action act(t) is a. The multi-sets
X and Y are also called respectively the input and output places of {. We denote
as pre(t)(p) (post(t)(p)) the number of instances of the element p in the preset
(postset) of t.

The operators <, + and — denote respectively multi-set inclusion, sum-
mation and difference. A multi-set X can also be seen as the formal sum:
X =3 eppre(t)(p)p.

A Petri net marking is also a multi-set. We denote by M (p;) the number of
instances of the element p; in the multi-set M. Instances of the element p; are
also called tokens inside place p;.

pre(t)(p) is the number of tokens that place p must contain to enable tran-
sition ¢. A transition ¢ € T is enabled in marking M if pre(t) < M. This
is denoted as M(t >. An enabled transition can be fired and the successor
marking M’ is defined as:

M' = M — pre(t) + post(t)

this is represented as M(t > M’.
We define the reachability graph of a P/T-net N = (P, T, Act, M,) as a
graph RG(N) = (RS, E, My) where:

1. RS is the reachability set, i.e. a set of markings of N,
2. EC RS x Act x RS, is a transition relation, and

3. forall M € RS, t € T, if M(t > M’ then M’ € RS and (M, act(t), M') €
E.
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3. Definition of the Syntax of PLotos

In this section we define the syntax of a subset of Basic Lotos, namely PLotos
which is equivalent, in terms of computational power, to finite P/T-nets (to be
shown formally in Section 4). First, we discuss Basic Lotos. Then, we define
PLotos as Basic Lotos along with syntactical constraints. The syntax of Basic
Lotos is given in Ref. [Bolo 87] and in Appendix A.

It 1s well known that Basic Lotos has the computational power of Turing
machines. Our aim is to reduce the power of Basic Lotos to the one of P/T-
nets. Before we state the syntactical constraints that make PLotos equivalent
to P/T-nets, we define preliminary concepts.

The “calls” relation
Let p, be a process and B, its defining behavior-expression. We say that p;
calls py if By, has one or more occurrences of ps. This relation is denoted as:

C= {(p11p2) by 41 calls p2}

The mutual recursion relation
Let Ct be the transitive closure of C. We define in terms of Ct the mutual
recursion relation @ as follows:

® = {(p1,p2) : (p1,p2) € C* A(pa,p1) € C}

Recursive process

The process p is recursive if (p,p) € .

Functionality

The functionality of a behavior B is equal to ezit iff every alternative in B
terminates with the successful termination action 8§, otherwise it is equal to
noezit [Bolo 87].

Context

A Lotos context C[ ] is a Lotos behavior-expression with a formal “behavior-
expression” parameter denoted as “[]”. If C[] is a context and B is a behavior-
expression then C[B] is the behavior-expression that is the result of replacing
all occurrences of “[]” in C[] by B. For example, let C[ ] be the Lotos context
g;[]- The behavior-expression C[stop] is defined as g; stop.

Guarded process

A process instantiation term p is guarded if it occurs in any of the following
forms:
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o Cifa; Colp]]
o Ci[B >> Cylp]]
o () [B[> CQ[IJ]]

where Ci[ ] and Cy[ ] are any contexts, a is any gate identifier and B is any
behavior-expression.

PLotos

PLotos is defined as the subset of Basic Lotos that satisfies the following syn-
tactical constraints:

1. Terms that instantiate recursive processes must be guarded.

2. Operands B; and Bs in a parallel composition Bj|||B2 must have the noezit
functionality.

3. Let C1[] and C3[ ] denote two contexts and B denote a behavior-expression.
For any pair (p1,p2) € ® the defining behavior-expression of p; may not
have the following patterns:

3.1 Cy[Ca[p2]* B], where the operator “+” is either “|[g1, ..., gn]|” or “>>”
or (([>”

3.2. C1[Bllg1, -+, gn]|C2[p3]]
3.3 Cl[hzde g1, .-, 9n in Cz[pz]]

4. The behavior-expression B; must have the erit functionality in behavior-
expressions of the forms: By >> Bj or Bi[> Bs.

Mutual recursion is possible in sub-terms of the form “B; |||B,”, with operands
of functionality noezit (i.e. constraint 2). The control is not finite state but can
be represented by a finite P/T-net. It is possible to simulate an arbitrarily large
stack if the constraint 3.1 is unsatisfied (e.g. [Gotz 86]). Arbitrarily large stacks
cannot be simulated by finite P /T-nets.

PLotos has the computational power of finite P/T-nets. That is, every PLo-
tos specification can be modelled by an equivalent finite P/T-net. Conversely,
every finite P/T-net can be modelled by an equivalent PLotos specification.
In Section 4, we show how a PLotos specification can be modelled by a finite
P/T-net. The converse is demonstrated in Section 5.

4. P/T-net Semantics for PLotos

4.1. General Idea

Our PLotos to P/T-nets mapping is inspired by the work of Olderog [Olde 91]
for CSP. In general, a Lotos behavior-expression B represents the composition
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of several concurrent components. In our simulation of PLotos by P/T-nets, the
expression B is explicitly decomposed into its components which become tokens
when this behavior is activated. More precisely, parallel components and states
of parallel components are respectively modelled by Petri net tokens and places.
The place in which a token is contained denotes the state of the corresponding
component. Every Lotos gate occurrence is modelled by a Petri net transition.
Tokens, contained in the transition input places, represent components synchro-
nized on the gate. Tokens deposited into the transition output places represent
the successor components after the transition has occurred. Several tokens, con-
tained in the same place, represent several identical components. This models
unbounded process instantiation with finite P/T-nets.

For example, the Lotos expression wu;v; stop|[u]|u; stop represents two con-
current components. The first component executes actions u and v and then
stops. The second component executes action u and becomes inactive. Both
components are coupled on gate u and are therefore dependent on each other
with respect to the occurrence of u. The decomposition of u;v; stop|{u]lu; stop
into its components is denoted as the multi-set {u;v;stop|[u]|, |[u]lu; stop}. In
this syntax, we represent explicitly the fact that the components are coupled on
gate u by concatenating the symbol |[u]| to the right of u;v;stop and to the left
of u; stop.

Places modelling states of components are labelled by the corresponding
component-expressions. Transitions are labelled by gate names. The “stop” ex-
pression represents inaction and does not appear in the P/T-net. In our construc-
tion, edges from places to transitions are always one valued (i.e. (V¢, p)[pre(t)(p)
equals 0 or 1]) and every place has a distinct label. We unambiguously de-
note a place by its label. ;From the above multi-set of components, it is
possible to derive the transition represented as the triple:

{u; v; stop|[u]l, |[u]lu; stop} — u — {v; stop|[u]|}
To derive such triples, we define: 1) a function decomposing PLotos behavior-
expressions into component-expressions, and ii) a system of inference rules. The
head of each rule matches a term of the form:

{p1,pm}—a—{a, -, qn}

Such a rule can be applied to infer, as a function of the component-expressions, a
transition with preset {pi, ..., pm }, action a and postset {q1,...,¢n}. For instance,
the rule:

if My —Cl—')M{ and a ¢ {Ssé}
then My.|[S]| — a — M{.|(S]|

is used to infer the transition:
{v; stop|[u]|} —v — {}

We substituted {v;stop}, u and v to respectively My, S and a. M is empty
because the decomposition of “stop” is defined as the empty set.
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We introduce the decomposition function in Section 4.3 then we present, in
Section 4.4, the inference rules. But first, in Section 4.2 we translate Lotos
specifications in a form that makes easier development of consistency proofs.

4.2. Normal Form Specifications

PLotos specifications are rewritten into simpler forms, called normal form spec-
ifications. Sub-terms in which mutual recursion does not occur are expanded,
that is, process definitions are substituted for process calls. Then we distinguish
every parallel composition Bi|[gy, ..., gn]|B2 by labelling the operator with an
unique value k. This is represented as {[g1, ..., gn]|x. For example:

process pila, b, c] : noexit :=
(pZ[a’b]lllpE[a’b])UC; pl[arb)C]
endproc
process pz(a,b] : noexit 1=
a; b; stop|[a]|a; stop
endproc

is rewritten as:

process pi[a, b, c] : noexit :=

((a; b; stop |[a]l1 a;stop)|||(a;b; stop |[a]|2 a;stop))[]e;pila, b,c]
endproc

Static relabelling instead of dynamic relabelling is performed when pro-
cess instantiation terms are substituted by the corresponding defining behavior-
expressions. This issue is further discussed in Section 4.3.

As discussed in Section 4.1, with the small example: {u;v; stop|[u]}, |[u]|u; stop},
every general parallel composition is decomposed into two or more component-
expressions during the PLotos to the P/T-net modelling process. Labelling of
general parallel operators with a unique value is required to preserve important
contextual information of component-expressions. This information is required
to unambiguously determine which component-expressions need to be synchro-
nized together.

4.3. Decomposition Function

The decomposition function is denoted as dec. Its domain is the set of well-
formed PLotos behavior-expressions. Its range is the set of all possible finite
multi-sets of component-expressions.

Let By, B2 denote syntactically correct PLotos behavior-expressions, a de-
note an action name and S = gy, ..., 9, a list of synchronization gates, the de-
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composition function dec is defined as follows:

(d1) dec(stop) = {}

(d2) dec(a; B1) = {a;B1}

(d3) dCC(BlﬂBz) = {BlﬂBz}

(d4) dec(plg1, -y 9n]) = dec(Bplgi/h1, ., gn/nl)
(db) dec(B4|||B2) = dec(B1) + dec(Bs)

(d6) dec(B1|[S)|¢B2) := dec(B1).|[S1lx + |[S]|k-dec(B2)
(d7) dec(Bl >> Bz) = {B1 >> Bz}

(d8) dec(B1[> By) = {Bi[> Ba}
(d9)  dec(hide S in By) := hide S in.dec(B1)
(d10) dec(exit) := {exit}

where:
e in (d4), B, represents the body of process definition p,
® g1,..,9n 18 a list of actual gates,

e hy, ..., h, s a list of formal gates,

[91/h1, ..., gn/hn] is the relabelling postfix operator, gate h; becomes gate
g: (i=1,..,n), and

the expression dec(B1).|[S]|x denotes {z|[S]|x : & € dec(B1)}, similarly for
|[S]|x.dec(Bz) and the expression hide S in.dec(B,) denotes {hide S in z :
z € dec(By)}.

The dec function is deterministic, taking into account operator precedences
given in [ISO 88]. The restriction to guarded recursive processes (see Section 3)
is required to stop recursion in the dee function.

The relabelling operator is not user accessible and exists for the semantic
description of process instantiation. In Lotos, relabelling is dynamic; gates are
renamed at the execution time. For instance, let us consider this process defini-
tion:

process pla, b] : noexit :=
a; stop|[a, b]|b; stop
endproc

Instantiating p with p[a, a] yields an inactive process with dynamic relabelling,
since the expression a;stop|(a,b]|b; stop is inactive. Nevertheless, with static
renaming pla,a] yields the expression a;stopl[a, a]la; stop which may perform
the action a and becomes inactive.

It can be shown easily that for injective relabelling operators, static and
dynamic relabelling are equivalent. For the sake of simplicity, hereafter we con-
sider solely injective relabellings and perform static renaming, that is syntactical
substitution. We believe that this restriction is not significant, at least from a
computational point of view, and it is fulfilled in many applications.
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4.4. Inference Rules

This section exposes the inference rules of our PLotos to P/T-nets mapping. The
P/T-net N = (P, T, Act, My), with reachability set RS, associated to a PLotos
behavior-expression B is defined as:

1. o My =dec(B)
e My€ RS
o (Vp)[Mo(p) > 0= p € P]

22.fMeRSand X <M and X —a—7Y then
o (Vp)[Y(p) >0=pe P

e (X,a,Y)eT

e a¢c Act

e M =M-X+Y
e M' € RS

3. only the elements that can be obtained from items 1 or 2 are in P, T and
Act

The transition instances are inferred from the rules below. For all PLotos
behavior-expressions By, B}, Ba, B, action name a, list S = ¢1,...,9, of syn-
chronization gates and component-expression multi-sets M1, Ma, M{, M}:

(r1) {a;B1} —a— dec(B1)
(r2) if By —a— Bj
then {B1[]B;} — a — dec(B])
(:3) if B, — a — B},
then {B;[]B;} — a — dec(B%)
(r4) if My —a — M and a ¢ {5, 6}
then M;.|[S]|x — a — M{.|[S]|x
(r5) if M2 —a — Mj and a ¢ {S, 6}
then |[S][x.Ma — a — [[S]|x- M
(x6) if My —a — M{ and My —a — M} and a € {S, 6}
then My.|[S]|e + |[S)|x- M2 — a — M{.|[S]|x + [[S]]k-M
(r7) f Bp—a— Bjand a# §
then {B1 >> By} —a — {B] >> B3}
(8) if B, — § — B!
then {B; >> By} — i — dec(B>)
(r9) if Bi—a— Bjanda#$
then {Bl[> Bg} —a— {B;[) Bz}
(r10)if B, — 6 — B}
then {B;1[> Bs} — 6§ — dec(B))
(r11)if By —a — B}
then {Bi[> B2} — a — dec(Bj})
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(r12)if M} —a — M| and a & {S}

then hide S in.M; —a — hide S in.M]
(r13)if My —a — M{ and a € {S}

then hide S in.M; — i — hide S in. M|
(v14) {exit} — 6 — {stop}

In the “f part” of inference rules (r2), (r3), (x7) (r8), (x9), (r10) and (fll)
behavior By (B;) makes a transition to behavior Bj (B5) on action @ or § in
accordance with the original Basic Lotos semantics.

Theorem 1 (Boundedness theorem) PLotos can be modelled by a finite P/T-
net.

We must show 3 that any PLotos normal form specification:
specification ... behaviorBy .. .endspec

can be modelled by a P/T-net N = (P,T, Act, My) whose sets P, T and Act are
finite (note that the associated reachability set RS is not necessarily finite).
In the sequel, the operators in component-expressions are classified as follows:

e stop, exit, and plg;, ..., g»] are nullary operators.

¢ |[S]|z, and hide S in are unary operators.

“.”

o “7 “>>” and “[>” are binary operators.

Note that the operator “|||” never appears in a component-expression.

(The set Act is finite). In a normal form PLotos specification there is a finite
number of gates. Lotos gates are translated to P/T-net transition labels, i.e.
elements of Act. Consequently, the set Act is finite.

(The set P is finite). The statement “The set P is finite” is equivalent to
the statement:

S1. There exists a K such that for all p € P, the number of
nullary operators in p is less than K.

This equivalence is a consequence of the conjunction of the following facts (let
us suppose that we distinguish, in the normal form specification, every operator
from the others): 1) The set of gates and nullary, unary and binary operators,
that can possibly be used in a component-expression is finite. ii) Every unary
or binary operator is used at most once in a component-expression. iii) Using
a finite number of gates and nullary, unary and binary operators, and zero or
one occurrence of every unary or binary operator, there is a finite number of
syntactically different component-expressions that can be constructed.
The negation of statement S7 is the following statement:

3The proof technique is similar to the one used in [Gara 89].
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52: Tt is possible to infer from dec(By) a component-expression p
in which there is an unbounded number of nullary operators.

Staternent S2 implies that there exist processes p;, p; with:

(p1,p2) € @

a marking:
M, € RS

and a component-expression p with:
pE M,

where there is a nullary operator who occurs an unbounded number of times
in p. This unbounded number of occurrences is due to the substitution of re-
cursive instantiation terms of p; by its defining behavior-expression B,, of p;.
Nonetheless, this true solely if B,, has one of the following patterns:

o C1[Caps] * B], where the operator “+” is either “|[g1, ..., gs]]” or “>>” or
[ »
>,

4 Cl[Bl[g1,...,gn]|Cz[p2]]-
e Cilhide g1,...,gn in Ca[ps]]

where Ci[ ] and C,[ ] denote two contexts and B denote any behavior-
expression. However, these patterns ar disallowed in PLotos (see Section 3).

(The set T is finite). This follows from the fact that from a finite set of
syntactically different component-expressions, application of the inference rules
can derive a finite number of transitions.

The next theorem states that the P/T-net semantics is in accordance with
the original semantics of Lotos.

Theorem 2 (Consistency theorem) The Petri net semantics of Lotos is consis-
tent with the standard Lotos semantics. That is, for all PLotos behavior expres-
sion B, marking M with dec(B) := M:

1. [B—a— B = @M)E)[M(t > M Aact(t) = a Adec(B') = M']
2. [M(t > M'] = (AB')[B — act(t) — B' Adec(B') := M']

The proof is by induction on the number of operators in a behavior-expression
B and refers to the standard Lotos semantics in Refs. [Bolo87] and [ISO8S].

Definition 1 Two graphs A; = (S1, Ey,n1) and Ay = (S2, E2,n2) are bisimu-
lar [Park 81] if there exists a relation R C Sy x So, called a bisimulation relation,
with:

1. (n1,n3) € R, and for all (n,m) € R
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2. [(n,a,n’) € Eq] = (Am')[(m, a,m’) € E; A(n',m') € R], and
3. [(m,a,m') € E5] = (3n")[(n,a,n’) € E; A(n',m’) € R].

Corollary 1 Let B be a PLotos behavior-ezpression, with transition graph TG,
and let N = (P, T, Act, My) be the associated P/T-net with reachability graph
RG(N). The dec function is a homomorphism from TG reachability set to
RG(NY) reachability set. TG and RG(N) are bisimular under the bisimu-
lation relation R defined as:

1. (B,My) € R, and

2. For all B' in the TG reachability set and for all M in RG(N) reachability
set:
(B',M)€ R<=dec(B'):=M

The dec function is a graph homomorphism because it identifies equiva-
lent Lotos behavior-expressions Bil||Bs with Bs|||B;, and Bi|||(Bz|||Bs) with
(B1l]|B2)|||B3s. These equivalences are in accordance with the commutativity
and the associativity laws in {ISO 88]. Solely syntactic nature information is
lost, “dec” preserves all semantic properties. This can be illustrated by the
following commutative diagram:

B —dec— M
| |

a a

{ !
B —dec— M’

5. Simulation of P/T-nets in PLotos

In Section 4, we identified a subset of Lotos, PLotos, that can be modelled
by finite P/T-nets. In this section, we show that conversely P/T-nets can be
simulated by PLotos. These two facts lead to the conclusion that PLotos and
P/T-nets are equivalent models, that is models with equivalent computational
power.

We make two reasonable hypotheses. First, we simulate in PLotos, P/T-nets
whose place to transition edges are one valued, i.e.:

(Vt, p)[pre(t)(p) equals 0 or 1]

This restriction is not a handicap because it has been proved [Kasa 82] that
P/T-nets of arbitrary edge valuation can be simulated by P/T-nets whose edges
are all valued to one, with language equality equivalence.

Second, we assume that no place is simultaneously in the preset and the
postset of a single transition. This restriction is not significant. P/T-nets with
circuits made of one place and one transition can be simulated by circuit free
(pure) P/T-nets [Bram 83].
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Before we go into detail, we give a brief overview of the simulation. Given
a P/T-net N = (P, T, Act, M) with set of places P = {p;,...,pn}, we define a
PLotos process Ny, with equivalent behavior. That is, the reachability graph
of N and the transition graph of Ny , are bisimular. The process Ny , is defined
inductively on the number n of places.

Every transition ¢ € T is mapped to a Lotos gate, also named ¢. Every place
p; € P is mapped to three PLotos processes, namely token;, p; and P;(k). The
process token; models a token inside the place p;. It participates in actions that
occur at gates corresponding to outgoing transitions of the place p;. Instances
of token; are created by the process p; when the place p; incoming transitions
are fired.

The process P;(k) models place p; containing k tokens and is defined as the
independent parallel composition of one instance of process p; and k instances of
process token;. Simulation of a place p; in PLotos is further discussed in Section
5.1 (with an example in App. B).

The whole PLotos model of the P/T-net N, with current (or initial) marking
M is defined inductively. The PLotos model Ny, of N, restricted to place p,
is defined as the process Py (M(1)).

The model Ny ; of N, restricted to places py, ..., p;, is defined as the parallel
composition of the process Ny ;_1 that models N restricted to places py, ..., pi—1
and the process P;(M(i)). These two processes are synchronized on the set
of transitions that place p; shares with places py,...,p;—1. This construction is
presented formally in Section 5.2 (with an example in App. B).

5.1 Modelling of Places

Let N = (P,T, Act, M) be a P/T-net with P = {py,...,pp} and T = {t1,...,tm }.
We first discuss how tokens inside places are represented by Lotos processes.
Given place p; € P, let:

o T=Y(p;) = {tr : post(t;)(p;) > 0}, transitions that deposit tokens into
place p;

o I'(p;) = {to : pre(to)(p;) > 0}, transitions that extract tokens from place
pi

® T(X) =U,,ex(T(pi) UT~!(p;)), transitions connected to places in X
A token inside place p; can participate in the firing of a transition in I'(p;).

Definition 2 Let I'(p;) = {to1,...,tov}, a token inside place p; is represented
as the following PLotos process:

process token;[to, ..., toy ] noexit:=

toq; stop])...[Jtow; stop
endproc

If T(p;) is empty, then the body of token; is stop. Let T='(p;) = {t11,....tru},
the place p; is modelled by the following process:
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process p;[tr, ..., tru,to1, ..., toy] noezit: =
try; ((fokensftoy, ..., tou]lll - - |l|tokensftor, ..., tou])

(* post(tr1)(p;) times *)

piltr1, .. tru,to1, -y t0u])

tru; g(token,-[t()l, wotou]lll - |tokenitoy, .., tou])
(* post(tr.)(pi) ti;uas *)

ll
Piltri, - trutor, - tou])
endproc

Note that recursive calls to p; are guarded and allowed in a pure interleaving.
Informally, this says that when an input transition of place p; is fired, either t7;
or ... or ty, then tokens are deposited inside place p; (instances of process
token; are created). These new tokens can enable and fire transitions in I'(p;).
If I~1(p;) is empty, then the body of p; is stop.

The next lemma demonstrates the consistency of the PLotos model of a place.

Lemma 1 Let, for k € N, P;(k) denote the place p; containing k tokens, mod-
elled as the PLotos processes *:

Fi(0) =pi
Pi(k) =tokeni{||Pi(k—1) k>0

Forallke N:

Pik)—t—p & [(te€T™*(p:;)Ap= Pk + post(t)(m)))
V (k>0AteT(p)Ap=PF(k-1))].

The proof is by induction on k.

5.2 Modelling of P/T-nets

The model of a P/T-net in PLotos is also defined inductively. We first consider
unlabelled P/T-nets. For 1 < i < n, we denote by:

Ni; = (Prg, T, M)
the subnet of N = (P, T, M) restricted to places {pi,...,p; } where:
. Pl,i = {Pl, )pl}

o T, ={(X,act(t),Y):teTAX = Zpeplylpre(t)(p)p
NY =3 ep,, post)(pp A (X #{} VY #{D}

4 For the sake or rendability, we omit gate-tuples.
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e M, ;, the marking M restricted to places in P, ;

Note that Ny, = N. We denote by M; ;(¢) the number of tokens inside place p;
for the marking M, ;.

Definition 3 For 1 < i < n, the subnet Ny ; is modelled by a PLotos process
named N1 ;(My ;) defined as:

process Ny 1(Mi1)[ty,...,tm] noezit:=

Py(My,1(1))
endproc

Fori>1, Ny;(My;) is defined as:

process Ny ;(Mi;)[tq, ..., 1] noexit:=
|

[
J Py(M;(3)) T({Pz})ﬂT({Pl, oPici Pl Nyim1t(Mai-1)[t1, oy tm]
endproc

Note that, for ¢ = 1,...,n, Ny ;(M; ;) is not recursive (i.e constraint 3.1 and
3.2 are not violated).

The model of a P/T-net N in PLotos is the process Ny ,(Mi). The next
lemma demonstrates the consistency of the PLotos model of P/T-nets.

Lemma 2 Let N = (P,T,M) be a P/T-net and M' € NF be a marking. For
everyi=1,...,n, let Ny ; = (P1;,T1,;, M1;) be the subnet defined as above, then
forallt € Tl,z'»'

Myi(t > M{; & Ny i(Myg) —t — Nyi(Mj ;)

The proof is by induction on i.

Let N = (P,T,Act, M) be a labelled P/T-net and let N1 ,(M;,) be the
PLotos model of the corresponding unlabelled P/T-net. We may add labels
ay,...,a; in Act, of transitions in T, to the PLotos model as follows:

process LabelledN1 n(Ml »)ai, ..., a;]:noexit:=

hide 1, ..., 1, in Afay, .. a1, 81, o tm] |[E1, o tm]| N1 (M o)t oo tm]
where
process Alay, ..., a;, 11, ..., iy ] noexit:=

ti;act(ty); Alay, .., ar,te, o tm] [ [t act(tn); Alag, ... a1, 11, - tm)
endproc
endproc

Note that in the process LabelledN; ,, the constraint 3.3 is not violated.

6. Conclusion

The fact that PLotos has the computational power of P/T-nets, with bisimula-
tion equivalence, means that:
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1. properties that are decidable for P/T-nets are decidable as well for PLotos,
and

2. algorithms for deciding properties of P/T-nets can be adapted to PLotos.

Furthermore, the aforementioned items are obtained by minimally restricting
Lotos, since P/T-nets can be modelled by PLotos. We have investigated adap-
tation of P/T-nets verification techniques to PLotos in Refs. [Barb 91a] and
[Barb 91b].
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Appendix A: Basic Lotos

A.1. Syntax of Basic Lotos

We assume that Basic Lotos specifications are constructed as follows:

specification ::= specification specification-identifier formal-parameter-list
behavior
behavior-expression
[ local-definitions ]

endspec
formal-parameter-list ::= [ gate-tuple ] “” functionality
gate-tuple = “[” gate-identifier-list “}”

gate-identifier-list ::= gate-identifier { “” gate-identifier }

functionality ::= exit | noexit
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behavior-expression =
stop
gate-identifier “;” behavior-expression
behavior-expression “[]” behavior-expression
process-identifier [ gate-tuple ]

behavior-expression “|||” behavior-expression
behavior-expression “|[” gate-identifier-list “]|” behavior-expression
exit

behavior-expression “>>” behavior-expression
behavior-expression “[>” behavior-expression
hide gate-identifier-list in behavior-expression

local-definitions ::= where process-definition { process-definition }

process-definition ::=
process process-identifier formal-parameter-list “:=”
behavior-expression

endproc
specification-identifier ::= identifier
process-identifier ::= identifier

gate-identifier ::= identifier

identifier ::= letter [ { normal-character | “” } normal-character ]

normal-character ::= letter | digit

In a “process-definition”, the term “behavior-expression” is called the defi-
3
ning behavior-expression of the process named “process-identifier”.

Appendix B: The simulation of a P/T-net in PLotos

P/T-net
3| t,
fH Kl P4
t3

Py B
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Translation of places

process py[t;]moexit:= process token; [t;]:noexit:=
stop t1; stop

endproc endproc

process ps[t;]moexit:= process tokeny[ |:moexit:=
t1; tokens[ || |p2[t1] stop

endproc endproc

process ps[ti, ta]:noexit:= process tokens[tz]:noexit:=
ty; tokeng[ta]|||ps[t1, t2] tq;stop

endproc endproc

process palta, ts, ta]:noexit:= process tokeny[ts]:noexit:=
ta; tokena(ts]||[paft2, 3, t4] i3;stop

endproc

tystokena[ts]||[paltz, ts, 4]
endproc

Lotos model of the P/T-net
process Ny 1((1))[t1,%2,t3,t4]moexit:= P;(1) endproc
process N1 3((1,0))[t1, 12, 13, ta]moexit:= Po(0)|[¢1]|N1,1((1))[t1, t2, t3, 4] endproc

process N1 3((1,0,0))[t1,12,t3,14])moexit:= P5(0)|[t1]|N1,2((1,0))[¢1,22, 13, 4]
endproc

process N1’4((]., 0, 0, 0))[t1, tg, t3,t4]:noexit:: P4(0)[[t2]|N1]3((1, 0, 0))[t1 , tz,tS, t4]
endproc

where

Pi(1) = tokeny [t1][||p1[t1]
Py(0) = pafti]

P3(0) = ps[t1,ta]

P4(0) = p4lta, 13,14)



