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Abstract
Maximality-based labeled transition system model is a model 
which expresses, in a natural way, maximality semantics of 
concurrent systems. In this paper, we present intuitively and 
motivate the maximality semantics. Moreover, we present some 
results around expressing true-concurrent semantics of P/T Petri 
nets in terms of maximality-based labeled transition systems. First, 
an operational semantics for P/T Petri nets allowing interpreting a 
Petri net in terms of maxi mality-based labeled transition system is 
proposed. As effect, bisimulation relations of maximality, defined 
on maximality-based la beled transition systems, are extended to 
Petri nets. Then, we explore results of two interesting reduction 
techniques, namely the aggregation of transitions and reduction 
based on α-equivalence relation.
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I. Introduction
The model of Petri nets is very attractive by its ability to capture 
parallel behavior of systems. One of verification approaches of a 
Petri net is to generate its marking graph which can be reduced to 
a labeled transition system [1]. The generated labeled transition 
system is used for the verifica tion of the system properties specified 
by the Petri net (model checking, bisimilarity, conformance testing, 
etc. [5, 10, 17, 6, 11]). However, labeled transition systems are 
based on the interleaving semantics, causing that parallel executions 
are interpreted as their interleaved executions. Consequently, the 
processes a|||b and a;b+b;a have the same semantics. In other 
words, the behaviors represented respectively by fig. 1.(a) and 
1.(b) have a single semantic repre sentation illustrated in Fig. 
1.(c).

Fig. 1: Interleaving Semantics

This view is consistent under assumption ensuring that considered 
actions are events. However, in reality, this assumption is not 
al ways accepted. Actions are often non-atomic and elapse in 
time.
Taking into account the non-atomicity of actions in a system has 
been deeply studied in the last two decades allowing designers 
to handle refinement of actions to build their systems. Different 
semantics were proposed, among with the maximality bisimulation 
relation that has been defined and proved to be the coarsest rela tion 
preserved by action refinement [8, 9, 18]. From this mathematical 
approach, Maximality-based Labeled Transition Systems (MLTS) 

were proposed as an operational structure to verify concurrency 
properties. MLTS appears to be as a labeled state graph augmented 
by annotation enabling one to directly handle the concurrency of 
actions. This structure takes advantage from specific reduction 
techniques preserving the maxi mality bisimulation relation. Such 
a structure is not related to a specific specification model and has 
already been applied to verify concurrency properties of LOTOS 
and Petri nets specifications [7, 15]. A formal verification envi-
ronment called FOCOVE were developed and used in this context 
[16].
The aim of this paper is to synthetize the different contributions 
that yield to FOCOVE environment. For the sake of clarity, we 
concen trate on Petri nets to illustrate them. The paper is structured 
as follows. Section II introduces the MLTS model and recalls some 
definitions re lated to place/transition Petri nets. In Section III, we 
give a semantics for place/transition Petri nets in terms of MLTS 
structures. Sections IV and V deal with two reduction techniques 
for MLTS, aggregation of transitions and reduction based on  
α-equivalence relation. Proofs can be found in [14].

II. Preliminaries [7, 12]

A. Maximality-Based Labeled Transition Sys tems
An MLTS is a graph labeled on both states and transitions. Each 
state is labeled by a set of event names. Each event name identifies 
the start of execution of an action (eventually under execu tion) 
which started its execution before this state. This action is said 
potentially under execution in this state. A transition between two 
states si and sj is labeled by a 3-uple (M,a,x) (noted Max) where 
x is the event name identifying the start of execution of the action 
a and M is the set of event names representing the actions where 
their terminations are a condition for starting a. Elements of M 
belong to state si. Hence, the set of event names corresponding 
to state sj is that of si from which the set M is removed and the 
event name x is added. 
Definition 1: Let M be a countable set of event names, a maximality-
based labeled transition system of support M is a tuple (Ω,λ,µ,ξ,ψ) 
with

Ω=1. S,T,α,β,s0  is a transition system such that
S is the set of states in which the system can be found, this • 
set can be finite or infinite.
T is the set of transitions indicating state switch that the system • 
can achieve, this set can be finite or infinite.
α and β are two applications of T in S such that for all transition • 
t we have: α(t) is the origin of the transition and β(t) its 
goal.
s• 0 is the initial state of the transition system Ω.
(Ω,λ) is a transition system labeled by the function λ:T2. Act 
on an alphabet Act called support of (Ω,λ).
ψ:S3. 2M is a function which associates to each state the finite 
set of maximal event names present in this state.
µ:T4. 2M is a function which associates to each transition 
the finite set of event names corresponding to actions that 
have already begun their execution and of which the end of 
execution enables this transition.
ξ:T5. M is a function which associates to each transition the 
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event name identifying its occurrence.
such that ψ(s0)=∅ and for all transition t, µ(t)⊆ ψ(α(t)), ξ(t)∉ψ(α(t))-
µ(t) and ψ(β(t))=(ψ(α(t))-µ(t))∪{ξ(t)}.
Example 1: Fig. 2.(a) and fig. 2.(b) represent maximality-based 
labeled transition systems re lated respectively to the two Petri nets 
of fig. 1.(a) and fig. 1.(b). In fig. 2.(b), the set {x,y} indicates that 
the two occurrences of the actions a and b identified respectively 
by x and y can take place simultaneously.

Fig. 2: Maximality-Based Labeled Transition Systems

B. Petri Nets Related Definitions [3-4]
A Petri net is a tuple (S,T,W) where S is the set of places, T is the 1. 
set of transitions such that S∪T=∅, and W:((S×T)∪(T×S))
N={0,1,2,…} is the weight function. Graphically, transitions 
of T are represented by rectangles, places of S by circles and 
weight function by ar rows associated with their weights. We 
suppose that all nets are finite.
The marking of a Petri net (S,T,W) is de fined as a function 2. 
M:S N. A marking is generally represented graphically by 
putting tokens in places.
The transition rule stipulates that a transi tion t is enabled 3. 
by M iff M(s)≥ W(s,t) for all s∈S. The firing of a transition 
t will produce a new marking M’ defined by M’(s)=M(s)-
W(s,t)+W(t,s) for all s∈S. The occurrence of t is denoted 
by M[t>M’.
Two transitions t4. 1 and t2 (not necessarily distinct) are 
concurrently enabled by a marking M iff M(s)≥W(s,t1)+W(s,t2) 
for all s∈S.
A marked Petri net (S,T,W,M5. 0) is a Petri net (S,T,W) with 
an initial marking M0.
An alphabet A of actions is a finite set; we suppose that τ6. ∉A 
(τ will indicate invisible action, or silent action). The labeling 
of a Petri net N=(S,T,W) is a function λ:T  A∪{τ}. If λ(t)∈A 
then t is said to be observable or external; at the opposite, t 
is silent or internal.
Σ=(S,T,W,M7. 0,λ) is a labeled marked Petri net or a labeled 
system iff (S,T,W,M0) is a marked Petri net and λ is a labeling 
func tion of (S,T,W).
An action a8. ∈A of a system Σ=(S,T,W,M0,λ) is auto-concurrent 
in a marking M iff M concurrently enables two observable 
transitions t1 and t2 (not neces sarily distinct) such that 
λ(t1)=λ(t2)=a.
A sequence σ=M9. 0t1M1t2… is an occur rence sequence 
iff Mi−1[ti>Mi for 1≤i. A se quence t1t2… is a transition 
sequence starting with M iff there is an occurrence sequence 
Mt1M1t2… If a finite sequence t1t2…tn leads from M to M’, 
we write M[t1t2…tn>M’. The set of reachable markings (or 
configurations) of a marked Petri net (S,T,W,M0) is defined 
as [M0> = {M|∃t1t2…tn: M0[t1t2…tn>M.

III. Petri Nets and Maximality Semantics
Consider the example of the marked Petri net of Fig. 3.(a). 

Fig. 3: Marked Petri Net

With the firing of the transition t1, it is clear that the firings of 
transitions t2 and t3 are conditioned by the end of the action related 
to t1. To capture this causal dependency between events that means 
with firings of transitions, we consider that the tokens produced by 
the firing of the transition t1 are bound to this transition, namely the 
token in the place s2 and the token in the place s3. We can see that, 
in the initial state, the token in s1 is not bound to any transition; 
this token is called free in this state. In the case when t2 would be 
fired, it could be argued that the ac tion associated with the firing 
of t1 has finished its execution. As a result, the token in s3 will 
be come free. Resulting marking after the firing of the transition 
t2 is given in fig. 3.(c).
To distinguish between free and bound tokens in a place we can 
imagine that a place is composed of two separated parts. The left 
part contains free tokens while the right one will contain bound 
tokens related to events. In a place, the number of free tokens will 
be denoted by FT, while bound tokens set will be denoted by BT. 
Hence, the succession of markings of fig. 4.

Fig. 4: Free Tokens and Bound Tokens

To answer the question of how binding the to kens with a transition 
firing, let us consider the marked Petri net of fig. 5.(a).

Fig. 5: Tokens Linking
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The two tokens of the place s2 are bound to events of transition 
t1 and both actions associated with t1 can be executed in parallel. 
Each firing will be identified by an event name. As a result, binding 
a token may be characterized by both the transition that produced 
it and the event name identifying the firing of this transition. In 
the con figuration C2 of fig. 6, the set of bound to kens in s2 is 
BT={t1x} while the set of bound tokens in s2 of the configuration 
C3 is BT={t1x,t1y}. The event name x refers to the first firing of the 
transition t1 while y refers to the se cond firing of this transition.

Fig. 6: Firing Succession of t1

Another problem concerns tokens which are bound to the same 
transition. To see that, con sider the Petri net of fig. 7.(a). With 
the firing of the transition t1, we obtain the derivation or the 
configuration change of fig. 7.(b)

Fig. 7: Petri Net with an Output arc of a Weight Greater than 1

The right side BT of the place s2 contains two tokens bound to 
the firing t1x, i.e. BT={t1x,t1x}. Since BT is a set, we consider that 
a bound token related to an event x of some transition t is a tuple 
(n,t,x) of N×T×M, also denoted ntx, where n is the number of 
tokens produced by this instance, t is the transition that produce 
this token and x is the event name associated to the firing of t. 
We denote by BT={n1t1x1,n2t2x2,…} the set (possibly empty) of 
bound tokens. In the previous example, BT={2t1x}. Therefore, the 
marking of a place s is a pair (FT,BT) where FT is the number 
of free tokens in s.
Definition 2: Let N=(S,T,W) be a Petri net, the marking of N is 
a function M:S N×2N×T×M. Among others, the marking M(s) of 
a place s∈S is a pair (FT,BT) such that FT∈N and BT∈2N×T×M 

denote respectively the number of free tokens and the set (possibly 
empty) of bound tokens in the place s.
|M(s)| denotes the total number of tokens in a place s. 
If M(s)=(FT,BT) such that BT={n1t1x1, …, nmtmxm}then 
|M(s)|=FT+|BT| with |BT|=Σm

i=1 ni is the cardinal of the bound 
tokens set in s. Sometimes, we use FT(s) and BT(s) to denote the 
parts of the marking M(s) of the place s.
Now, we consider the identification of consumed tokens by a firing 
of a transition. To do this, let us consider the Petri net of fig. 8.(a). 
We assume that one token of s3 is bound to the firing of t1 (t1x) and 

the other one is bound to the firing of t2 (t2y). Among bound tokens 
in s3, we want to know the consumed token in the first firing of t3 
and that consumed in the second firing of the same transition. This 
information is essential to know, in each configuration, the actions 
(associated with transitions) which have finished their execution. 
To do this, we associate at the level of a firing the event names 
identifying bound tokens consumed by this firing. This yields to 
firing sequence highlighted in fig. 8.

Fig. 8: Event Names Identifying Consumed Tokens

A. Preliminary Fefinitions
In the following paragraph, some preliminary definitions are 
presented before introducing a specific marking graph building 
method.
Let R=(S,T,W,M0) be a marked Petri net and M is a configuration 
of R.

The set of maximal event names in M is the set of all event 1. 
names identifying bound tokens in the marking M. Formally, 
the function ψ will be used to calculate this set, it can be 
defined as ψ(M)=∪s S∪

ms
i=1 xsi such that M(s)=(FT,BT) with 

BT={(ns1,ts1,xs1), …,(nsms,tsms,xsms)}.
Let N2. ⊂M be a non-empty finite set of event names, 
makefree(N,M) is defined recursively by:
makefree({x3. 1,x2,…,xn},M)=makefree({x2,…,xn},makefree 
({x1},M))
makefree({x},M)=M’ such that for all s4. ∈S, if M(s)=(FT,BT) 
then
If there is (n,t,x)• ∈BT then M’(s)=(FT+n,BT−{(n,t,x)})
Otherwise, M’(s)=M(s).• 
Let t be a transition of T. t is said to be enabled by the marking 5. 
M iff |M(s)|≥ W(s,t) for all s∈S. The set of all transi tions 
enabled by the marking M will be noted enabled(M).
The marking M is said to be minimal for the firing of the 6. 
transition t iff |M(s)|= W(s,t) for all s∈S.
Let M7. 1 and M2 be two markings of the Petri net (S,T,W). 
M1∠M2 iff ∀s∈S, if M1(s)=(FT1,BT1) and M2(s)=(FT2,BT2) 
then FT1≤FT2 and BT1∠BT2 such that the relation ∠ is 
extended to bound tokens sets as follows:
BT• 1∠BT2 iff ∀(n1,t,x)∈BT1, ∃(n2,t,x)∈BT2 such that 
n1≤n2.
Let M8. 1 and M2 be two markings of the Petri net (S,T,W) 
such that M1∠M2. The difference M2-M1 is a marking M3 
(M2-M1 =M3) such that for all s∈S, if M1(s)=(FT1,BT1) and 
M2(s)=(FT2,BT2) then M3(s)=(FT3,BT3) with
FT• 3=FT2-FT1
∀•	 (n1,t,x)∈BT1 and ∀(n2,t,x)∈BT2, if n1≠n2 then (n2-
n1,t,x)∈BT3.
Min(M,t) = {M’|M’9. ∠M} and M’ is mini mal for the firing 
of t.
Let M be a set. The function get:210. M-{∅} M is a function 
which satisfies get(E)∈E for any E∈2M-{∅}.
Given a marking M, a transition t and an event name x11. ∉ψ(M), 
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occur(t,x,M)=M’ such that ∀s∈S, if M(s)=(FT,BT) then 
M’(s)=(FT,BT’) with BT’=BT∪{W(t,s), t,x)} if W(t,s)≠0 
and BT’=BT otherwise. Hence, M’ is the resultant marking 
from the addition of tokens bound to t to the marking M.

B. Construction of Marking Graph
The reachability graph of a labeled marked Petri net is a labeled 
system Σ in the sense of Definition 3.
Definition 3: Let M be a reachable marking of the marked Petri net 
(S,T,W,M0), t∈enabled(M), then for all M”∈Min(M,t), E∈ψ(M”) 
and M”’=makefree(E,M-M”); the following firing is possible: 
M—Etx—>M’ (also denoted by (M,Etx,M’)) such that

E is the set of maximal event names associated with occurrences • 
of actions in which the end is required for the start of the action 
related to the firing of the transition t.
x=get(M-ψ(M”)) and• 
M’=occur(t,x,M”’).• 

C. Properties
Proposition 1: Let Mg be the marking graph of a labeled marked 
Petri net Σ=(S,T,W,M0,λ) built according to Definition 3. 
(Mg,λ,µ,ξ,ψ) is an MLTS with

Mg=1. 〈Sg,Tg,α,β,M0〉	such that
Sg is the set of states defined by the set of reachable markings • 
from the initial marking M0.
Tg={(M,• Etx,M’)} such that M,M’∈Sg and (M,Etx,M’) is a 
valid firing.
For (M,• Etx,M’)∈Tg we have α(M,Etx,M’)= M and β(M,Etx,M’)= 
M’.
ψ:Sg2. →2M is the function defined in Section III.A.
For d=(M,3. Etx,M’)∈Tg we put λ(d)= λ(t), µ(d)=E and 
ξ(d)=x.

Proposition 2
As far as interleaving semantics is considered, the set of transition 
firing se quences in a marking graph exactly correspond to the set 
of even sequences of the MLTS.

Proposition 3
The underlying structure which consists in abstracting maximality 
annotations (event names, maximal event sets, etc.) is bisimilar 
to the corresponding labeled transition system of the considered 
Petri net.

Definition 4
Let Σ1=(S1,T1,W1,M01,λ1) and Σ2=(S2,T2,W2,M02,λ2) be two 
labeled systems. Σ1 and Σ2 are said to be maximally bisimilar iff 
their respective MLTS are maximally bisimilar.

Example 2
Consider the example of the two labeled systems Sys1 and Sys2 
in fig. 9.(a) (this example is from [8]). By applying the proposed 
approach, the corresponding MLTS are given by fig. 9.(b). The 
reader may easily check that these two systems are maximally 
bisimilar.

Fig. 9: Maximally Bisimilar Systems

IV. Generation of Marking Graph With Aggregation of 
Transitions
Consider the marked Petri net of fig. 10(a). By applying the 
approach of Section III, corresponding MLTS of this Petri net 
is given by fig. 10(b). In the initial state s1 of the MLTS of Fig. 
10.(b), no action is running, from where the association of the 
empty set with this state. From state s1, actions a and b can start 
their execution independently, their starts are respectively identi-
fied by event names x and y. a and b can be launched in any order. 
The set {x} (resp. {y}) in state s2 (resp. s3) stipulates that the action 
a (resp. b) are potentially under execution in this state. {x,y} in s4 
shows that a and b can be exe cuted simultaneously.

Fig. 10: Operational Semantics of a Petri Net in Terms of 
MLTS

Note that when the system is in state s2, while the action a has not 
been terminated yet, the only evolution concerns the start of b. 
How ever, when a terminates, we can start the action b caused by a 
or the action b which is independent from the end of a. Resulting 
states are respectively s4 and s5. We can ob serve that from state 
s5, the start of b is always possible. However, the same ending 
constraint of a is imposed for the execution of b at the level of 
state s4. Note that causal dependence between execution of b 
across from the action a is captured by the consumption of the 
pro duced token coming from the transition t1 during the firing of 
t2 in the Petri net.
Notice that from state s2, transitions leading respectively to states 
s4 and s5 are due to the firing of the same transition t2. In the first 
firing, the token of the initial marking is used whereas in the 
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second firing, the used token is that produced by the firing of t1. 
On the other hand, such as we noted above, the derivation by b 
leading to state s4 is not conditioned by the end of the action a, 
while the derivation leading to state s5 is conditioned by the end 
of a. Therefore, is it possible to omit the deriva tions s2→s5→s6 in 
the MLTS? In other words, did the MLTS of fig. 10(c), preserve 
the behavior of the Petri net of fig. 10.(a)? That is what we will 
show in the following section.

A. Operational Maximality Semantics for Petri Nets with 
Aggregation of Transitions
Usually, marking graph is generated in the same manner as the 
previous approach, thus we keep the same basic definitions, 
but to achieve our goal we must change the seman tics of the 
function Min. In this case, a minimal marking for the firing of a 
transition t is considered as an element of the set Min(M,t) only 
if for each place of this marking, bound tokens are only taken in 
the case when the free part does not satisfy the pre-condition of 
this transition. Therefore, we can ensure that a transition t will be 
executed sequentially after a transition t’ if it cannot be executed 
independently with this same transi tion t’.
Formally, Min(M,t) is the set of markings M’∠M such that for 
any state s where M(s)=(FT,BT), M’(s)=(w(s,t),∅) if FT≥w(s,t) or 
M’(s)=(FT,BT’) otherwise, with BT’∠BT and |BT’|=w(s,t)-FT.

B. Maximality Bisimulation Relation on Transi tions 

Definition 5
Let Mark be a set of markings, T a set of transitions and → a 
derivation rela tion between markings as defined in Definition 3.

A relation R1. ⊆2Mark×2Mark×F is said a maximality bisimulation 
relation according to a set of transitions T iff ∀(Mi,M’i,IdAi)∈R, 
Ai⊆ψ(Mi) and Ai⊆ ψ(M’i),
If M• i—Eitix—>Mj then ∃M’i—E’itiy—>M’j / ∀u∈Ai if u∉Ei 
then u∉E’i and for z=get(M-((ψ(Mi)-Ei)∪(ψ(M’i)-E’i))): 
(Mj[z/x],M’j[z/y], IdAi+1)∈R / Ai+1=(Ai-Ei) ∪{z}.
If M’• i—E’itiy—>M’j then ∃Mi—Eitix —>Mj / ∀u∈Ai if u∉E’i 
then u∉Ei and for z=get(M-((ψ(Mi)-Ei)∪(ψ(M’i)-E’i))): (Mj[z/
x],M’j[z/y], IdAi+1)∈R / Ai+1=(Ai-E’i) ∪{z}.
Two labeled systems Σ2. 1=(S1,T,W1,M01,λ1) and 
Σ2=(S2,T,W2,M02,λ2) are said to be maximally bisimilar 
according to T, noted Σ1 ≈

T Σ2 iff there exists a maximality 
bisimulation relation R according to T such that (M01, 
M02,∅)∈R.
M3. 1 ≈

T/f M2 denotes the fact that (M1,M2,f) ∈R.

Corollary 1 ≈T ⊆ ≈
Proposition 4: Let M be a marking with A⊆ψ(M) then

M ≈T/Idψ(M) M• 
M ≈T/IdA M• 
If B=ψ(M)-A then makefree(B,M) ≈T/IdA M• 

Proposition 5
Let Σ be a system with the initial marking M0, and let σ be a 
sequence of transitions such that M0[σ> M and M0[σ> M’ with 
D⊆ψ(M), C⊆ψ(M’) and f:D→C a bijection, then M ≈T/f M’ ⇒	
makefree(ψ(M)-D,M) ≈T/f  makefree(ψ(M’)-C,M’).

Proposition 6
Let f=IdA such that A⊆ψ(M). If M—E1tx—>M1 and M—E2tv—>M2 
such that A∩E1 ⊆ A∩E2 then for z=get(M-((ψ(M)-E1)∪(ψ(M)-
E2))) and B=(A-E2)∪{z} we have M1[z/x] ≈T/IdB M2[z/y].

Theorem 1
Let Σ=(S,T,W,M0,λ) be a labeled system and let mlts1 (resp. mlts2) 
an MLTS generated from Σ by using the maximality se mantics 
(resp. maximality semantics with aggregation of transitions), then 
mlts1 and mlts2 are maximally bisimilar for the set of transitions 
T.

V. On-the-Fly Reduction Modulo α-Equivalence 
Relation
Consider the marked Petri net of fig. 11. By applying the approach 
of Section III, corresponding MLTS is given by fig. 12(a).

Fig. 11: A Labeled Marked Petri Net

Fig. 12: Maximality-Based Labeled Transition Systems

The reader can remark that states s4 and s5 repre sent the same 
behavior regardless to the choice of event names. Consequently, 
the substitution of event names u (resp. v) by y (resp. x) leads to 
the states as shown in fig. 12.(b).
Indeed, figs. 12(a) and 12(b) are linked with an equivalence relation 
defined on MLTS and named the α-equivalence relation. The same 
rela tion has been defined on the formal descrip tion technique 
LOTOS and an on-the-fly MLTS generation algorithm w.r.t the 
α-equivalence relation for LOTOS has been proposed in [2]. In 
what follows, we extend the result to the model of P/T Petri nets. 
We will use the α-relation as a criterion of redundant behaviors and 
a maximality bisimulation relation as a preserved property. Both 
sub-MLTS Sub1 and Sub2 of fig. 12(a) are α-equivalent. Indeed, 
it exists two sub stitution functions σ1={x/x, y/y, z/z} and σ2={x/v, 
y/u, z/w} such that Sub1σ1= Sub2σ2. To remove such a redundancy, 
we must, initially, apply the substitution function σ1∪σ2 to the 
MLTS of fig. 12(a), group the states s4 and s5, and remove Sub1σ1 
or Sub2σ2. As result, we obtain the MLTS of fig. 12(b).
What we have seen with the example of fig. 12(b) is applied on an 
already generated MLTS; however, our goal is the generation of the 
α-reduced MLTS in an on-the-fly way. The alternative consists to 
verify, for each generated configuration, if it is α-equivalent with 
a previously generated configurations. In this case, a substitution 
function is calculated and applied to the MLTS and a configuration 
is removed. This is given by Algorithm 1.
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Algorithm 1
On-the-fly generation of MLTS from Petri nets
Require: A marked P/T Petri net
Ensure: an α-reduced MLTS
build the initial configuration conf0
list_confs ← conf0
while it exists an non-treated configuration do
    Sub ← ∅
select an element conf from list_confs
for all transition t do
    if enabled(conf,t) then
        calculate the set Min
        for all element item of Min do
            new_edge ← (item, get_trans_name(t), 
                    get(M))
            new_conf ← fire(consume(makefree 
                  (item, conf), t))
            if ←conf’ = new_conf such that conf’ ∈		
                    list_confs then
                add new_edge(conf,conf’) to  
                        list_edges
            else
                if ∃conf” = new_conf such that conf” 
                        ∈ list_confs then
                    add new_edge(conf, conf”) to 
                            list_edges
                    calculate the list of substitution 
                        Sub
                else
                    add new_conf to list_confs
                    add new_edge(conf, new_conf) to 
                            list_edges
                end if
            end if
        end for
    end if
end for
substitute list_confs, list_edges by using Sub
end while
end.
The algorithm implements the α-equivalence relation on 
configurations associated to Petri nets and defined as follows:

Definition 6
Σ=(S,T,W,M0,λ) be a labeled sys tem. The α-equivalence relation 
is recursively defined over configurations as follows:

M(s) =• α M’(s) iff FT(s)=FT’(s) and ∀(n,t,x) ∈BT(s), ∃(n,t,x’) 
∈BT’(s)
M =• α M’ iff ∀s∈S, M(s) =α M’(s)

Algorithm 1 allows, starting from the initial configuration, to 
generate on-the-fly an α-reduced MLTS. The construction is 
based on con figurations where for each new configuration, we 
extract new configurations and new transitions by using the 
maximality-based operational semantics for Petri nets (cf. Section 
III). A configuration is known as new if it is not α-equivalent to a 
previously generated configuration. To simplify the construction 
of the substitution function, we have associated to each maximal 
event its suitable action.

VI. Case Studies
In order to illustrate the interest of the proposed approaches and 
compare the reduction rates, we take three systems as examples. 

The first is a reservation system of plane tickets [13]. The second 
is a consulting physician system in a surgery with two doctors, 
with the assumption that each patient must take an appointment 
in advance and when his turn arrived, he shall pay, consult the 
doctor and takes the prescription. The third example is a system 
of processor allocation in a multiprocessor environment, with the 
presence of two types of cyclic tasks sharing the processors.
The results are summarized in Tables 1 and 2 for the reservation 
system of plane tickets, Table 3 for the consulting physician 
system, and Table 4 for the processor allocation system. As it 
is seen, the reduction rate is significantly related to the level of 
concurrency in the considered application.

Table 1: First Example – Generation Results w.r.t Number of 
States

Clients Without 
reduction

With 
aggregation

With 
α-reduction

With 
α-red. and agg.

1 4 4 0% 4 0% 4 0%
2 17 13 23.5% 14 17.6% 10 41.2%
3 62 40 35.5% 37 40.2% 20 67.8%
4 212 129 39.1% 80 62.2% 35 83.5%
5 696 423 39.2% 151 78.3% 56 91.9%
6 2202 1376 37.5% 258 88.2% 84 96.2%
7 6658 4303 35.4% 409 93.9% 120 98.2%

Table 2: First Example – Generation Results w.r.t Number of 
Transitions

Clients Without 
reduction With aggregation With 

α-reduction

With 
α-red. and 
agg.

1 3 3 0% 3 0% 3 0%
2 28 18 35.7% 24 14.3% 14 50.0%
3 153 81 47.1% 96 37.2% 40 73.9%
4 665 326 50.1% 265 60.1% 86 87.1%
5 2572 1233 52.0% 587 77.1% 156 94.0%
6 9100 4436 51.2% 1122 87.7% 256 97.1%
7 29686 14926 49.8% 1930 93.5% 392 98.7%

Table 3: Second Example – Generation Results

Patients States States 
(α-reduction) Transitions Transitions 

(α-reduction)
2 16 13 18.8% 21 17 19.0%

3 28 22 21.4% 45 35 22.2%
4 40 31 22.5% 69 53 23.2%
5 52 40 23.1% 93 71 23.7%
6 64 49 23.4% 117 89 23.9%

Table 4: Third Example – Generation Results

Procs Tasks States States 
(α-reduction) Transitions Transitions 

(α-reduction)
1 1 5 5 0% 8 8 0%
2 1 13 9 30.8% 28 20 28.6%
2 2 21 15 28.6% 64 46 28.1%
3 3 85 31 63.5% 343 138 59.8%
4 4 341 52 84.8% 2048 291 85.8%

VII. Conclusion
In this paper, we proposed an operational method of generation 
of Maximality-based Labeled Transi tion Systems (MLTS) 
associated to Petri nets. Thus, correctness properties relative to 
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systems specified by a Petri net can be checked on MLTS which 
corresponds to this Petri net. In addition, MLTS structure includes 
information on the parallel execution of actions. This structure 
ena bles us to more easily express properties relating to the parallel 
execution of actions without split ting actions in their start and end 
events. We note that splitting actions in start and end events to 
capture the parallel execution of the actions will contribute directly 
to the problem of combinatorial explosion of the state graph.
Then, we proposed an operational method for generating reduced 
MLTS associated to Petri nets, based on aggregation of redundant 
transi tions, and we showed that generated MLTS are equivalent 
to those generated by the first opera tional semantics modulo the 
maximality bisimulation relation, i.e. degree of parallelism and 
system properties to be verified are preserved.
To do more reduction, we proposed an on-the-fly α-reduced MLTS 
generation algorithm for Petri nets which preserves the maximality 
bisimula tion relation. The proposed approach reduces significantly 
the size of the MLTS in presence of high concurrency. As the 
α-equivalence and the aggregation relations concern different 
aspects and preserve the maximality equivalence rela tion, the 
composition of the two relations preserves the maximality relation 
too and leads to more reductions.
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