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Abstract. A panoply of modeling formalisms, based on
the paradigm of Petri nets is overviewed and their appli-
cation to modeling, simulation, and optimization of dis-
crete event systems with alternative structural configura-
tions is discussed. This approach may be appropriate for
the development of decision support systems for the
design process of discrete event systems. The motiva-
tion, definition and an example of application is provided
for several formalisms that include a set of exclusive
entities. A practical methodology and the main ad-
vantages and drawbacks of the application of these for-
malisms to the calculation of quasi-optimal values for the
freedom degrees in the structure of discrete event sys-
tems in process of being designed is addressed.

Introduction

The application of discrete event systems (DES) to a
broad variety of fields of technological interest is grow-
ing from day to day [1], [2].

Petri nets (PN) consist of a paradigm widely used for
the modelling, simulation, and optimization of DES.
Many theoretical results related to the PN contribute to
the body of knowledge that can be applied to the con-
struction of models, their simplification and verification
by structural analysis, their validation, as well as the
implementation of performance analysis [3], [4].

Simulation consists of another very productive
methodology for many operations related to PN. In
particular diverse decision-making support methodolo-
gies rely upon the simulation of the evolution of the
Petri net model of an original DES [5], [6], [7].

Several methodologies for decision-making support
based on the simulation of Petri net models proceed by
means of the following steps:

a) Obtaining a Petri net model of a DES with freedom
degrees or controllable parameters.

b) Defining the objectives to be achieved by the DES
and the way to evaluate their degree of achieve-
ment, also called quality, in its Petri net model.

¢) Making a guess on a feasible (and promising) set of
values for the different freedom degrees of the mod-
el, or solution of the decision-making problem, in-
cluding the initial state or marking of the Petri net.

d) Configuring the parameters of the simulation, for
example the stop criterion. In some cases, such as
for a manufacturing process, this criterion might be
the completion of a certain period of simulated time.

e) Developing the evolution of the Petri net, while
gathering the information necessary for evaluating
the quality of the tested solution.

These methodologies reach a significant potential if
the previously mentioned steps from (a) to (e) are iterat-
ed for different solutions or values for the controllable
parameters of the model. After a number of solutions
have been simulated, regarding the availability of time
and computer resources, it is possible to provide a set of
selected solutions to the decision maker [8], [6], [9], [10].

Depending on the way of choosing the feasible solu-
tions to be simulated, several methodologies can be
defined, since an exhaustive exploration of the complete
solution space is not possible for the majority of cases.
This limitation arises from the construction process of
the set of feasible solutions for the freedom degrees of
the Petri net. This may be carried out by a combinatorial
process, where different values for the diverse control-
lable parameters are combined for building up solutions.
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As a consequence, the size of the solution space
might be huge and, since the simulation of a single
solution may consume significant computer resources,
the simulation of all the solutions might not be a realis-
tic option [6], [9], [10].

In particular, a linear augmentation of the size of the
set of controllable parameters implies an exponential
growth of the size of the solution space.

Once the exhaustive search for solutions is discard-
ed, a guided search of the most promising solutions is a
practical approach. Nevertheless, due to the fact that the
exploration is reduced to a small region of the solution
space, the optimum is not always found. However, a good
solution, quasi-optimal, is enough for practical purposes.

This search for promising solutions can be a manual
process, such as a “what-if” analysis, where small
changes on tested solutions seek to deduce the influence
of variations of one or several freedom degrees’ values
in the outcome of the simulation [11], [12]. Alternative-
ly, an automatic procedure for exploring feasible solu-
tions may use of metaheuristics for exploring local
optima in the search for the global optimum [5] to [10].

This approach has been applied to the operation of a
DES [5] to [8], [10]. That means that the makespan,
yield, utilisation rate of the equipment, or level of stocks
have been considered to evaluate the quality of solutions
for the scheduling or routing of systems such as a manu-
facturing facility or a supply chain, just to give an example.

Another common and complex case, where decision
making support can be applied is the design of a DES
[13], [9]. One of the key steps in the design of a system
is the analysis of different alternative solutions for
choosing the best one and proceed with the following
design stages. It is very common that different alterna-
tive solutions for the design of a DES can be modelled
by PN with different static structures [13], [9].

The design of a DES is not the only application deal-
ing with a variety of static structures. It is the case of
systems, whose structure varies over time on a control-
lable process, i.e. a decision maker should find the best
sequence of transformations to achieve its goals. An
example is the problem of preventive maintenance,
where a manufacturing facility should stop sequentially
its different installations, without a restriction on the
sequence to follow but with strong constraints on the
period of time each installation is stopped, the resources
used in the operations of maintenance, the overall loss
of production and the impact on the service provided to
customers [14].

The way to build up the alternative structural solu-
tions to these decision problems might be based in the
combination of feasible subsystems of the model [15].
This is especially true, when the DES to be designed is
composed by differentiated and real subsystems, such as
machines or production lines. The number of feasible
alternative solutions arisen from this combinatorial
process may be very large; thus, manual selection of the
best alternative solution by expensive experts in manufac-
turing management is not always an efficient perspective.

A decision problem can be stated with a set of alter-
native PN modelling the structural configurations,
which are exclusive constraints; hence, they constitute a
disjunctive constraint to the decision problem [16].

Four approaches for solving the problem are ad-
dressed in this document, as well as their advantages
and drawbacks. Main difference between these ap-
proaches is the Petri net formalism chosen for modelling
the DES. In brief, the formalism drives the methodology
applied to state and solve the decision problem [17], [9].

In Section 1, the formalism of the alternative PN is
discussed, while in Section 2, it is considered the com-
pound PN. The following two sections address the al-
ternatives aggregation Petri nets (AAPN) and the dis-
junctive coloured Petri nets, respectively. Section 5
focusses on the comparative of the methodologies arisen
from the different formalisms, while the following sec-
tion is devoted to the combination of different formal-
isms in a single PN model. Section 7 describes the
common steps of the methodologies for solving a deci-
sion problem using these formalisms. Section 8 presents
the conclusions and the last section lists the bibliograph-
ical references.

1 Alternative Petri nets

This formalism has been used in diverse applications
and can be considered a classic approach for solving
decision problems with PN as disjunctive constraints. A
definition and contextualisation is provided in [18].

1.1 Motivation

This formalism is a classic approach, used in diverse
applications, such as [11], [19], and [12]. It is a natural,
yet inefficient way to represent a disjunctive constraint
in terms of PN [9]. This intuitive way to describe a set
of alternative models for designing a DES consists of
developing independent models for every alternative
structure.
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This simple idea is behind a set of alternative Petri
nets, which contains so many nets as alternative models
have been considered in the process.

1.2 Definition

A set of alternative Petri nets is a collection of models
with different structure, i.e. incidence matrix, where any
of them is able to describe the same DES. These models
can be represented by any Petri net formalism.

Definition 1. Set of alternative Petri nets.

KX=1{R, ..., R}, set of PN, is a set of alternative
Petri nets if

i)card(Sgp)=n> 1.

ii)Vi,je N suchthat 1 <i,j<n,i#},R,Re S
then W(R) # W(R), incidence matrices of R and R,

iii) 3! Rce Sk, such that my(R) # [0 0 ... 0]", where

my(Ry) is the initial state or initial marking of Ry. O

In other words, given a set of alternative Petri nets
associated to a DES, the choice of any of them as solu-
tion for the structure of the system’s model implies that
the initial marking of all the non-chosen alternative Petri
nets contains zero tokens in every place. Only the cho-
sen PN can be simulated at a given time. The simulation
of any other PN requires discarding the previous choice.

1.3 Examples

Some examples of sets of alternative Petri nets are:

A decision problem for deciding the best structural
configuration of a manufacturing facility among a set of
three alternative Petri nets is stated in [18]. A second
example is provided just to illustrate the statement of an
optimization problem with such a disjunctive constraint.

Four different topologies of manufacturing facilities,
with diverse degrees of production flexibility, are dis-
cussed in [12]. Their Petri net models, developed for
simulation, constitute a set of four alternative Petri nets.

An assembly line is modelled in [19] under three dif-
ferent manufacturing strategies. The resulting alterna-
tive Petri nets are simulated for choosing the best con-
trol policy: push, “on demand”, or Kanban.

A manufacturing facility is presented in [11], such
that the combination of diverse production strategies
and lot sizes lead to a set of alternative Petri nets.

2 Compound Petri Nets

This formalism is well known under the name of para-
metric Petri nets or parameterized Petri nets. An appli-
cation of this formalism to decision problems with PN
as disjunctive constraints is described in [20].

2.1 Motivation

In design problems, the alternative Petri nets might be

an inefficient option to construct a Petri net model ap-

propriate for simulation because of the following reasons:

a) Different alternative solutions might share common
subsystems; hence, a complete set of alternative Pe-
tri nets may contain a large amount of redundant in-
formation. The larger the model, the more computa-
tional resources might consume its simulation.

b) Each alternative PN defines an independent prob-
lem of searching good solutions. Hence, computer
resources should be devoted to every alternative Pe-
tri net, no matter if it leads to good solutions or not.

¢) To avoid the statement of a large number of search
problems, a manual pre-selection of a small set of
feasible solutions is usually carried out. This pro-
cess might skip high quality solutions.

A compound PN tries to remove these limitations by:

a) Removing redundant information in the static struc-
ture of the PN that defines the disjunctive constraint.

b) Allowing a single search process. Non-promising
solutions can be skipped, devoting more computer
resources to promising regions of the solution space.

c) A single search problem is stated; hence, a manual
pre-selection of feasible solutions is not necessary.

2.2 Definition

The static structure of a PN is described by its incidence
matrix; hence, a compound Petri net presents freedom
degrees or controllable parameters in its incidence ma-
trix [21]. Moreover, every alternative structural configu-
ration (ASC) of the model is associated to a feasible set
of values for these parameters. Even though it might be
possible to construct ASC from different combinations
of values for these controllable parameters, in general,
not all the combinations are valid sets.

Definition 2. Compound Petri net.

A marked compound Petri net is a 7-tuple

R = (P, T, pre, post, my, S¢ ¢ Saisrer ), Where

i) P and T are disjoint, finite, non-empty sets of plac-
es and transitions respectively.

ii) pre: P x T — N is the pre-incidence function.

iii) post: T x P — N is the post-incidence function.

iv) my(R") is the initial marking of the net.

V) Sy # @ is the set of structural parameters of RC.

Vi) Sasre is the set of different feasible combinations

of values for the structural parameters of the net.
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2.3 Examples

[21] illustrates the main concepts of a compound PN,
while two examples in [20], describe a transformation
of a set of alternative PN into one compound PN.

3 Alternatives Aggregation Petri
Nets

AAPN is a formalism proposed as a tool for describing
disjunctive constraints in the form of a Petri net model.

3.1 Motivation

Similarly to compound PN, AAPN aim at removing the
limitations of a set of alternative models for a DES. The
construction process and specific parameters of the
formalism itself are discussed in [18].

3.2 Definition

An AAPN integrates in a single Petri net model a com-
plete set of ASC. A set of choice variables allows
choosing one of the ASC. A function of choice variables
is associated to some transitions as guards. Only one
choice variable can be active at a given time [16].

Definition 3. Alternatives aggregation Petri net.

An AAPN system, R, is defined as the 7-tuple:

R*=(P, T, pre, post, my, Su, fa), where,

i) P, T, pre, and post are explained in Definition 2.

ii) my is the initial marking representing the initial
state and is usually a function of the choice variables.

i) Sa={a, @, ..., a,| I a=1, whereie N, 1 <i <
N AV j# then =0 }. Sy is a set of choice variables,
such that Sy # & and |Sy| = n.

iv) fa: T — f(a, ..., @) is a function that assigns a
function of the choice variables to each transition t such
that type[fa(t)] = Boolean.

3.3 Examples

The application of an AAPN to the design of a manufac-
turing facility is shown in [18]. Different strategies for
solving this problem by means of distributed computa-
tion are presented and their computation time compared.
The transformation algorithm from a set of alternative
Petri nets into a single AAPN is illustrated in [16].

4 Disjunctive Colored Petri Nets

Coloured Petri nets consists of a formalism, closely
related to the AAPN [22], [9].

4.1 Motivation
Even though AAPN can be very efficient, when describ-

ing a model of a disjunctive constraint, simulating the
evolution of a model might require specific ad hoc tools.

Coloured Petri nets are conceptually similar to the
AAPN, but the formalism contains the same elements
than the commonly used coloured Petri nets. For this
reason, tools developed for simulating coloured Petri
nets or the more general high-level Petri nets, can be
used for simulating disjunctive coloured Petri nets.

4.2 Definition

A disjunctive coloured Petri net presents a static struc-
ture which is the same as an equivalent AAPN. The
main difference is associated to the mechanism used to
decide the chosen alternative structural configuration. In
the case of a disjunctive coloured Petri net, it is possible
to define a choice colour in different ways [22].

Nevertheless, a choice colour allows for the tokens
of a certain structural configuration to describe the evo-
lution of the Petri net [9]. An important characteristic of
the choice colour is that it should be monochrome, i.e. it
is not possible to mix tokens from different choice col-
ours for analysing the evolution of the Petri net by simu-
lation. This limitation prevents the exploration of unreal
states for the Petri net model.

Definition 4. Disjunctive colored Petri net
A disjunctive colored Petri net R = (N,my) is a 9-
tuple

CPN=(P, T, F, my, 2, V,cs, g, e), where:

i) P and T are disjoint, finite, non-empty sets of plac-
es and transitions respectively.

i) F < PxT U TxP is a set of directed arcs.

iii) my is the initial (monochrome) marking.

iv) X is a finite set of non-empty color sets, such that
verifies one of the following two conditions:

a. 3 & set of Boolean choice colors such that Sc € 2.

b. 3 (¢, C) a natural choice color such that C € X and
C is the number of ASC, whilece Nand 1 <c<C.

V) V is a finite set of typed variables such that type[V]
€ X for all variables v e V.

vi) cs : P — X is a color set function that assigns a
color set to each place.

vii) g : T — EXPRy is a guard function that assigns a
guard to each transition t such that type[g(t)] = Boolean.

viii) e : F — EXPRy, is an arc expression function that
assigns an arc expression to each arc a such that
type[e(@)] = c(P)ms, Where p is the place connected to
the arc a.

o,
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4.3 Examples

A decision problem on the choice of the best production
strategy for a manufacturing facility is given in [9]. In
this example a set of 24 alternative Petri nets are trans-
formed into a single disjunctive coloured Petri net. An
optimization problem is stated and a comparison be-
tween a classic solving strategy by means of the set of
alternative Petri nets and the use of the single disjunc-
tive coloured Petri net is shown.

In [22] an application of the disjunctive coloured Pe-
tri nets to the design of a manufacturing facility is pre-
sented. The modelling process from a set of diverse
alternative Petri nets is detailed.

5 Advantages and Drawbacks

The main purpose of the four Petri net formalisms pre-

sented in this paper, consists of minimizing the size of a

Petri net model with a set of ASC. Nevertheless, there

are other considerations that may be considered as ad-

vantages or drawbacks of these formalisms. In particu-
lar, the following features are interesting ones:

a) Size rate, or quotient between the size of the model,
measured by the size of its incidence matrix and the
size of an equivalent benchmark, usually a set of al-
ternative Petri nets.

b) Easiness of modelling. Simulation can be consid-
ered as an inexpensive methodology for experimen-
tation, when compared with practising the real sys-
tem. However, constructing models fast and with
absence of errors may make feasible a decision
making support tool.

¢) Availability of theoretical and practical tools for ana-
lysing, simplifying, and simulating a model of a DES.

It is interesting to realize that the compactness of the
Petri net model, allowed under certain conditions by
some formalisms presented in this document, does not
compromise the usefulness of the model to explicitly
represent and show the structure of the modelled sys-
tem. In fact, the removal of redundant data present in
the model of the system tends to point out the key infor-
mation that determine the structure of the system itself.

Some of the features mentioned in the present sec-
tion depend on the DES to be modelled. In particular, if
there are similarities between the ASC it is likely that
certain formalisms might lead to reductions in the size
of the model. Of course, it is necessary to specify what
means similarity in this context.

The concept of similarity depends on the formalism
that is intended to be applied.

For example, a compound Petri net may present a
small size rate, corresponding to a large amount of re-
moved redundant data, when the incidence matrices of
the alternative Petri nets present a reduced number of
different elements. As a consequence, in the context of a
compound Petri net, similarity is a concept that can be
quantified in inverse proportion to the number of differ-
ent elements between the incidence matrices of and
equivalent set of alternative Petri nets.

Nevertheless, similarity in the case of AAPN or dis-
junctive coloured Petri nets can be quantified as a pa-
rameter proportional to the number and size of shared
subnets. This parameter also depends in inverse propor-
tion to the elements of the model that do not belong to
any shared subnet. It is not unusual in a design process
that the different ASC are built up by means of combin-
ing in different ways a given set of subnets [17], [15].

It is also possible to say that if the similarity of the
alternative Petri nets that model a DES is not high, the
size of the set of alternative Petri net may be smaller
than the size of an equivalent model described by any
other of the formalisms presented in this document.

Regarding other important feature, such as the mod-
elling easiness, it is possible to say that the alternative
Petri nets may lead to a very intuitive way of modelling,
since an independent model is developed for any of the
ASC. Nevertheless, a faster approach for the modelling
stage might be carried out, in cases characterised by
high similarity between the alternatives, by other for-
malisms. For example, in the case of a family of ma-
chines with small structural differences, a compound
Petri net may be an appropriate formalism, not only for
obtaining a small model but also for constructing the
model in a productive way, by developing the common
structure and particularizing the details of every alterna-
tive by means of a set of parameters and the associated
set of values for them.

Analogously, the AAPN or the disjunctive coloured
Petri net might lead to an easy modelling process when
the ASC are obtained by different combinations of a set
of subnets.

The last important feature of the formalisms that will
be considered in this document is the availability of
tools for modelling, analysing, and simulating the models.

In particular, the tools should permit including in the
model the elements that allow representing the exclu-
siveness between alternatives: parameters in the case of
compound Petri nets and guard functions for certain
transitions in the case of the AAPN.
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Modelling Practical
Size rate easiness tools
Set of alter-  Usually Intuitive No
native PN largest restrictions
Compound  Small with similar Easy with similar ~ For
PN incidence matri-  incidence matri-  parametric
ces ces Petri nets
AAPN Small with shared Easy with shared  Allowing
subnets subnets guards in
transitions
DCPN Small with shared Easy with shared  For Colored
subnets subnets Petri nets

Table 1: Summary of main characteristics of the
formalisms presented in this document
with regard to three key concepts.

Disjunctive coloured Petri nets require to model choice
colours, which are supported by any coloured Petri net
tool. A summary of the previous considerations is pro-
vided in Table 1.

6 Polytypic Sets of Exclusive
Entities

This section is devoted to abstracting the feature of the
Petri net formalisms able to represent a set of ASC. As a
result of this process, a characterisation of all this kind
of formalisms will be stated.

6.1 Motivation

All the formalisms presented in this paper as tools for
modelling DES with ASC can be applied to the con-
struction of disjunctive constraints in decision problems.

There is a different feature in every one of these
formalisms to describe the exclusive nature of each
alternative structural configuration. This feature is a set
of exclusive entities, whose cardinality is the same as
the number of ASC.

In the case of a set of alternative Petri nets, every
pair of nets are mutually exclusive, while in the case of
a compound Petri net, the set of exclusive entities is a
set of feasible combination of values for the structural
parameters of the net. The AAPN presents a set of
choice variables and a disjunctive coloured Petri net
includes a set of choice colours.

6.2 Definition

The examples that have been shown in this document
include Petri net models with a monotypic set of exclu-
sive entities, meaning that a single formalism has been

chosen for constructing the whole disjunctive constraint
in the form of a Petri net [22].

Let us consider a DES D, whose structure is not
completely defined. Let us consider that there are n
ASC for D, able to determine completely the structure
of D. It is possible, although not necessary in this con-
text, to obtain a different alternative Petri net model for
D from each one of the different structural configura-
tions. As a result, it would be possible to obtain a set of
N alternative Petri nets k= { Ry, ..., R, }.

Definition 5. Monotypic set of exclusive entities.

A monotypic set of exclusive entities related to a
DESDisaset S;={ X, ..., Xy }, such that

i) The elements of S, are exclusive, i.e. only one of
them can be chosen as a consequence of a decision.

Vi,je N izj, 1<i,j<n

i) Xi =X

iii) type[Xi] = type[X].

iv)3f: S —> K, where K= {R,, ..., R, } is a set of
alternative Petri nets, feasible models of D, such that f'is
a bijection, meaning that V Xj € S 3! f(X) =R € &K
and VR e KA f'(R)=X € S,. o

Nevertheless, it is also possible to combine different
formalisms for modelling a given DES. The reason for
following this strategy may arise from the conclusions
presented in section 5, where a comparative of the ad-
vantages and drawbacks of the formalisms is performed.
In fact, a set of alternative Petri nets can be decomposed
into different subsets, whose elements might present
differences regarding the similarity between the ASC of
the DES. In this case, the associated set of exclusive
entities is not a monotypic one anymore but a polytypic
set [20], [18].

Definition 6. Polytypic set of exclusive entities.

A polytypic set of exclusive entities associated to a
DES Disaset SP = { X, ..., X }, which verifies that

i) The elements of SP are exclusive, i.e. only one of
them can be chosen as a consequence of a decision.

i) Vi,je N,i#j, 1<i,j<nthen X #X.

ii)3S,S/ < SP,suchthat V X e S, X e S itis
verified that type[Xi] # type[X].

iv)3f: SP — &, where = { R, ..., R, } is a set
of alternative Petri nets, feasible models of D, such that
f'is a bijection, meaning that V X; € SP I f(X) =R €

Sand VR e KA f'(R)=Xe SP. o
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6.3 Examples

In [22] the modelling of a manufacturing facility with a
number of alternative structural configurations is carried
out by two monotypic set of exclusive entities in the
form of a set of alternative Petri nets and a disjunctive
coloured Petri net respectively.

Furthermore, [20] is a document devoted to explor-
ing some modelling possibilities of the polytypic sets of
exclusive entities. This reference presents an example,
where the same model is transformed to be represented
by three different formalism. In two of the representa-
tions a monotypic set of exclusive entities has been
used, while in the third case, a polytypic set has been
considered as a set of diverse alternative compound
Petri nets.

The configuration of a set of exclusive entities as a
polytypic one is the basis of the potential that this meth-
odology presents for using distributed computation to
speed up the solving methodology of the decision prob-
lems with disjunctive constraints. This topic has been
addressed in [18].

7 Optimization with Petri Nets
as Disjunctive Constraints

Section 1 discussed a general algorithm for decision
making support based on simulation, which can be
found extensively in the scientific literature. This algo-
rithm is applicable under several approaches for cases
where there is not any disjunctive constraint in PN form.

The introduction of formalisms able to model sets of
exclusive entities requires the adaptation of the decision
making methodology to the special features of a dis-
junctive constraint represented by one or several of
these formalisms [17].

In fact, it is desirable not to modify the steps of the
algorithm presented in the introduction, due to its suc-
cess in diverse applications, as well as the existence of
tools developed to apply this procedure. The main dif-
ference of the classic approach with the proposed meth-
odology to be applied using the formalisms with exclu-
sive entities (others than a set of alternative Petri nets) is
to reduce the number of instances of decision problems
to be solved, from ke N, where 1 < k< n= card(S), to
just one. However, if several independent processors are
available, this objective can be adapted [18].

In other words, instead of dodging the disjunctive
constraint of the decision problem by choosing a subset
of k promising alternative Petri nets and solving k inde-

pendent decision problems, a single decision problem is
tackled with the disjunctive constraint represented in the
form of a single Petri net with exclusive entities.
The only requisite to perform this reduction in the
number of instances of the decision problem is to in-
clude in any solution to the problem a mechanism to
choose one exclusive entity prior to the development of a
simulation. This additional information has two purposes:
a) The solution itself bears the necessary information
to simulate the model of the system under a single
structural configuration, thus, regarding the structure
of the system, performing a deterministic simulation.

b) Once the decision making problem has been solved,
the solution(s) furnishes the decision maker with a
suggestion on the most promising ASC.

As a conclusion, when applying this proposed method-
ology for decision making support, all the three draw-
backs of the classic methodology, highlighted in section
2.1 have been overtaken [9].

8 Conclusions

In this document, a systematic approach for the descrip-
tion of disjunctive constraints represented by PN models
is addressed. In particular, four formalisms have been
presented: a set of alternative Petri nets, a compound Petri
nets, an AAPN, and a disjunctive coloured Petri net.

All these formalisms have in common the inclusion
of a mechanism to represent a set of exclusive entities,
which are the main feature of the disjunctive constraint.
Moreover, this approach allows the combination of
different Petri net based formalisms to describe diverse
parts of the same Petri net model, with the purpose of
profiting from the nature of the system to be modelled
and the features of the formalisms.

An application of this approach can be found in the
statement of decision problems based on the simulation
of the model of a system with ASC. This methodology
proves that splitting the problem in a pre-selected num-
ber of subproblems may a less effective strategy. A
decision making support problem with a set of ASC for
the system of interest can be very common in a design
process.

The research line presented in this document seems
promising. However, there are open research questions
that should be solved. On the one hand, more applica-
tions should be performed to get information on its
suitability and success for the decision making in di-
verse fields and processes.
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On the other hand, more effort should be devoted to
the characterization of a given DES to decide which
combination of formalisms to choose for describing it
and how to minimise the size rate of the final model.
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