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Abstract: The use of modelling formalisms for the design of discrete event systems presents 
many advantages, such as the possibility of structural analysis of the model or performance 
evaluation. However, the difficulty of the process to obtain an appropriate model of the system 
requires the use of methodologies to ease the work of the designers. In this paper, two main 
subjects are discussed. On the one hand, the modular construction of Petri nets alleviates the 
design process by the use of blocks that can be assembled to build up a complete Petri net model. 
On the other hand, the development of decision support systems may require the assessment  
of the performance and properties of complete models obtained from different combinations  
of modular blocks. The formalism of the alternatives aggregation Petri net may help in the 
development of compact and efficient models that may reduce the use of scarce computer 
resources. 
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1 Introduction 

The modelling and simulation methodologies, as a base for 
the development of decision support systems, can be applied 
to many different problems that range from the design to the 
optimal operation of a discrete event system (Narciso et al., 
2010; Nicoletti et al., 2015). In some of these cases, 
especially in the design of a discrete event system (Jimenez 
et al., 2014; Jimenez and Perez 2004), it is usual that the 
structure of the real system is not completely defined, but it 
should be clarified after making the subsequent decisions 
(Mota and Piera, 2011; Music, 2009; Piera and Music, 
2011). 

The modular construction of models allows the designer 
to use encapsulated blocks to construct the model of the 
system, easing the process of modelling. Furthermore, this 
situation is very common in design projects, where a 
discrete event system can be constructed from subsystems, 
supplied by diverse manufacturers, which can be combined 
in many different ways. Moreover, it is common that the 
designer does not know which is the best combination of 

blocks for the goals of the system in process of being 
designed. For this reason, an automatic testing of the 
different possible combinations of the blocks for build up of 
complete models would alleviate the modelling process 
(Music et al., 2008; Xiao and Ming, 2011). 

Furthermore, as this problem is intensive in the use of 
computer resources, the development of adequate 
methodologies for obtaining compact and efficient models 
is a crucial issue in the development of decision support 
systems based on modelling and simulation (Wainer, 2016; 
Zaitsev and Shmeleva, 2011). 

The development of decision support systems based on 
modelling and simulation has been discussed by Bruzzone 
and Longo (2010) and Longo et al. (2013). The range of 
application of these decision support systems is broad, 
including the food industry (Latorre et al., 2013b, 2014b). 

The use of the Petri nets as a versatile paradigm for 
modelling discrete event systems is considered in Silva et 
al. (1993), David and Alla (2005) and Jensen and Kristensen 
(2009). In particular Piera et al. (2004) and Latorre et al. 
(2013a) describe Petri net models for simulation. Moreover, 
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Mújica et al. (2010) is oriented to the application of 
simulation for quantifying a performance evaluation in the 
context of an optimisation process. 

A particularly difficult problem consists of designing a 
discrete event system whose model should be chosen among 
a set of alternatives. In this case, it is convenient that the 
model of the system includes a set of exclusive entities 
(Latorre et al., 2010b). 

Moreover, an optimisation process may be based on the 
simulation of a set of selected feasible decisions, chosen 
from a solution pool. In this case, the choice of the most 
promising decisions may be performed, for instance, by 
means of a search methodology guided by a metaheuristic 
(Latorre and Jimenez, 2013a, 2013b). 

In the following section, the topic of the modular Petri 
nets is discussed. Moreover, in Section 3 brief comments on 
the concept of alternatives aggregation Petri net are 
provided, while in Section 4, a discussion of the application 
of this formalism to represent a modular Petri net 
constructed as a sequence from combinations of four Petri 
subnets is given. 

The next section is focused on the conclusions and the 
future research work, while the last one is devoted to the 
bibliography. 

2 Modular Petri nets 

The construction process of models of discrete event 
systems that approximate complex real systems may be 
considered more an art than a precise and algorithmic 
procedure. 

One of the most common methodologies for coping with 
the modelling process of a complex discrete event system is 
the bottom-up approach. According to this idea a model is 
developed for every one of the subsystems in which the 
complete system can be divided. The level of detail required 
for every model depends on its purpose and application. 

This methodology derives naturally to the concept of 
modular construction of the Petri net model of a discrete 
event system. This idea implies the definition of a set of 
Petri net modules, ready to be assembled for the 
construction of complex models of real systems. 

As an example, let us consider a set of four Petri subnets 
called RA, RB, RC, and RD. These Petri nets should present a 
compatible interface to be connected to other subnets. In the 
subnets considered in this paper, a single input link 
transition and a single output transition appear. Moreover, 
the input link transition presents a single output place, 
belonging to the considered subnet. Similarly, the only 
output link transition presents a single input place, also 
belonging to the considered subnet. 

See Figure 1 for a simplified representation of three of 
the mentioned Petri subnets, as well as some of their 
constituent elements, such as the input and output 
transitions and their output and input places. 

 

Figure 1 Three Petri subnets defined for the construction of a 
modular Petri net 

 

In Figure 1, the input link transitions of the Petri subnets RA, 
RB, and RC are, respectively, tAi, tBi, and tCi. On the other 
hand, the output link transitions of these same Petri subnets, 
in the same order, are tAoh, tBo, and tCo. 

These subnets might be combined in different ways to 
build up the complete model of a real system. Prior to a 
detailed analysis of every resulting model, it may be 
difficult to foresee the performance of any of them. 

For this reason, a procedure can be defined in order to 
construct a set of feasible solutions for the complete model 
of the system by combining the subnets in appropriate ways. 
A second step in this procedure would be to develop a 
performance analysis of every complete model and, 
eventually, to compare the desired performance parameters 
calculated for every complete model in order to decide the 
best combination of subnets. Figures 2 and 3 show 
examples of combinations of the Petri subnets RA, RB, RC, 
and RD leading to complete models for a real system. 

Figure 2 Different feasible combinations of four subnets 

 
(a)   (b) 
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Figure 3 More feasible combinations of four subnets 

 
(a)    (b) 

A Petri net model of a discrete event system can be 
developed for different purposes, such as performing 
structural analysis, calculating a certain subset of the set of 
reachable states, or for performance evaluation. 

Especially in this last case, it is crucial for the success of 
the operation to use an efficient algorithm able to cope with 
the, sometimes, very costly process in terms of computer 
resources and time. One methodology, broadly used, that 
can virtually cope with every model, no matter how 
complex it is, is simulation. 

Regarding the previous considerations, an important 
goal in the process of modelling a Petri net for performance 
evaluation is to obtain a formal description of the original 
system, as simple and reduced as possible. Hence, the costly 
process of simulation might be developed in affordable time 
and computer resources. 

Figure 4 More feasible combinations of four subnets 

 
(a)   (b) 

It may be noticed the possibility of having different input or 
output link transitions for a given Petri subnet in a certain  
 
 
 

complete model. Also, consider that these multiple input or 
output link transitions present, respectively, a single output 
or input place. This possibility is illustrated in both Petri net 
models depicted in Figure 3. 

One important application for performance evaluation  
of Petri net models using simulation consists of decision-
making support with the purpose of designing a real system. 
The feasible models of the system in process of being 
designed can be compared by means of the quantitative 
result of a performance evaluation of every candidate 
model. 

In the modular construction of a Petri net model, it may 
be interesting to test different or even all the feasible 
combinations of subnets that can be obtained. Every feasible 
solution is a candidate for being selected as the final model 
of the system in a design process; hence, every solution is 
an alternative model for the system. For this reason, a Petri 
net formalism able to represent alternative Petri nets, such 
as one containing a set of exclusive entities, should be 
considered (Latorre et al., 2014c). 

3 Alternatives aggregation Petri nets 

The existence of alternative models for the development of 
a given discrete event system, requires the use of specific 
formalisms, able to cope with the particularities of this kind 
of design problems. 

A family of formalisms, based on the Petri net 
paradigm, specially developed for this purpose are the ones 
based on the concept of exclusive entities, leading to 
formalisms such the set of alternative Petri nets or the 
alternatives aggregation Petri nets (Latorre et al., 2014a; 
Latorre and Jimenez, 2012a, 2012b). 

Both formalisms will be extensively used in this paper. 

4 Sequences of four subnets 

In this section and in the following one, diverse modular 
Petri net models constructed from different combinations of 
the same four subnets will be considered. This section in 
particular deals with a strict sequence of the four Petri 
subnets called RA, RB, RC, and RD as they were mentioned in 
Section 2. 

All the possible complete Petri net models, built up from 
different combinations of the four Petri subnets in a 
sequence will be considered, as feasible solutions for the 
design process of a real system. One of the feasible 
solutions is presented in Figure 2(a), called Ra1, while most 
of the rest of them, Ra2 to Ra5 are presented in Figure 5. The 
only remaining modular Petri net, not represented in a 
figure and called Ra6, presents the sequence of Petri subnets 
RA, RD, RC, and RB and its representation is less interesting 
than the remaining five feasible modular Petri nets, as it will 
be shown when constructing the alternatives aggregation 
Petri net. 
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Figure 5 Different combinations of four Petri subnets for 
constructing modular Petri nets 

 

The six modular Petri nets may be feasible models of a real 
system in process of being designed. In this design process, 
a decision should be made regarding the modular Petri net 
that best complies with the objectives of the real system, 
usually measured or quantified by means of performance 
parameters. 

In fact, the modular Petri nets are alternative Petri nets; 
hence, the model of the real system in process of being 
designed can be represented by a formalism containing a set 
of exclusive entities. Furthermore, using the appropriate 
formalism, it is possible to reduce considerably the 
computational resources required to solve the associated 
decision-making problem. 

Regarding previous results in other case-studies, the 
formalism of the alternatives aggregation Petri nets is 
chosen for modelling the real system in process of being 
designed, that is to say, to represent in a single model the 
six alternative Petri nets, removing from the model the 
redundant information. 

One of the algorithms for obtaining an alternatives 
aggregation Petri nets from a set of alternative Petri nets 
(Latorre et al., 2010a) states that any of the alternative Petri 
nets may be chosen as the seed for the resulting the 
alternatives aggregation Petri net model. See Figure 2(a), 
where Ra1 has been selected for this purpose. In this seed, 
every link transition should be associated to a choice 
variable a1 as a guard of the transition itself. 

The next steps of the algorithm for the construction of 
an alternatives aggregation Petri net from a set of alternative 
Petri nets belong to an iterative procedure, where every new 
alternative Petri net is added to the seed of the alternatives  
aggregation Petri net by including the new subnets (in this 
case-study there is not any of them) and all the link 
transitions associated to a guard function, given by the 
choice variable ai that corresponds to the alternative Petri 
net Rai containing the link transitions. 

Following this algorithm, its second step consists of 
adding to the seed of the alternatives aggregation Petri net 
the alternative Petri net called Ra2 (see Figure 5). Due to the 
fact that this alternative Petri net does not present any 
subnet that is not already included in Ra1, then the only 
modification of the seed of the alternatives aggregation Petri 
net introduced by the alternative Petri net Ra2 is the addition 
of the link transitions. In the case of Ra2, the link transitions 
are (see Figure 5) tAo2, tBo2, tDo2, and tCo2, or, what is the 
same, the transitions called tBi2, tDi2, tCi2, and tAi2. These 
transitions are added to the seed of the alternatives 
aggregation Petri net associated to the choice variable a2. 

Once the new link transitions have been included in the 
seed of the alternatives aggregation Petri net, it is possible 
to apply a reduction rule, which groups together the quasi-
identical transitions, modifying the associated function of 
choice variables. If it is possible to apply this reduction rule 
to a given operation, then the resulting model will be 
simpler, since it contains a lower number of transitions. In 
fact, a couple of quasi-identical transitions verify, having 
the same set of input and output places, as well as the same 
weight in the input and output arcs. Moreover, the 
transitions should be associated to different functions of 
choice variables, otherwise the transitions would be 
identical instead of quasi-identical ones. 

In the example of this second step of the algorithm, a 
link transition of Ra2 has been merged with t1, just by 
constructing an associated function of choice variables with 
the logic operator OR applied to both choice variables a1 
and a2 (see Figure 6). The link transitions that have been 
added in this second step of the algorithm appear in Figure 6 
and are named t5, t6, and t7. 

Figure 6 Second step in the construction of the alternatives 
aggregation Petri net 

 
 



520 J.I. Latorre-Biel et al.  

Figure 7 Complete alternatives aggregation Petri net 

 

In Figure 6, the second step of the algorithm can be seen, 
while the complete alternatives aggregation Petri net is 
shown in Figure 7. 

In order to complete the alternatives aggregation Petri 
net depicted in Figure 8, it has been necessary to include 
five more link transitions, in addition to the four ones 
introduced by Ra1 and to the three new transitions delivered 
by Ra2. 

Figure 8 Incidence matrix of an alternative Petri net 

 

In the following paragraphs, the compacity in the matricial 
representation of both models of a system in process of 
being designed by means of a set of alternative Petri nets 
will be discussed (see Figure 5). The compacity of the 
alternatives aggregation Petri net is based in the fact that a 
large amount of redundant information, present in the set of 
alternative Petri nets, has been removed from the model: the 
Petri subnets, which appear in every alternative Petri net but 
the first. 

The incidence matrix of any of the six alternative Petri 
nets has a dimension that can be calculated as follows: 

Let us consider that the dimension of a Petri net is given 
by the multiplication of the number of rows and the number 
of columns of the associated incidence matrix. 

According to this idea, the dimensions of the four Petri 
subnets of this case-study are: 

( ) ´ ,A Ar AcM R M∈  

where Ar is the number of rows of the incidence matrix of 
RA and Ac is its number of columns. Analogously: 

( ) ( )
( )

´ ´

´

;  ;B Br Bc C Cr Cc

D Dr Dc

M R M M R M

M R M

∈ ∈

∈
 

On the other hand, any of the alternative Petri nets Ra1, Ra2, 
Ra3, Ra4, Ra5, and Ra6 present the same dimension, which can 
be calculated as it is described below. 

( ) ( ) ( )
( ) ( ) ( )

1 2 3

4 5 6 ´

, , ,

, ,  
a a a

a a a r c

M R M R M R

M R M R M R M∈
 

where 

r r r rr A B C D= + + +  (1) 

4c c c cc A B C D= + + + +  (2) 

It should be considered that r is the number of rows of the 
incidence matrix of Rai, with i = 1,…, 6. On the other hand, 
c is the number of columns of the incidence matrix of Rai, 
with i = 1,…, 6. 

The number 4 that appears in the expression (2) is 
originated by the four link transitions included in every Rai, 
with i = 1,…, 6. 

Figure 8 shows a representation of the incidence matrix 
of any of the alternative Petri nets 

The calculation of the resulting alternatives aggregation 
Petri net, RAA, can be developed in a similar way. 

( ) ´ ’ ,AA r cM R M ×∈  

where 

r r r rr A B C D′ = + + +  (3) 

4  8c c c cc A B C D′ = + + + + +  (4) 

Figure 9 Incidence matrix of the alternatives aggregation  
Petri net 

 

The comments on the previous expressions (3) and (4) are 
the same as done before. However, the number 8 in (4) is a 
consequence of the fact that the aggregation of alternative 
Petri nets to the seed of the alternatives aggregation Petri 
net introduces 8 new link transitions. 
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Figure 9 shows the incidence matrix of the alternatives 
aggregation Petri net. 

In order to compare the convenience of using one of 
both models of a modular Petri net for developing a 
decision support system, the computer resources required to 
execute an optimisation algorithm using the simulation of 
one of both models can be compared. 

In fact, some important computer requirements depend 
on the size of the model itself. Hence, the comparison 
between the set of alternative Petri nets and the alternatives 
aggregation Petri nets can be performed calculating a size 
ratio, defined in the following way: 

size of the alternatives aggregation Petri netsize ratio
size of the set of six alternative Petri nets

=  

size ratio
6
r c

r c
′ ′×

=
× ×

 (5) 

( ) ( )
( ) ( )

12
size ratio

6  4
r r r r c c c c

r r r r c c c c

A B C D A B C D
A B C D A B C D
+ + + × + + + +

=
× + + + × + + + +

 

Owing to the fact that the number of rows is the same in the 
alternatives aggregation Petri net and in the alternatives 
aggregation Petri net, it is possible to cancel this number in 
the numerator and the denominator of the expression. As a 
result, it is possible to see that the size ratio does not depend 
on the number of places of the Petri nets. 

( )
( )

12
size ratio

6  4
c c c c

c c c c

A B C D
A B C D
+ + + +

=
× + + + +

 

As an example, if every subnet presents 5 internal 
transitions, the size ratio has the value: 

(5 5 5 5 12) 1size ratio
6 (5 5 5 5 4) 4.5

+ + + +
= =

× + + + +
 

In other words, for a small size of the Petri subnets,  
5 internal transitions, the alternatives aggregation Petri net 
is 4.5 times smaller than the equivalent set of alternative 
Petri nets. 

The calculation of the amount of redundant information 
removed from the set of alternative Petri nets is: 

1100 (1 size ratio) 100 1 77.8%
4.5

⎛ ⎞× − = × − ≅⎜ ⎟
⎝ ⎠

 

Finally, it is possible to calculate the upper bound in both 
parameters: the size ratio and the amount of removed 
redundant information in the model of the system: 

Let us call xA, xB, xC, and xD the number of columns of 
the incidence matrices of the Petri subnets RA, RB, RC, and 
RD respectively. Let us call x = xA + xB + xC + xD. 

( 12) 1lim (size ratio) lim
6 ( 4) 6x x

x
x→∞ →∞

⎛ ⎞+
= =⎜ ⎟× +⎝ ⎠

 

On the other hand, the upper bound of the percentage of 
redundant information removed from the set of alternative 
Petri nets is: 

1100 (1 size ratio) 100 1 83.3%
6

⎛ ⎞× − = × − ≅⎜ ⎟
⎝ ⎠

 

As it can be seen, the alternatives aggregation Petri net 
outperforms the complete set of alternative Petri nets, while 
this last formalism is more intuitive and easy to apply for 
the modelling of discrete event systems. 

It is also interesting to point out that the model based on 
the alternatives aggregation Petri net should add some 
additional information to the model itself: the functions of 
choice variables associated to every link transition. 

5 Sequential and parallel combination of subnets 

This section will detail the analysis of the modular 
construction of a Petri net, from a set of four subnets, in the 
configuration represented in Figure 4(b). The feasible 
combinations of the four different subnets in the layout that 
corresponds to this structure reaches a number of 12, since 
the order in the sequential arrangement is important, while it 
is not the order of the subnets in the parallel configuration. 
This fact is a consequence of the symmetry of the structure. 
Hence, there is as a result a set of 12 alternative Petri nets: 
{Rb1, Rb2, …, Rb12}, and therefore, 12 representations of 
feasible alternative structural configurations for a discrete 
event systems. 

Figure 10 represents, in addition to Figure 4(b), some of 
these combinations. In Table 1, it is possible to find all the 
feasible combinations of the subnets {RA, RB, RC, RD}, 
which, for improving the clarity in the exposition, have been 
shown as {A, B, C, D}. 

Figure 10 Representation of some of the feasible combinations 

 

Among these Petri net models the optimal configuration for 
the discrete event system might be found. In order to 
alleviate the computational requirements for developing a 
performance evaluation of the system under every one of 
the structural configurations, a compact Petri net 
representation of the model may be constructed. This 
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compact model can be obtained by the use of the 
alternatives aggregation Petri nets, able to remove 
redundant information, present in the different alternative 
Petri nets, describing each particular configuration. 

Table 1 Feasible combinations of subnets 

Rb1 Rb2 Rb3 Rb4 Rb5 Rb6 

A A A B B B 
B C C D B D A C A D C D 
D B C D C A 

Rb7 Rb8 Rb9 Rb10 Rb11 Rb12 

C C C D D D 
A B A D B D A B A C B C 
D B A C B A 

One algorithm, appropriate for constructing an alternatives 
aggregation Petri net from a set of alternative Petri nets, can 
be applied as explained in the following [Latorre and 
Jimenez (2013) and Latorre et al. (2010a)]. This algorithm 
is the same as the one put into practice in the previous 
section for a sequence of four subnets. In this application, 
the seed of the alternatives aggregation Petri net is Rb1, 
which can be found in Figure 4(b). The second step in the 
application of the algorithm consists of adding to the seed 
the second alternative Petri net, Rb2. This addition implies to 
include in the alternatives aggregation Petri net the new 
subnets that are present in the added Petri net (Rb2), as well 
as all the link transitions between the subnets of the newly 
added Petri net (Rb2). These link transitions should be 
associated to the choice variable ai corresponding to the 
alternative Petri net Rbi, in this case a2. The result of this 
step can be seen in Figure 11. 

Figure 11 First step in the application of the algorithm for 
constructing an alternatives aggregation Petri net 

 

In this first step it is not possible to apply any reduction  
rule for merging several quasi-identical transitions and 
simplifying the resulting alternatives aggregation Petri net. 

The following steps in the application of the 
construction algorithm to the creation of al alternatives 
aggregation Petri net from the 12 alternative Petri nets lead 
to a net with the same subnets than any of the alternatives 
and with three additional link transitions originated in each 
alternative Petri net. The characteristics of the link 
transitions do not allow to apply any reduction rule to 
decrease its number. 

As a consequence, the dimensions of the incidence 
matrix can be calculated as indicated in the following: 

( )2 2´ 2 ,AA r cM R M∈  

where 

2 r r r rr A B C D= + + +  (6) 

2 36c c c cc A B C D= + + + +  (7) 

Analogously to the previous section, it is possible to 
calculate a size ratio, which quantifies the reduction in the 
size of the model of a discrete event system when a set of 
alternative Petri nets is substituted by an equivalent 
alternatives aggregation Petri net. 

In this arrangement, the number of alternative Petri nets 
is 12 

2 2size ratio
12

r c
r c
×

=
× ×

 (8) 

( ) ( )
( ) ( )

36
size ratio

12  4
r r r r c c c c

r r r r c c c c

A B C D A B C D
A B C D A B C D
+ + + × + + + +

=
× + + + × + + + +

 

Simplifying the previous expression, it is possible to obtain 

( )
( )

 36
size ratio

12  4
c c c c

c c c c

A B C D
A B C D
+ + + +

=
× + + + +

 

As an example, let us consider that every subnet presents 
five internal transitions; hence, the size ratio has the value: 

(5 5 5 5 36) 7 1 ˆsize ratio 0.194
12 (5 5 5 5 4) 36 5.143

+ + + +
= = = =

× + + + +
 

In other words, for a small size of the Petri subnets, five 
internal transitions, the alternatives aggregation Petri net is 
5.143 times smaller than the equivalent set of alternative 
Petri nets. 

It is also possible to calculate the amount of redundant 
information removed from the set of alternative Petri nets in 
the alternatives aggregation Petri nets: 

7 ˆ100 (1 size ratio) 100 1 80.5%
36

⎛ ⎞× − = × − ≅⎜ ⎟
⎝ ⎠

 

Finally, it is possible to calculate the upper bound in both 
parameters: the size ratio and the amount of removed 
redundant information in the model of the system. 
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Let us call xA, xB, xC, and xD the number of columns of 
the incidence matrices of the Petri subnets RA, RB, RC, and 
RD respectively. Let us call x = xA + xB + xC + xD. 

( 36) 1lim (size ratio) lim
12 ( 4) 12x x

x
x→∞ →∞

⎛ ⎞+
= =⎜ ⎟× +⎝ ⎠

 

On the other hand, the upper bound of the percentage of 
redundant information removed from the set of alternative 
Petri nets is: 

1 ˆ100 (1 size ratio) 100 1 91.6%
12

⎛ ⎞× − = × − ≅⎜ ⎟
⎝ ⎠

 

It is possible to see that the upper bounds in the size ratio 
and in the amount of removed data in the model are more 
favourable for this arrangement of the subnets than the strict 
sequence of subnets. It can be seen that the size rate is in 
inverse proportion to the number of alternative Petri nets, 
substituted by a single alternatives aggregation Petri net. 

6 Petri net equivalent to two subnets 
arrangements 

It is also possible to calculate the size ratio of an alternatives 
aggregation Petri net equivalent to both arrangements 
presented in the present and the previous sections. 

The equivalent alternatives aggregation Petri net 
presents the same number of rows and number of columns, 
the amount corresponding to the subnets and the addition of 
the number of link transitions coming from both 
arrangements: 12 and 36. Moreover, in this case the number 
of alternative Petri nets is 18, where six of these nets arise 
from the strict sequence of subnets and the other 12 nets 
come from the sequential and parallel arrangement, 
described in the previous section. In effect: 

( ) ( )
( ) ( )

48
size ratio

18  4
r r r r c c c c

r r r r c c c c

A B C D A B C D
A B C D A B C D
+ + + × + + + +

=
× + + + × + + + +

 

Simplifying the previous expression, it is possible to obtain 

( )
( )

 48
size ratio

18  4
c c c c

c c c c

A B C D
A B C D
+ + + +

=
× + + + +

 

As an example, let us consider that every subnet presents 
five internal transitions; hence, the size ratio has the value: 

(5 5 5 5 48) 17 1size ratio 0.1574
18 (5 5 5 5 4) 108 6.35

+ + + +
= = = =

× + + + +
 

In other words, for a small size of the Petri subnets, five 
internal transitions, the alternatives aggregation Petri net is 
6.35 times smaller than the equivalent set of alternative 
Petri nets. 

The amount of redundant information removed from the 
set of alternative Petri nets in the alternatives aggregation 
Petri nets is: 

17100 (1 size ratio) 100 1 84.26%
108

⎛ ⎞× − = × − ≅⎜ ⎟
⎝ ⎠

 

Finally, it is possible to calculate the upper bound in both 
parameters: the size ratio and the amount of removed 
redundant information in the model of the system. 

Let us call xA, xB, xC, and xD the number of columns of 
the incidence matrices of the Petri subnets RA, RB, RC, and 
RD respectively. Let us call x = xA + xB + xC + xD. 

( 36) 1lim (size ratio) lim
18 ( 4) 18x x

x
x→∞ →∞

⎛ ⎞+
= =⎜ ⎟× +⎝ ⎠

 

On the other hand, the upper bound of the percentage of 
redundant information removed from the set of alternative 
Petri nets is: 

1 ˆ100 (1 size ratio) 100 1 94.4%
18

⎛ ⎞× − = × − ≅⎜ ⎟
⎝ ⎠

 

As it can be seen, all the parameters and upper bounds are 
more favourable as the number of alternative Petri nets that 
are substituted by a single alternatives aggregation Petri net 
grows. 

7 Conclusions and future research lines 

In this paper, some considerations on the modular 
construction of Petri net models have been introduced. 
Furthermore, the application of these models to  
decision-support systems based on simulation requires the 
development of exigent algorithms in terms of computer 
resources. 

In order to overcome or at list palliate this problem, a 
transformation of a non-efficient model based on a set of 
alternative Petri nets into an alternatives aggregation Petri 
net is discussed. Two parameters have been defined and 
calculated: the size ratio, to quantify the relative size 
between both models, and the percentage of redundant 
information that has been removed in the alternatives 
aggregation Petri net but not in the original set of alternative 
Petri nets. 

As conclusions, it can be stated that the modular 
construction of Petri net models is a promising research line 
to develop decision support systems to construct models of 
discrete event systems. On the other hand, there are 
formalisms, such as the alternatives aggregation Petri nets, 
able to reduce significantly the size of a model in the case of 
models composed of sequences of four Petri subnets. 

As future research actions, it can be considered to 
extend the discussion of these methodologies and results to 
other layouts in the modular Petri nets, as well as 
considering a larger number of subnets and different 
constitutions of the subnets. 



524 J.I. Latorre-Biel et al.  

References 
Bruzzone, A.G. and Longo, F. (2010) ‘An advanced system for 

supporting the decision process within large-scale retail 
stores’, Simulation, Vol. 86, No. 12, pp.742–762. 

David, R. and Alla, H. (2005) Discrete, Continuous and Hybrid 
Petri Nets, Springer, Berlin. 

Jensen, K. and Kristensen, L.M. (2009) Colored Petri Nets. 
Modelling and Validation of Concurrent Systems, Springer. 

Jimenez, E. and Perez, M. (2004) ‘Simulation and optimization of 
logistic and production systems using discrete and continuous 
Petri nets’, Simulation: Transactions of the Society for 
Modeling and Simulation International, Vol. 80, No. 3, 
pp.142–152. 

Jiménez, E., Martinez, E., Blanco, J., Perez, M. and Graciano, Ch. 
(2014) ‘Methodological approach towards sustainability by 
integration of environmental impact in production system 
models through life cycle analysis: application to the Rioja 
wine sector’, Simulation: Transactions of the Society for 
Modeling and Simulation International, Vol. 90, No. 2, 
pp.143–161. 

Latorre, J.I, Jiménez, E., Blanco, J. and Sáenz-Díez, J.C. (2014) 
‘Optimal design of an olive oil mill by means of the 
simulation of a petri net model’, International Journal of 
Food Engineering, Vol. 10, No. 4, pp.573–582. 

Latorre, J.I. and Jiménez, E. (2012) ‘Colored petri nets as a 
formalism to represent alternative models for a discrete event 
system’, 24th European Modelling and Simulation 
Symposium (EMSS 12). Vienna. 

Latorre, J.I. and Jiménez, E. (2013) ‘Petri nets with exclusive 
entities for decision making’, International Journal of 
Simulation and Process Modelling, Vol. 8, No. 1, pp.66–73. 

Latorre, J.I. and Jiménez, E. (2013) ‘Simulation-based 
optimization of discrete event systems with alternative 
structural configurations using distributed computation and 
the Petri net paradigm’, Simulation: Transactions of the 
Society for Modeling and Simulation International, Vol. 89, 
No. 11, pp.1310–1334. 

Latorre, J.I. and Jiménez, E., Blanco, J. and Sáenz, J.C. (2013) 
‘Decision Support in the Rioja wine production sector’, 
International Journal of Food Engineering, Vol. 9, No. 3, 
pp.267–278. 

Latorre, J.I., Jiménez, E. and Pérez, M. (2010) ‘Colored petri nets 
as a formalism to represent alternative models for a discrete 
event system’, 22nd European Modelling and Simulation 
Symposium (EMSS 10). Fez, Morocco, pp.247–252. 

Latorre, J.I., Jiménez, E. and Pérez, M. (2013) ‘The optimization 
problem based on alternatives aggregation Petri nets as 
models for industrial discrete event systems’, Simulation: 
Transactions of the Society for Modeling and Simulation 
International, Vol. 89, No. 3, pp.346–361. 

Latorre, J.I., Jiménez, E. and Pérez, M. (2014) ‘Sequence of 
decisions on discrete event systems modelled by Petri nets 
with structural alternative configurations’, Journal of 
Computational Science, Vol. 5, No. 3, pp.387–394. 

Latorre, J.I., Jiménez, E., de la Parte, M., Blanco, J. and  
Martínez, E. (2014) ‘Control of discrete event systems by 
means of discrete optimization and disjunctive colored PNs: 
application to manufacturing facilities’, Abstract and Applied 
Analysis, Article ID 821707:1–16. 

Latorre, J.I., Jiménez, E., Pérez, M., Blanco, J. and Martínez, E. 
(2010) ‘The alternatives aggregation Petri nets as a formalism 
to design discrete event systems’, International Journal  
of Simulation and Process Modelling, Vol. 6, No. 2,  
pp.152–164. 

Latorre-Biel, J.I. and Jiménez-Macías, E. (2012) ‘Simulation for 
education in business decision-making’, SCS M&S Magazine, 
Vol. 2, No. 3, pp.59–65. 

Longo, F. and Nicoletti, L. (2015) ‘An advanced training 
environment for vessels’ last mile navigation’, International 
Journal of Simulation and Process Modelling, Vol. 10, No. 2, 
pp.117–131. 

Longo, F., Nicoletti, L., Chiurco, A., Solis, A.O., Massei, M. and 
Diaz, R. (2013) ‘Investigating the behavior of a shop order 
manufacturing system by Latorre and using simulation’, 
SpringSim (EAIA), Vol. 7, pp.47–54. 

Mota, M.M. and Piera, M.A. (2011) ‘‘A compact timed state space 
approach for the analysis of manufacturing systems:  
key algorithmic improvements’, International Journal  
of Computer Integrated Manufacturing, Vol. 24, No. 2, 
pp.135–153. 

Mújica, M.A., Piera, M.A. and Narciso, M. (2010) ‘Revisiting 
state space exploration of timed coloured Petri net models to 
optimize manufacturing system’s performance’, Simulation 
Modelling Practice Theory, Vol. 18, pp.1225–1241. 

Music, G. (2009) ‘‘Petri net based scheduling approach combining 
dispatching rules and local search’, in Proceedings of the 21st 
European Modeling and Simulation Symposium (EMSS ‘09), 
Vol. 2, pp.27–32, Puerto de la Cruz, Spain. 

Music, G., Loscher, T. and Breitenecker, F. (2008) ‘Simulation 
based scheduling applying Petri nets with sequences and 
priorities’, in Proceedings of the UKSim 10th International 
Conference on Computer Modelling and Simulation 
(EUROSIM/UKSim ‘08), pp.455–460. 

Narciso, M., Piera, MA. and Guasch, A. (2010) ‘A methodology 
for solving logistic optimization problems through 
simulation’, Simulation: Transactions of the Society for 
Modeling and Simulation International, Vol. 86, pp.369–389. 

Nicoletti, L., Chiurco, A. and Spadafora, F. (2015) ‘Advanced 
interoperable simulators for training in car terminals’, 
International Journal of Simulation and Process Modelling, 
Vol. 10, No. 2, pp.132–143. 

Piera, M.A. and Music, G. (2011) ‘Coloured Petri net scheduling 
models: timed state space exploration shortages’, 
Mathematics and Computers in Simulation, Vol. 82,  
pp.428–441. 

Piera, M.A., Narciso, M., Guasch, A. and Riera, D. (2004) 
‘Optimization of logistic and manufacturing system through 
simulation: a colored Petri net-based methodology’, 
Simulation: Transactions of the Society for Modeling and 
Simulation International, Vol. 80, No. 3, pp.121–129. 

Silva, M. (1993) ‘Introducing Petri nets’, in Di Cesare, F. (Ed.): 
Practice of Petri Nets in Manufacturing, pp.1–62, Chapman 
& Hall. 

Wainer, G.A. (2016) ‘Real-time simulation of DEVS models in 
CD+’, International Journal of Simulation and Process 
Modelling, Vol. 11, No. 2, pp.138–153. 

Xiao, Z. and Ming, Z. (2011) ‘A method of workflow scheduling 
based on colored Petri nets’, Data & Knowledge Engineering, 
Vol. 70, pp.230–247. 

Zaitsev, D.A. and Shmeleva, T.R. (2011) ‘A parametric colored 
petri net model of a switched network’, International Journal 
of Communications, Network and System Sciences, Vol. 4, 
pp.65–76, Scientific Research Publishing Inc. 


