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Abstract:  
Petri Nets is a family of modeling formalisms, with different interpretations and abstraction levels; the 
Petri nets family of modeling formalisms includes ordinary Petri Net, generalized Petri Net, and also 
all other extensions e.g. Colored Petri Net, Petri Net with priority, and Petri Net with inhibitor arcs. 
The availability of different formalisms of the Petri Net family is considered as its main strength, since 
a discrete system can be modeled with different Petri Net formalism, in order to achieve different 
abstraction levels and different interpretations. This work presents an application of a new Petri Net 
simulator known as GPenSIM; GPenSIM is used to model the classical Cigarette Smokers' Problem, 
using the different Petri Net extensions implemented in GPenSIM. Thus, this work can be considered 
as a benchmark to test the strengths and weakness of GPenSIM, in modeling and simulation of 
discrete event systems. 
 

INTRODUCTION 

Petri Net was introduced in 1962 as a mathematical tool for modeling and simulation of discrete event 
systems [1]. Petri Net, being a simple bipartite graph, was successfully used for modeling of discrete 
systems in different fields, like computer science, chemistry, biological science, and social science [2]. 

In this paper, the classical Cigarette Smokers' Problem (CSP) is modeled once again, using a new Petri 
Net simulator known as General Purpose Petri Net Simulator (GPenSIM) [4]. The different Petri Net 
extensions that are implemented in the GPenSIM (such as inhibitor arcs, priorities, and color) are used 
to model the CSP problem. 

Literature study shows that the CSP is already solved many times, using a variety of Petri Net 
extensions [5]; [6]; [7];[8]. Hence, this work providing the yet another solution to the classical CSP, 
serves only as a benchmark to show the strengths and weakness of GPenSIM, in modeling and 
simulation of discrete event systems. 

In this work: section-II describes the CSP. Section-III presents a very concise introduction to 
GPenSIM. Section-IV presents a number of solutions to the CSP, using different Petri Net extensions 
implemented in GPenSIM. 

THE CIGARETTE SMOKERS' PROBLEM 

Suhas Patil originally described the cigarette smokers' problem (CSP) in a technical report at MIT in 
1971 [3]. 
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A. The four agents of the CSP 

The CSP involves four agents (or processes); one of the agents is the supplier and the rest three are 
smokers: 

1. Supplier: supplier possesses infinite amount of the three basic ingredients for making 
cigarettes: tobacco, wrapping paper, and match 

2. Smoker with tobacco (TB): this agent possesses infinite amount of tobacco and expects the 
other two ingredients (wrapping paper and match) from the supplier, 

3. Smoker with wrapping paper (WP): this agent possesses infinite amount of wrapping paper 
and expects the other two ingredients (tobacco and match) from the supplier, and 

4. Smoker with match (MA): this agent possesses infinite amount of matches and expects the 
other two ingredients (tobacco and wrapping paper) from the supplier. 

B. The procedure for smoking 

Let us imagine that the supplier and the three smokers are sitting around a table. The procedure 
consists of the following steps: 

1. Though the supplier has an infinite supply of all the three ingredients for making cigarettes, 
the supplier arbitrarily selects only two of the ingredients and places them on the table. 

2. The smoker who has the remaining ingredient can take the two ingredients, and then make and 
smoke a cigarette. Upon completion of smoking, the supplier will be signaled. 

3. For the next cigarette, the supplier again arbitrarily selects two of the three ingredients and 
places them on the table. This cycle is repeated forever. 

Figure-1 shows a P/T Petri Net model for the CSP, which will not work properly; this because, there is 
no way of preventing a smoker from grabbing the ingredient he already possess thus preventing the 
other needy one from taking it. For example, if the supplier puts tobacco and wrapping paper on the 
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table, the smoker with tobacco (or the smoker with wrapping paper) may grab the two items creating a 
deadlock situation, as he blocks himself from smoking as well as the smoker with matches. As there is 
no mechanism in P/T Petri Net to prevent the danger of deadlock, P/T Petri Net cannot be used solve 
the CSP. 

GPENSIM 

GPenSIM is designed for increasing the decision making potentials from the Petri Net models, by 
implementing a variety of Petri Net extensions, supplemented by utility functions. GPenSIM is 
available from the website cited in the reference as [4]. Reference [9] gives an introduction to 
GPenSIM. 

As GPenSIM is implemented on MATLAB platform, a Petri Net model created by GPenSIM consists 
of M-files. A typical Petri Net model consists of the following files: 

• Petri Net Definition File (PDF): PDF defines the static Petri Net structure: this files declares 
the set of places, the set of transitions, and the set of arcs 

• A main simulation file (MSF): MSF declares the initial dynamics of the model. E.g. the initial 
marking (tokens in different places), firing times of the non-primitive transitions, and system 
resources (explained later). 

• COMMON_PRE: this file defines the enabling conditions (also known as guard conditions) of 
the transitions. Whenever a transition is enabled, the conditions defined in this file are checked 
to determine whether the enabled transition can start firing. 

• COMMON_POST: this file defines the post-firing actions (if any) for transitions. For 
example, after firing, a transition may release some resources that were used during the firing; 
releasing the resource can be coded in the COMMON POST file. 

 

SOLVING THE CIGARETTE SMOKERS' PROBLEM WITH GPENSIM 

In this section the cigarette smokers' problem (CSP) is solved in four different ways, the first three 
solutions using different Petri Net extensions and the final one with GPenSIM convenience: 

1. Inhibitor arc extension, 
2. Color extension, 
3. Priority extension, and 
4. Using GPenSIM resources. 

The following subsections present the solutions. 

A. Petri Net model with inhibitor arc extension 

Figure-2 shows the Petri Net model for the CSP that uses the inhibitor arc extension. On the supplier 
side, the inhibitor arcs make sure that the supplier selects two different ingredients, arbitrarily. The rest 
of the net make sure that the smoker without the two ingredients takes these two and start smoking. 
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Figure-10 presents the reachability tree of the Petri Net model. Thus, using the inhibitor arc extension, 
analytical part of the model seems somewhat improved over its P/T model, even though it should 
remain the same as for bounded systems modeling capability of P/T Petri Net and the formalism with 
inhibitor arcs should have the same effect. 

B. Petri Net model with Color extension 

The Petri Net structure (static graph) of the model with color extension is exactly the same as the P/T 
Petri Net–the one that is shown in figure-1. The color extension is mainly to impose the following 
actions and enabling conditions on transitions: 

1. When the transition ‘tSelect’ fires, it adds two colors (representing the two ingredients 
selected arbitrarily) to the tokens that are to be deposited into the output place ‘pReady’. 

2. Transition ‘tTBStart’ can only select tokens from the input place ‘pReady’, if the token has 
colors ‘Wrapping Paper’ and ‘Match’. Similar enabling conditions are imposed on the 
transitions ‘tWPStart’ and ‘tMAStart’. 

 

http://ieeexplore.ieee.org/xpls/icp.jsp?arnumber=6779845%23fig_10
http://ieeexplore.ieee.org/xpls/icp.jsp?arnumber=6779845%23fig_1


 

Figure-3 shows the COMMON_PRE file coding the enabling conditions and the actions imposed upon 
the transitions. The first part of the figure-3 shows the transition ‘tSelect’ adding two random colors to 
the tokens deposited into the place ‘pReady’ the colors represent the selected ingredients. The second 
part of the figure-3 shows the transitions ‘tTBStart’, ‘tWPStart’, and ‘tMAStart’, selecting the 
appropriate tokens from the place ‘pReady’. 

The reachability tree obtained for the Petri Net model with color extension is exactly the same as the 
one obtained from the P/T Petri Net model. This seems correct as the modeling capability of P/T Petri 
Net and the one with color extension have the same modeling capability. 

C. Petri Net model with Priorities 

In this model too, the Petri Net structure (static graph) of the model with priorities is exactly the same 
as the one shown in figure-1. The manipulation of priorities of transitions when they are in conflict, is 
to make sure that the transition that is supposed to fire is given higher priority among the competing 
ones, so that it will fire before the other ones. The following actions and enabling conditions are 
imposed on the transitions: 
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1. When the transition ‘tSelect’ fires, it selects the two ingredients and increases the priority of 
the corresponding transition. E.g. if the ingredients ‘TB’ and ‘WP’ are selected, then the 
transition ‘tMAStart’ will be assigned highest priority over the other two transitions ‘tTBStart’ 
and ‘tWPStart’, so that ‘tMAStart’ will be able to grab the tokens from ‘pReady’. 

 

Figure-4 shows the COMMON_PRE file encoding the conditions and the actions imposed upon the 
transitions. 

The first part of the figure-4 shows the transition ‘tSelect’ assigning null priority to all the three 
competing transitions. In the second part, two ingredients are randomly selected and the appropriate 
transition to receive the ingredients (tokens from the place ‘pReady’) is identified and its priority is 
increased. 

The reachability tree obtained for the Petri Net model with priority extension is again the same as the 
one obtained from the P/T Petri Net model. 

D. Using the GPenSIM Resources 

As already stated in the beginning of this section, the first three models based on Petri Net extensions 
(inhibitor arcs, color extension, and priority extension) that are necessary to model a system that is 
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otherwise not possible model with P/T Petri Net; thus, these extensions are out of necessity. This 
subsection presents an enhancement (convenience) to the modeler to create compact models. 

 

Many studies report the huge size of Petri Net models of discrete event systems as one of the main 
problems associated with Petri Nets [10]; [11]. This problem is especially true when modeling 
resource scheduling. Even for a problem with few activities competing for a few resources, the 
resulting Petri Net model can be very large [12]; [13]. 

GPenSIM offers “resources” with which compact models of resource sharing and resource scheduling 
can be obtained. By using resources in GPenSIM, the size of Petri Net models are reduced as only the 
activities are shown in the Petri Net models and the resources are pushed into the background [13]. 

Figure-5 shows the Petri Net model that uses resources. In this model, the three ingredients (‘TB’, 
‘WP’, and ‘MA’) are assumed to be resources. The transition ‘tSelect’ (representing the supplier) 
initially holds the three resources. When the firing completes, ‘tSelect’ releases only two of the three 
resources; ‘tSelect’ holds on to the third one, making that resource unavailable for any others. 

Naturally, ‘tTBSmoke’ is the transition that represents the smoker with tobacco; if the transition 
‘tTBSmoke’ is to fire, then it must request the resources ‘WP’ and ‘MA’. Only if these resources are 
available (‘tSelect’ has already released these two resources), then ‘tTBSmoke’ can start firing. When 
‘tTBSmoke’ completes firing, the used resources (‘WP’ and ‘MA’) are released. The other two 
transitions ‘tWPSmoke’ and ‘tMASmoke’ representing the other two smokers behave similarly. 
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Transition ‘tSelect’ releasing two resources arbitrarily and holding on to the third one is coded in the 
COMMON_PRE file (figure-6). Also coded in the COMMON_PRE file is an enabled transition 
(‘tTBSmoke’, ‘tWPSmoke’, or ‘tMASmoke’) requesting specific resources before start of firing. 
Transitions releasing resources after firing, is coded in the COMMON_POST file. COMMON POST 
file is shown in figure-7. 

The Petri Net that uses resources (figure-5) is intentionally compact and less detailed; the reachability 
tree for the Petri Net, shown in figure-8, proves the fact that the Petri Net model is trivial. Hence, it is 
obvious that decision power is taken away from the Petri Net model and moved to the underlying 
system (GPenSIM) that manages the resources. 

The advantages of using resources in GPenSIM are two folded: 

1. Petri Net models of manageable size can be obtained even for a system with many resources 
2. GPenSIM provides a detailed report of resource usage. Figure-9 presents a report on resource 

usage when the Petri net model was executed. 
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CONCLUSION 

In this paper, we investigate a new Petri Net simulator called GPenSIM, and tested some of the 
extensions and facilities which have been implemented on this tool. The classical Cigarette Smokers' 
Problem (CSP) was taken as a case study to measure the ability of GPenSIM in using the different 
Petri Net extensions. 

Petri Nets is a family of modeling formalisms (e.g. the ones discussed in this paper, P/T Petri Net, 
Colored Petri Net, Petri Net with priority, and Petri Net with inhibitor arcs) with different 
interpretations and abstraction levels. 

Theoretically, the modeling capability of P/T Petri Net is exactly the same as of Colored Petri Net; 
Petri Net with inhibitor arcs should have the same modeling capability of Petri Net with priority, and 
these two formalisms should have much higher modeling power than P/T Petri Net as these two can 
model Turing machines, whereas P/T Petri Net cannot (this is not true for bounded systems); when 
modeling bounded systems, all the Petri Net formalisms should possess the same modeling power. 

The modeling and simulations given in this paper show that the classical CSP can be modeled and 
analyzed by a variety of Petri Net extensions (such as inhibitor arc, color, and priority). GPenSIM's 
resources are a convenient way for minimizing the size of the Petri Net models, especially when there 
are many resources involved in the discrete event system. When using resources, GPenSIM provides a 
set of functions to make decisions from the compact Petri Net model. 
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