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Abstract: PetriNet is an imperative and handy language used
for modeling and analysis of discrete event system (DES) i.e. a
dynamic system that progress according to unexpected occurrence
of events at probably unknown, asymmetrical interval of time.
This concept provides an interface for analysis of behavioral and
structural properties like liveness, boundedness and cover-ability
tree of discrete event systems. These properties are not only
necessary for proving the correctness of system model but also
helpful in checking the deadlock conditions in a system. As a
graph Petri Net isused for modeling and mathematically, it can be
used for analysis of the system. In this paper, we have first
modeled various DES like computation model and
communication model using Petri Nets and then analyzed their
properties using MATLAB. These DES models have applications
in almost every domain of science and engineering.
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. INTRODUCTION

A Petri Net (PN) isaweighted, directed, two-part multigraph.
It is a graphical and mathematical modeling tool used for
defining and analyzing the behavior of a system. Being a
graphical tool, it has the capabilities of a flowchart, block
diagram while being a mathematical tool it is possible to
derive state equations or a gebraic equations asrequired. Petri
nets were first introduced for representation of chemical
equationsin 1962 by Carl Adam Petri in his dissertation [1].

A Discrete Event System (DES) is a dynamic system that
progresses according to the unexpected occurrence of events
at probably unknown asymmetrical intervals of time. We can
have such systemsarising in different conditions ranging from
operating systems of a computer to the control of complex
processes. DES has a large impact on research and was
created on an interdisciplinary context. It is connected to
several areas of mathematics, among which the most
consistent contributions were brought by automata and formal
languages, queuing systems,
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Petri net and algebraic theory of synchronization. Other
toolsfor DES used earlier are Automata and formal language
models. Petri Net is efficiently used for deadlock prevention
[7] in system and for fault identification in DES [9].

Petri net: A Petri Net i.e. place/transition net or P/T net
consists of places, which represent al possible states of a
system and transitions, which represent actions required to
change states, and arcs. Arcs run from either a place to a
transition or transition to place and never run from place to
place or transition to transition. Input places are the places
from which an arc goes to atransition while output places are
places to which arc runs from atransition.

In the Petri Net representation of a system, circle denotes a
place while box or bar denotes a transition and an arc is
denoted by alinewith directions. Another significant part of a
PN is token. Tokens are alocated to places and are
represented by black solid dots and represent change of state
with the help of movement from one place to another. Firing
of a transition represents occurrence of an event but is
dependent upon availability of sufficient tokens at al input
places. A transition consumes the tokens from input places
equal in number to its associated weights sum of itsinput arcs
and puts the token to the output places equal in number to its
associated weights sum of its output arcs. So, tokens initially
in places should be grater or equal to itsassociated output arcs
for firing the corresponding output transitions [2]. See Fig. 1
for the process of Petri Net.

OF

Initial Firing
@
Fining
After Finng

Fig. 1 Petri Net
Definition 1. A NetisatripleN= (P, T, F) where,
P and T are digoint finite sets of places and transitions,
respectively.
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FC (PxT) U (TxP) denotes set of arcs i.e. flow relations,
either from place to transition or transition to place.
Definition 2. A place-transition net (PT-Net) isa5 tuple
PN=(P, T, F, W, M), where,

Pisthe set of places; T isthe set of transitions;

suchthat, PUT=ZJandPN T =;

Fc(PxT)u(T xP)isthesetof arcsand W: F{1,2..} is
the weight function and Mq: P {1, 2, 3...} is initial marking.
We ignore unity weight generally in model representation,
See Fig. 1 for model description.

InaPN, aninitial marking is afunction which decides how to
distribute tokens to the places initially. Here Mg (p) is a
non-negative integer number which is associated with place p
and it represents the number of tokens in place p at initia
marking Mqo. Mg (p) is <= to the capacity k of the place p,
where capacity of the place is defined as the maximum
number of tokens which can be accommodated in place at any
reachable marking M from Mqo. A marking My is said to be
reachable to M if there is afiring sequence 6 = {t3, t5,...,t;}
suchthat M can be obtained from M, after firing of transitions
t1, t,..., th

The execution of Petri nets cannot be determined until we
have a predefined execution policy. Multiple transitions can
be enabled at same point of time and any one out of them can
fire because tokens can be present at more than one place at
the same time so, Petri Nets are suitable for modeling
concurrent, synchronous, distributed, paralel and even
nondeterministic systems[2, 10].

Il. PROPERTIESOF PETRI NETS

A Petri net is model of a system supports the analysis of
properties and difficulties related with discrete event systems.
The properties which can be studied with the help of PN
model of asystem are briefly discussed in this section.

A. Structural properties

Structural properties of PNs depend only on their
topology and are independent of the initial marking. In [1]
necessary and sufficient conditions for  structural
boundedness,  conservativeness,  repetitiveness  and
consistency of a PN are provided. A brief overview is
presented in this paper.

e Boundedness: A Petri Net is said to be k bounded or
simply bounded if the number of tokens in each place are
not more than k for any marking which is reachable from
Moi.efor initial marking, where k is an integer value. Also,
aPN is structurally bounded if it is bounded for any finite
initial marking.

e Conservativeness: A Petri net PN is conservative if there
exists an-vector of positive Integersy €Z,, y>0 such that for
every initial marking M and for every marking M which is
reachable from M the relation

MTy = MyTy=a constant is true.

Incase that equality holds for an n-vector of

integersy € Z ,, y>#0, thenthenetissaid to be
partially conservative.

¢ Repetitiveness: A Petri net PN is called repetitive if there
isan initiadl marking My and a firing sequence S such that
every transition occursinfinitely oftenin S. Also, if thereis
aninitial marking My and afiring sequence Sin away, some
transitions (not all) occur infinitely often in S, the Net is
said to be partially repetitive.
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e Consistency: A Petri net PN is considered consistent if
thereisaninitial marking Mg and a firing sequence S from
Mg back to Mg such that every transition occurs at least
once in S. The Net is caled partially consistent, if there

exists an initial marking Mg and a firing sequence S from

Mg back to M such that some transitions (not all) occur at
least oncein S.

B. Behavioral properties

The properties depending upon initial marking are called

Behavioral properties.

¢ Reachability : If for agiven PN with Mgas initial marking
and M, any other marking then, M, is known as reachable
from Mif and only if there exists a firing sequence which
brings the net from Mg to M,. Thus, reachability set can be
defined as the set of all reachable markings fromMg and is
represented by R(Mg). It is worth mentioning here that
reachability set is defined for a particular initial marking
and will change with any change in initial marking.

The dependency implies that reachability is a behavioral
property. If M, is reached from Mg by firing a single
transition, then M, issaid to be immediately reachable from
Mo.

o Liveness: Mathematically, aPN iscalled Live with respect
to an initial marking Mg if it is possible to fire all the
transitions at least once by some firing sequence where
every marking belongs to the reachability set [1].

[11. MODELLING & ANALYSISOF DES

PN toolbox in MATLAB can be used to model and
investigate a large number of systems modeled by PN. The
Petri Net Toolbox (PN Toolbox) is a software tool for
simulation, analysis and design of discrete event systems,
based on Petri net (PN) models. This softwareisinserted asa
toolbox inthe MATLAB environment and to useit MATLAB
version 6.1 or higher isrequired.

Although there are many software tools like Great SPN, J
Petri Net, Petri.NET Simulator, QPME etc. for analysis and
simulation of PN models [3] but PN Toolbox has its own
efficacies. PN toolbox can operate with infinite-capacity
places, since MATLAB has the built-in function Inf, which
returns the IEEE arithmetic representation for positive
infinity whereas in other PN software, places are meant for
having finite capacity (as the arithmetic representation used
by the computational environment). The integration of
MATLAB and PN Toolbox has broadened the utilization
domain [8].

Untimed, transition timed, place-timed, stochastic and
generalized stochastic are five types of PN models which are
accepted in current version of the PN Toolbox. Where timed
nets can be stochastic or deterministic and the stochastic case
allows use of suitable distribution function.

This Toolbox in MATLAB has a user-friendly Graphical
User Interface which not only has the ability to draw, save,
access all types of drawings but also allows us to simulate,
analyze various PN models with the help of computational
facilities provided by environment.

A lot of information can be collected by user about the
Petri Nets after drawing aPN model. It can do the analysis net
topology and can give us the Incidence Matrix for the model.
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By using information about initial marking, it can
automatically draw the cover-ability tree and therefore can
easily analyze the behaviora properties like liveliness,
reversibility, boundedness etc. It can even explore structural
properties like, structural boundedness, conservativeness,
consistency etc., The P invariants and T invariants of the
model can be calculated. Scope and Diary facilities can be
used to view simulation results. User can even calculate
performance indices like average marking, firing delay etc. A
max plus analysis which shows the events in graphical form
can also be done. [4]

Although initially intended just for interna usage,
numerous improvements have been done to previous models
[5, 6] and the current version of the PN Toolbox can be used
to model variety of systems as per the facilities. The Toolbox
is appropriate for modeling theoretical as well as industrials
processes like event driven systems, communication
protocols, processors etc.

Various properties and analysis methods for Petri Nets are
studied in this paper with the help of two different models.

A. Modd 1(Data computation Model)

Consider the expression
X¥eyi=gxt
The Petri net model for this can be constructed as shown
Fig. 2.
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Fig. 2 PN Model for data computation M odel
The properties of thismodel can be studied using PN Toolbox
as discussed below.
Theincidence matrix can be calculated as given below in Fig.
3. Once we have theincidence matrix, we can useit for further
m:athe;mati cal analysis of the system.

Petri Net Toolbox - Incidence Matrix
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Fig. 3 Incidence Matrix for Model in Fig 2
The PN model islive that means every transition isfired at
least once and every state is significant in our model as shown
inFig. 4.

Retrieval Number: L3392081219/2019©BEIESP
DOI: 10.35940/ijitee.L3392.1081219
Journal Website: www.ijitee.org

3889

I nternational Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-8 | ssue-12, October 2019

[ ] Petri Net Toolbox - Liveness
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T

Fig. 4 Liveness of M odel
The cover-ability tree can aso be constructed using PN
Toolbox as show below in Fig. 5. Therefore, we can analyze
how we move from one state to another.

Petri Net Toolbox - Coverability Tree

Coverability Tree - Graphic Mode

M1{COPY 1) M2(COPY2)

WCNUU] M3{COPY1) M5{mul2)

MG{MMFYZJ MT[C‘LPW]
ME{% MB{WIUL1)

M9(ADD)

Fig. 5 Coverability Treefor model
We can see that the model is structurally conservative in
respect to number of tokensi.e no tokens are consumed
during the process as shown below in Fig. 6.

QO Structural Conservativeness
The net is conzarvativa!
0K

Fig. 6 Conservativeness of M odel
B. Modd 2(Distributed sensor network Model)
Consider adistributed sensor network shown in Figure 7.
This model represents base station node BS1 as resource
place (r1), sensor nodes as location places (P 4, P, and
channel between two nodes as channel places (Pcy, Pc,). Two
types of transitions are used. ts (ty, te) are sending message
transitions while t, (t,1, t;;) are receiving message transitions.
Initially location places and source place are marked with
tokens.
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Fig. 7 Distributed Sensor Network M odel
The PN Modd for above network can be constructed as
shown below in Fig. 8.

O O cg Q \
| \
Fig. 8 PN Model for Distributed Sensor Network

Theincidence matrix for further mathematical analyses can be
calculated as shown below in Fig. 9.

ece Petri Net Toolbox - Incidence Matrix
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Fig. 9 Incidence matrix
The model isfound to be live that means each transition is
fired at least once and therefore, each stateis significant in
this model, as shown in Fig. 10.

[ ] Petri Net Toolbox - Liveness

Petri Net Toolbox - Coverability Tree

Coverability Tree - Graphic Mode

The net is fivel

Fig. 10 Liveness of M odel
The cover-ability tree explaining the movement from one
state to another can be made in graphic mode using PN
Toolbox as shownin Fig. 11.
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Fig. 11 Cover-ability Tree for model
As can be seen below in Fig. 12 and 13 the model is not only
conservative but also consistent i.e no tokens are consumed
during the process.

[ ] Structural Conservativeness
The net is consenvative!

Fig. 12 Conservativeness of M odel

o Structural Consistency
Ihe net is consistent!

Fig. 13 Consistency of M odel

The property analysis of both the systems can be summarized
in atabular form as shown below in Table-|

Table- I: Summary of Property Analysis of M odels

Properties gﬁtﬁputaﬂon Distributed Sensor
Model Network Model

Incidence Matrix Constructed Constructed

Coverability Tree | Dravn Drawn

Liveness Yes Yes

Consistency Yes Yes

Conservativeness Yes Yes

[V. CONCLUSION

The Petri net has applications in amost al areas of
engineering and science especialy in discrete event systems
those are concurrent in nature and also in communication
models.
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In last decade, the Petri net theory is used very frequently in
technical scenarios because of its efficacy in analysis of
various systems.

In this paper modeling and property analysis of two DESi.ea
data computation system and a distributed sensor network
system is represented and standard properties like
boundedness, liveness, conservativeness, repetitiveness and
consistency are studied which shows that system model is
working and there is no deadlock conditions. The
cover-ability tree has been drawn and incidence matrix has
also formulated for further analysis of the system behavior.
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