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Abstract— Petri net is a powerful modelling and analysis mechanism, which facilitates a smart way to understand
events and dynamic systems. This paper provides an analysis several generations of mobile network systems, namely,
GPRS, LTE and MANET using Petri net. The detailed analysis shows that these protocols are robust, persistent, bounded
and deadlock free.
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I. INTRODUCTION
It is important that the design of communication systems is free of any errors in their operational behaviour. Many
formal methods have been used and employed that increase one’s confidence in the design and provide the
confidence that the design is error free. Due to the cost of applying formal methods, there is little upcoming
standards that apply them for system verification and validation. Therefore, bridging the same gap by producing an
executable formal model of communication systems through Petri nets is the aim of this paper. The rest of the paper
is organised as follows: section 2 provides a brief introduction to Petri nets, while section 3 details the
methodology used for modeling the communication protocols. Section 4 describes the Petri net tool used for this
research work followed by details of the experimental results of our work. The conclusion summaries the paper and
offers pointers for future work in this area.
II. LITERATURE REVIEW OF PETRI NETS
A. Overview of Petri net
Since Petri net expresses concurrency, synchronism, parallelism and non-determinism with ease, it is an important
method to model physical systems. In addition, Petri net is also suitable for verifying and validation of systems,
since Petri net allows formal analysis and have well-defined graphical forms as well as well-defined semantics.
Petri nets are widely applicable to many practical problems, e.g., operating systems, network systems, software
engineering, data management, artificial intelligence, etc. Petri net based modelling is applicable to systems which
are concurrent, asynchronous, distributed, parallel, nondeterministic, and/or stochastic also.[1][2] Petri net model
is capable of being described by mathematical models depicting the behaviour of a system or being described by a
set of linear equations, which in turn opens up the possibility for formal analysis of the model and also allows
performing formal checks of the properties related to the behaviour of the system, e.g., appropriate
synchronization, freedom from deadlock, guaranteeing precedence relations amongst events, mutual exclusions of
shared resources, etc. Logical interactions among parts of activities in a system can be naturally represented by
Petri nets.
B. History
Petri nets was developed from the work of Carl Adam Petri in 1962 who in his doctoral thesis ``Kommunikation
mit Automaten,'' [1][2][Communication with automata], gave the theory of communication between asynchronous
components of a computer system. His dissertation was a theoretical development of the basic concepts and was
particularly concerned with relationships between events from where Petri nets were developed.

255

ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 2, Issue 4, July 2013
C. Mathematical Definition [4]
Petri net constitutes places and transitions; the places to which a transition ends called output places and the places
from which a transition starts are called the inputs places to the transitions. Places may contain a number of marks,
called tokens. The distribution of tokens over the places represents a configuration of the net called the marking. A
Petri net may fire whenever there are sufficient number of tokens at each the input places and, firing implies that
these tokens consumed and one token is placed each of the output places. Petri nets can be nondeterministic, i.e.,
when multiple transitions are enabled simultaneously, any one of them may fire and a firing is atomic, i.e., a single
non-interruptible event. Since the behaviour of firing is nondeterministic and there may be present multiple tokens
anywhere in the Petri net or even in the same place so, Petri net is suited for modelling concurrent behaviour of
distributed systems. To analyse the dynamic behaviour of a Petri net modelled systems in reference with states and
state changes, each place may hold none or positive integral number of tokens. The condition associated with place
is true or false is indicated by the presence or absence of a token at that place.
A Petri net is formally defined [4] as a 5-tuple N = (P, T, I, O, M ), where
0
(1) P = {p , p , …, p } is a finite set of places; [4]
1
2
m
(2) T = {t , t , …, t } is a finite set of transitions, P ∪ T ≠ ∅, and P ∩ T = ∅; [4]
1 2
n
(3) I: P × T → N is an input function that defines directed arcs from places to transitions, where N is a set of
nonnegative integers; [4]
(4) O: T × P → N is an output function that defines directed arcs from transitions to places; and [4]
(5) M : P → N is the initial marking. [4]
0
Example: A simple Petri net.

In this Petri net, we have [4]
P = {p , p , p , p };
1
2
3
4
T = {t , t , t };
1 2 3
I(t , p ) = 2, I(t , p ) = 0 for i = 2, 3, 4;
1
1
1
i
I(t , p ) = 1, I(t , p ) = 0 for i = 1, 3, 4;
2
2
2
i
I(t , p ) = 1, I(t , p ) = 0 for i = 1, 2, 4;
3
3
3
i
O(t , p ) = 2, O(t , p ) = 1, O(t , p ) = 0 for i = 1, 4;
1
2
1
3
1
i
O(t , p ) = 1, O(t , p ) = 0 for i = 1, 2, 3;
2
4
2
i
O(t , p ) = 1, O(t
T 3, pi) = 0 for i = 1, 2, 3;
3
4
M = (2 0 0 0) .
0

III. METHODOLOGY
Several types of Petri nets exist, e.g., zero-testing Petri net, coloured Petri net and Stochastic Petri net. Typically a
system is modelled using one of these Petri nets and analysed using several types of approaches, e.g., perturbation,
check for reachability, etc. The models are corrected and the checking and verifying processes are repeated, as
shown in Figure 2, until the system is comprehensively verified. In this paper, communication networks are
modelled as a Petri net, and analysed.
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Fig 2: Depicting the use of Petri nets for the modelling and analysis of systems

IV. TOOLS AND SOFTWARE PACKAGES USED
For the analysis of the petri net models, ‘Platform Independent Petri Net Editor2 (PIPE2)’ [5] is used. PIPE2 is an
open source, platform-independent tool for creating and analyzing Petri nets. PIPE (Platform Independent Petri
Net Editor) is a Java based editing and analysis system for Petri nets. This tool is fully PNML (Petri Net Mark Up
Language) compliant.
V. DESCRIPTION OF EXPERIMENTAL RESULTS
In this research, we have developed Petri net based models for four mobile communication protocols, viz., UMTS,
LTE, GPRS and MANET using PIPE2’s Petri net Mark Up Language. For each system, we assumed five clients
out of which four were allowed to access a channel at any given time. We assumed two channels, out of which one
is selected randomly, to transfer data at any given time. Before going into more detail lets describe some of the
important terminologies connected to Petri net
1. LIVENESS: A transition is said to be live if it is fireable in any marking r(m1)
2. SAFENESS: A place in a Petri net is said to be safe if the count of tokens doesn’t exceed 1 in any marking r(m1)
3. BOUNDEDNESS: Bounded ness is a generalized concept of safeness. A place is said to be bounded with bound
k, if in any marking r(m1) the token count doesn’t exceed k. If all the places are k-bounded the Petri net is said to be
k-Bounded.
4. REACHABILITY: Reachability is defined as whether a certain state of a system is reachable from the initial
state.
5. COVERABILITY: Coverability graph of a Petri net <P,T,V,M 0 > is a labelled directed graph <N,L,A> where
the set of node N is a coverabilty set of Petri net , L=T and there is and arc (m,t,m’)EA iff m(t>m’.
We analyzed reachability and coverability in order to analyze various properties of Petri nets, i.e., boundedness 1,
safeness, deadlock (if it persists). If the system has no error then the outcome would be as follows:
 The petri net would be either safe or k-bounded or it can be both, i.e., it would support either
boundedness or safeness or it can be both at the same time.
 The petri net does not have any deadlock.
Following are the Petri net models with the results drawn after analyzing reachability and cover ability graphs of
each of the systems:
1. GPRS-PDP Context-Attach Protocol
The packet data protocol context is data structure residing on serving GPRS support node and the gateway GPRS
support node. It contains session information of the subscriber when it is active. When any particular subscriber
wants to use GPRS, it first attaches tself and activate a PDP context. Figure 3: Petri net model for the GPRS-PDP
Context-Attach protocol (figures attached at the end of this paper) as shown in figure 3, the Petri net model for the
GPRS-PDP Context-Attach protocol has been found to be bounded and is deadlock-free.
2. GPRS-MAIN Protocol
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3. The GPRS-MAIN protocol-GPRS main is the central part of GPRS which permits 2G, 3G and WCDMA mobile
networks to transmit IP packets to external networks. It provides mobility management, session management and
transport management for IP packet services in GSM and WCDMA networks. Figure 4: Petri net model for the
GPRS-MAIN protocol (figures attached at the end of this paper) As shown in figure 4, the Petri net model for
GPRS-Main, has been found to be bounded and is deadlock-free.
4. MANET (Mobile Ad-hoc Network) Protocol
MANET is a mobile ad-hoc network connected by wireless. The devices present in a MANET are free to move in
any direction of network and changes its link to other devices frequently. A MANET is an autonomous collection
of mobile users that communicate over relatively bandwidth constrained wireless links. Figure 5: Petri net model
for the MANET protocol (figures attached at the end of this paper) As shown in figure 5 the Petri net model for the
MANET protocol has been found to be bounded and is deadlock-free.
5. UMTS Protocol
UMTS (Universal Mobile Telecommunications Service) is a broadband technology which is used for packet-based
transmission of text, digitized voice, video, multimedia at data rates upto 2 Mbps. It’s a third generation (3G)
broadband service technology which is based on GSM communication standards. UMTS service users can
constantly use their computer and mobile phones to constantly attach to internet wherever they travel across the
globe, wherever they roam and that too with the same set of capabilities. In this technology users have access
through a combination of terrestrial wireless and satellite transmissions. Figure 6: Petri net model for the UMTS
Protocol (figures attached at the end of this paper) As shown in figure 6, the Petri net model for the UMTS protocol
has been found to be bounded and is deadlock-free.
6. LTE Protocol
LTE (Long Term Evolution) is a fourth generation (4G) wireless broadband technology that supports roaming
internet access via mobile cell phones or handheld devices. LTE supports browsing websites, VoIP and other
IP-based services due to its architecture which is based on Internet Protocol (IP). The theoretical downloading
peak rate of LTE is 299.6 Megabits per second (Mbps) or more based on experimental trials and uplink peak rates
of 75.4 Mbit/s. It support for terminals moving at up to 350 km/h (220 mph) or 500 km/h (310 mph) depending on
the frequency band. Figure 7: Petri net model for the LTE protocol (figures attached at the end of this paper) as
shown in figure 7, the Petri net model for the LTE protocol has been found to be bounded and is deadlock free.
VI. CONCLUSION
This paper provides a detailed analysis of four mobile communications protocols, namely, UMTS, LTE, GPRS and
MANET. The Petri net analyses of these protocols indicate that they are fairly robust and are deadlock free.
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FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 6

262

ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 2, Issue 4, July 2013

FIGURE 7
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