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Abstract The aim of this research is to provide potential solutions to respond in case of disaster
[2] and assist in the decision-making process by using Petri nets model [1, 4]. In order
to provide these solutions logical and temporal dependencies have to be considered.
Petri Nets and their extensions are applied successfully in various fields. Especially
in the area of emergency and disaster management [3]. For modeling of sequences
of countermeasures, will be discussed information about the influencing factors and
endangered objects in order of adequate response to the event. In these order quantitative
and qualitative analysis of case study (evacuation system) will be done.
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1. INTRODUCTION

The Petri nets formalism [7] allows for the intuitive graphical representations of
the modeled systems and, as well as the analysis of the dynamic properties. One
of the most important things is as a model system to work correctly, this is mainly
determined by qualitative (or behavioral) properties. Another important aspect is
to make sure that the system meets certain related performance characteristics (or
quantitative properties).

Petri nets allow checking the correctness of the modeled system at design phase.
We will illustrate system modeling and analysis in a case study of a evacuation sys-
tems of people in case of disaster.

The paper is organized as follows: we begin with a review of Generalized Stochas-
tic Petri nets in section 2. Section 3 deals with the restrictions of modelling in order
to compute qualitative and quantitative properties of a system. Section 4 describes
model for the evacuation of people in case of disaster by means of GSPNs and obtined
results. Finally, section 7 reports conclusions of the work.

2. GENERALIZED STOCHASTIC PETRI NETS

To perform quantitative and qualitative analysis, Generalized Stochastic PNs (GSPNs)
[5] will be used. GSPNs have been extended from the ordinary PNs [7] and contain
the same basic sets such as:
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P the set of places;

T the set of transitions, P
∩

T = ∅;

I, O, H are input, output and inhibition functions: T → N(N = P
∪

T ).

They were extended by using of two types of transitions: immediate transitions
which are produced immediately and stochastic transitions which are produced com-
plying with an exponential distribution function. Weighting function W : T → R,
were extended in the following way:

for a timed transition (represented by a hollow rectangle), w(t) is a rate (pos-
sibly marking dependent) of a negative exponential distribution specifying the
firing delay;

for an immediate transition (represented by a filled rectangle), w(t) is a firing
weight (possibly marking dependent).

The priority functionΠ : T → N associates the lower priorities to timed transitions
and higher priorities to immediate transitions.

The selection of which transition will fire is based on the priorities and weights.
First, the set of transitions with the highest priority is found and if it contains more
than one enabled transition, the selection is based on the rates or weights of the tran-
sitions according to the expression:

P(t) =
w(t)∑

t′∈E(M) w(t′) (1)

where E(M) is the set of transitions enabled at the marking M, i.e. the set of
enabled transitions with the highest priority.

The initial marking M0 : P → N determines the initial state of the modelled
system.

When a new marking is reached, if only timed transitions are enabled, this marking
is called tangible; if at least one immediate transition is enabled, the marking is called
vanishing.

3. QUALITATIVE AND QUANTITATIVE
PROPERTIES

Qualitative properties of a Petri [6] nets is related to such properties as deadlock
(no total deadlock), liveness (no partial deadlock), boundedness (on each place the
number of tokens cannot grow in an unlimited way) and home state(markings that
can always be reached from any reachable state). Reachability graph can be used to
determine the boundedness. Also for checking the deadlock, liveness and boundded-
ness invariants analysis can be used.
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Using qualitative properties and establishing additional restrictions quantitative
properties can be computed. Average number of tokens places is the quantitative
property which will be determined for evacuation system of people in case of disaster.

In order to compute quantitative properties of evacuation system we will use the
property of stochastic Petri nets (SPN) whereby the Markov chain of the net and the
reachability graph of the underlying Place-Transition net are isomorphic. Therefore
all properties of the underlying Place-Transition net also hold for SPN and vice versa.
For evacuation system which is translated in term of GSPNs we will analyse the
embedded Markov chain of the corresponding stochastic process [6], in other words
we examine only tangible state of the system. The probability of changing from one
marking to another is independent of the time spent in a marking. In this context for
qualitative analysis of a GSPNs we will exploit the underlying Place - Transition net
of the GSPN and use their algorithms.

Will be determine restrictions for an integration of time, such that the results of a
qualitative analysis remain valid for a quantitative analysis as well. The restrictions
are related to Extended Free Choice nets, in these nets conflicts may occur between
transitions of the same kind. This condition is called EQUAL-Conflict. Respecting
the conditions set out above we have the following:

Theorem 3.1. if we are given an EFC −GS PN whose underlying Place-Transition
net is live and bounded, the following holds:

Condition EQUAL-Conflict⇒ GSPN has no timeless trap.

Condition EQUAL-Conflict⇒ GSPN live.

Condition EQUAL-Conflict⇒ GSPN has home state.

In the folowing we will use these relationships to determine the qualitative and
quantitative properties of evacuation system in case of disaster.

4. CASE STUDY

In any building are meeting their evacuation plan, in these planes we will denote
rooms and doors. Suppose that there is a building as it is specified in Fig. 1. By
R1 − R9 are denoted the rooms, by D1 − D9 are denoted the doors. In Fig. 2, the
GSPN of this building is given.

The rooms are modelled by using the places R1−R9, doors are modelled by using
the places D1−D9, movements from the rooms to the doors takes time and are mod-
elled by the timed transitions t0−t8, and movements from the doors into the rooms are
modelled by immediate transition t9− t15. Each inhabitant is modelled by one token,
respectively. The people are moving according to evacuation plan from room to room
until they exit the building, they are accumulated in the place which represents the last
door (D9). The initial marking is M0 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 2, 1, 1, 1, 1, 1, 1, 1, 1)
representing the initial state of the system.
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Fig. 1.: Building plan.

Fig. 2.: Petri nets of the building from Figure 1.



Quantitative and qualitative analysis of evacuation system by using GSPNs 177

Fig. 3.: Petri net classification and state space results.

Properties of the evacuation system:

it must be bounded - a finite set of states, leading to a finite number of steps
necessary for evacuation.

it must be safe-transitions do not influence each other, each door and room
works independently of one another.

it must be conservative-number of people is constant, do not appear new peo-
ple, they are accumulate in the last place.

it must be without deadlock-dead transitions do not occur, it means that do not
may appear persons who are unable to evacuate.

From the results obtained after the simulation in PIPE tool [8] is observed that the
net is bounded, safe, conservative and no total deadlock. Also the net is EFC-net, this
it allows us to perform the existence of home states. The net fulfills set out properties
for the evacuation system and this means that it works correctly.

5. CONCLUSION

In this study, a method of Generalized Stochastic Petri Nets was proposed for mod-
eling and simulation of system that represent emergency evacuation of people in case
of social disaster. This method allows, with some restrictions checking quantitative
and qualitative properties for working correctly of the system.
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Fig. 4.: P invariants of the evacuation system.
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