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Abstract. This work addresses the issue of modeling population evacuation during emergency situations using 
networks. The research highlights the importance and relevance of accurately estimating evacuation time, as 
this parameter plays a decisive role in ensuring the safety of people within buildings during critical events. 
Evacuation conditions are highly uncertain because the distribution, movement, and density of the population 
inside any structure cannot be predicted precisely in advance. Therefore, developing a reliable modeling 
method is essential for supporting effective decision-making. To carry out the modeling, the internal structure 
of the building must first be represented using a Petri net (PN), which provides a formal framework for 
visualizing dynamic interactions, movement paths, and possible bottlenecks. Based on this representation, the 
operational flow chart of the evacuation management model is constructed. The study further describes the 
sequence of actions within the model, the logic of transitions, and the conditions under which evacuation routes 
are activated. Additionally, the corresponding software modules necessary for implementing the evacuation 
model are designed and developed. These modules support the simulation of various emergency scenarios, 
allow the adjustment of parameters such as population size and exit capacities, and help evaluate the impact of 
uncertainties on total evacuation time. The proposed approach provides a structured and analytical method for 
assessing evacuation processes and supports the development of more effective emergency response strategies. 
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1 Introduction  
The movement of people along predefined routes 
can be described as a discrete parallel process. Petri 
nets (PN) are considered highly effective for 
modeling such processes. The building structure is 
described using a fuzzy PN. Since estimating the 
evacuation time is considered the most critical 
factor, applying a fuzzy PN is deemed more 
appropriate among PN modifications. This is 
because the psychological stress and the movement 
of people into the corridors during an accident have 
a fuzzy nature. [1], [2]. (Figure 1.) 

The main advantage of the algebraic 
modification of the fuzzy PN is its significant 
expansion possibilities for studying parallel, 
dynamically connected processes operating under 
conditions of uncertainty. [3], [4], [5]. 

 
 

2 Problem Formulation 
The fuzzy algebra PN is described by the following 
five-tuple: [6]: 

, 

where, P={p1, p2,…, pn} is a finite set of 
positions of type p; 

F={f1, f2,…, fm} is a finite set of positions of 
type f; T={t1, t2,…, tr} is a finite set of transitions; 
A is a finite alphabet;  is the initial marking of 
the positions. 

 
 

and the description connects positions with 
transitions and transitions with positions; 

-set of words;                      
- 

 is the initial marking of the positions of the 
words from the plurality, where ; 
The number of arcs between positions and 
transitions is described as follows: if V V(a, )= ,, 
( is the empty word), then there is no arc between 
a and , аP  F,  T  or аT,  P F; if V(а, 
)= s, sA*,  then there is an arc from a to , 

marked by the word s, аP F,  T və yа аT,  
P F .  
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Fig. 1: Structural scheme of human movements 
inside the building. 

Source: created by the authors. 

 

The initial marking for all positions of the fuzzy 
algebra PS is described by the following tuple: 

        
(1) 

 For the marker , the transition t is allowed if 
(fi)  is a left-striking one for all positions of type f 

 and is a  left-striking 
one for all positions of type p. 

 

 

3 Problem Solution 
To carry out the modeling, it is necessary to 
describe the building in the form of a PN. For this, 
it is necessary to take into account all the elements 
of the building, individual rooms and stairs. All this 
must be given by positions and arcs with 
transitions. (Figure 2) 

As we know, any object or building has at least 
3 or 9 floors and several entrances and exits. 
Naturally, during working hours, people are more 
often in the rooms. However, during evacuation, 
people leave the rooms and move towards the exit 
through the nearby corridors. In this network, there 
are two transport systems (TS) (one of these 
systems transfers rescued people, and the other 
receives and takes them away), two rescue teams 
(RT) - one rescues people and transfers them to the 
exit TS, and the other places people in the TS in 
safe facilities. [7], [8], [9]. 

The evacuation management model during an 
emergency situation is developed using the 
following procedure with a fuzzy algebraic PN: 

The network positions and transitions are 
defined as follows (selection): 

p1 – information service (MX) reports the 
occurrence of an accident; p2 – people are ready 
for rescue; p3 – rescue vehicles are parked at the 
exit doors; p4 – all lines of MX are free; p5 – MX 
reception position is free; p6 – MX exit position is 
free; p7 – Rescue team (XQ) is free; p8 – NS 
reception position is ready; p9 – NS reception 
position is not full; p10 – XQ places people in the 
NS reception position; p11 – XQ sees off people in 
the NS; t1 – information is given to the MX 
reception position; t2 – information is given to the 
MX reception position; t3 – Information about the 
occurrence of an accident is given; t4 – 
Information about the occurrence of an accident is 
given; t5 – XQ places people in the NS reception 
position; t6 – Sending people and emptying all NS. 

 
Fig. 2: Diagram of the operation of the evacuation 
management model. 

Source: created by the authors. 

 

μ0 = { <; 0>, < ; 0>, < ; 0>, < ad ; 0.001 >, 

< da ; 0.01 >, < ml ; 0.02>, <bc ;0.03>, <kt 

;0.03>, <cb ;0.02>, <; 0>,< ;0>} – is the 
starting marker of positions. 

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS 
DOI: 10.37394/23201.2026.25.6

Shalala Jafarova Mehdi̇, 
Mi̇rzayeva Konul Mi̇rzajan Ki̇zi̇, 

Huseynova Leyla Ilham Kizi

E-ISSN: 2224-266X 62 Volume 25, 2026



According to the graph-scheme of the operation 
of the management model, the transitions of the 
input and output incident matrix will take the 
following form, respectively: 

 

 
A fuzzy PN based on modern computing 

technologies, computer systems, and software tools 
has been developed for the implementation of 
discrete object modeling algorithms and models 
using modifications of the fuzzy PN. (1) 

The functional diagram of the structure of the 
fuzzy PN modifications and the operation of the 
software modules is given in Figure 3. 

 
Fig. 3: Functional scheme of the program modules 
for obtaining the structure and operation of 
modifications of the fuzzy PN. 

Source: created by the authors. 

The C# environment ensures the effective 
operation of the program. It can open several 
windows on the screen at the same time, move the 
windows along the screen, partially or completely 
cover each other [10], [11], [12], [13]. 

The dialog monitor forms the function of an 
information-logical interface between the user's 
system modules and application program modules. 
The control program provides information-logical 
connections between the system modules and 
application modules in the process of the software 
operation. 

The control program interprets the structural 
data of the network in the modeling process, 
modifies the structure in accordance with the 
control, and collects and processes the simulation 
results. 

Service programs create conditions for input and 
output of data used in the modeling environment in 
a user-friendly and convenient format. 

The application software for obtaining the 
structure, analysis and operation of modifications 
of the fuzzy PN consists of the following modules: 
formation of the network structure; creation of the 
input and output incidence matrices of the network; 
creation of a membership degree matrix for the 
implementation of transitions; creation of input and 
output membership degree matrices after the 
transition is implemented; analysis and formulation 
of results [14], [15]. 

The development of the software model is of 
fundamental importance in the development of a 
software system for modeling population 
evacuation by applying modifications of fuzzy 
logic. 

 

 

4 Conclusion 
A fuzzy PN, based on modern computing 
technologies, computer systems, and software 
tools, has been developed for implementing 
discrete object modeling algorithms using 
modifications of the fuzzy PN. 

The application software for obtaining the 
structure, analysis, and operation of fuzzy PN 
modifications consists of the following modules: 

1. Formation of the network structure. 
2. Creation of the input and output 

incidence matrices of the network. 
3. Creation of a membership degree 

matrix for the implementation of transitions. 
4. Creation of input and output 

membership degree matrices after the transition 
is implemented. 

5. Analysis and formulation of results. 
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The software model, written in the C# 
environment, allows for the implementation of 
discrete object modeling algorithms. The dialog 
monitor acts as an information-logical interface 
between the user's system modules and application 
program modules. 

The developed application software consists of 
the following main program modules: 

 A module for graphical representation of 
the network. 

 A control program. 
 A dialog. 
 Modeling of discrete processes using fuzzy 

algebraic PN and fuzzy PN. 
The algorithm for modeling population 

evacuation and the software's operation is 
structured such that data is stored in specially 
structured files. Working with the program modules 
requires a minimum user description. In text mode, 
the network's input, output, and structure are 
obtained using a developed algorithm. In graphical 
mode, the network's dynamics are shown by 
changes in the graphic cursor's location. 

Ultimately, the user receives an image of the 
network, can work on it, and save the current image 
to external storage media if needed. 
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