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The main goal of the work is to create
the optimal emergency evacuation plan in
general education institutions according to
the schedule at a certain time. The work
developed an information model of the
evacuation system, taking into account the
schedule of classes and classrooms. The
methodology of the system approach, which
ensures the compatibility of heterogeneous
devices to find an operationally optimal
evacuation plan in real time, was developed.
A conceptual scheme of an evacuation
system using heterogeneous sources of
receiving and transmitting information
about emergencies is proposed. Determined
the input and output sources of receiving
and transmitting information about the
number of people in the building. Developed
software for the rapid and most effective
evacuation of people from the educational
institution and can be used for other types
of buildings.

The importance of this work is the
creation of an integrated evacuation
information system based on mathematical
modeling of multi-criteria optimization
problem of flow distribution and design,
construction technology receiving and
transmitting data and information
notification systems for the selected type of
building. in order to adopt an operational
evacuation plan.

The results of this paper allow the
systematic organization of evacuation
training, preparing resources so that in the
event of an emergency it is possible to quickly
respond and conduct the evacuation process
to avoid major consequences. The use of
information technology greatly increases
the efficiency of evacuation systems, so
the development of new integrated and
intelligent info-communication approaches
to solve the problem of evacuation is
currently very relevant
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1. Introduction

The practice of modern life shows that the population
is increasingly exposed to hazards as a result of natural
disasters, accidents and disasters in industry and at nuclear
power plants, earthquakes, floods, avalanches, mudflows,
landslides, massive forest fires, spills of chemicals and bio-
logically harmful substances, large fires at petrochemical
and oil refineries. In these cases, it is almost always neces-
sary to resort to evacuation. The task of building effective
evacuation measures is important and urgent, since people’s
lives and the preservation of material assets depend on it.

Disadvantages of forecasting natural disasters, un-
timely delivery of vital funds require the improvement of
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methods for managing the evacuation process in emergency
situations.

Evacuation models are mainly designed to determine
the time of evacuation of people. Very often, such models
allow to determine the possible areas of congestion during
evacuation.

Many models include features such as visualization of the
flow of people, modeling of human behavior, determining the
best evacuation routes, etc.

Scientists from many countries consider life safety a new
science at the first stage of development — the systematiza-
tion of knowledge. Only recently, attempts to explain and
predict have appeared and formed, so various issues of the
theory and practice of life safety were scientists.




The theoretical foundations of the mathematical model-
ing of the movement of people flows inside buildings and as-
sessment of evacuation plans of buildings were developed [1].
In [2], a graphic-analytical method for calculating the total
evacuation time was developed, in which empirical depen-
dences of the speed of movement of people on the density of
the human flow were revealed.

At the present stage, the most effective tool for research
and optimization of the evacuation process are computer
evacuation models. By the present time, a large number of
similar computer models have been created [3].

The work [4] contributed to the development of comput-
er evacuation simulation models (CESM).

Modern CESM allow to simulate to some extent the dy-
namics of human flow parameters during the evacuation of
a building, estimate the total duration of the evacuation and
solve the problem of selecting evacuation routes. However, the
vast majority of modern CESM do not adequately account for
the possibility of flow stratification by velocity [5]. In addition,
there is virtually no consideration of the specifics and archi-
tectural features of educational institutions and enterprises
in modern CESM. The main feature of flow formation in the
buildings of educational institutions is non-stationary distribu-
tion of people in the inner rooms of the building, related to the
schedule of classes [6]. This leads to the dependence of evacua-
tion plans on the time of day, and also requires an assessment of
the training schedule in terms of organizing the unobstructed
movement of people during evacuation. The solution of these
problems for educational buildings is complicated by the pres-
ence of moments of time when people move from one room to
another, for example, during breaks between classes [7].

Thus, the development of new models and methods for
evacuating people in educational buildings under conditions
of nonstationarity and variability in the distribution of peo-
ple in the premises of the building at different points in time,
allowing to evaluate the educational schedule in terms of the
unobstructed evacuation is an urgent task [8].

The timeliness and unobstructed evacuation in emergen-
cies requires scientifically sound and technically supported
evacuation plans. The application of a dynamic model for
solving the problem of maximum flow for evacuating people
has become possible with the use of wireless sensor technol-
ogy, which allows to capture data from the object of study by
observation with high-resolution video cameras or sensors of
information acquisition. There are no restrictive conditions
on the subject and mode of operation. Wireless sensor net-
works have great commercial potential, which are currently
being implemented by many countries.

Undoubtedly, one of the important components of the
successful implementation of evacuation measures is a public
address system. Notification system ROXTON-8000 — a
wide range of devices made on the basis of modern digi-
tal (microprocessor) technology and components, function-
ing both independently and under the control of software [9].
And the development and application of mobile applications
for cell phones, monitors in classrooms and other means of
notification are also provided for notification.

Therefore, science-based real-time evacuation arrange-
ments are a very important task. This is facilitated by evacua-
tion measures for separately selected buildings and educational
buildings, which must be strictly organized and implemented.

The significance of the proposed system for solving evacua-
tion problems on a global scale is also very important because in
countries with developed economies, due to political disagree-

ments, terrorism and conflict situations that lead to evacuation
tasks often appear. The densely populated urban areas, natural
disasters and industrial accidents also justify the need for an ef-
fective solution to the problems of evacuation. And in this case,
the methods and technologies of evacuation proposed by the
performers are significant, because in the literature review of
evacuation problems we have not found similar comprehensive
solutions to evacuation problems.

The use of mathematical methods [10] and information
technologies significantly increases the efficiency of evac-
uation systems, so the development of new integrated and
info communication approaches to solving the problem of
evacuation is currently relevant.

2. Literature review and problem statement

An overview of intelligent evacuation management
systems is provided in [11], covering aspects of crowd
monitoring, disaster prediction, evacuation modeling, and
evacuation route recommendations. This review will assist
researchers in developing robust automated evacuation sys-
tems that will help ensure the safety of evacuees, especially
during emergency evacuation scenarios. The uncertainty of
crowd behavior is inevitable in any evacuation scenario, es-
pecially during an emergency evacuation. Similarly, during
an emergency evacuation scenario, finding the safest exit
route is imprecise and inaccurate.

The article [12] presents a comprehensive and system-
atic review of existing research in the field of emergency
management, both in terms of system design and algorithm
development. New challenges and opportunities related to
system optimization, modeling and optimization of evacuee
behavior, computational models, data analysis, energy and
cybersecurity aspects are proposed. But evacuation tasks
depend on building architecture or population density.
During an emergency, if the power goes out, organizing a
comprehensive evacuation will be difficult.

The paper [13] presents a comprehensive review of re-
search on emergency evacuation and wayfinding, focusing
on algorithmic and system design aspects. [14].

For the evacuation planning process, a variety of meth-
ods and algorithms have been presented, in paper [15], evac-
uation planning was considered directly on dynamic issues
related to time-varying and volume-dependent.

The article [16] distinguishes between macroscopic and
microscopic models of evacuation, which are able to record
the movement of evacuees in time.

The article [17] considers a mathematical model de-
scribing the motion of dynamic flows in a directed graph.
The model parameters include the undirected graph as the
building model, the initial flow values, the flow sources, and
their receivers.

In this paper [18] present a new mathematical model of
rescue-evacuation and develop a method for a quick solution
for emergency response in real time for various population
groups and various means of evacuation, based on the itera-
tive use of a modification of the planning algorithm.

This article [19] describes the maximum flow in a bi-
partite dynamic network. The main idea behind these im-
provements is the rule of pushing out two arcs in the case
of maximal algorithms.

In this article [20] proposed and analyzed an algo-
rithm for Dynamic Real-Time Bandwidth Sharing Rout-



ing (DRTCCR). Such an algorithm would investigate the
capacity constraints of the evacuation network in real time
by modeling capacity based on time series to improve current
solutions to the emergency route planning (ERP) problem.

The article [21] presents a highly polynomial time algo-
rithm for calculating an approximate solution to the fastest
partial contraflow problem on two terminal networks, which
is justified by numerical calculations that consider the Kath-
mandu Road network as an evacuation network.

Articles [11] and [12] present an intelligent information
system with monitoring of general evacuation plans, but do
not consider the flow of people during evacuations, because
managing the flow due to human behavior is difficult with-
out mathematical modeling.

The essence of evacuation is to organize the rapid re-
moval of people to a safe place. This method is used during
fires, natural disasters, military actions. Any situation in
which there is a danger to the life of the population requires
immediate evacuation. But evacuation tasks and operational
evacuation plan is not the same everywhere.

Emergencies are divided into local, local, territorial,
regional, federal, etc.

The evacuation problem is related to the architecture of
buildings and depends on the types of people in them, such as
university-students, schools-students, hospitals-doctors and
people receiving treatment, retail spaces-people of all types,
etc. In this paper, the evacuation problems related to the
architecture of closed buildings university is considered as a
facility and distributes the flow of people and create an opti-
mal evacuation plan. The integrated approach to creating an
operational evacuation plan and implementing the evacuation
process proposed in the article involves the implementation of
several alternatives to the evacuation process. One solution to
the evacuation process proposes the use of a database of class
schedules and occupancy of classrooms by faculty and staff
with the issuance of an operational hourly evacuation plan.
A mathematical and information model of the Grinshield dis-
tribution network in enclosed spaces is built according to the
plan of the Kazakh National Research Technical University
named after K. I. Satpayev. Built a mathematical model of
Grinshield distribution network in enclosed spaces, taking
into account the architectural features of the building [10].
Development of new models and methods for evacuating peo-
ple in the buildings of educational institutions under condi-
tions of non-stationarity and variability in the distribution of
people in the rooms of the building at different points in time,
allowing the evaluation of the educational schedule in terms
of the unobstructed evacuation. Universities and educational
institutions are the future of the country, first and foremost
the safety of the younger generation.

3. The aim and objectives of the study

The aim of the study is to create an integrated informa-
tion evacuation system based on mathematical modeling of
multicriteria optimization problem of flow distribution [1]
and design, build technology for receiving-transfer data and
information notification systems for the selected building
type in order to adopt an operational evacuation plan.

To achieve this aim, the following objectives are accom-
plished:

— develop an information model of the evacuation sysy
tem, taking into account class schedules and classrooms;

— model and design the evacuation information system;
— develop a database and implement a software and hard-
ware evacuation system, test the system.

4. Materials and methods

The most commonly used methods for modeling human
movement are the representation of human movement in the
form of fluid flows (hydroanalogy), cellular automata, and
network models.

Network models involve the representation of building
components in the form of nodes connected by arcs. Each arc
is compared to some crossing time. The movement of people is
calculated from node to node. In some network models, each
individual person is matched with a certain route within the
network and a certain arc crossing time. With this approach,
it is fundamentally possible to simulate the movement of
people with different speeds. Thus, network models allow
the individual characteristics of individuals to be taken into
account. In addition, it is possible to represent the building as
a network with such a number of constituent elements, which
would not greatly complicate the modeling algorithm. The
main difficulty in the construction of such models is the labor
intensity of forming the structure of the network.

The main methods for calculating the parameters of
human flow are:

— the method of calculating the total evacuation time and
flow parameters using the formulas of GOST 12.1.004-91;

— calculation of the total evacuation time and flow pa-
rameters by grapho-analytical method;

— calculation of flow parameters, taking into account the
influence of the density of the flow and the emotional state of
the people on the speed of their movement.

The grapho-analytical method calculates the speeds of
flow reshaping, the speed of the head and the main part
of the flow, etc. The obtained data is plotted on the graph.
Using special constructions, the total evacuation time is de-
termined. The main advantage of grapho-analytical method
is that it takes into account the reformation of the flow, and
therefore gives a more accurate result. At the same time, the
graph-analytical method is rather labor-intensive for practical
implementation.

Developed mathematical model [10] to build an informa-
tion model for the network of people flux distribution in en-
closed spaces, taking into account the architectural features
of the building. Models for multi-criteria optimization of flow
distribution over Grinshield network with analysis of flow for-
mation and characteristics of people paths in the building in
real time. Computer simulation of the flow distribution in the
integrated network taking into account the wireless sensor
network of receiving and transmitting information.

Let’s suppose that an emergency has happened in an
educational institution bringing to the necessity to evacuate
people. There are 24 classrooms with 30 students in each,
and 10 stair wells and 2 exits (Fig. 1). It is necessary to
calculate the time, speed and direction of students’ evacu-
ation from the educational institution. Let’s specify a graph
G=<E, V, H>, in which direction of every arc veV identifies
direction of flow motion, flow capacity of each arc equals to do.
Auditoriums are in E vertexes multiple. There identified two
vertexes “start” and ‘end’ in E vertexes multiple. Vertex 0
is the stream source, 35 flowing. For i from E there given
2 numbers: amount of people sitting there and amount of



people rushing out of there per time unit. Arcs are corridors
and stir wells between the nodes.

Let’s describe people’s flow movement along a corridor
and staircase by means of Grinshield formula. Let’s intro-
duce following designations: L — network section length,
T — time of moving along the section, x — flow having passed
the road section for time unit, P — flow density, § — number
of lanes, W — speed of flow, A — average corridor length.

As defined, the density is p=1/A. Assume W — student’s
speed, Wy.x — maximum speed. Time, which gets a man to
travel a route section of A length equals to T=A /0. Amount
of students per time unit will be equal to k=1/1. Therefore,
x=ks=(1/T)S=w/A=wps. Let’s consider that the flow speed
and density are interconnected due to linear dependence
W/WmaxTP/Pmax=1 (Grindshiels formula).

Therefrom @=wyax(1-p/Pmax), OF P=Pmax(1=0/@mnax).
Let’s insert it, and obtain x=swp.x(1—w/wya.y). Obtained
function is a parabola with branches downward direct-
ed, maximum is achieved at w=wy.y/2, and accordingly
xruax:s(wmaxpmax)/4 [10]

In the work let’s consider the design of the information
system, dynamic and static models of the information sys-
tem. Database on sources of flux and architectural features

of the building.
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Fig. 1. The building of the main educational building of Kazakh National Research
Technical University named after K. |. Satpayev in the form of a graph
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CASE refers to a set of methods and tools for designing
information systems with integrated automated tools that
can be used in the software development process.

A programming model is a set of programming tech-
niques corresponding to the architecture of an abstract
computer designed to perform a certain class of algorithms.
The programming model is based on a certain notion of the
logical organization of the computer, its architecture.

Using CASE tools Rational Rose is made:

—a model of the subject area, the description of the
subject area using UML is well perceived by subject matter
experts and does not require any special training to under-
stand the models presented to them for consideration;

— dynamic modeling of information system (sequence
and interaction diagram) The sequence diagram (Fig.8)
shows the process of the Administrator’s actions sequentially
when the program code changes;

— static modeling of the information system (class di-
agram). Class diagrams also depict class attributes, class
operations, and constraints that are imposed on the relation-
ships between objects. A class diagram is shown in Fig. 9.

On the part of mathematical modeling will be inves-
tigated effective coverage zones for the selected type of
building (university). As a result of research on finding the
optimal coverage will be installed sensors re-
ceiving information transfer, defined infor-
mation flows, the technology of processing
information from sensors, will be proposed
methods of notification of evacuation pro-
cesses, both in the mode of educational and
training mode, and in cases of emergency
situations requiring an evacuation.

5. Results information system and
software for building evacuation

5. 1. Develop an information model of
the evacuation system, taking into ac-
count class schedules and classrooms

Let’s propose a conceptual scheme of
the evacuation task based on heterogeneous
systems of receiving and transmitting in-
formation (Fig.2). The development of a
computer model of the information system
will be carried out according to the proposed
conceptual schemes shown in Fig. 2, 3.

The use of mathematical methods and
information technologies significantly in-
creases the efficiency of evacuation systems,
therefore, the development of new integrated
and info communication approaches to the
evacuation problem is currently relevant.

A ten — story educational institution is
presented. Suppose that people need to be
evacuated from a building due to an emer-
gency. Since the alarm is announced during
the class, all classrooms will accordingly be
occupied. Each classroom has a certain num-
ber of students. There are 1 to 22 classrooms
on each floor. There are 2 stairways between
the floors. There are 2 exits in the building,
two of them are the main exit, two are the
emergency exit.
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Based on the timetable in educational institutions, it is
possible to say that there are different numbers of people in
different rooms. Since the number of people in the classroom
varies, the evacuation plan must be appropriate.

It is very important for people in emergency situations
(fire, earthquake, etc.) to quickly leave the building in which
they are located.

The objective of the project is to develop the most effective
evacuation plan, which will be based on the following data.

Model (object) — Kazakh National Research Technical
University named after K. I. Satpayev. The model of the
university interior in the AutoCAD program is shown
in Fig. 4.

Data on the distribution of people in the interior of the
building, obtained from the database of the class sched-
ule Fig. 5, 6.

The module for modeling and optimizing the distribution
of human flows uses the following input data:

1) data about the distribution of people in the internal
rooms of the building, obtained from the database of class
schedules;

2) range of horizontal projection areas of a person, spec-
ified by the user;

3) range of speeds of free movement of people, taking
into account the level of psychological tension of the situa-
tion, specified by the user.
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Fig. 4. Plan of the Kazakh National Research Technical University named after K. |. Satpayev building (main educational
building, 2" floor) [10]
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Outputs of the module of modeling and
optimization of the distribution of human
flows include:

1) a near-optimal evacuation plan for the
considered distribution of people in the in-
terior of the building (indicating evacuation
routes for each room);

2) the total duration of evacuation when
the near-optimal evacuation plan is imple-
mented;

3) the density of the human flow on each
floor at certain points in time (when the pro-
gram runs in simulation mode).

Data on the distribution of people in the
interior of the building, obtained from the
schedule database Fig. 5, 6.
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5. 2. Model and design of the evacua-
tion information system

UMLis a unified graphical modeling lan-
guage for describing, visualizing, designing,
and documenting object-oriented systems.
UML is designed to support the process of
modeling software based on an object-oriented approach,
to organize the relationship of conceptual and software
concepts, to reflect the problems of scaling complex systems.

With the help of CASE tools Rational Rose made model
of the subject area (Fig. 7).

The administrator adds the building to the application
code. After adding a building, the administrator adds the floor
plans of the building or checks their relevance. If the database
is out of date, the Administrator updates the data. The admin-
istrator adds emergency types and escape routes for each floor.

After changing the application, the Administrator up-
dates the application and adds it to an external resource.

All use cases, one way or another, are related to exter-
nal requirements for the functionality of the system. If the
Accounting System requires a file, then this requirement
must be satisfied. Use cases should always be analyzed in
conjunction with the actors in the system, while defining
the real needs of the users and considering alternative ways
of solving these problems.
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Actors can play different roles in relation to a use case.
They can use its results or can directly participate in it
themselves. The significance of the different roles of an actor
depends on how its connections are used.

External events are a good source for identifying use
cases. It is possible to start by listing all the events taking
place in the outside world to which the system must react
in some way. Any specific event can cause a system reaction
that does not require user intervention, or, conversely, cause
a purely user reaction. Identifying the events to react to
helps highlight use cases.

Dynamic modeling of the information system (sequence
and interaction diagram).

The sequence diagram Fig. 8 shows the process of se-
quentially performing the Administrator’s actions when
changing the program code.

Class diagrams also depict class attributes, class oper-
ations, and constraints that apply to relationships between
objects. The class diagram is shown in Fig. 9.
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Class diagrams are the centerpiece of object-oriented
methods. A class diagram defines the types of objects in
the system and the various kinds of static relationships
that exist between them. There are two main types of
static links:

— associations (for example, a customer can make an
order);

— subtypes (private client is a type of client).

The main goal of the project is to create the most optimal
plan for emergency evacuation in educational institutions
according to the schedule at a certain time.

5. 3. Development of a database and implementation
of a software and hardware evacuation system, test of
the system

The evacuation should be based on the number of peo-
ple in the auditors, which differ depending on the time and
schedule, in order to avoid any crowding during the evac-
uation process. This approach provides a quick evacuation
without any crush and density, which in the future will help
save a lot of time and reduce the risk of human life.

The main tasks are:

— calculate the distance from each classroom to each exit;

— calculate the transmittance of the outputs;

— according to the schedule, count the number of people
in each classroom;

— organize each exit (if more than 2) according to the
priorities of each classroom;

— create an algorithm taking into account the flow of
people. Find the optimum and most efficient way to avoid
crowds and quickly evacuate.

The shortest path problem. Dijkstra’s algorithm.

In graph theory, the shortest path problem is to find a
path between two vertices (or nodes) in a graph in such a way
that the sum of the edge weights is minimal.

Dijkstra’s algorithm is a graph algorithm invented by the
Dutch scientist Edsger Dijkstra in 1959. Finds the shortest
paths from one of the vertices of the graph to all the others.
The algorithm works only for graphs without edges of neg-
ative weight. The algorithm is widely used in programming
and technology, for example, it is used by the OSPF and IS-
IS routing protocols.

The NetBeans IDE is a free, open source, integrated
development environment (IDE) that allows to develop
desktop, mobile, and web applications. The IDE supports
application development in a variety of languages, including
Java, HTMLS5, PHP, and C++. The IDE provides integrated
support for the full development cycle, from project creation
with debugging, profiling, and deployment. The IDE runs on
Windows, Linux, Mac OS X and Unix based systems.

The IDE provides comprehensive support for JDK 7
technologies and the latest Java enhancements. It is the first
IDE to provide support for JDK 7, Java EE 7, and JavaFX 2.
The IDE fully supports Java EE using the latest standards
for Java, XML, Web Services, SQL, and fully supports
GlassFish Server, a reference implementation in Java EE.



Data on the distribution of people in the interior of the
building, obtained from the schedule database Fig. 10.

Fig. 10. New txt file

Since the program will show the optimal emergency
evacuation plan, it is necessary to have a building plan. The
building plan of KazNRTU must be in JPEG or PNG format
in order for it to appear at the beginning of the program. This
floor plan shows each floor separately (1% to 10 floor).

By extracting data from the file list, it is possible to
restore a new txt file that will contain the following infor-
mation:

— lecture hall No;

— lecture (start time);

— the number of people in the hall.

As it is possible to see, in Fig. 11, the chart is organized ac-
cording to these three aspects and is divided by day of the week.

coordinates.txt

201-210,420,210,450
202-190,560,190,590
204-300,560,300,590
209-350,420,350,450

213-555,420,555,450
215-645,420, 645,450
221-925,420,925,450
225-975,420,975,450

Fig. 11. Coordinates of the lecture halls

Since the program is Java based and has the ability to
draw a path from auditorium to exit, it is obvious that it
is necessary to use Canvas. In order to show the number of
people in lecture halls and draw lines between objects, we
are dealing with coordinates. This results in another text file
with the following information:

— lecture hall No;

— coordinates along the X axis;

— coordinates along the Y axis.

As yit is possible to see in Fig. 12, there are 8 lecture
halls on the second floor. Next to the lecture hall number

are numbers, which are the X and Y coordinates, separated
by commas.

1 201-11.5
2 202-19
3 204-9.5

4 209-5.5

5 213-4

6 215-2
225-1.5

Fig. 12. Exit priority

In order to develop an optimal evacuation algorithm, it
is necessary to have information about the «exit priorities»
for each classroom, based on distance. Since there are 4 main
outputs, where there will be a stream of people, there are
4 different files that show the distances from each classroom.

The file should contain the following:

—lection (number of people),

— thedistance from each lecture hall to the exits (Fig. 12).

These files will be used to distribute people from the hall
to the exits in the best way to avoid collisions. Based on this
distance, this algorithm will calculate the number of people
from each hall to the exit. This amount will vary depending
on the distance to the exit.

The final product should contain an image of the floor
plan and paths for each exit. Which means, if to work in Java,
our Canvas has 2 layers:

— JPEG images (building plan);

— created path with label.

In order to show a picture of the KazNITU plan, it is
necessary to add it to our Canvas. it is necessary to create a
GraphicsContext object, images (Fig. 13).

Image image = new Image({ " guk.ipg”);

ImageView iv2 = new ImageView();
iv2.setImage(image);
ivZ.setFitWidth({12@8);
iv2.setFitHeight(8@0);
iv2.setPreserveRatio(true);
iv2.setSmooth(true);
iv2.setCache(true);

Fig. 13. Creating an image object

Then, setting its width, height and other parameters in
imageView, let’s add it to the Canvas. In order to create a
Canvas, it is necessary to create an object of the Canvas
class and give it a specific width and height. Then let’s add
this Canvas to create the object’s graphics context (Fig. 14).

Scene 5 = new Scene(root, 1308, 8080, Color.BLACK)

final Canvas canvas = new Canvas(1300, 800);

gc = canvas.getGraphicsContext2D();
gc.clearRect(@, @, 13e@, 800);

gc.setFill{Color.GREEN);

Fig. 14. Creating a Canvas object

Based on the current date and time, let’s extract infor-
mation from the files. If the day of the week is 2, let’s use the
monday.txt file and so on (Fig. 15).



if {day==2){

for{int i=@;i<d;i++)}{

path = "/flUsers/demo/Desktop/monday.txt";
System.out.printin{pathl; Y-
b oif{day==3){ M a}{l'- ber=0;
h = " /Ucers/deno/Dackton/tuesday. txt" s negative_number=0;
ZJ;:en out.printin nth} e ' temp_array = new Arrayliste<=();
) ”Y 4]: P P ! for{int j=@;j<rooms_priority_people.size();j++){
1 nav—_ ik i N el el if{rooms_priority_people.get(j).charAt(3)=="'a"){
E;;:e; Ny it ;ca;n} R NLNEETay Ty temp_array.add(rooms_priority_people.get(j));
} lt[dar—-.‘-}{
th = "fUsers/demo/Desktop/thursday. txt™; }
5ysten out.printin{pathl;
} if{day==6){
E;;:E:.oult .;ril.n:lln.iuzll |I}.I G e Fig. 18. Given the output «a»
} if(day==7){ ;
path = “/Users/de foesktopssaturday . txt™; CalLc ate sum of students
System.out. prlntlnn...-thl for(Strlng line 5 temp array}{
{/ System.out.pri
. .. . sum = sum + Integer.parsralnt(line-sulas‘cring[?, line.length(}));
Fig. 15. Determining the target file N

System.out.pnntln{' sum is!-!_! Lt 1"sesum);
1ts ore that (1%

The next step is to get the current number of
people in your classroom. To do this, it is necessary to
extract the data from monday.txt and add all the lines
to arroutList (Fig. 16).

Fig. 19. Calculation of the amount of people

If the sum is less than 60, let’s take

try 4
InputStream instream = new FilelnputStream{pathl; all the people from the classroom and
InputStreamReader isr = new InputStreamReader(instreanm,Charset. forName("UTF-2")); direct them to this eXit, StOI‘iIlg them
Buf feredReader bufread = new BufferedReader(isr); iIl a Selection hst Called final results
String line = 77; . — —
whilel{line=bufread.readLine{} }i=null}{ for_a (Fig. 20).
L schedule.add{line); If the sum is more than 60, then
by executing the getDistances method,
} catch (Exception exl) { which selects the classroom parameter
N and the priority exit (Fig. 21).
ArrayList<String= ttt = new Arraylist<s={}; AS soon as to execute the getDis—
for{int §=0;l<schedule.size()}ie+} tance method, using the second pa-
tet.addlschedule.get(i). splied” “)[al); ) \ .
rameter, let’s define the corresponding
} file in txt format. For example, if the
priority is «a», it is necessary to define
Fig. 16. Extracting data from monday.txt the file a_exit.txt (Fig. 22).

, . if{sum==68){
Then let’s add the present tense and sortingto system.gut.printin(*less that 60°);

the same arrayList. Based on the current index in ~ fortint k=@ik<roons_priority people.sizel);ke++){

. ! . . for(5tring line2 : temp_array){
the selection list, the previous one will become the if(rooms_priority_people.get(k).contains(LiRe2. substring(@, 4))){

beginning of time, and this line will show the flow rooms_priority_people.remove(k);
density in the classrooms (Flg 17). final_result_for_a.add(1ine2.substring({8,3)+"/ "+
hinez.suhstringﬁ, Lline2.length{}));
ttt.add(time);
Collections.sort({ttt); }
for{int i=@;i<ttt.size();i++){
\ // sSystem.out.printin(ttt.get(i)); Fig. 20. If the amount is less than 60
begin_time = ttt.get(ttt.index0f(time)-1); if (sum=68){

System.out.println{"more that 60");

Fig 17 Adding the current time ArrayList=String> distances = getDistances{temp_array, 'a'):
: ' rooms_priority_people = replace(rooms_priority_ pLopLL ulstam:es],.
System.out.printin{ " sesesirsrres After lessesssreessis N H

The algorithm starts with a for loop, which is ifinegative_number<d){
executed 4 times, since there are 4 main outputs, } Systes.out.printin{’
if i is zero, it is possible to consider lecture halls rooms_prierity_people = remove_zeros(rooms_priority_people);
with priority output <a», and if i is equal to one, for(String in : rooms_priority_people){
let’s consider that output «B ” and so on (Fig. 18). , ,

. . System,out.printlniin);

Each exit has a certain number of people '
who are acceptable in order to avoid some
collisions. This number is 60. Which means, Fig. 21. If the amount is more than 60
when the sum of people in each lecture hall
with priority «a» is more than 60, they must use a method In order to count the exact number of people from each

that organizes the exit of a certain number of people from  classroom, it is necessary to focus on the content of the txt
the classroom, which is exactly 60. That is why the first  file. As mentioned above, it has already determined the dis-
sum must be calculated (Fig. 19). tance from the hall to the exits (Fig. 23).



By determining each distance, it is
possible to calculate the exact number
of people from each classroom (Fig. 24).

The next step is to subtract the
percentage that was calculated earlier
from the original amount. If the result
is a negative number, it means that some
people will be drawn from the next
lecture hall. If the result is a positive
number, it means that some people stay
in this lecture, they will be directed to a
different exit (Fig. 25).

The next step is to save the result to
an array list. Each output has its own
array list (Fig. 26). By adding a percent-
age of the amount to the lecture hall,
there is one line that looks something
like this:201/15, 202/3, 204,19, 209/15,
213/14, 215,20, 221/31, 225/25.

After saving the result in the appro-
priate selection list, it is necessary to
replace the global array list (rooms_ pri-
ority people), which contains all the
information, with a new array list using
the replacement method (Fig. 27).

The next step is to check if no one
is left in the lecture halls. If there are
0 people in the picklist rooms_priori-
ty_people, it is necessary to delete it. In
order to do this, wit is necessary to use
the remove_zeros.

The last step is to delete the priority
method (Fig. 28).

After exiting with 60 people, it is
necessary to move forward with the oth-
er exits, which means “a” exit switches to
the last place and “B” exit will stand on
the first (Fig. 29).

This lasts until the cycle reaches
the last exit. Each output repeats the
above steps and saves them to bring
them to the appropriate selection list.
Finally, the last result will be as shown
in Fig. 30.

The developed software is designed to
quickly and efficiently evacuate people from
the school and can be used for other types

public ArrayList<String> getDistances(ArrayList<String> temp_arrays,char exit){

double sum_of_percentage = @;
ArrayList<5tring> dist = new ArrayList<>({};
ArrayList<5tring> ff = new ArrayListe>();

atring pat = "";
iflexit=="a"){
pat = "sUsers/demo/Desktop/fa_exit.txt";
}
iflexit=="b"){
pat = "/Users/demo/Desktop/b_exit. tat"}
}
if{exit=="c"'){
pa[ = "JUsers/demo/Desktaps o ---,!.!-!'j
}
if{exit=="d"){
pat = “/Users/demo/Desktop/d_exit, txt"}
}
Fig. 22. Define the corresponding txt file
try {
InputStream instream = new FilelnputStrean(pat);
InputStreamReader isr = new InputStreamReader{instream,Charset.forName( ¥):

BufferedReader bufread = new BufferedReader(isr);
String line = i
while((line=bufread.readline() )!=null){

for{int 1=0;i<temp_arrays.size();1++){

if(temp_arrays.get(i).substring(®, 3).equals(line.split( IRCIRDES

sum_of_percentage = sum_of_percentage +
Double.parseDouble(line.split(
dist.add(line);

H1));

Fig. 23. Extracting content from a_exit.txt file

for{int i=@;i=dist.sizel);iss){
double perc = (Double.parsefoubleldist.get{i).split("-")[1]}s
sum_of_percentage)=6@;
System.out.printlal"Percentags “sperel;
double origin = Duuhle.pﬂrﬁeﬂnublettemp_arrays.get{i].5hhs;11ng{?,
temp_arrays.get(id.length()));
System.out.println{origine” “spercl;

Fig. 24. Calculation of percentage

int subtr = (int)({erigin - Math.round(perc))+negative_number;
int temp=0;|
iflsubtr==0){
temp = (int) (Math.round(perc));

of buildings. )
The practical significance of the work if(subtr<d){
consists in the development Of mOdelS and negative_number = subtr;
methods for solving the problem of evacu- System.out.println("It is negative!!"};
ation, modeling the information model of System.out.printin("negative number:"+negative_number);
the evacuation system taking into account temp = (int)origin;
the minute-by-minute recording of the subtr=a;
number of people in the classroom using y
sensor sensors, getting hourly optimal op- if(subtr=@){
erational evacuation plan. The use of this System.out.println("It is positive!!"};
system will reduce the evacuation time System.out.println({"negative number:"+negative_number);
and reduce the flow of people out of the temp = (int) (Math.round{perc))-negative_number;
building. The results and main provisions negative_number=@;
of the work can be used for educational }

purposes, as training in emergency situ-

ations.

Fig. 25. Working with unnecessary people



iflexit="a"}{

final_result_for_a.add{tesp_arrays.get{i).substring(@, 3)+"/"+temp);
System.out.printinitesp_arrays.geti{i).substring(@d, 3)+"/"+temp);
}
iflexites'b" }{
final_result_for_b.add{temp_arrays.get({i).substring{@, 3)+"/"+temp);
System.out.printlni{temp_arrays.get{i).substring(@, 3)}+"/“+«temp);
¥
iflexit=="c"}{
final_result_for_c.add(temp_arrays.get(i).substring(@, 3)+"/"+temp);
System.out.printinitemsp_arrays.geti{i).substring(@®, 3)+"/“+temp);
¥
iflexits="'d"}{
final_result_for_d.add(temp_arrays.get{i).substring(®, 3}+"/"+temp);
System.out.printlni{temp_arrays.get{i).substring(@, 3)+"/"+«temp);

Fig. 26. Saving the result

rooms_priority_people = replace{rooms_priority_people,distances);
System. out.println( " sescsooressfTter Isoooeesssoooees' ) 1

if(negative_number<@){
System.out.print\n{" 7777777777777 77737797797977777797977777")

}
for{String in : rooms_priority_people){

System.out.printiniin);

Fig. 27. Using the replace method

for{int k=0;k<rooms_priority_people.size();k++){
if{rooms_priority_people.get{k).charat(6)!="d"}{
String some = remove_priority({rooms_priority_people.get(k},'d"');
rooms_priority_people.remove(k);
rooms_priority_people.add{k, some);

Fig. 28. Using delete priority method

private String remove_priority(String get, char ¢} {
String sub_get = get.substring(3, 7);
System.out.println{“what about meeee!!!1l "+

sub_get.substring(@, sub_get.index0f(c+"")1);
String f = sub_get.substring{@, sub_get.index0f({c+""}};
System.out.println{“what about meees!!!2 "+

sub_get.substring({sub_get. index0f{c+"")+1,sub_get.lengthi{)}));
String s = sub_get.substring{sub_get.index0f{c+"")+1,sub_get.length());

String changed_priority = f+s5+c;

Strimg n_strint = get.substring(®, 3)+changed_priority+

bet.suhstringl?. get.length());
System.out.println{“what abut meee!!3 “+n_strint);
return n_strint;

Fig. 29. Remove Priority Method
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Fig. 30. Flow distribution of people according to the schedule of classes: a — time 08.50—09.00, time 09.50—10.00,
time 10.50—11.00; 6 — time 11.50—12.00, time 12.50—13.00, time 14.50—15.00; ¢ — time 15.50—16.00, time 16.50—17.00




6. Discussion of the results infocommunication
approaches to solving the problem of evacuation and the
effectiveness of evacuation systems

Creating an integrated evacuation information system
is based on mathematical modeling of multicriteria opti-
mization problem of flow distribution and design, building
technology of data reception-transmission and informa-
tion notification systems for the selected type of building
in order to adopt an operational evacuation plan.

The use of mathematical methods and information
technology significantly increases the efficiency of evac-
uation systems, so the development of new integrated and
intelligent info-communication approaches to solving the
problem of evacuation.

The developed information model and info—commu-
nication approach allows to quickly organize the evac-
uation of people in enclosed spaces, taking into account
the architectural features of the building. Using Rational
Rose built diagrams, the model of the subject area is
shown in (Fig. 7), dynamic modeling information system
sequence diagram (Fig. 8) shows the process of sequential
administrator actions and static modeling class diagram
is shown in (Fig. 9).

The developed software is designed (Fig. 10-29)
to quickly and efficiently evacuate people from the
school (Fig. 30) and can be used for other types of build-
ings.

In the republic there is almost no systematic monitor-
ing of evacuation systems for different regions and types
of buildings at possible natural and man-made risks. In
this connection, accidents and disasters are not predicted,
comprehensive measures for their prevention, prepared-
ness for them are not fully implemented. In many build-
ings, evacuation plans are fixed in schemes that have not
been changed for years. The parameters and conditions of
evacuation are not taken into account in real time.

The results and main provisions of the work can be
used for educational purposes, as training in simulating
the occurrence of emergencies.

Critical points may also be all technical means of receiving
and transmitting information, notification systems of evacua-
tion processes.

7. Conclusions

1. An information model of the evacuation system is
developed, taking into account the schedule of classes and
classrooms, and a conceptual scheme of the evacuation task
proposed based on heterogeneous systems of receiving-trans-
mitting information of the main educational building of the
Kazakh National Research Technical University named after
K. I. Satpaev with a total capacity of 4,500 seats and 4 stair-
wells and 2 exits in the city of Almaty.

2. Using means and modules for the successful solution of
the evacuation task with the constructed operational plan it
is proposed a conceptual scheme of the evacuation task on the
basis of heterogeneous systems of receiving-transmitting infor-
mation. The development of a computer model of the informa-
tion system is carried out according to the proposed conceptual
diagrams. The university’s evacuation information system is
modeled and designed, built a UML use case diagram, an action
sequence diagram, and a class diagram.

3. The developed software is designed for quick and maxm
imally effective evacuation of people from the educational
institution in conditions of non-stationary distribution of
people in the premises of the building, allowing to evaluate the
educational schedule in terms of the unobstructed evacuation
in ensuring human safety.
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