
  



International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 

 

 

102 

International Journal 
INFORMATION MODELS AND ANALYSES 

Volume 8 / 2019, Number 2 
 

 

EDITORIAL BOARD 
Editor in chief: Krassimir Markov (Bulgaria) 

 

Alberto Arteta (Spain)  Liudmila Cheremisinova  (Belarus) 
Albert Voronin (Ukraine)  Lyudmila Lyadova (Russia) 

Aleksey Voloshin (Ukraine)  Martin P. Mintchev (Canada) 
Alexey Petrovskiy  (Russia)  Nataliia Kussul (Ukraine) 

Alfredo Milani (Italy)  Natalia Ivanova (Russia) 
Anatoliy Krissilov (Ukraine)  Natalia Pankratova (Ukraine) 

Avram Eskenazi (Bulgaria)  Nelly Maneva (Bulgaria) 
Boris Sokolov (Russia)  Nugzar Todua (Georgia) 

Diana Bogdanova (Russia)  Olena Chebanyuk (Ukraine) 
Dmytro Progonov (Ukraine)  Olexander Palagin (Ukraine) 

Ekaterina Solovyova (Ukraine)  Olga Nevzorova (Russia) 
Evgeniy Bodyansky (Ukraine)  Orly Yadid-Pecht (Israel) 

Galyna Gayvoronska (Ukraine)  Pedro Marijuan (Spain) 
Galina Setlac (Poland)  Rafael Yusupov (Russia) 

George Totkov (Bulgaria)  Sergey Kryvyy  (Ukraine) 
Gurgen Khachatryan (Armenia)  Stoyan Poryazov (Bulgaria) 

Hasmik Sahakyan (Armenia)  Tatyana Gavrilova (Russia) 
Ilia Mitov (Bulgaria)  Tea Munjishvili (Georgia) 

Juan Castellanos (Spain)  Valeria Gribova (Russia) 
Koen Vanhoof (Belgium)  Vasil Sgurev (Bulgaria) 

Krassimira B. Ivanova (Bulgaria)  Vitalii Velychko (Ukraine) 
Leonid Hulianytskyi (Ukraine)  Vladimir Ryazanov (Russia) 

Levon Aslanyan (Armenia)  Volodymyr Opanasenko (Ukraine) 
Luis Fernando de Mingo (Spain)  Yuriy Zaichenko (Ukraine) 

 

IJ IMA is official publisher of the scientific papers of the members of  
the ITHEA® International Scientific Society 

 
 

IJ IMA rules for preparing the manuscripts are compulsory.  
The rules for the papers for ITHEA International Journals are given on www.ithea.org . 

The camera-ready copy of the paper should be received by ITHEA® Submission system http://ij.ithea.org 
. 

Responsibility for papers published in IJ IMA belongs to authors. 
 

 

International Journal “INFORMATION MODELS AND ANALYSES” Volume 8, Number 2, 2019  
 

Edited by the Institute of Information Theories and Applications FOI ITHEA, Bulgaria, in collaboration with: 

University of Telecommunications and Posts, Bulgaria, 
V.M.Glushkov Institute of Cybernetics of NAS, Ukraine,  

Universidad Politécnica de Madrid, Spain, 
Hasselt University, Belgium, 
University of Perugia, Italy, 

Institute for Informatics and Automation Problems, NAS of the Republic of Armenia  
St. Petersburg Institute of Informatics, RAS, Russia, 

 

Publisher:  ITHEA
®     

Sofia, 1000, P.O.B. 775, Bulgaria.      www.ithea.org  , e-mail: office@ithea.org  
Technical editor: Ina Markova 

 

Printed in Bulgaria 
 

Copyright © 2019 All rights reserved for the publisher and all authors. 
® 2012-2019 "Information Models and Analyses" is a trademark of ITHEA

®
 

® ITHEA is a registered trade mark of FOI-Commerce Co.  

ISSN 1314-6416 (printed)                      ISSN 1314-6432 (Online) 

  

http://www.ithea.org/
http://ij.ithea.org/
http://www.ithea.org/
mailto:office@ithea.org


International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 

 

 

153 

 

TOWARDS A PREDICTIVE MODELING OF SELF-CONTROL MOBILE 

NETWORKS 

Diana Poselentseva, Elena Zamyatina 

 

Abstract: Abstract: The problems of investigations of routing algorithms and data 

transfer algorithms in mobile self-controlled networks by simulation methods are 

considered. This class of networks has specific properties: dynamically moving 

nodes, "limited distance" between nodes, and the absence of a centralized node. The 

mathematical model of such a network is a dynamic graph. It is important to predict 

the conditions when the connection failure of nodes occurs during the execution of 

various routing algorithms. Simulation experiments are performed in the AnyLogic 

environment.  

Keywords: ad hoc networks, simulation modeling, simulation systems, dynamic 

geometric graph, routing algorithm 

ACM Classification Keywords: I.6 SIMULATION AND MODELING I.6.8 Types of 

Simulation - Distributed : I.2 ARTIFICIAL INTELLIGENCE I.2.5 Programming 

Languages and Software - Expert system tools and techniques  

Introduction 

Nowadays a class of computer networks (wireless decentralized) is widely used, for 

which mobility is characteristic: nodes can move in space, join a network, or be 

excluded from it. 

In addition, such networks are characterized by limiting the distance between nodes. 

Each node is characterized by the power of the signal source and the sensitivity of 

the signal receiver. If the nodes are separated from each other by less than a certain 

distance r, then we can say that between them there is a connection for transmitting 

signals. If the distance between the nodes exceeds the specified distance r, then the 

connection between the nodes can be interrupted, since there is no direct 

connection. 
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The mathematical model of such a network is a graph. Since the network is mobile, 

the graph is also dynamic, in this graph the number of vertices randomly changes, 

edges appear and disappear. The operability and qualitative characteristics of the 

network in this case can be described through such characteristics of the geometric 

graph as connectivity, number of components, length of routes, etc. A graph at some 

points can be connected, at some moments - non-connected. 

For a certain pair of nodes at different points in time, there may be no routes at all, 

there may be a single route, or there may be several routes. 

An opportunistic mobile system can ensure the transmission of a message even if 

there is no route between two nodes of network at some time periods, one of which is 

the source, the second is the receiver. This can be achieved due to the fact that the 

message moves from the source first to the intermediate node (to which there is a 

route), waits in it (buffered), and then moves on when the opportunity arises due to 

the movement of nodes . 

The routing algorithm must dynamically find a route consisting of partial routes for 

each message. A knowledge accumulated about the system and its environment 

may be used for this purposes. The behavior of nodes is difficult to predict. For this 

reason, it is necessary to use the apparatus of graph theory and probability theory 

(random graphs) [Mikov A.]. For the analysis of information flows in computer 

networks, in addition to the methods presented by graph theory, analytic methods of 

queuing theory and simulation methods are used. 

Simulation models are one of the most important tools for the investigations of 

routing algorithms for the reason that mobile networks and the behavior of objects of 

mobile networks are quite complex and do not always make it possible to use 

analytical methods. Since the mathematical model is a dynamic graph, the tools for 

simulation should be flexible and efficient. 

The AnyLogic simulation system was chosen [Grigoriev I.] as a software tool for 

simulation. 

Currently, there are a large number of different classes of mobile networks: MANET, 

VANET, FANET, etc. 
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At first, we’ll focus on networks of the FANET class, give an overview of these 

networks and their research methods. 

Routing algorithms in FANET 

FANET is a type of peer-to-peer VANET network (Vehicle Ad-hoc Network - a self-

organizing network of vehicles), the nodes of which are UAVs [Leonov A.] 

(unmanned aerial vehicles). The movement of UAVs in FANET is controlled 

exclusively by algorithms without any human interference, so UAVs can easily be re-

deployed to an ad-hoc network [Sami O.]. The nodes of this network are connected 

via wireless technologies: WiFi, LTE, WiMAX, etc. 

Although FANET is very similar to VANET and MANET (Mobile Ad-hoc Network - a 

self-organizing network of mobile devices), but FANET also has some specific 

characteristics. 

FANET Mobility Models and their practical application 

There are two types of communication that can be established in FANET [Sami O.]: 

― Wireless air-to-air connection: UAVs can communicate with each other using 

only ad-hoc architecture to avoid the restrictions associated with the 

transmission range imposed by the communication between UAVs and ground 

base stations. In addition, the aforementioned type of wireless communication 

can be used in multi-hop communications, in which nodes can transmit a data 

package to another node that is out of range. 

― Wireless air-to-ground connection: in FANET, not all UAVs can communicate 

with different infrastructures (infra-structure hereinafter refers to the 

combination of software and hardware complexes of telecommunication) such 

as ground base stations or satellites. However, only some of the FANET 

nodes communicate with infrastructures to improve connectivity. 

As noted earlier, the movement of nodes in FANET is usually predetermined, i.e. it is 

defined by means of some algorithm. However, in a real environment, the movement 

of nodes can be changed due to some external factors: due to weather conditions, 

the nature of the mission which network performed, etc. [Sami R.]. In accordance 

with this, there are several mobility models (from the English Mobility models) of the 
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nodes that make up the FANET. FANET node mobility models can be classified into 

five categories [Bujari A.]: 

― Random model of mobility (Randomized mobility model), - the simplest model 

of movement, which is used in the study of networks. The behavior of an 

individual network node (its movement) in this type of mobility model is 

absolutely independent of the behavior of other nodes included in this 

network, as well as of the node’s previous actions. Examples of random 

mobility models are RW (Random Walk), RWP (from the English Random 

Way-Point) and RD (Random Direction). In these models of mobility, each 

node selects an arbitrary direction of movement and speed with which it will 

move in a certain period of time. Another example of this type of mobility 

model is the MG model (Manhattan Grid), which uses the topology of a real 

transport network. At the same time, the movement of nodes is accompanied 

by some difficulties, since the nodes must change the trajectory of their 

movement, either horizontally or vertically, taking into account the peculiarities 

of the map of the area (city). 

― Mobility models that depend on spatio-temporal characteristics (Time / space 

dependent mobility models) - mobility models belonging to this category are 

based on eliminating sharp changes in the speed and trajectory of nodes. For 

this, various mathematical equations are used. The following mobility models 

can serve as examples: BSA (Boundless Simulation Area), GM (Gauss-

Markov). In similar mobility models, the current speed and path of the nodes 

are selected based on the relationship with the path and speed of the nodes in 

the previous step. The ST mobility model (Smooth Turn) allows network nodes 

to move along curved paths. At the same time, a certain point is chosen in 

space, which will be the final point of the trajectory of the node. 

― A mobility model with a predefined path (Path-planned mobility models) - 

mobility models belonging to this category define a path of a certain shape for 

nodes. The nodes follow a specific path until they reach the end point of this 

path, then the nodes randomly select a new path or repeat the movement 

along the same path. The SRCM mobility model (Semi-Random Circular 

Movement) also belongs to this category, since the model is intended for 

cases when network nodes move along curved paths. The PPRZM mobility 
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model (Paparazzi mobility model) is a good example of a stochastic mobility 

model. Stochastic mobility models are based on a state machine, each of the 

states in which is one of the possible trajectories of the node: Stay-At, Oval, 

Eight, Scan, Way-Point. Each of the network nodes selects a specific 

trajectory and random speed of its movement. 

― Group mobility models (Group mobility models) - these models impose certain 

spatial restrictions on all network nodes. The RPGM mobility model 

(Reference Point Group mobility) simulates random node movements near the 

starting point, using a simple RWP mobility model. Special cases of RPGM are 

also distinguished: in the NC mobility model (Nomade Community) each of the 

nodes moves near the starting point, which in turn also moves randomly in 

space. The PRS mobility model (Pursue) is similar to NC, but at the same time 

the network nodes try to follow a specific goal without resorting to random 

movements near it. 

― Mobility models based on the control of network topology (Topology-control 

based mobility models) - used in cases where it is necessary to constantly 

monitor the network topology in real time. A classic example for this category 

of mobility models is the DPR model (Distributed Pheromone Repel), which is 

used in networks designed for reconnaissance or implementation of search 

missions. In this model, each node has its own map of pheromones 

(pheromone map). The Mobility Model SDPC (Self-Deploy Point Coverage) is 

designed for networks that are designed to solve problems associated with 

natural disasters. This model deploys a UAV network at the scene in order to 

create a communications infrastructure that can be used by the injured. The 

goal of each of the nodes in this network is to reach as many people as 

possible and to maintain communication with other nodes of the network. 

Although FANET is a kind of subclass of MANET and VANET networks, FANET has 

its own data routing techniques. These techniques have their advantages and 

disadvantages. Next, we will consider the most popular techniques currently used for 

routing data in FANET, and we will also classify the existing routing protocols. 
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FANET Package Routing Techniques 

Routing technique Store-carry and forward 

At a certain point, when periodic communication disruptions occur in the network, the 

sending node may not find the node to which it could transmit a data package. As a 

result, the sending node cannot send a data package to a specific node that would 

be within the radius of its transmission (transmission range). In this case, the sending 

node must physically move in space itself until it reaches any node to which it could 

transmit this data package (or the node to which this data package is destined) [Sami 

O., Nadeem A.]. 

LCDR Routing Protocol 

The most popular routing protocol in terms of use and reliability, which is based on 

this principle, is called LCDR (Load, Carry and Deliver Routing). The principle of 

operation of this routing protocol is described in detail in [Yassein M.]: this model is 

designed to transmit data from one ground-based base station to another. For this, 

UAVs and single-hop communication are used. 

This model is suitable for transferring images and videos. First, the data is 

downloaded from the access point to one of the UAVs, and then the data UAV moves 

to the recipient's access point in order to transmit a package of data to it. From a 

security point of view, the considered routing protocol is quite reliable: the data 

package does not carry out additional “jumps” (from the English hops) during 

transmission. The time required to deliver a data package from one base station to 

another depends on the speed of the UAV and the distance between access points. 

One of the options for reducing the time for delivery of data packages is to increase 

the number of UAVs that would receive and transmit data. 

In addition, you can increase the speed of UAV movement or divide the entire 

network into subnets, inside which LCDR routing will also be used. 

Greedy forwarding routing technique [Sami O.] 

This technique is recommended to be used if FANET has a high density (contains a 

sufficiently large number of nodes). The main task of the “greedy” routing is to 
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minimize the number of “jumps” of the package of data during its transmission from 

node to node. 

The principle of operation of the technique is quite simple: at each step it is 

necessary to choose the node that, from the geographical point of view (using the 

geographical coordinates of the nodes), is closest to the receiving node as a relay 

node. The package forwarding process ends when the package reaches the receiver. 

However, there are some drawbacks to this technique. The process of transmitting a 

data package can be blocked if the node to which the data is transmitted is 

recognized as the closest to the receiving node, but there will not be a single node 

(including the receiving node) within its radius of operation it could potentially 

transmit a data package to continue the routing process. 

To ensure the reliability of data transmission, it is necessary to use the proposed 

approach in combination with other approaches. 

RGR Routing Protocol 

Significant improvements in the technique of "greedy" routing can bring the RGR 

method (Reactive-Greedy-Reactive routing), proposed by Rostam Shirani in [Shirani  

R.]. This protocol is a typical representative of reactive routing protocols. The 

principle of reactive routing is to find all possible paths (from the English path 

discovery) from the source of the package to the destination node. However, do not 

confuse this type of routing with proactive routing: in proactive protocols, all possible 

paths between each pair of nodes in the network are calculated, therefore this 

technique is not entirely suitable for FANET, due to the high dynamism of the nodes 

of this type of network. 

In reactive routing protocols, the calculation of paths from the source to the 

destination node occurs “on demand”, when it is not possible to make a path 

between two nodes because the sending node does not know the geographic 

location of the receiver [Sami O.]. 

The path search process is based on the distribution of route creation requests 

(RREQ). The RGR routing protocol uses a mixed technique: the package is delivered 

using the reactive routing technique, but if for some reason the package transmission 
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process is interrupted, the alternative branch of the algorithm, GGF routing, will be 

used. 

The paper [10] presents the results of modeling taking into account changes in UAV 

speeds. Reactive routing protocols include the AODV and OLSR protocols. A.V. 

Leonov and G.A. Litvinov [11] gives a characterization of these protocols and also 

demonstrates the results of modeling in the NS-2 environment. 

Routing Techniques Single-path and Multi-path 

The name of the Single-path routing technique speaks for itself - it searches for one 

path from the source of the data package to its recipient. However, it is worth noting 

the main drawback of this approach: if for some reason the network connection is 

broken (the connection between the UAV or one of the nodes through which the 

found path passes will be lost), then the package will not have an alternative sending 

channel. This situation may lead to serious loss of data on the network. The solution 

to this problem can be the use of the Multi-path technique: it searches for several 

alternative paths for package delivery from source to destination. This method is 

effective, because in the event of a failure in FANET, this error will be quickly 

detected and the data package will be routed to an alternative delivery path. 

However, this method also has its drawbacks: it is rather difficult to configure this 

type of routing, because even minor errors can lead to the appearance of a "loop" 

(from the English loops), which can block the delivery process. 

Prediction Routing Technique 

The principle of operation of this method of routing consists in predicting the position 

of a network node at a particular time, based on its current geographical location, 

speed of its movement, direction of its movement, etc. 

Swarm Intelligent Technology 

The routing approach, based on the concept of “swarm intelligence”, became very 

popular. The term was proposed in 1989 by Gerardo Beni and Jing Wang [Beni 

G.,1989]. The algorithm describes the collective behavior of a decentralized self-

organizing system [Beni G.,2004]. The approach is based on modeling the behavior 

of animals or insects that adhere to a pack or swarm lifestyle. 
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Author in [Leonov A.] suggested to use the “bee colony” algorithm for modeling 

mobile networks. The algorithm of the bee colony is widely known; however, we will 

describe it in more detail. The algorithm imitates the behavior of a bee swarm, which 

searches for pollen and nectar in a certain area 

The main goal of the bee swarm is to determine the largest source of nectar (from a 

mathematical point of view, this is the task of optimizing some objective function) 

[Leonov A. and Litvinov G.]. 

All the routing techniques discussed above are widely used in real FANETs. 

However, each routing technique has its advantages and disadvantages. The study 

of the advantages and disadvantages of the certain routing protocols when using real 

FANET networks is not only labor-intensive and quite time-consuming, but also quite 

expensive. 

Thus, it is necessary to find a method that could give the opportunity to carry out 

research experiments on a process constantly changing its parameters, without 

resorting to working with a real system. Moreover, it is necessary that this method 

allows one to take into account a significant number of parameters, changes of which 

can lead to changes in the results of the algorithm. It is this method that is simulation. 

This is confirmed by a large number of publications exploring mobile computer 

networks with the use of various tools of simulation [Gudov A.]. 

Let us consider one of the routing algorithms (GGF) and the results of a simulation 

experiment performed using AnyLogic tools [Grigoriev I., Borshchov A., Anylogic].  

AnyLogic is a domestic development and there is a version available to all users.  

Description of the GGF Algorithm 

The greedy geographical routing algorithm is as follows: the node that is currently 

holding the package must transmit this package to its neighbor node, which has the 

following properties: 

- it must fall within the range of the transmission of the carrier node; 

- it should be closer to the recipient of the package than the current host 

node and its other neighboring nodes. 
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Thus, the node selected at each step of the algorithm should minimize the number of 

data package transfers from node to node. Routing will be considered completed 

successfully if the package is delivered to the recipient in a time less than (or equal 

to) the package "lifetime". 

Network simulation using AnyLogic  

There are a lot of simulation tools for designing and analyzing computer networks, 

these simulation systems may   be divided into specialized ([COMNET, 2019], 

[OMNet++,2019], [OPNET,2019], [NS-2,2019] and etc.) and general purpose one 

([ANYLOGIC,2019], for example). Some of them allow analyzing networks; others 

are focused on solving network design problems. Let us briefly discuss the 

advantages and disadvantages of these simulation tools.  

― COMNET: Advantages: (a) an ability to enter traffic data in real time; (b) a 

simplicity of entering traffic hypotheses; (c) an ability to fine-tune network 

parameters;(d) a presence of additional modules for various tasks. 

Disadvantages: (a) a complexity of implementation; (b) a difficulty in perceiving 

network circuits; (c) a high cost. 

― OMNet ++  : Advantages: (a) a presence of discrete event simulator. 

― Disadvantages: (a) a complexity of user training.   

― OPNET : Advantages: (a) a convenience of network objects designing; (b) a 

flexibility of the resulting models. Disadvantages: (a) a high cost; (b) an 

insufficient ability to import and configure existing product components. 

― NS-2 : Advantages: (a) an ability to use two-level programming (C++ and OTcl) 

and an object-oriented approach (provides flexible configuration of models and 

scenarios). Disadvantages: (a) a poor visualization; (b) a limitations of the 

component library; (a) a complexity of the models and analysis of the results. 

― Anylogic : Advantages: (a) a presence a high-level programming language 

(Java) (provides flexible configuration of models); (b) a convenient visualization; 

(c) an ability to collect various statistics and display graphs. Disadvantages: (a) a 

restriction on the maximum number of agents in the free educational version. 

To study the GGF algorithm, a simulation model was constructed using the AnyLogic 

tool. The development language is Java. 
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It is well known that routing algorithms must be correct, so the algorithm must deliver 

every package that arrives in the network, exactly as intended ((to the designated 

recipient).  

The model allows to build data package transmission routes inside FANET. Nodes 

can move at a certain speed in a certain limited area. In the simulation, the RWP 

mobility model was used. The constructed model does not take into account some 

characteristics: it happens that in real FANET there are technical problems that can 

interfere with the package transfer process, in addition, external environmental 

influences, etc. are not taken into account. 

Test No. 1: determining the dependence of the functioning of the algorithm on the 

number of nodes in FANET. 

Test № 1.1: 

- Number of nodes in the network: 50. 

- Type of arrangement of nodes: Random. 

- Communication distribution range: 81.125 cu 

- Package lifetime: 4483.3 ms. 

- Package source node index: 34. 

- Package Receiver Node Index: 24. 

The results of the GGF routing algorithm for given parameters are presented in 

Fig. 1. The number of relay nodes: 3. The package was not delivered to the recipient. 

The package remained with the drone with the No.17. 

 

Fig. 1. Test No. 1.1 
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Test No. 1.2 

- Number of nodes in the network: 100. 

- Type of arrangement of nodes: Random. 

- Communication distribution range: 81.125 cu 

- Package lifetime: 4483.3 ms. 

- Package source node index: 9. 

- Package Receiver Node Index: 3. 

The results of the GGF routing algorithm for given parameters are presented in Fig. 

2. 

Number of relay nodes: 5. 

The package was delivered to the recipient. 

 

  

Fig. 2. Test No. 1.2 

Test number 1.3: 

- Number of nodes in the network: 200. 

- Type of arrangement of nodes: Random. 

- Communication distribution range: 81.125 cu 

- Package lifetime: 4483.3 ms. 

- Package Source Node Index: 93. 

- Package Receiver Node Index: 58. 
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The results of the GGF routing algorithm for given parameters are presented in Fig. 

3. The number of relay nodes: 4. The package was delivered to the recipient. 

 

Fig. 3. Test No. 1.3 

Test No. 1.4: 

- Number of nodes in the network: 400. 

- Type of arrangement of nodes: Random. 

- Communication distribution range: 81.125 cu 

- Package lifetime: 4483.3 ms. 

- Package source node index: 4. 

- Package Receiver Node Index: 60. 

The results of the GGF routing algorithm for given parameters are presented in Fig. 

4. The number of relay nodes: 5. The package was delivered to the recipient. 

 

Fig. 4. Test No. 3.4 
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On tests 1.2, 1.3 and 1.4, the model gave good results. The paths laid between the 

nodes can be considered acceptable, because there are no loops in this paths, and 

the package was delivered to the destination in each of these cases. However, in test 

No. 1.1, a problem is discovered: the package did not reach the recipient and 

remained with drone No. 17 for the reason that there were no drones in the 

communication radius of drone No. 17 to which it could transmit the package so that 

the process continued. 

From this we can conclude that the algorithm considered above shows good results 

only in networks with a high density of nodes. The more nodes in the network, the 

better the algorithm works.  

Conclusion 

The paper presents a comparative description of such types of ad-hoc networks as 

FANET, MANET and VANET. The most popular data routing techniques in FANET 

were reviewed. The paper presents the possibilities of using simulation methods and 

AnyLogic tools. Moreover, FANET networks are considered. A simulation model of 

the greedy geographic data routing algorithm in FANET was built. A drawback was 

identified related to the applicability of this algorithm to FANET networks with a low 

density of nodes. It is established that the algorithm shows good results for networks 

with a high density of nodes. 

Thus, the algorithm needs refinement and optimization. One of the solutions to this 

problem may be the implementation of the RGR algorithm, which combines two 

alternative paths: reactive routing and the GGF algorithm. 

Aknowledgement 

The reported study was funded by RFBR, project number 18-01-00359 

References 

[COMNET III] COMNET III. Planning for Network Managers. Release 1.3. Available fr

om: http://eent3.lsbu.ac.uk/staff/baoyb/acs/Comnet/ comnet%20III.pdf  (Accessed: 

10.06.18) 



International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 

 

 

167 

[OMNeT++] OMNeT++ Community Site. Available from: http://www.omnetpp.org 

(Accessed: 10.06.18) 

[OPNET] OPNET. http://www.riverbed.com/products/performance-management-

control/opnet.html?redirect =opnet (Accessed: 10.06.18) 

[ANYLOGIC] ANYLOGIC. Available from: www.anylogic.ru. (Accessed: 10.06.18)  

[Mikov A.] Mikov А.I. Dinamicheskie geometricheskie graphy mobilnyh ad hoc setei 

//Informatizatsiya I svyaz, 2017. № 2. С. 66-70. ISSN 2078-8320.  

[Grigoriev I.] AnyLogic za tri dnya. Prakticheskoe posobie po imitatchionnomu 

modelirovaniyu. URL: http://simulation.su/uploads/files/default/2017-uch-posob-

grigoriev-anylogic.pdf. (дата обращения: 10.10.2019) 

[Leonov A.] Leonov A.V., Litvinov G.A. Primenenie algoritma pchelinji kolonii 

BeeAdHoc dlya marchrutizatchiiдля маршрутизации в FANET. URL: 

http://vestnik.sibsutis.ru/uploads/1522390810_2495.pdf (Accessed at: 10.10.2019) 

[Sami O.] Sami O., Lakas A., Zhou F., Güne¸s M., Yagoubi M.B., A survey on 

position-based routing protocols for Flying Ad hoc Networks (FANETs), Vehicular 

Communi-cations, 2017, pp. 29-56. 

[Bujari A.] Bujari A., Palazzi C.E., Ronzani D. FANET Application Scenarios and 

Mobility Models. URL: 

https://www.researchgate.net/publication/317673393_FANET_Application_Scenari

os_and_Mobility_Models (Accessed at: 10.10.2019) 

[Kaur S.] Kaur S., Talwar M. Routing Strategies in Fly-ing Ad-Hoc Networks. 

URL: 

https://pdfs.semanticscholar.org/800d/af523f6f990f50807118a2ac734a7ded37e2.p

df (Accessed at: 10.10.2019) 

[Yassein M.] Yassein M.B., Damer N.A. M.A. Flying Ad-Hoc Networks: Routing 

Protocols, Mobility Models, Issues, International Journal of Ad-vanced Computer 

Science and Applications, 2016. P. 162–168. 

[Nadeem A.] Nadeem A., Alghamdi T., Yawar A., Mehmood A., Siddiqui M.S. A 

Review and Classification of Flying Ad-Hoc Network (FANET) Routing Strategies, 

Journal of Basic and Applied Scientific Research, 2018. P. 1–8. 

http://www.riverbed.com/products/performance-management-control/opnet.html?redirect
http://www.riverbed.com/products/performance-management-control/opnet.html?redirect


International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 

 

 

168 

[Shirani R.] Shirani R., St-Hilaire M., Kunz T., Zhou Y., Li J., and Lamont L. On the 

Delay of Reactive-Greedy-Reactive Routing in Unmanned Aer-onautical Ad-hoc 

Networks, Procedia Com-puter Science, 2012. P. 535–542. 

[Leonov A.] Leonov A.V. Application of Bee Colony Algo-rithm for FANET Routing. 

URL: https://ieeexplore.ieee.org/document/7538709 (Accessed at: 10.10.2019) 

[Beni G.] Beni G., Jing W. Swarm Intelligence in Cel-lular Robotic Systems, Robots 

and biological systems: towards a new bionics, 1989. P. 26–30. 

[Gudov A.] Gudov A.M., Semehina M.V. Имитационное моделирование процессов 

передачи трафи-ка в вычислительных сетях. URL: 

https://cyberleninka.ru/article/v/imitatsionnoe-modelirovanie-protsessov-peredachi-

trafika-v-vychislitelnyh-setyah. (дата обращения: 10.10.2019) 

[Borshchov A.] Borshchov A. Borshchov A. Ot sistemnoi dinamiki b traditsionnogo IM 

– k prakticheskim imitatsionnym modelyam: prichiny, technologii, instrumenty. 

URL: 

 http://www.gpss.ru/paper/borshevarc.pdf (Accessed at: 10.10.2019) 

[AnyLogic] Anylogic. URL: https://www.anylogic.ru/ (Accessed at: 10.10.2019) 

Authors' Information 

 

Elena Zamyatina – National Research University “Higher School of 

Economics”, Associated Professor, PhD,Bukireva,15,Perm,Russian 

Federation; e-mail: e_zamyatina@mail.ru  

Fields of Scientific Research: Simulation, Distributed and Parallel 

Simulation, Artificial Intelligence, Computer Networks Simulation  

 

 
Diana Pocelentseva -  Perm State National Researching University, 

Student, Bukireva,15,Perm,Russian Federation; e-mail:  

Fields of Scientific Research: Simulation, Artificial Intelligence, Computer 

Networks Simulation, Genetic algorithms  

  


