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Abstract. The « WLAN EliteAS» program, created in the JavaScript language of the ant
algorithm, determines the optimal number of base stations of wireless local networks and their
location on the territory of USUST. Initial data of the « WLAN EliteAS» program: parameters of
the territory of USUST (coordinates of vacant places, number of clients that need to be connected
to base stations); wireless local network parameters (base station coverage radius, maximum
number of clients to one base station), parameters of the ant algorithm (number of ordinary and
elite ants, irrigation and evaporation, greed and laziness). The quality of the obtained solutions
depends significantly on the choice of parameters of the ant algorithm.

Key words: wireless network; base station, coverage radius, ant algorithm; ant;
evaporation, greed, laziness.

Anomauin. Ha npoepami «WLAN EliteAS», wo cmeopena mogoio JavaScript 3a
MYPAWUHUM AT2OPUMMOM, BU3HAYEHO ONMUMANbHY KINbKicmb 06a3068ux cmanyii 0e30pomoeux
JIOKANbHUX Mepedc ma ix posmawysanua Ha mepumopii VVHT. Ilouamkosi O0ani npoepamu
«WLAN EliteAS»: napamempu mepumopii YVHT (xoopounamu eaxawmuux Mmicywv, KilbKicmb
KAI€EHmMI8, Wo NompioHo nioKIOYumu 00 6a308ux cmanyil);, napamempu 6e30pomoe8oi 10KAIbHOT
Mepedxci (padiyc nokpumms 60a30680i cmaHyii, MAKCUMAIbHA KIIbKICMb KIIEHMIE 00 OOHIET
0az060i cmanyii); napamempu MypawuHo2o aneopummy (KilbKicmb 36UYAUHUX MA eNimHUX
MYpax, 3pOuleHHsi ma BUNApPOBYBAHHS, AHCAOIOHICMb ma NiHugicms). AKicme ompumanux piuieHs
3HAYHO 3ANeAHCUMD 8I0 BUOOPY NAPAMEMPIE MYPAUWUHO20 AN2OPUTIMY.

Knrwuoei cnosa: 6e3opomosa mepedsica, 6azoea cmauyisa; padiyc NOKpumms, MypauluHull
aneopumm; Mypaxda, GUNAPOBYBAHHS, IHCAOIOHICMb, NIHUBICMb.

Introduction

Formulation of the problem. In connection with the merger of higher
educational institutions: the Dnipro Institute of Infrastructure and Transport (DIIT)
and the Institute of Industrial and Business Technologies (IIBT), there was an urgent
need for their interaction as a single unit (Ukrainian State University of Science and

Technology, USUST) through the use of wireless networks, when the deployment of
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a cable system is economically unfeasible in under martial law conditions.

Analysis of the latest research. Wireless local area networks (WLAN) have the
following topologies [1-2]: temporary ad-hoc networks (Independent Basic Service
Set, IBSS); dependent networks (Basic Service Set, BSS); complex networks
(Extended Service Set, ESS). It is known that there are two main deployment
methodologies: WLAN with a maximum service area; WLAN with maximum
bandwidth. Some scientists have already dealt with the issue of WLAN planning, for
the solution of which it is possible to use multi-agent methods of intelligent
optimization, which include: bee; ant and others [3-6]. So, for example, in works [3,
5] to solve the problem of location of WLAN base stations (BS) the bee method was
used, but today it is also known that the fastest solution is achieved using the ant
algorithm, the author of which is Mark Dorigo; in addition, there are several
modifications of the ant algorithm: Elitist Ant System; Ant-Q; Ant Colony System;
Max-min Ant System; ASrank, which require additional research into its parameters.

The purpose of the work is to determine the optimal WLAN parameters on the
territory of USUST using the created program based on the ant algorithm. In
accordance with the goal, the following tasks were set: to develop a WLAN planning
method based on the ant algorithm; create a suitable program for determining optimal
WLAN parameters; conduct additional studies of the parameters of the ant algorithm
on the created program.

Setting the problem. Let L be the total set of clients that need to be connected
to WLAN base stations on the territory of USUST (DIIT or IIBT). Known M are

candidate places where WLAN base stations can be installed. In addition, all clients
must be connected to base stations. Let’s introduce the designation BS,(r)* — i-th
WLAN base station with a coverage radius » to which k clients are connected, where
ie[;M]; ke[;L]. If BS, ()" =1, then i-th base station with k clients connects to the

WLAN, otherwise BSl-(r)k =0. As an objective function, consider the function

M

F = Y BS;()* — min, and the following restrictions must be met: » <r_. ; k <k, .
i=1
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where r,,,, — the maximum coverage radius of the WLAN base station; k,,,, — the

maximum number of clients connecting to WLAN base station.
The «WLAN_EliteAS» program, the structure of which is shown in Figure 1,

is compiled according to the elite strategy discussed in [4].
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Figure 1 — The structure of the created «WLAN_EliteAS» program

Author’s work

Initial program data: ant algorithm parameters (number of elite and ordinary

ants, greed and laziness, irrigation and evaporation); WLAN parameters (coordinates
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of vacant seats, coverage radius and adjacencies). Restrictions imposed on the
program: use of the latest browser (Google Chrome, Mozilla Firefox) with HTML-5
support. The main elements of the program are functions of the JavaScript language
that interact with the elements of the HTML page (Main.html) through the API
(Application Programming Interface).

The display styles of HTML page elements are in the style sheet file. The
program uses the additional library «Chance», which is distributed under a free
software license. The ant algorithm is implemented by «EliteAS» and its following
child functions: «Colony»; «SingleAnt»; «Choice»; «Evaporate Pheromoney;
«AddPheromone»; «EliteAddPheromoney. For approbation of the « WLAN _Elite AS»

program, a grid was generated with the following parameters: grid step - 20,

/o)
= % /S S\
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Figure 2 — Graphical result of the «<\WLAN_EliteAS» program:

(a) — placement of BS for DIIT; (0) — placement of BS for IIBT

Author’s work

Study of the evaporation parameter. So, for example, a grid was generated for
the DIIT polygon on the «WLAN_EliteAS» program (grid step — 14; deviation — 0)
and 211 points (vacant places) were obtained. When conducting the research, the

following parameters of the ant algorithm were taken: initial amount of pheromone —
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20; greed — 1; laziness — 1; the number of ordinary ants in the colony is 211 (provided
that at least one ant starts its journey at each peak); the number of elite ants in the
colony is 50; coverage radius — 50 m (on the map scale); the number of iterations of
the algorithm is 50. Studies of the amount of pheromone by iteration at different

values of the evaporation parameter ( p ) for irrigation Q=10 were conducted (Figure 3).
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Figure 3 — The amount of pheromone by iterations with different evaporation
Author’s work

Regardless of the value of the Q parameter, the following results are obtained:
when p=0,9 the pheromone evaporates faster than it has time to renew itself; when
p=0,1 the amount of pheromone decreases in the initial iterations (ants choose
heterogeneous paths), but when the ants find a local optimum, they start to irrigate,
due to which the amount of pheromone on this path begins to grow steadily; when
p=0,5 the amount of pheromone changes slightly, but constantly, allowing ants to
choose already explored paths, and to choose less profitable but shorter new paths.

Study of the greed parameter. The parameter got its name due to the fact that it
affects the ant's choice in the direction of a more pheromone-rich path. The obtained
results are shown in Figure 4 (Q =1000, p =0,45). It can be seen from the figure that
although larger values of greed can speed up the search for a shorter path, but for

higher values of greed, a situation is likely when the algorithm falls into the local
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optimum trap, and smaller values of greed allow, after performing a significant

number of iterations, to arrive at the optimal result.
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Figure 4 — The path length by iterations with different greed
Author’s work

Study of the laziness parameter. The free parameter f got its name because it

affects the ant’s choice of the shortest path. Larger values of laziness help to reach

shorter paths faster (Figure 5). It can be seen from the figure that at =1 the ants
eventually find the optimal solution, and at =10 the ants get stuck at the local

optimum.
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Figure 5 — The path length by iterations with different laziness

Author’s work
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Conclusions

«WLAN EliteAS» program was created in JavaScript using the ant algorithm,
the input of which is given: polygon parameters (DIIT or I[IBT); WLAN parameters;
parameters of the ant algorithm (the number of ordinary and elite ants, irrigation and
evaporation, greed and laziness), as a result — a graphical representation of the
location of WLAN access points. Optimal WLAN parameters were obtained using
the created « WLAN_EliteAS» program, as well as studies of the parameters of the

ant algorithm were carried out.
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