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In prezenta lucrare, se propun modele
matematice discrete pentru evaluarea costurilor
retelelor de telecomunicatii cu fir si fara fir.
Aceste modele vizeaza facilitarea identificarii
costului optim al retelelor de telecomunicatii §i
sugereazd anumite scenarii admisibile, dintre
toate acestea, selectdand varianta preferata. Utili-
zdnd anumiti algoritmi combinatorii sau euristici,
modelele identifica refele cu cost optimal, res-
pectand, concomitent, cerintele calitatii de emisie
a informatiei pentru fiecare zond cu criteriile
respective de calitate. Pentru cazul general de
extindere §i optimizare a costurilor retelelor pe
intreg teritoriul tarii, sunt formulate urmdtoarele
recomandari: in dependenta de criteriile de
calitate, diferite pentru fiecare zond conexd, se
concretizeazd modelele de evaluare a costurilor
descrise. Astfel, metodologia examinata ar per-
mite solutionarea problemelor de optimizare a
costurilor respectand cerintele in raport cu crite-
riile de calitate pe intregul teritoriu al tarii.
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prin fir si fara fir, model matematic discret-
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The discrete mathematical models, des-
cribed in the article, are oriented for wireline and
wireless telecommunications networks costs eva-
luation. The models are aimed to facilitate the
identification of the optimal cost and can help
implement certain admissible scenarios. While
using some combinational or heuristic algo-
rithms, the models facilitate the identification of
the optimal networks cost, concomitantly obser-
ving the requirements for ensuring the quality of
the information emission for each area. The follo-
wing recommendations are formulated for the
general case of extending and optimizing the
costs throughout the country: depending on the
quality criteria, different for each related area,
the models for assessing the costs are described.
Thus, the examined methodology would allow the
resolution of cost optimization problems in
compliance with the requirements in relation to
quality criteria throughout the country.

Keywords: wireline/wireless telecommuni-
cations network, discrete mathematical model,
cost evaluation, optimization, modulation.

JEL: C6.

SR ;|


mailto:grigore.varanita@gmail.com
mailto:costas.ilie@yahoo.com
mailto:grigore.varanita@gmail.com
mailto:costas.ilie@yahoo.com

INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICAI INFORMATICS, STATISTICS AND ECONOMICS

Introducere

Procesul de optimizare a unei retele de
telecomunicatii poate fi orientat in mai multe
directii [1-3], principalele dintre ele fiind: asigu-
rarea cat mai eficientd a fluxurilor informationale
in tard, minimizarea consumului de resurse mate-
riale necesare pentru realizarea si mentinerea
retelelor, reducerea costurilor retelei, sporirea
calitatii emisiilor etc. Solutionarea unor astfel de
probleme de optimizare este necesara atat la
etapele de creare a retelelor noi de telecomu-
nicatii, cat si la etapele de modernizare a retelelor
deja existente.

Tn acest articol, accentul se pune pe unele
dintre aspectele importante, precum modelarea si
optimizarea costurilor retelelor de telecomunicatii.

Metode de cercetare

Un limbaj comod de analiza, dar si de opti-
mizare a retelei il constituie limbajul grafurilor.
De exemplu, in figura 1, arborele constituit din
muchiile reprezentate cu linie punctatd ar putea
indica conexiunile dintre nodurile beneficiarilor
(clientilor), purtand informatia costurilor, resur-
selor alocate in reteaua de telecomunicatii si
calitatea de modulare, atunci cand aceasta se afla
in faza initiald de functionare.

Introduction

The process of a telecommunication net-
work optimization can be oriented to several
directions [1, 2, 3], the main of which are: ensu-
ring the most efficient flow of information in the
country, minimizing the consumption of material
resources needed to roll out and maintain the
networks, reducing network costs, increasing the
quality of emissions, etc. Addressing such opti-
mization problems is necessary both at initial
stages of new telecommunications networks
rollout and at further stages of the modernization
of existing networks.

This article focuses on one of the important
issues, such as modelling and optimization of
telecommunication networks costs.

Research Methods

An easy-to-use language for analysis, as
well as for network optimization is the language
of the graphs. For example, in figure 1, the tree
consisting of edges represented by a dotted line
could indicate the connections between the bene-
ficiaries’ (customers’) nodes bearing the informa-
tion on costs, resources allocated to the telecom-
munications network and the modulation quality,
when the network is at the initial phase of
operation.

Figura 1. Efectul procesului de optimizare a retelei/
Figure 1. The effect of network optimization process
Sursa: elaborata de autori/ Source: developed by the authors
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De regula, procedura de optimizare se rea-
lizeaza prin selectarea iterativd a acelor muchii
ale arborelui de acoperire a retelei din multimea
muchiilor grafului complet (ce s-ar interpreta ca o
retea initiald), care ar asigura optimizarea chel-
tuielilor totale, adicd minimizarea acestora. Pro-
cesul de evidentiere a unui asemenea arbore
este iterativ si, la fiecare iteratie, se constatd sau
diminuarea costului retelei, sau imbunatatirea
unor indicatori calitativi ai acesteia, desigur,
avand a priori un set de indici doriti. Conform
fundamentarilor teoretice din teoria optimizarii
grafurilor, se cunoaste cd un asemenea arbore
existd, ceea ce prezuma, nu neapdrat, ca acesta ar
putea fi unic. Prezintd importanta faptul ca algo-
ritmii existenti sunt capabili sa identifice reteaua
optima, indiferent de contextul in care este for-
mulata problema.

Tn continuare, in calitate de varfuri ale gra-
fului, se vor considera punctele de amplasare
a statiilor.

In cazul optimizarii retelei de acces, ca
reguld, valorile variabilelor de baza sunt discrete,
unele dintre ele neavand chiar valoare numerica,
de exemplu, tipurile de modulare: QPSK, 4QAM,
16QAM, 64QAM s.a. Prin urmare, implemen-
tarea optimizarii continue nu poate fi, Tn mod
direct, aplicatd pentru asemenea situatii.

In caz general, functia cost poate fi formu-
lata astfel [4]:

C=f(A, T),AeA,TE€eT A=(B,L), T=(M,R,H,V,W,G),

unde:
C exprima costul implementarii retelei;
A —variabila limitei retelei de acces;
B - dimensiunea elementului-grila (aria
suprafetei, in km?);
L — dimensiunea (aria suprafetei, in km?)
zonei de delimitare;
T — variabilele folosite in tehnologia retelei
de acces;
M — tipul canalului de transmisie;
R — viteza transmiterii datelor, kbps;
H — disciplina pentru serviciul de pachet de
date;
V — metoda de acces;
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As a rule, the optimization procedure is
performed by iteratively selecting those edges of
the network tree from the range of edges of the
entire graph (which would be interpreted as an
initial network) that would ensure the total cost
optimization, i.e. total cost minimization. The
process of highlighting such a tree is iterative,
and with every iteration, either the decrease of the
network cost or the improvement of its qualitative
indicators is found, of course, having a set of
desired indices in advance. It is known, according
to the theoretical fundamentals in the graph
optimization theory, that such a tree exists, it
might not necessarily be unique. What is impor-
tant is that the existing algorithms are able to
identify the optimal network, no matter in what
context the problem is formulated.

Further, the peaks of the graph will be
considered the points of based stations locations.

In the case of access network optimization,
as a rule, the values of basic variables are
discrete, some of which do not even have
numerical value, for example modulation types:
QPSK, 4QAM, 16QAM, 64QAM etc. Therefore,
the implementation of continuous optimization
cannot be directly applied to such situations.

In a general case, the function cost can be
expressed as follows [4]:

)

where:
C — cost of network implementation;
A — variable of the access network limit;
B — size of the grid element (surface area,
in km2;
L — size (surface area, in km2) of delimi-
tation zone;
T — variables used in access network techno-
logy;
M — type of transmission channel;
R — rate of data transmission, kbps;
H — discipline for data package service;
V — method of access;
W — type of modulator;
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W — tipul modulator;

G — tipul codecului voce standard.

Tn expresia (1) seturile de variabile sunt
definite prin produsele carteziene:

G — type of standard voice codec.
In the expression (1) the sets of variables
are defined by Cartesian products:

A=BxL, T=MxRxHxVxWxG ,

iar restrictiile, ce exprima indicatorul de calitate i,
au forma:

Qimin < Qi < Qimax, i=1, 2,...,r.

Modelul (1)-(2) poate fi considerat ca un
model abstract de descriere a situatiilor-problema,
in care accentul se pune pe minimizarea functiei
cost, fara a specifica, concret, dependenta acestei
functii de setul de variabile (A, T). De asemenea,
in model, nu se indica nici relatiile prin care ar
trebui sa se ilustreze constrangerile impuse. Dar e
clar ca, indiferent de situatie, e necesara deter-
minarea perechii (A*, T*), pentru care functia C =
f (A, T) ia valoarea minima: Cmin = f (A*, T*).
Pentru a rezolva o asemenea problema, in fiecare
caz concret, mai intai de toate, trebuie cuanti-
ficata expresia analitica a functiei f (A,T), indi-
catd modalitatea de evaluare a acestea, dar si
scoase 1n evidenta acele restrictii, care urmeaza sa
fie respectate.

Totodatd, e important de mentionat ca
(1)-(2) reprezinta un model formal raportat la
ambele tipuri de retea. Totusi, consideram opor-
tund examinarea mai concretd a specificului a
doua tipuri de retea: cu fir si fara fir, dat fiind
faptul ca asigurarea tehnicd a acestora e foarte
diferita de la caz la caz.

Astfel, in continuare, se vor examina doua
modele de evaluare a costurilor retelelor de
comunicatii: cu fir si fara fir.

3. Rezultatele cercetarii

3.1. Modelul matematic pentru retele cu fir

Considerand ca reteaua include n zone,
cheltuielile pentru localitatea (zona) i, se calcu-
leaza pornind de la urmatoarele componente [5]:

A. Costurile de echipament/centrala depind
de capacitatea de deservire necesard calculata si
de fiabilitatea care este necesar sa fie asigurata.

106

while the restrictions, which express the quality
indicator i, have the following form:

)

The model (1)-(2) can be considered as an
abstract model to describe problematic situations,
in which the emphasis lies on minimizing the cost
function without exactly specifying the depen-
dence of this function on the set of variables
(A, T). Neither does the model indicate the
relationships through which the imposed cons-
traints should be illustrated. But it is clear, that
regardless of the situation, it is necessary to
determine the pair (A*, T*), for which the func-
tion C =f (A, T) takes the minimal value: Cmin =
f (A*, T*). To solve such a problem, in each
concrete case, first of all the analytical expression
of the function f (A, T) must be quantified, and the
method of its evaluation must be indicated, as
well as the restrictions necessary to be observed
must be emphasized.

At the same time, it is important to mention
that (1)-(2) represents a formal model reported to
both types of network. However, we consider it
appropriate to look more deeply into the specifics
of the two types of network: wire line and
wireless, given that their technical features are
very different on a case-by-case basis.

Further, two models for assessing the costs
of wireless and wire line communications net-
works will be examined.

3. Research results

3.1. Mathematical model for wireline net-
works

Considering that the network includes n
zones, the costs for locality (zone) i, is calculated
proceeding from the following components [5]:

A. Equipment/exchange costs. Depends on
calculated necessary servicing capacity and on
viability necessary to be ensured.
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1
Se noteaza cu: §

Ci(sD),

unde,
j =1, 2,... reprezintd indicatorul de capa-
citate a statiei amplasate 1n localitatea i;
iar, p — indicatorul de fiabilitate (sau pro-
babilitatea functionarii fara refuz a statiei).
B. Costurile retelei de transmisiuni pentru
centrald se 1incadreazd in intervalul [10000;

It is noted as follows:
(3)

where,
j=1, 2,... represents the capacity indicator
for the exchange, situated in locality i;
while p — represents viability indicator (or
probability of flawless operation of the
exchange).
B. The costs of transmission network for

600000] MDL. Se noteaza cu: the exchange fit into the interval [10000;
600000] MDL. It is noted as follows:
Cfi(di; Thy), (4)
unde: where:

df reprezintd lungimea traiectului liniar

(traseului) in localitatea i de la statie

pand la punctul de conectare in reteaua

backbone;

iar Th; — tipul tehnologiei utilizate pentru

asigurarea transportului spre statia de baza;

I = 1 —traiect liniar prin fibra optica;

| = 2 — traiect liniar prin sistemul Micro-

wave (radioreleu).

C. Costurile pentru asigurarea statiei de
bazi cu sursa de energie electrici (LEA) se Inca-
dreaza 1n intervalul [70000; 600000] MDL.
Se noteaza cu:

cf,(d/),

unde,
d] reprezintd lungimea LEA pana la
punctul de racordare pentru electro-alimen-
tarea statiei in zona i;
r = 1 — conectare prin disjunctor la sursa
trifazatd in punctul de racordare;
r = 2 — conectare prin transformator de
coborare a tensiunii Tn punctul de racordare.
D. Costurile de constructie a incdperii/
spatiului tehnologic depind de tipul si de com-
plexitatea lucrarilor. Diapazonul calculat se inca-
dreaza in intervalul [30000; 1200000] MDL. Se
noteaza cu:

CHi(Te,
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df — represents the tract distance (line) in

locality i from the exchange to the connec-

tion point in backbone network;

while, Th; — represents the type of techno-

logy used for ensuring transportation to the

main exchange;

I =1 - linear tract via optical fiber;

| = 2 — linear tract via the Microwave sys-

tem (radio relay).

C. Costs for electricity supply (LEA) to the
main exchange fits into the interval [70000;
600000] MDL. It is noted as follows:

®)

where,

d; — represents the length of LEA up to

the point of connection of electricity supply

to the exchange in zone i;

r = 1 — connection via circuit breaker to the

three-phase source at the connection point;

r = 2 — connection via low voltage

transformer to the connection point.

D. Costs for room/technological space
construction. Depend on the type and work
complexity. The calculated range fits into the
interval [30000; 1200000] MDL. It is noted as
follows:

Cl), (6)

—  mm
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unde:

T, indica tipul constructiei utilizate, carac-

terizata prin materialele utilizate,

iar Cl determind indicatorul de comple-

xitate al lucrarilor.

E. Costurile de achizitie a terenului sau
locatiei spatiului tehnologic pentru instalarea
statiei de baza in zona i se incadreaza in intervalul
[1000; 30000] MDL. Se noteaza cu:

Cfi(t),

unde
t; reprezintd terenul preconizat pentru
implementarea statiei;
ti = 1 — metoda de achizitie;
ti = 2 — metoda de locatiune a spatiului.

F. Costurile de organizare a ultimei mile
(distributia catre abonat) depind de distanta si de
tehnologia selectata. Se noteaza cu:

Cfi(dij’TS),

unde
d;j denota distanta de la statia i pana la
abonatul j=1,2,...,
m; — numarul abonatilor din localitatea i ,
iar Ts — tehnologia selectata.
Astfel, costul total de implementare a unei
centrale Tn zona i, notat cu Cf;, este:

Cfi = Cfi(S)) + Ci(df;Thy) + Cfi(d]) + Cfi(Te, CD) + Cfi(t)+Cfi(dij Ts)

Numarul zonelor, in acest caz, este a priori
cunoscut, fiind egal cu n — numadrul localitatilor
din aria de acoperire.

Prin urmare, dacd suprafata de acoperire
consta din n zone, costul total al retelei

(notat CfR) se exprima astfel:

Cfr = i1 Cfi -

3.2. Modelul matematic pentru retele
fara fir

In cazul comunicatiilor fira fir, cheltuie-
lile se calculeazd pornind de la urmatoarele
componente:

108

where,

T, — represents the type of construction,

characterized by the materials used,

while Cl determines the work complexity

indicator.

E. Costs for land acquisition or techno-
logical space rent for the installation of the main
exchange in zone i fits into the interval [1000;
30000] MDL. It is noted as follows:

(")

where

t; — represents the land intended for the

exchange rollout;

t; = 1 — acquisition method;

t; = 2 — space rent method.

F. Costs of organizing the last mile (distri-
bution to the subscriber). Depends on distance
and technology selected. It is noted as follows:

(8)

where
d;; represents the distance from the station i
to the subscriber j=1,2,...,
m; —number of subscribers in locality i ,
while Ts —selected technology.
Thus, the total cost of an exchange imple-
mentation in zone i, noted by Cf;, is:

9)

The number of zones, in this case, is
known in advance, being equal to n — number of
localities from the coverage area.

Consequently, if the coverage surface con-
sists of n zone, the total network cost (noted Cf)
is expressed as follows:

(10)

3.2. Mathematical model for wireless
networks

In the case of wireless communications,
the costs are calculated considering the following

components:

Revista / Journal ,,ECONOMICA™ nr.2 (108) 2019
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A. Costurile de echipament BTS 1n zona i

se incadreaza 1in intervalul [350000; 540000]
MDL si se noteaza cu

unde,

A. Costs of BTS equipment in zone i fit
into the interval [350000; 540000] MDL and it is
noted as follows:

Ci(sh, (1)

J reprezinta tipul statiei de bazd (costuri
hardware):

j =1 - BTS; cu un sector (un bloc radio si
o antena directiva),

J =2 - BTS; cu doua sectoare (doua blocuri
radio si doud antene directive),

j = 3 — BTS; cu trei sectoare (trei blocuri
radio si trei antene directive),

iar g — indicatorul de capacitate al sec-
torului BTS:

g = 1 — sector dotat cu resurse software
(16QAM, AMR, s.a.),

g = 2 — sector dotat cu resurse software
(64QAM, AMR-WB, s.a.).

B. Costurile retelei de transmisiuni pentru

BTS se incadreaza in intervalul [10000, 600000]
MDL si se noteaza cu

unde,

where,
j represents the type of the main station
(costs of hardware):
j = 1 — BTS;with one sector (a radio block
and a directive antenna),
J = 2 — BTS,with two sectors (two radio
blocks and two directive antennas),
j = 3 — BTSawith three sectors (three radio
blocks and three directive antennas),
while, q represents BTS sector capacity
indicator:
g = 1 - sector equipped with software
resources (L6QAM, AMR, etc.),
g = 2 — sector equipped with software
resources (64QAM, AMR-WB, etc.).
B. The costs of transmission network for
BTS fit into the interval [10000, 600000] MDL

and it is noted as follows:

(di;Thy) (12)

df reprezinta distanta tractului in zona i de
la BTS pand la punctul de conectare in
reteaua backbone,

iar, Th, — reprezintd tipul tehnologiei uti-
lizate pentru asigurarea transportului spre
statia de baza:

| = 1 —traiect liniar prin fibra optica,

| = 2 — tract liniar prin sistem Microwave
(radioreleu),

| = 3 — traiect liniar prin sistem point-to-
point WiFi.

C. Costurile pentru asigurarea statiei de

bazd cu sursa de energie electrica (LEA) se
incadreaza 1n intervalul [70000; 600000] MDL si
se noteazd cu

where,
df — represents the tract distance in zone i
from BTS to the connection point in back-
bone network,
while, Th; — represents the type of techno-
logy used for ensuring transportation to the
main station:
I =1 - linear tract via optical fiber,
| = 2 — linear tract via Microwave system
(radio relay),
| = 3 — linear tract via point-to-point Wi-Fi
system.
C. The costs for electricity supply (LEA)
to the main station fit into the interval [70000;
600000] MDL and it is noted as follows:

Ci(dp), (13)
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unde,
d] exprima lungimea LEA péna la punctul
de racordare pentru electro-alimentarea
BTS1n zonai:
r = 1 — conectare prin disjunctor la sursa
trifazatd in punctul de racordare,
r = 2 — conectare prin transformator de
coborére a tensiunii Tn punctul de racordare.
D. Costurile constructiilor civile (metalo
constructiilor) pentru instalarea echipamentului
BTS in zona i se incadreazi in intervalul [30000;
1200000] MDL si se noteaza cu

Ci (Tc)

unde,

T, reprezintd tipul constructiei caracte-

rizate prin materiale utilizate, constructiv si

inaltimea totald asiguratd pentru instalarea
statiei de baza.

E. Costurile de achizitie teren sau loca-
tiune a spatiului tehnologic pentru instalarea
statiei de baza Tn zona i se incadreaza in interva-
lul [1000; 30000, MDL]. Acestea se noteaza cu:

Ci(

unde,

t; indica terenul preconizat pentru imple-

mentarea statiei de baza:

ti = 1 — metoda de achizitie,

tj = 2 — metoda de locatie a spatiului.

F. Costurile fixe pentru autorizarea
emisiei statiei de bazd si avizele necesare (a)
Pentru a pune in functiune statia BTS in zona i
s1 se noteaza cu:

Astfel, costul total de implementare a unei
statii de baza 1n zona i se exprima prin

Ci = Ci(S) + Ci(df; Thy) + C;(d]) + Ci(Tc) + Ci(t)+Ci(a).

Numarul zonelor se va exprima prin

Marimea d reprezintd lungimea razei BTS
(hexagonului) in zona i.

Formula de calcul (in cazul retelei hexago-
nale) a caracteristicii d este urmatoarea [4]:

110

where,

d; — represents the length of LEA to the

connection point for electricity supply of

BTS in zone i:

r = 1 — connection via circuit breaker to the

three-phase source at the connection point,

r = 2 — connection via low voltage trans-

former to the connection point.

C. The costs of civil constructions (metal
constructions) for the installation of BTS equip-
ment in the zone i fits into the interval [30000;
1200000] MDL and it is noted as follows:

(14)

where,

T, — represents the type of construction

characterized by the materials used, cons-

tructive and total height ensured for the
installation of the main station.

E. The costs for land acquisition or rent of
technological space for the installation of the
main exchange in the zone i fits into the interval
[1000; 30000] MDL.. These are noted as follows:

ti), (15)

where,
t; — represents the land planned for the
implementation of the main exchange:
ti = 1 — method of acquisition,
ti = 2 — method of space rent.

F. The fixed costs for the authorization of
the main exchange emission and necessary
permits (a) to start the operation of the BTS in
zone i and it is noted as follows:

(16)

Thus, the total cost of a main exchange
implementation in the zone i is expressed by

17)
The number of zones will be expressed by
(18)

The value d represents the length of the
BTS radius length (hexagon) in the zone i.

The calculation formula (in case of a hexa-
gonal network) of value d is the following [4]:
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Prin urmare, daca suprafata de acoperire
constd din n zone, costul total al retelei (notat cu
Cr) se exprima astfel:

CR=

unde valoarea Ci se calculeaza conform
relatiei (17).

4. Studiu de caz raportat la modelul
retelelor de telecomunicatii fara fir

Tn continuare, vom propune o ilustrare
practicd a procedurii de optimizare a retelei de
acces fara fir.

Se expune modul de determinare a solu-
tiillor optime ale retelei, care va genera costuri
minime $i nu va incalca restrictiile de calitate
(vectorul P). Tipul statiilor de baza se considera a
fi cu trei sectoare (trei blocuri radio si trei antene
directive).

Pentru aceasta, au fost selectate un sir de
localitdti, care prezintd o zond compacta, propuse
spre acoperire (tabelul 1).

Therefore, if the coverage area consists of n areas,
the total cost of the network (noted as Cg) is
expressed as follows:

e, (19)

where the value Ci is calculated according
to relation (17).

4. Case study on the wireless telecommu-
nications network model

Below we propose a practical illustration of
the wireless access network optimization pro-
cedure.

It outlines how to identify the optimal
network solutions that will generate minimal
costs and will not violate the quality restrictions
(vector P). The type of the main exchange is
considered to be the three-sector one (three radio
blocks and three directive antennas).

For this, we have selected a number of
localities with a compact area proposed for cove-
rage (table 1).

Tabelul 1/ Table 1

Localitatile Republicii Moldova propuse spre acoperire /
Localities of the Republic of Moldova proposed for coverage

. s . . Populatia /
Raion / District Localitatea / Locality Population 2018

Drochia Hasnasenii Noi 1178
Drochia Pelinia 7602
Glodeni labloana 2487
Glodeni Sturzovca 4411
Mun. Balti Sadovoe 1367
Régcani Alunis 1788
Rascani Ciobanovca 27

Réscani Recea 2501
Rascani Singureni 1729
Rascani Slobozia-Recea 104
Réscani Sverdiac 475
Régcani Usurei 374

Sursa: elaborat de autori / Source: developed by the author
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Datele care reprezintd parametrii initiali
pentru studiu sunt prezentate in tabelul 2. Con-
form metodologiei descrise 1n [4], se determina
variantele optime ale retelelor de cost minimal,
respectand, totodata, restrictiile de calitate (pana
cand toate componentele vectorului P sunt 0).
Indati ce cel putin o componenti a vectorului P
devine 1, aceasta denota incalcarea a cel putin
unei restrictii de calitate. Tabelele 3 si 4 prezinta
datele de referintd pentru determinarea solutiilor
optime 1n doua cazuri:

The data representing the initial parameters
for the study are presented in the table 2.
According to the methodology described in [4],
the optimal variants of networks of a minimal
cost are determined, while observing the quality
restrictions (as long as all the components of the
vector Pare 0). As soon as at least one P
component becomes 1, this denotes the violation
of at least one quality restriction. Tables 3 and 4
provide reference data for optimal solutions in
two cases:

a) QZmin='15 dBy leax:200 ms,
b) Q2 max =-8 dB, Q1min = 40 ms.

Tabelul 2/ Table 2

Date initiale / Initial data

Parametrii/variabile/ Parameters/variables

Valoarea / Value

Suprafata / Surface 260 km?
Numarul de localitati / 12
Number of localities

Numarul de locuitori /

Number of inhabitants 24043
Frecventa radio a statiei de baza / 2100 MHz

Radio frequency of main station

dy, dy, ... dg; Ad 0.4 km, 0.9 km, ... 3.9 km; 0.5 km
Ri1,...R:6 64 kbps ... 21 Mbps
H,V HSDPA, WCDMA

W, disponibilitatea canalului /
W, availability of channel

a) 16QAM, 99.999%
b) 64QAM, 99.999%

G

a) AMR
b) AMR-WB

Q1 —intarzierea pachetelor de date/
Q1 - data packet delay

Q2 - raportul semnal-zgomot /

Q2 - signal-to-noise ratio

lein =40 ms, leax:ZOO ms
Q2min =-15 dBa QZmax =8 dB

Sursa: ajustata de autori [4] / Source: adjusted by the authors [4]

Rezultatele evaluirii costurilor pentru
Q:=40 ms, Q,=-8 dB, W=64 QAM, G=AMR-WB
(Varianta 1) sunt R=2.4 km, L(L5)=14,96 km? C
min =32,5 mln MDL si sunt prezentate in forma
graficd n figura 2.
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Results of costs evaluation for Q;=40 ms,
Q,=-8 dB, W=64 QAM, G=AMR-WB (Variant I)
are R=2.4 km, L(L5)=14,96 km?, C min = 32,5
million MDL and are graphically represented
in figure 2.
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Identificarea solutiei optime, Q2 min =-8 dB, Q1min = 40ms/
Identification of an optimal solution, Q2 min =-8 dB, Q1min = 40ms
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Figura 2. Identificarea solutiei optime (varianta ) /
Figure 2. Identification of an optimal solution (variant I)
Sursa: elaborata de autori / Source: developed by the authors

In conditiile in care reteaua, ce urmeaza a fi
proiectata, se bazeaza pe utilajul cu caracteris-
ticile W=64QAM, G=AMR-WB, costul minimal al
acesteia ar fi Cmin = 32,5 min MDL (figura 2).
Raza de actiune a unei statii, localizate in centrul
hexagonului, este d=2,4 km, aria de acoperire a
hexagonului fiind L=L5 de circa 14,96 km’.
Parametrii de calitate se pronuntd cu valorile
Q:=40 ms, Q,=-8 dB. Daca s-ar incerca sa se
majoreze raza hexagonului cu Ad=0.5 km, adica
sa se treaca de la d=2,4 km la d=2,9 km (careia 1i
corespunde L=21,85 km?), s-ar obtine valori
inadmisibile ale indicatorilor de calitate.

Tn cazul cand Q1 < Qimin = 40 ms, sau
Q2 > Qumax = -8 dB, ceea ce ar semnifica ci o
asemenea solutie nu poate fi acceptatd (in figura
2, aceastd situatie este marcatd cu linia din
extrema de sus, numita si linia 1).

Prin urmare, algoritmul incepe cu raza de
actiune d=0,4 km, crescand treptat aceasta raza
cu marimea Ad=0.5 km si pana la momentul in
care raza d=2,4 km. Astfel, pentru a asigura
acoperirea zonei geografice indicate, sunt
necesare 17 hexagoane (aceasta fiind ilustrata in
figura 4), adicd 17 statii de tip W=64QAM,
G=AMR-WB.
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Where the network to be designed is based
on the equipment with the features W=64QAM,
G =AMR-WB, its minimum cost would be
C min = 32,5 million MDL (figure 2). The radius
of a station, located in the center of the hexagon,
is d=2,4 km, the coverage area of the hexagon
being L=L5 of aboutl4,96 km® The quality
parameters are expressed with the values Q;=40
ms, Q,=-8 dB. If the radius of the hexagon is
increased by Ad=0.5 km, i.e. from d=2,4 km to
d=2,9 km (that corresponds to L=21,85 kmz),
inadmissible values of the quality indicators
would be obtained.

Where Q1 < Qqmin = 40 ms, or Q2 > Qomax =
= -8 dB, which would mean that such a solution
cannot be accepted (in the figure 2 this situa-
tion is marked with the uppermost line, also
called line 1).

Therefore, the algorithm starts with the
radius d=0,4 km, gradually increasing this radius
by Ad=0.5 km until the moment when the radius
d=2,4 km. So, in order to ensure the coverage
of the indicated geographical zone, 17 hexagons
are necessary (this is represented in the figure 4),
that is 17 stations of the type W=64QAM,
G=AMR-WB.
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n tabelul 3, sunt reflectate cantitatea nece-
sard de site-uri si configuratia acestora pentru
asigurarea indicatorilor de calitate nominalizati.

Table 3 reflects the necessary quantity of
sites and their configuration to ensure the men-
tioned quality indicators.

Tabelul 3/ Table 3

Numiirul necesar de site-uri in aria de acoperire (varianta 1)/
Necessary number of sites (variant )

Date de referinta / Reference data

Valoarea / Value

Cantitatea calculata de site-uri / Calculated number of sites

17

Costuri de investitie, total min MDL / Investment costs, total million MDL

32,5

Sursa: elaborat de autori / Source: developed by the authors

Rezultatele evaluirii costurilor pentru
Q:=200 ms, Q.,=-15 dB, W=16QAM, G=AMR
(varianta 1) sunt R=3.4 km, L(L7)=30,03 km?, C
min =17,5 mln MDL si sunt prezentate in forma
grafica in figura 3.

The results of cost evaluation for Q;=200
ms, Q,=-15 dB, W=16QAM, G=AMR (variant II)
are R=3.4 km, L(L7)=30,03 km?, C min =17,5
million MDL and are graphically presented in the
figure 3.

Identificarea solutiei optime, Q2max =-15 dB, Q1max=200ms/
Identification of an optimal solution, Q2max =-15 dB, Q1max=200ms
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Figura 3. Identificarea solutiei optime (varianta Il) /
Figure 3. Identification of an optimal solution (variant 1)
Sursa: elaboratd de autori / Source: developed by the authors

In figura 3, se ilustreaza procesul de desfi-
surare a algoritmului 1n supozitia cd reteaua
proiectatd va include statii cu caracteristicile
W=16QAM, G=AMR. In mod similar, initial, se
considerd raza de actiune d=0,4 km, se trece
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Figure 3 illustrates the process of algorithm
rollout in the assumption that the designed
network will include exchanges with the features
W=16QAM, G=AMR. Similarly, at first the radius
d=0,4 km is considered, then there is gradual
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treptat la urmatoarea razd cu cresterea Ad=0.5
km, pand la momentul in care raza devine egala
cu d=3,4 km (adica, in acest caz, se realizeaza
efectiv 7 iteratii) si aria suprafetei de acoperire a
hexagonului L=30,03 km?.

Valorile indicatorilor de calitate sunt la
limitele Q;=200 ms, Q,=-15 dB, dar admisibile.
Cresterea, in continuare, a razei d a hexagonului
cu Ad=0.5 km conduce la nerespectarea restric-
tiillor cu privire la indicatorii de calitate: sau
Q:>200 ms ,sau Q,<-15 dB (in figura 3, aceasta
situatie fiind ilustrata prin linia 1 din extrema de
sus). Asadar, 1n cazul respectiv, 10 statii cu carac-
teristicile indicate vor asigura pe deplin reteaua
proiectatd, costul acesteia, care este si costul mi-
nimal, fiind estimat la 17,5 min MDL (acoperirea
respectiva fiind reprezentata in figura 5).

n tabelul 4, sunt reflectate cantitatea nece-
sard de site-uri si configuratia acestora pentru asi-
gurarea indicatorilor de calitate Q; si Q,.

transition to the following radius with increased
value Ad=0.5 km, up to the moment when the
radius becomes equal to d=3,4 km (i.e. in this case
effectively 7 iterations are performed) and the area
of the hexagon coverage surface L=30,03 km?.

The values of quality indicators are within
the limits Q;=200 ms, Q,=-15 dB, however,
admissible. The further increase of the radius d of
the hexagon by Ad=0.5 km leads to non-obser-
vance of quality indicators restrictions: either
Q:>200 ms, or Q,<-15 dB (in the figure 3 this
situation is illustrated by line 1 of the uppermost
top). Therefore, in this case, 10 stations with the
indicated features will fully ensure the designed
network, its cost, which is also the minimum cost,
being estimated at 17.5 million MDL (the corres-
ponding coverage being represented by the fig. 5).

The table 4 reflects the required quantity of
sites and their configuration to ensure quality
indicators Q, and Q..

Tabelul 4/ Table 4

Numirul necesar de site-uri n aria de acoperire (varianta Il) /
Necessary number of sites (variant I1)

Date de referinta / Reference data

Valoarea / Value

Cantitatea calculata de site-uri / Calculated number of sites

10

Costuri de investitie, total min MDL / Investment costs, total million MDL

17,5

Sursa: elaborat de autori / Source: developed by the authors
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Figura 4. Acoperirea teritoriala pentru Q. si Q, si a restrictiilor intacte: 64QAM modulatia, codec
de tip AMR — WB, Ns=17, razd de acoperire maximd 2,4 km, disponibilitatea 99,999% /
Figure 4. Territorial coverage for Q; and Q,and intact restrictions: 64QAM modulation, AMR —
WB, Ns=17, maximum coverage radius 2,4 km, availability 99,999%

Sursa: ajustata de autori [4]/ Source: adjusted by the authors [4]
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Figurile 4 si 5 reprezintd imagini ale
structurilor optime de acces fara fir raportate la
costul si calitatea ridicata a serviciilor.

Figura 4 prezintd o ilustrare geometrico-
geografica a variantei optime din figura 2, céreia
1i corespund, Tn amplasarea pe teren, 17 site-uri.

Figures 4 and 5 represent images of opti-
mal wireless access network structures in terms of
cost and high service quality.

Figure 4 represents a geometric-geographic
illustration of the optimal variant of figure 2 to
which 17 sites located on ground correspond.

Figura 5. Acoperirea teritoriala pentru Q. si Q, si a restrictiilor intacte: 16QAM modulatia, codec
de tip AMR, Ns=10, raza de acoperire maxima 3,4 km, disponibilitatea 99,999% /
Figure 5. Territorial coverage for Q;and Q, and intact restrictions: 16 QAM modulation, AMR
codec, Ns=10, maximum coverage radius 3,4 km, availability 99,999%
Sursa: ajustata de autori [4] / Source: adjusted by the authors [4]

Figura 5 corespunde, Th mod similar, varian-
tei optime din figura 3 cu 10 site-uri amplasate
pe teren.

Concluzii

In prezentul articol, se propun modele
matematice de descriere si evaluare a costurilor
totale pentru retelele de telecomunicatii cu fir si
fara fir. Modelele pot fi utilizate la analiza si
optimizarea retelelor deja existente sau la pro-
iectarea si edificarea unor retele noi.

Cu ajutorul modelelor, pot fi realizate anu-
mite scenarii admisibile, selectand, dintre toate
acestea, varianta preferata. La utilizarea anumitor
algoritmi combinatorii sau euristici, modelele
faciliteaza identificarea retelei de cost optimal,
concomitent, fiind respectate cerintele cu privire
la asigurarea calitdtii de emisie a informatiei.

In urma cercetirii si in baza datelor, por-
nind de la datele studiului prezentate in tabelul 2,
pentru acoperirea celor 12 localitdti enumerate
mai sus, s-a constatat ca, la utilizarea modulatiei
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The figure 5 similarly corresponds to the
optimal variant from the figure 3 with 10 sites
located on ground.

Conclusions

This article provides mathematical models
for describing and evaluating the total costs for
wire line and wireless telecommunication net-
works. These models can be used to analyze and
optimize the existing networks, or to design and
build new networks.

The models can help implement certain
admissible scenarios, selecting the preferred op-
tion. While using some combinational or heuristic
algorithms, the models facilitate the identification
of the optimal network cost, concomitantly obser-
ving the requirements for ensuring the quality of
the information emission.

As a result of the research, based on the
study data presented in the table 2 for the cove-
rage of the 12 localities listed above, it was
concluded that using the 64QAM modulation for
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64QAM pentru acoperirea la nivel teoretic, cat si
pentru asigurarea valorilor de calitate a priori
indicate, este necesar un numar de 1.7 ori mai
mare de statii de bazd decat in cazul modularii
16QAM. Iar in cazul modularii 16QAM (tabelul
4) si cu conditia pastrarii indicatorilor de calitate
in limitele admisibile, costurile de investitie se
vor reduce cu ~ 46,2%.

Metoda poate fi adaptatd pentru solutio-
narea si a altor probleme similare de optimizare
cu variabile discrete, ajustate la gradul de influ-
enta, specifice acestora, asupra functiilor-obiectiv
si asupra restrictiilor de domeniu IT.

In general, pentru solutionarea problemelor
intru dezvoltarea intregii infrastructuri de tele-
comunicatii in tard, rezultatele obtinute in arti-
colul dat pot fi folosite in felul urmitor. In baza
unor cercetari suplimentare, e necesard impartirea
intregului teritoriu al tarii in zone cu diferite
cerinte fata de criteriile de calitate ale serviciilor
de comunicatii. Dupa aceea, iIn functie de aceste
criterii, pentru fiecare zond conexd, sid se con-
cretizeze modelele de evaluare a costurilor
descrise mai sus. Astfel, metodologia examinata
ar permite solutionarea problemelor de optimizare
a costurilor, respectand cerintele in raport cu
criteriile de calitate.

theoretical coverage and for ensuring quality
values in advance, it is necessary to have a
number of main stations higher by 1.7 than in the
case of 16 QAM modulation. In the case of
16QAM modulation (table 4), provided that the
quality indicators are maintained within accep-
table limits, the investment costs will be reduced
by ~ 46,2%.

The method can be adapted to solve other
similar optimization problems with discrete varia-
bles, adjusted to their specific degree of influence
on objective functions and IT domain restrictions.

Generally, in order to solve the problems
for the development of the entire telecommunica-
tion infrastructure in the country, the results
obtained in the given article can be used in the
following way. Based on additional research, it is
necessary to divide the entire territory of the
country into areas with different requirements to
the quality criteria of the communications servi-
ces. Subsequently, depending on these criteria,
the cost assessment models described above are
specified for each associated area. Thus, the exa-
mined methodology would allow cost-optimi-
zation problems to be addressed, while observing
the requirements related to quality criteria.
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