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In prezentul articol sunt descrise me-
tode si modele de optimizare a cheltuielilor,
ce tin de dezvoltarea retelelor de telecomu-
nicatii cu fir si fara fir, atat pentru anumite
zone teritoriale, cat si la nivel de tara. Meto-
dologia propusa este bazata pe subdivizarea
procesului de optimizare in trei etape: 1) iden-
tificarea zonelor teritoriale ale Republicii
Moldova, care necesita dezvoltarea retelelor,
in conformitate cu cerintele si factorii spe-
cifici de influenta, 2) calcularea si eficienti-
zarea cheltuielilor necesare pentru dezvol-
tarea retelelor in fiecare zona aparte; 3) cal-
cularea cheltuielilor totale pentru dezvol-
tarea ntregii infrastructuri de comunicatii in
tara. Pentru ambele niveluri teritoriale (zonda
teritoriald, intreg teritoriul tarii), sunt ela-
borate modele matematice si formulate pro-
puneri concrete de optimizare a cheltuielilor
necesare pentru dezvoltarea retelelor de
telecomunicatii. Modelele matematice, din
baza metodologiei propuse, sunt realizate in
forma de aplicatie informatica.
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The present article describes methods
and models of costs optimization related to
the development of wired and wireless tele-
communications networks for certain territo-
rial areas and at country level. The proposed
methodology is based on the subdivision of
the optimization process into three stages:
1) identification of the territorial areas of the
Republic of Moldova, which require networks
development, according to the specific fac-
tors of influence; 2) calculating the expenses
necessary for the networks development in
each territorial area; 3) calculating the total
costs for the development of the entire
communications infrastructure in the country.
For both territorial levels (territorial area
and the whole country) mathematical models
are elaborated and proposals for optimizing
the expenditures for the development of
telecommunications networks are formulated.
The mathematical models are used in the
design of a computer application.
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1. Introducere

Retelele de telecomunicatii reprezintd
una din componentele de baza ale infra-
structurii informationale nationale (IIN) in
orice tard moderna. De calitatea retelelor, in
mare masura, depinde nivelul de dezvoltare al
societdtii informationale. Teoria si practica,
in acest domeniu, se dezvoltd cu pasi rapizi,
cuprinzand un sir de aspecte foarte impor-
tante, precum: cercetarea rolului extrem de
important al retelelor mobile si fara fir atat in
societatea moderna, cat si in viitor [9]; ana-
liza generatiilor actuale si in curs de dezvol-
tare ale retelelor fara fir, evidentiind capa-
bilitatile lor, in special cele ce tin de interope-
rabilitate [10]; cercetarile ce tin de proprie-
tatile topologice ale hartilor de comunicatii
fara fir [6]; impactul administrarii In comun a
retelelor de telefonie si retelelor de comu-
nicatii prin cablu asupra accesului la Internet
pe banda largd [8]; optimizarea retelelor de
telecomunicatii [7].

Unele din aceste directii de investigatii
au intrat si in atentia cercetdtorilor din
Republica Moldova. O atentie deosebitd a fost
acordatd aspectelor ce tin de partea tehnica a
IIN (retelele informatice), precum: locul si
rolul retelelor informatice in societatea mo-
derna [2]; macrosinteza retelelor de calcula-
toare [3]; configurarea retelelor locale de ser-
vere [4]; modelelor si algoritmilor de confi-
gurare a setului de servere pentru retelele
locale [5]; cercetarilor si elaborarii modelelor
si algoritmilor de eficientizare a utilizarii
resurselor retelelor informatice locale etc. [1].

La ora actuald, in Republica Moldova,
existd un potential profesional creativ sufi-
cient, cu organizatii specializate in domeniul
retelelor cu specialisti buni, care beneficiaza
de experienta avansatd in domeniu si sunt
pregatiti pentru dezvoltarea, de mai departe, a
retelelor informatice. Una din problemele
serioase, ce stau in calea realizarii obiecti-
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1. Introduction

Telecommunications networks are one
of the basic components of the national
information infrastructure (NII) in any
modern country. The level of development of
the information society depends on the
quality of the telecommunications networks.
The theory and practice in this field are
developing with rapid steps, enhancing a
number of very important aspects, such as:
researching the extremely important role of
the mobile and wireless networks in both
modern and future society [9]; analysis of the
current and developing mobile and wireless
networks, highlighting their capabilities,
especially those related to interoperability
[10]; research related to topological proper-
ties of wireless communications maps [6];
the impact of shared management of tele-
phone and cable networks on broadband
Internet access [8]; optimization of telecom-
munications networks [7].

Some of these research directions are
also under the attention of researchers from
the Republic of Moldova. A particular atten-
tion has been paid to the aspects related to the
technical part of NIl (computer networks),
such as: the place and role of computer
networks in the modern society [2]; macro
synthesis of computer networks [3]; con-
figuration of local server networks [4];
models and algorithms for configuring the
server set for local networks [5]; research and
development of models and algorithms for
efficiently using the resources of local
computer networks etc. [1].

Currently, there is a sufficient creative
potential in the Republic of Moldova, with
specialized organizations in the field of
networks with highly qualified specialists,
who take advantage from advanced experience
in the field and are well trained for the further
development of computer networks. One of
the serious problems, which are an impe-
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velor Tn domeniu, o constituie lipsa resurselor
financiare, a unui buget necesar pentru o
abordare sistemica si efectuarea completa si
calitativd a acestei componente a infrastruc-
turii informationale nationale. In acest con-
text, un interes deosebit prezinta cercetarile in
acest domeniu, orientate catre elaborarea unei
metodologii de eficientizare a cheltuielilor ce
tin de dezvoltarea retelelor de telecomuni-
catii electronice in conditiile specifice ale
Republicii  Moldova, dar cu respectarea
cerintelor 1n functie de criteriile de calitate pe
intreg teritoriul tarii.

2. Metodologie si modele de evaluare
a costurilor necesare pentru dezvoltarea
intregii infrastructuri de comunicatii elec-
tronice in tara

Dezvoltarea infrastructurii  informa-
tionale a societatii, in general, si a retele-
lor informatice, in particular, reprezintd o
problema complexa multidimensionala si
necesitd o abordare sistemica. Analizand si
generalizand cercetarile anterioare, efec-
tuate Tn domeniul respectiv atat in lume, cat
si in RM [11], putem conclude ca, desi
R. Moldova e o tara relativ mica, problema
dezvoltarii infrastructurii  informationale
nationale nu poate fi solutionatd uniform pe
intreg teritoriul ei. Pornind de la situatia
economicd din tard (resursele financiare
limitate, disponibile pentru dezvoltarea rete-
lelor de telecomunicatii), metodologia cer-
cetdrii si dezvoltarii retelelor de teleco-
municatii trebuie sd fie orientatd, in primul
rand, la eficientizarea utilizarii resurselor
disponibile, cu conditia efectuarii
volum cat mai mare de lucrari si cu res-
pectarea cerintelor fatd de calitatea servi-
ciilor acordate.

Tn acest context, la baza acestei meto-
dologii de cercetare, vom pune ipoteza for-
mulata in [11], conform cdreia solutionarea
problemelor intru dezvoltarea intregii infra-

unui
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diment to achieving the objectives in the field,
is the lack of financial resources, a budget
necessary for a systemic approach and the
complete and qualitative implementation of
this component of the national information
infrastructure. In this context, a particular
interest are the researches in this field,
oriented towards the elaboration of an effi-
ciency methodology of the expenses related to
the development of the electronic telecom-
munications networks under the specific
conditions of the Republic of Moldova, but
taking into account the requirements in
relation to the quality criteria throughout the
country.

2. Cost assessment methodology and
models necessary for the development of
the entire electronic communications infra-
structure in the country

The development of the national infor-
mation infrastructure, in general, and of the
information networks, in particular, is a com-
plex multidimensional problem and requires a
systemic approach. Analysing and genera-
lizing the previous researches, carried out in
this field, both in the world and in the
Republic of Moldova [11], we can conclude
that although Moldova is a relatively small
country, the problem of developing the natio-
nal information infrastructure cannot be solved
uniformly throughout its territory. Starting
from the country’s economic situation (limited
financial resources available for the deve-
lopment of telecommunications networks), the
research and development methodology of the
telecommunications networks must be orien-
ted first and foremost to the efficiency of the
use of the available resources, provided that as
much work is done as possible and in
compliance with the requirements regarding
the quality of the services provided.

In this context, the hypothesis formu-
lated in [11] will be put on the basis of this
research methodology, according to which

___ pm



INFORMATICA, STATISTICA $I CIBERNETICA ECONOMICA | INFORMATICS, STATISTICS AND ECONOMIC CYBERNETICS

structuri de telecomunicatii in tard poate fi
realizatd prin ajustarea rezultatelor obtinute in
prezentul articol [11] (a modelelor mate-
matice de descriere si evaluare a costurilor
totale pentru retelele de telecomunicatii cu fir
si fard fir, elaborate pentru anumite zone
teritoriale), extinzandu-le si utilizandu-le pe
intreg teritoriul Republicii Moldova.

Pentru aceasta, vom examina trei etape
de realizare a acestei metodologii: /) impar-
tirea intregului teritoriu al Republicii Mol-
dova in zome teritoriale cu diferite cerinte
fata de criteriile de calitate a serviciilor de
comunicatii; 2) evaluarea costurilor necesare
pentru dezvoltarea retelelor de comunicatii
electronice in fiecare zond teritoriala; 3) eva-
luarea costurilor necesare pentru dezvoltarea
intregii infrastructuri de comunicatii elec-
tronice in tara.

Astfel, metodologia propusa ar permite
solutionarea problemelor de optimizare a cos-
turilor, respectand cerintele in functie de
criteriile de calitate.

3. Rezultatele obtinute si discutii

3.1. Impdrtirea intregului teritoriu al
Republicii Moldova in zone teritoriale cu
diferite cerinte fata de criteriile de calitate a
serviciilor de comunicatii

Desi Republica Moldova e o tara relativ
mica, factorii de influenta la solutionarea pro-
blemei de eficientizare a cheltuielilor, ce tin
de dezvoltarea retelelor de telecomunicatii,
sunt esential diferiti in diferite zone geogra-
fice ale tarii. Principalii factori de influenta
sunt:

a) nivelul diferit de dezvoltare, deja exis-
tent, al retelelor de comunicatii electro-
nice in zonele respective;

b) densitatea institutiilor publice si a popu-
latiei in diferite zone;

C) prioritatile conditionate de strategia
nationala de dezvoltare economica a
diferitelor zone;
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the solution of the problems for the deve-
lopment of the entire telecommunications
infrastructure in the country can be achieved
by adjusting the results obtained in the given
article [11] (of description and evaluation
mathematical models of total costs for wired
and wireless telecommunications networks,
developed for certain territorial areas), exten-
ding them and using them for the entire
territory of the Republic of Moldova.

In this regard we will examine 3 stages
of applying this methodology: 1) dividing the
entire territory of the Republic of Moldova
into territorial areas with different requi-
rements regarding the quality criteria of the
communication services; 2) assessment and
optimization of the costs necessary for the
development of electronic communications
networks in each territorial area; 3) asses-
sment of the costs necessary for the deve-
lopment of the entire country’s electronic
communications infrastructure.

Thus, the proposed methodology would
allow solving the problems of cost
optimization respecting the requirements in
relation to the quality criteria.

3. Obtained results and discussions

3.1. Dividing the entire territory of the
Republic of Moldova into territorial areas
with different requirements referring to the
quality criteria of the communication services

Although the Republic of Moldova is a
relatively small country, the factors influen-
cing the solution of the cost efficiency pro-
blem related to the development of telecom-
munication networks are essentially different
in separate territorial areas of the country.
The main factors are:

a) different levels of development of the
already existing electronic communi-
cations networks in the respective
areas;

b) density of the public institutions and
population in different areas;

Revista / Journal ,,ECONOMICA™ nr.1 (111) 2020



INFORMATICA, STATISTICA $I CIBERNETICA ECONOMICA | INFORMATICS, STATISTICS AND ECONOMIC CYBERNETICS

d) intensitatea fluxurilor
locale;

e) cerintele fatd de volumul si calitatea
serviciilor oferite;

f) bugetul disponibil (inclusiv cel local)
pentru astfel de proiecte etc., etc.
Pentru impartirea intregului teritoriu al

Republicii Moldova in zone geografice,
dintre care fiecare dispune de conditii si
factori de influenta specifici si similari, din
punct de vedere al necesitdtilor informa-
tionale, al cerintelor fata de criteriile de cali-
tate a serviciilor de comunicatii electronice
si al celorlalti factori de influentd enumerati
mai sus, sunt necesare investigatii speciale
ale acestor factori si elaborarea unor propu-
neri concrete de structurare a teritoriului
republicii cu indentificarea acestor zone. Dar
consideram ca punctul de pornire in aceasta
structurare trebuie sa fie recunoasterea dife-
rentelor esentiale dintre urmatoarele niveluri
de 1IN:

a) centrele mari administrative, stiintifice
si culturale, cu densitate Tnaltd a popu-
latiei (Chisindu, Balti);

b) orasele medii (Orhei, Bender, Ungheni
etc.) si centrele raionale;

c) mediul rural, care include restul teri-
toriului tarii.

Desigur ca, la determinarea zonelor
geografice (figura 1), din punctul de vedere al
dezvoltarii 1IN, pe langa aceste orientari
prealabile, trebuie luati in considerare si cei-
lalti factori de influenta, mentionati anterior.
In special, prezinta importanti faptul ci
nivelul actual de dezvoltare al retelelor de
comunicatii electronice e foarte diferit in
diverse teritorii. Dupd cum a fost mentionat
anterior, dacd, in mediul urban, utilizatorii
beneficiazda de o mai mare diversitate a
ofertei de servicii, utilizatorii din mediul rural

e ey

informationale

alegere, fie cu lipsa totald a accesului la
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c) priorities conditioned by the national
strategy of economic development of
different areas;

d) intensity of local information flows;

e) requirements regarding the volume and
quality of the offered services;

f) available budget (including the local
one) for such projects, etc.

For the division of the entire territory of
the Republic of Moldova into territorial areas,
each of which has specific and similar
conditions and factors of influence in terms
of information needs, requirements regarding
the quality criteria of electronic communi-
cations services, and the other influencing
factors listed above, special investigations of
these factors are required and the elaboration
of concrete proposals for structuring the
territory of the republic with the identification
of these areas. But, we consider that the
starting point in this structuring must be the
recognition of the essential differences
between the following levels of NII:

a) large administrative, scientific and
cultural centres with high population
density (Chisinau, Balti);

b) medium cities (Orhei, Bender, Ungheni,
etc.) and district centres;

c¢) rural environment, which includes the
rest of the country’s territory.

Of course, in determining the territorial
areas (figure 1) from the point of view of the
NIl development, in addition to these pre-
vious guidelines, other factors of influence
mentioned above have to be taken into
account. In particular, of special importance
is the current level of the electronic com-
munications networks development, which is
very different in separate territories. As
mentioned above, if the users in the urban
area benefit from a greater diversity of
service offerings, the users from the rural
areas face either limited possibilities of
choice or the complete lack of access to the
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mijloacele de comunicatii, chiar aflandu-se n
afara ariei de acoperire a retelelor de comu-
nicatii electronice mobile.

means of communication, even being outside
the coverage of mobile electronic commu-
nications networks.

Figura 1. Harta RM divizata in zone teritoriale/
Figure 1. Map of RM divided into territorial areas
Sursa: elaborata de autori/ Source: developed by the authors

Deci, si In conditiile cand necesitatile
informationale ale utilizatorilor ar fi similare
n diferite zone ale tarii, problema dezvoltarii
IIN si a optimizarii cheltuielilor necesare ar fi
diferitd din cauza nivelurilor diferite, deja,
existente de dezvoltare a retelelor de comu-
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Therefore, even given that the infor-
mation needs of the users would be similar in
different areas of the country, the problem
of developing the NII and optimizing the
necessary expenditures would be different
because of the different already existing levels
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nicatii electronice in aceste zone.

3.2. Evaluarea cheltuielilor necesare
pentru dezvoltarea retelelor de comunicatii
electronice in fiecare zond teritoriala

In caz general, in aceleasi zone teri-
toriale, ar putea fi dezvoltate, in paralel, atat
retelele de telecomunicatii cu fir, cat si fara
fir. Pentru ambele tipuri de retele in [11],
[12], au fost elaborate modele matematice de
descriere, evaluare si optimizare a costurilor
totale pentru dezvoltarea retelelor de tele-
comunicatii cu fir si fard fir pentru o zona
teritoriald concreta. In scopul utilizarii acestor
modele pentru eficientizarea cheltuielilor
necesare la dezvoltarea retelelor de teleco-
municatii, pe intreg teritoriul tarii, este nece-
sara ajustarea acestor modele la diferite zone
teritoriale, in dependentd de criteriile de
calitate si factorii de influenta caracteristici
pentru fiecare zona conexa, precum si calcu-
larea cheltuielilor respective.

Tn modelele matematice, deja elaborate
in [11], se introduce indexul zonei teritoriale
(geografice) ZG, ca variabila suplimentara la
cele, deja discutate. Principala componenta a
modelului de evaluare, a costurilor necesare
pentru dezvoltarea ntregii infrastructuri de
comunicatii electronice in tard, este modelul
de calculare a cheltuielilor necesare pentru
dezvoltarea retelelor de comunicatii electro-
nice in fiecare zona teritoriala.

Costul retelei in raport cu zona geo-
grafica ZG;:

CZG, = K! X CRCF, + K/ x CRFF,,

unde:
CRCF, exprima costul retelei cu fir in ZG;;
CRFF, — costul retelei fara fir in ZGy;
Coeficientii K}', K7 € {0,1},
K! + K7 € {1,2}.
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of development of the electronic commu-
nications networks in these areas.

3.2. The evaluation of the expenses
necessary for the development of electronic
communications networks in each territo-
rial area

Generally, in the same territorial areas,
both wired and wireless telecommunications
networks could be developed in parallel. For
both types of networks in [11] and [12]
mathematical models of description, evalua-
tion and optimization of the total costs for the
development of wired and wireless telecom-
munications networks for a specific territorial
area were elaborated. In order to use these
models to make the necessary expenses more
efficient in the development of telecommu-
nications networks throughout the country, it
is necessary to adjust these models to
different territorial areas depending on the
quality criteria and influence factors, charac-
teristic for each connected area, as well as the
calculation of the respective expenses.

In the mathematical models already
elaborated in [11], the index of the territorial
(geographical) ZG; is introduced as an addi-
tional variable to those already discussed.
The main component of the cost assessment
model required for the development of the
entire electronic communications infrastruc-
ture in the country is the calculation model of
the expenditures necessary for the develop-
ment of electronic communications networks
in each territorial area.

The cost of the network in relation to
the territorial area ZG;:

1)

where:
CRCEF; — cost of wired network in ZG;;
CRFF; — cost of wireless network in ZGy;
Coefficients K}, K? € {0,1},
K}! + K7 € {1,2}.
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Prin urmare, variantele posibile pentru
setul (K, K7?) sunt: (1,0); (0,1); (1,2).

Formula (1) exprima costul total al rete-
lei (K} = 1,KZ=0sauk} =0,K=1),
sau retelelor (K = 1, K? = 1) corespunzi-
tor ZG,.

Remarca: Daca a priori sunt determinate
cerintele asupra calitdtii retelei pentru ZG,
QRZG,, atunci proplema minimizarii costului
total al retelei pentru zona geografica data [
are forma:

Therefore, the possible variants for the
set (K}, K?) are: (1,0); (0,1); (1,1).

Formula (1) expresses the total cost of
the  network  (K}=1K?=0orK}
=0, K? = 1), or networks (K} = 1,K? = 1)
corresponding ZG;.

Note: If the network quality requi-
rements are determined in advance for ZG;,
QRZG,, then the problem of minimizing the
total cost for the given territorial area [ has
the form:

CZG; —» min;

1Q' +~ QRZG,,

unde CRCEF; are aspectul formulei:

Cfr =

ajustatd la zona geografica [;
CRFF; se prezinta prin formula:

Cr=2

la fel ajustata 1n raport cu zona L.

Precizam ca valorile Cf; si C; reprezinta
costurile totale de implementare a unei cen-
trale in locatia i a zonei geografice date,
pentru retelele cu fir si fara fir, corespunzator,
aceasta zona fiind constituita din n locatii.

Chiar dacd unul din aceste tipuri de
retea nu ar fi inclus in strategia de dezvoltare,
modelul matematic ar fi acelasi ca in cazul
cand se dezvolta ambele tipuri.

3.3. Evaluarea cheltuielilor necesare
pentru dezvoltarea Tintregii infrastructuri
de comunicatii electronice in tard

Modelele examinate in etapa precedenta
asigura optimizarea cheltuielilor pentru dez-
voltarea retelelor de comunicatii electronice,
in conditiile respectarii tuturor cerintelor
specifice fatd de volumul si calitatea servi-
ciilor informationale specifice pentru zonele
respective. Deci, putem conclude ca suma
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where CRCEF; is presented by the formula:

i=1Cfi, (2)
adjusted to the territorial area [;

CRFF; is presented by the formula:
oy 3)

also adjusted to the territorial area [.

We specify, that the values Cf; and C;
represent the total costs of implementing a
base station at the given location i of terri-
torial area, for the wired and wireless net-
works, as appropriate; this area being made
up of n locations.

Even if one of these types of network
were not included in the development stra-
tegy, the mathematical model would be the
same as if both types were developed.

3.3. Evaluation of the expenses neces-
sary for the development of the entire
country’s electronic communications infra-
structure

The models examined at the previous
stage ensure the optimization of the expen-
ses for the development of electronic com-
munications networks, in compliance with all
the specific requirements regarding the
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cheltuielilor optimizate in fiecare zona
geograficad a tarii va prezenta cheltuielile
totale necesare pentru dezvoltarea Tintregii
infrastructuri de retele de comunicatii elec-
tronice nationale.

Astfel, pornind de la modelele de
evaluare si optimizare a costurilor prezentate
anterior (pentru retelele cu fir si fara fir),
cheltuielile totale necesare pentru dezvolta-
rea Intregii infrastructuri de retele de comu-
nicatii electronice nationale se vor calcula
dupa un model agregat. Pentru aceasta,
introducem urmatoarele notatii:

ZG; — zona geografica l (I = 1,2,3, ... L);

RZ G, - reteaua zonei geografice [;

MZG; — modelul de evaluare a costurilor
retelei din zona geografica [;

CZG; — costul retelei de telecomunucatii in
zona geografica [,

QRZG, — cerintele asupra calitatii retelei
pentru zona geografica [;

1Q" — indicatori de calitate a retelei pentru
zona geografica [.

Modelul de evaluare a costurilor retelei

din zona geografica 1l se poate prezenta suc-
cint Tntr-una din urmatoarele trei forme:

volume and quality of the specific infor-
mation services for the respective areas.
Therefore, we can conclude that the sum of
the optimized expenditures in each terri-
torial area of the country will present the
total expenditures necessary for the deve-
lopment of the entire infrastructure of
national electronic communications networks.
Thus, based on the models of eva-
luation and optimization of the costs pre-
sented above (for the wired and wireless
networks), the total expenses necessary for
the development of the entire infrastructure of
the national electronic communications
networks will be calculated according to an
aggregated model. For this, the following
notations are introduced:
ZG; —geographical areal (I = 1,2,3, ... L);
RZG, — geographical area network [;
MZG,; — network costs evaluation models in
the geographical area [;
CZG; — cost of network in relation to the
geographical area [;
QRZG, — network quality requirements for
the geographical area [;
1Q" — network quality indicators for the
geographical area L.
The network costs assessment model in
the geographical area I can be presented
briefly in one of the following three forms:

MCF,
MZG, = | MFF,
MCF; si MFF,
unde: where:
MCF; exprimda modelul de evaluare a MCF, - evaluation model of wired

costului retelei cu fir in zona teritoriala [;
MFF;, — modelul de evaluare a costului
retelei fara fir in zona teritoriald [.

In unele situatii, ar fi rational ca fiecarei
zone geografice sd 1 se atribuie o pondere
(prioritatea zonei date — P;), adica ZG;, —
P, >0,l=1,L. Prin prioritate, putem
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network cost in the territorial area [;
MFF, — evaluation model of wireless
network cost in the territorial area [.

In some situations it would be rational
for each territorial area to be assigned a
weight (priority of the given area — P)),
ZG; » P, > 0,1l =1,L. By priority we can

S
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subintelege ordinea de executie a lucrarilor pe
zonele respective In dependentd de unii
factori obiectivi si subiectivi, precum: stra-
tegii de dezvoltare, decizii politice etc.

Fie/ Let P1 > P2 > -

Sa admitem ca, pentru dezvoltarea
retelei Republicii Moldova se aloca un buget
clar determinat B. Pentru fiecare zona, va fi
suportat un cost total C;. Fie ca zonei [, de
exemplu, Ti corespunde acoperirea hexa-

gonald, determinata prin simularea S, iar
retelei

C} reprezinta costul
(figura 2).

pentru  ZG;

' I't_ ’_".l.
.,.‘[}?unn_u’q[
it 2G5 [
| I/

Bzt O iy
LA K Miclest™y IS

understand the order of execution of the
works on the respective areas depending on
some objective and subjective factors, such
as: development strategies, political deci-
sions, etc.

PL$" Z%’=1Pl:1,

Let us admit that for the development of
the Moldovan telecommunications network, a
clearly determined budget B is allocated. A
total cost C; will be incurred for each area.
Let area [, for example, corresponds to the
hexagonal coverage with the diameter of the
hexagon determined by simulation S, while
C; represents the cost of the network for ZG;,
(figure 2).

& .\_/'

Figura 2. Datele din zonele teritoriale pentru calcularea costului total al retelei de
telecomunicatii pentru intreg teritoriul tarii/ Figure 2. Data from the territorial areas
for calculating the total cost of the telecommunications network for the whole country

Sursa: elaborata de autori/ Source: developed by the authors
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Daca costul total al retelei Republicii
Moldova, simulate in urma scenariului S, nu
depaseste bugetul B, adica: €7 + C; ..+
C}...++ C; <B si pe orice zona se
respecta criteriile de calitate naintate, atunci
putem afirma ca bugetul B este suficient
pentru elaborarea unei retele functionale pe
intreg teritoriul Republicii Moldova.

Cu alte cuvinte, bugetul B alocat este
suficient pentru elaborarea retelei Republicii
Moldova, avand posibilitatea, totodatd, de a
economisi o parte din acest buget pentru alte
proiecte, deoarece este evident cd, in varianta
optima, din punctul de vedere al costurilor,
costul minimal total al retelei Republicii
Moldova nu va depasi bugetul B.

Relatiei 1Q' ~ QRZG, i se atribuie
urmatoarea semnificatie: indicatorii de cali-
tate 1Q' selectati pentru zona [ respectd, in
totalitate, cerintele a priori inaintate pentru
aceastd zona. La modificarea razei hexa-
gonului in directia cresterii diametrului
acestuia, variaza acesti indicatori, iar pentru
unele valori ale diametrului respectiv, unii
dintre acesti indicatori pot fi inadmisibili.

Modelul general, conform notatiilor
poate fi redat astfel:

If the total cost of the Moldovan tele-
communications network simulated as a
result of scenario S does not exceed the
budget B, then: ¢{ + C5 +C5 ++- Cf <B
and in any area, the submitted quality criteria
are respected, then we can say that the budget
B is sufficient to develop a functional
network throughout the Republic of Moldova.

In other words, the allocated budget B
is sufficient for the development of the
Moldovan network having the possibility to
save part of this budget for other projects
because it is obvious that in the optimum cost
perspective, the total minimum cost of the
Moldovan network will not exceed budget B.

For expression IQ! + QRZG, it is
given the following meaning: the quality
indicators 1Q* selected for area [ fully com-
plies with the prior requirements for this area.
When changing the radius of the hexagon in
the direction of increasing its diameter these
indicators vary, and for some values of the
respective diameter, some of these indicators
may be inadmissible.

The general model, according to the
notations, can be reproduced in this way:

CZGy + CZG, + - CZG, + - CZG, — min,

cu conditia c4, §

provided that,

1Q' ~ QRZG, (1=1,2,3,..1).

Remarca: Daca a priori sunt deter-
minate cerintele asupra calitatii retelei pentru
ZG;, QRZG;, atunci problema minimizarii
costului total pentru toate L zone geografice:

Note: If from the beginning the requi-
rements on the quality of the network are
determined for ZG;, QRZG,, then the problem

of minimizing the total cost for all L
territorial areas:
YL . CZG, - min; IQ' = QRZG, (1 =1,2,3,...L),
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se reduce la L probleme de optimizare pentru
zonele teritoriale respective:

can be reduced to L optimization problems
for the respective zones:

CZG; - min;
1Q' + QRZG, (1 =1,2,3,...L).

In acest caz evident, are loc relatia:

mingg1 o Nie1 CZGp = Yioy min1CZGy

ceea ce denotd ca costul optimal total al
retelei de telecomunicatii pe tara se constituie
din suma costurilor minimale ale retelelor
corespunzatoare celor L zone geografice.

4. Aplicatia informatica

CoverageMap

Pentru facilitarea identificarii retelei de
cost optimal, in baza modelelor descrise
anterior, a fost elaboratda o aplicatie infor-
maticd CoverageMap. Aplicatia ajutd la
generareca automatizatd a costurilor totale
pentru retelele de telecomunicatii fara fir, in
baza modelelor matematice care pot fi uti-
lizate la proiectarea si edificarea unor retele
noi, dar si la analiza, si optimizarea retelelor
deja existente.

Cu ajutorul CoverageMap, pot fi rea-
lizate anumite scenarii admisibile, selectand
dintre toate acestea varianta preferata.
Aplicatia informatica faciliteaza identificarea
retelei de cost optimal, respectand, conco-
mitent, cerintele cu privire la asigurarea
calitatii de emisie a informatiei.

Algoritmul  programului informatic
functioneaza in conformitate cu urmatorii
pasi:

1. Pe harta se selecteaza zona teritoriala,
care trebuie acoperita cu retele;
2. Se calculeaza coordonatele maxime si
minime ale zonei teritoriale;
Se calculeaza centrul zonei teritoriale;
Se seteaza raza initiald a hexagonului =
parametru: Initial hexagon radius;
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In this case, we have:
(4)

which means that the total minimum
(optimized) cost of the telecommunications
network in the country is the sum of the
minimum (optimized) costs of the networks
corresponding to the L territorial areas.

4. Computer application

CoverageMap

In order to facilitate the identification
of the optimal network cost, based on the
models described above, a computer appli-
cation CoverageMap was developed. The
application helps to automatically generate
the total costs for wireless telecommu-
nications networks based on the mathematical
models, which can be used to design and build
new networks, but also to analyse and
optimize existing networks.

Due to CoverageMap, certain allowable
scenarios can be realized, selecting from all of
them the preferred version. The computer
application facilitates the identification of the
optimal network cost, while, at the same time,
meeting the requirements regarding the quality
of information transmission.

The algorithm of the computer program
works in accordance with the following steps:

1. The territorial area to be covered with
networks on the map is selected:;

2. Maximum and minimum coordinates
of the territorial area are calculated,

3. Centre of the territorial area is cal-
culated;

4. Initial radius of the hexagon is set =
parameter: Initial hexagon radius;
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5. Tncepand cu centrul determinat din Pasul
3, se traseaza hexagoane atata timp, cat
ele se afla in zona teritoriala selectata;

6. Se modifica raza hexagonului cu Para-
metru Ad* (mdrind-o sau micsorand-o,
in dependentd de respectarea sau
nerespectarea criteriilor de calitate) si
se repeta de la Pasul 4;

7. Cand numarul de hexagoane ajunge la
indicele calculat, conform coordonate-
lor maxime si minime dupa suprafatd —
ne oprim.

Structura softului. Aplicatia cuprinde
cateva module si anume:

e Modulul de incarcare a datelor cu cal-
cule;

e Modulul de definire a parametrilor;

e Modulul de baza al aplicatiei si lucrul
cu harta geospatiala;

e Modulul de calcul al solutiei optime;

e Modulul de prezentare graficd a cos-
turilor.

Aplicatia este bazatd pe componentele
GeoSpatiale: DotSpatial 1.9 si este scrisa pe
tehnologia .Net. Limbajul de programare
utilizat este C#, iar mediul — Visual Studio.

DotSpatial este o biblioteca de sisteme
de informatii geografice scrise pentru .NET
Framework. Acesta permite dezvoltatorilor sa
integreze, in aplicatiile lor, datele de spatiu,
analiza si cartografierea sau sa contribuie la
extinderea GIS comunitatii.

DotSpatial ofera un control al hartii
pentru .NET si mai multe capabilitati GIS,
inclusiv:

e afiseaza harta intr-un .NET Windows
Forms;

e deschide fisierele de forma, grilele,
rasterurile si imaginile;

e creazd o simbologie si etichete de
redare;

e reproiecteaza 1n zbor;
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5. Starting with the centre calculated in
step 3, hexagons are drawn as long as
they are in the selected territorial area;

6. The radius of the hexagon with
Parametru Ad* is modified (increa-
sing or decreasing it in accordance with
the quality criteria) and is repeated
from step 4;

7. When the number of hexagons reaches
the index calculated according to the
maximum and minimum coordinates of
the territorial area — we stop.

Software structure. The application
includes several modules, namely:

e The module for loading data with
calculations;

e The module for defining the parameters;

e Basic module of the application and
working with the geospatial map;

e The module for calculating the optimal
solution;

e The module of graphical presentation
of costs.

The application is based on GeoSpatial
components: DotSpatial 1.9 and is written on
Net technology. The programming lan-
guage used is C#, and the Visual Studio envi-
ronment.

DotSpatial is a library of geographic
information systems written for the .NET
Framework. It allows developers to integrate
spatial data, analysis and mapping into their
applications or contribute to the expansion of
the GIS community.

DotSpatial offers map control for .NET
and more GIS capabilities, including:

e displays the map in a .NET Windows
Forms;

e opens form files, grids, rasters and
images;

e creates symbols and play tags;

e redesign in-flight;
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e manipuleazd si afiseazd datele despre
atribute;

e analizeaza stiintific informatia;

e citeste datele GPS etc.

Baza informationala cuprinde date
despre numarul de site-uri optime si chel-
tuielile estimative pentru o anumita arie.
Aceste date au fost calculate separat de
aplicatie si sunt ca o bazd de cunostinte
pentru aceasta.

Ca parametri pentru aplicatie figureaza:

e aria terenului selectat de utilizator — se
calculeaza automat;

e raza initiala a hexagonului — se intro-
duce in forma de mai jos, figura 3;

e Parametru Ad* - care reprezintd
dimensiunea cu care se va mari raza
hexagonului la fiecare iteratie;

e Q2, Q1 — nivelul de calitate dorit. Sunt
disponibile 2 categorii: Q2 max = - 8 dB,
Q1 min = 40 ms si Q2 min = -15 dB,
Q1 max=200 ms.

Nivelul de complexitate de exploatare a
aplicatiei. CoverageMap este aplicatie desk-
top, care lucreazd in sistemul de operare
Windows. Este o aplicatie intuitiva si da usor
posibilitatea de a opera cu aceasta. Etapele de
calcul sunt descrise sub forma de pasi dis-
tincti (Step1-Step3) din meniul de baza Algo-
rithm. Tn Pasul 1, se incarcd harta, n
versiunea curenta este predefinitd harta Repu-
blicii Moldova. Se poate incédrca orice hartd
in formatul .shp. Pasul 2 se selecteaza zona
pentru care se doreste acoperirea. Aceasta se
face prin click pe harta, prin care se dese-
neaza un poligon. Pasul 3 — este pasul de
desenare/ calculare a acoperirii. Tn acest pas,
se deseneaza toate variantele pana la cea
optima. La identificarea solutiei optime, algo-
ritmul se opreste. Adaugator, Se poate vizua-
liza graficul solutiilor identificate. Acesta se
obtine prin tastarea meniului Graph.
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e manipulates and displays data about
attributes;

¢ analyses scientific information;

e reads GPS data, etc.

The information base includes data on
the number of optimal sites and estimated
costs for a particular area. These data have
been calculated separately by the application
and are as a knowledge base for it.

As parameters for the application are:

e the area of the land selected by the user
—is calculated automatically;

e the initial radius of the hexagon - is
inserted in the form below, figure 3;

e Parameter Ad* — which represents the
dimension with which the radius of the
hexagon will be increased at each
iteration;

e Q2, Q1 — the desired quality level.
There are 2 categories available:
Q2 min = -8 dB, Q1min = 40ms and
Q2max =-15 dB, Q1max = 200ms.

The complexity level of CoverageMap
application operation is a desktop appli-
cation, which works on the Windows opera-
ting system. It is an intuitive application and
gives the easy possibility to work with it.
The calculation steps are described in the
form of separate steps (Stepl-Step3) in the
Algorithm basic menu. In Step 1 the map is
loaded, in the current version the map of the
Republic of Moldova is predefined. Any map
can be loaded in .shp format. Step 2 selects
the area for which the coverage is desired.
This is clicked on the map where a polygon is
drawn. Step 3 — is the drawing/ calculation
step of the cover. In this step all solutions are
drawn to the optimal one. When the optimal
solution is identified, the algorithm stops.
In addition, the graph of the identified solu-
tions can be viewed. This is obtained by
typing the Graph menu.
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oY PararmetersForm

Parameters./Variable
Area size
BWA parameter:Ps. Gs, Gi. f
M
Initial Hexagon Radius
Ad*
AR
H. W
W, linlke availability

Q215 Tr}, Q14}

DK

— O e
Value
| |
| 19dBm.,15dB.28dB, 245GHz |
| radio |
1,500 =
0.500 =
| 64 kbps |
| M/MA14S, TOMA, |
| AQAM, 99.999% |
Q2 min =8 dB, @1min = 40ms =~
CANCEL

Figura 3. Fereastra de dialog cu parametrii initiali/
Figure 3. The dialog box with the initial parameters
Sursa: elaborata de autori/ Source: developed by the authors

Luand in considerare dimensiunea poli-
gonului selectat si parametri initiali (raza
initiala a hexagonului si parametru Ad*), se
pot obtine solutii rapide, dar costisitoare si cu
marja de eroare a acoperirii foarte mare sau,
micsorand acesti parametri, se poate consuma
mai mult timp, dar calitatea calculelor vor fi
mai exacte. Ca si In orice algoritm, castigand
in timp, pierdem in calitate si invers. Aici, cel
mai bine este de identificat valorile medii
prin introducerea diferitelor valori ale
parametrilor.

Concluzii

In baza metodelor si modelelor mate-
matice de descriere, evaluare si optimizare a
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Considering the size of the selected
polygon and initial parameters (the initial
radius of the hexagon and parameter Ad¥*) it
is possible to obtain fast, but expensive
solutions and with the margin of error of the
very large coverage or by reducing these
parameters it can be consumed more time, but
the quality of the calculations will be more
accurate. As with any algorithm, gaining in
time we lose in quality and vice versa. Here it
is best to identify the average values by
entering different values of the parameters.

Conclusions

Based on the mathematical methods
and models of cost description, evaluation
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costurilor pentru retelele de telecomunicatii
cu fir si fard fir, elaborate in [11] si [12] si
ajustate pentru zone geografice aparte, a fost
elaborat un model matematic generalizat de
evaluare a costurilor pentru cazul general de
dezvoltare a infrastructurii de telecomunicatii
pe intreg teritoriul tarii.

Pentru evaluarea costurilor, in confor-
mitate cu acest model si intru dezvoltarea
intregii infrastructuri de telecomunicatii la
nivel national, a fost propusd o metodologie,
realizatd in 3 etape:

1) identificarea zonelor teritoriale cu
diferite cerinte fatd de volumul si
criteriile de calitate ale serviciilor de
comunicatii, Tmpartind intreg teri-
toriul tarii 1n astfel de zone;

2) ajustarea modelului matematic gene-
ralizat de evaluare a cheltuielilor
necesare pentru dezvoltarea retelelor
de telecomunicatii in conformitate cu
conditiile specifice in fiecare zona
teritoriald, identificata la prima etapa
si calcularea cheltuielilor respective;

3) calcularea cheltuielilor totale, nece-
sare pentru dezvoltarea infrastruc-
turii de comunicatii electronice pe
intreg teritoriul tarii, dupa solutio-
narea problemei de optimizare a
cheltuielilor pentru dezvoltarea rete-
lelor de comunicatii electronice, in
fiecare zona geografica aparte.

Metodologia examinatd permite solu-
tionarea problemelor de optimizare a costu-
rilor, respectand cerintele in raport cu crite-
riile de calitate.

Pentru retelele de telecomunicatii fara
fir, n baza unui studiu de caz, folosind dife-
rite variante cu privire la criteriile de calitate,
a fost elaborata o aplicatie informatica de
realizare a algoritmului euristic de acoperire
optima a zonelor geografice cu hexagoane, in
centrul cdrora urmeazd sda fie amplasate
statiile de emisie.
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and optimization for wired and wireless
telecommunications networks, developed in
[11] and [12] and adjusted for particular
territorial areas, a generalized mathematical
model of cost evaluation has been developed
for the general case of telecommunications
infrastructure development for the whole
territory of the country.

In order to evaluate the costs according
to this model and in order to develop the
entire telecommunications infrastructure in
the country, a methodology of cost optimi-
zation was proposed, which is carried out
in 3 stages:

1) identification of the territorial areas
with different requirements regarding
the volume and quality criteria of the
communication services, dividing the
entire territory of the country in such
areas;

2) adjustment of the generalized mathe-
matical model for the evaluation of
the expenses necessary for the
development of the telecommu-
nications networks according to the
specific conditions in each territorial
area, identified at the first stage and
the calculation of the respective
expenses;

3) calculation of the total expenditures,
necessary for the development of the
electronic communications infra-
structure throughout the country,
after solving the problem of opti-
mizing the expenses for the develop-
ment of the electronic commu-
nications networks, in each particular
geographical area.

The examined methodology allows the
solution of the problems of cost optimization
respecting the requirements in relation to the
quality criteria.

For the wireless telecommunications
networks, based on a case study, using diffe-
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Algoritmul realizeaza, in mod iterativ,
cresterea diametrului hexagoanelor pana la
valoarea in care urmatoarea crestere conduce
la nerespectarea, cel putin, a unuia din cri-
teriile de calitate. Tn acest mod, poate fi
determinatd structura retelei de cost minimal.
Cu ajutorul modelelor propuse, pot fi reali-
zate anumite scenarii admisibile, selectand
dintre toate acestea varianta preferata. La
utilizarea anumitor algoritmi combinatorii sau
euristici, modelele faciliteaza identificarea
retelei de cost optimal, respectand, con-
comitent, cerintele cu privire la asigurarea
calitatii de emisie a informatiei.

Aplicatia informatica elaborata permite
facilitarea semnificativa a procesului de opti-
mizare a cheltuielilor, ce tin de dezvoltarea
retelelor de telecomunicatii atat in fiecare
zona teritoriald concretd, cat si pe intreg
teritoriul tarii.

rent variants on the quality criteria, a com-
puter application has been developed to make
the heuristic algorithm for optimal coverage
of the territorial areas with hexagons, in
the centre of which is to be broadcast sta-
tions located.

The algorithm iteratively increases the
diameter of the hexagons up to the value
where the next increase leads to failure to
meet at least one of the quality criteria. In this
way the structure of the minimum cost
network can be determined. With the pro-
posed models, certain permissible scenarios
can be realized, selecting from all of them the
preferred solution. Using certain combina-
torial or heuristic algorithms, the models
facilitate the identification of the optimal cost
network, while at the same time meeting the
requirements regarding the quality of infor-
mation transmission.

The elaborated computer application
allows significant facilitation of the process
of optimizing the expenses related to the
development of telecommunications networks
both in each specific territorial area and
throughout the country.
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