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In articol sunt descrise conditiile de baza
pentru optimizarea costurilor dezvoltarii rete-
lelor de comunicatii electronice la etapa pro-
iectarii, cdt si la etapele ulterioare de exploa-
tare. Ca urmare, au fost dezvoltate modificari
ale algoritmilor euristici, pentru care sd se
adapteze parametrii acestora la sarcinile pro-
puse pentru dezvoltarea topologiei retelei in
functie de indicatorii de baza a retelei de comu-
nicatii electronice. Astfel, a fost evidentiat fap-
tul ca eficienta rezolvarii sarcinilor propuse,
pentru dezvoltarea topologiei retelei, va in-
fluenta asupra calitatii rezultatelor obtinute,
iar dupa cum sinteza topologiei retelei este
legata de cheltuieli majore la trasarea retelelor
de rezerva si la deservirea acestora, la fel ca i
plata pentru inchirierea retelelor sau a spatii-
lor pentru instalarea echipamentelor de retea,
in acest caz calitatea solutiilor obtinute are o
importanta majora.

Cuvinte-cheie: gama serviciilor prestate,
tehnologii avansate, abordare sistemica, indi-
catori de performanta, topologie, algoritmi
euristici.

JEL: C6, CS8.
Introducere

in conditiile moderne de dezvoltare a
societatii informationale un rol hotarator 1l
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The article describes the basic conditions
for optimizing the costs of developing elec-
tronic communications networks at the design
stage as well as at the later stages of operation.
As a result, changes have been developed to the
heuristic algorithms, for which to adapt their
parameters to the tasks proposed for the
development of the network topology according
to the basic indicators of the electronic commu-
nications network. Thus, it was highlighted that
the efficiency of solving the tasks proposed for
the development of the network topology will
influence the quality of the results obtained and
as the synthesis of the network topology is
related to major costs for mapping backup
networks, as well as paying for network or
spaces for the installation of network equip-
ment, in which case the quality of the solutions
obtained is of major importance.
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Introduction

In modern conditions of information
society development, the information infra-
structure, in particular electronic communica-
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joacd infrastructura informationala, in spe-
cial retelele de comunicatii electronice. Dez-
voltarea acestor retele este o problema foarte
complexa, care depinde de foarte multi factori
de influentad atat interni, cat si externi. Unele
aspecte importante in acest context au fost
cercetate in lucrdrile [1]-[4], unde autorii
argumenteazd necesitatea unei abordari sis-
temice in dezvoltarea infrastructurii infor-
mationale nationale. Suplimentar la acest
compartiment, am putea mentiona, cd In acest
scop se cere o abordare sistemica destul de
echilibrata, care ar prevedea:

e determinarea factorilor de influenta
externi, impusi de nivelul de dezvol-
tare a infrastructurii informationale
internationale, care trebuie luati in
consideratie la solutionarea proble-
melor de dezvoltare a retelelor de
telecomunicatii din RM;

e definirea functionalitdtilor sistemului;

e determinarea tuturor componentelor
de baza ale sistemului, adica definirea
hotarelor sistemului si, respectiv, ale
cercetarilor in domeniu;

e structurarea teritoriald si functionala
internd a sistemului in conformitate cu
factorii interni (cerintele locale fata de
volumul si calitatea serviciilor de
comunicatii, nivelul deja existent de
dezvoltare a retelelor de comunicatii
in zona data, prioritatile impuse de
strategiile guvernului in domeniul
dezvoltdrii economice a diferitelor
teritorii administrative etc.).

Chiar incepéand cu faza de proiectare, care
este una dintre cele mai dificile si responsabile
etape in desfasurarea sistemelor de comunica-
ti1, Intrucat aceasta ar trebui sd ofere cea mai
apropiatd varianta optima posibila a retelei, prin
prisma criteriului eficientd vis-a-vis cost, este
important sa intelegem ce sarcini sunt pla-
nificate pentru a fi rezolvate cu ajutorul retelei
proiectate. Un factor determinant ar fi tipul de
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tions networks, plays a decisive role. The
development of these networks is a very
complex problem, which depends on many
factors of influence both internal and external.
Some important aspects in this context have
been investigated in the papers [1] - [4], where
the authors argue the need for a systemic
approach in the development of national infor-
mation infrastructure. In addition to this com-
partment, we could mention that for this
purpose a fairly balanced systemic approach is
required, which would provide:

e determining external influence factors,
imposed by the level of development
of the international information infra-
structure, which must be taken into
account in solving the problems of
development of telecommunications
networks in the Republic of Moldova;

e defining the functionality of the system;

e determining all the basic components
of the system, i.e. defining the system
boundaries and research in the field,
respectively;

e internal territorial and functional struc-
turing of the system in accordance
with internal factors (local require-
ments for the volume and quality of
communications services, the already
existing level of development of com-
munications networks in the given
area, the priorities imposed by govern-
ment strategies in the field of eco-
nomic development of the various
administrative territories, etc.).

Even starting with the design phase,
which is one of the most difficult and res-
ponsible steps in the deployment of commu-
nications systems, as it should provide the
closest possible variant of the network, in the
light of the cost-effectiveness criterion, it is
important to understand what tasks are planned
to be solved with the designed network. A
determining factor would be the type of
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servicil intentionate a fi livrate. De exemplu,
operatorii de telecomunicatii se strdduiesc sa
adopte o pozitie de lider pe piata serviciilor, de
aceea indicatorii de profit sunt importanti
pentru acestia. Din aceasta, de reguld, rezulta ca
in fiecare moment, reteaua trebuie sd aiba cei
mai buni indicatori si functionalitate maxima
pentru a putea fi gata de introducerea unor noi
servicii si conectarea noilor clienti. Pe de alta
parte, pentru operatorii mici, gama de sarcini
este destul de limitatd si aproape cd nu se
schimba in timp si in acest caz, de regula,
retelele sunt limitate dupa functionalitate si
dupa marja de performanta [5].

Existda o multitudine de parametri de
retea, ale caror valori se schimba, in mod con-
stant, in timp real: gradul de incarcare a
canalelor in orele de varf si in mediu pe par-
cursul perioadei, incarcarea resurselor echipa-
mentelor de sistem, numarul de rute, intarzieri
de pachete etc.

Insasi, alegerea componentelor pe care se
va baza arhitectura retelei depinde de mai multi
parametri. Mai mult ca atit, parametrii insisi
pot depinde, de asemenea, unul de celilalt.
Acest lucru este similar cu rezolvarea ecuatiilor
cu mai multe variabile — substituirea valorilor
unei variabile afecteaza valorile altora. Com-
ponentele de bazd, necesare pentru a initia
proiectarea retelei de comunicatii electronice,
sunt: gama serviciilor prestate; capacitatea;
topologia; siguranta; scalabilitatea; operarea
si mentenanta; bugetul.

Totodatd, trebuie de luat In consideratie
ca inainte de solutionarea problemei de opti-
mizare a costurilor pentru lucrarile de dezvol-
tare a retelelor propriu-zise, trebuie de realizat
un sir de probleme de ordin tehnic, social, dar si
de strategie generalda de dezvoltare, impuse de
strategiile internationale. In special, pentru
optimizarea costurilor de intretinere si dezvol-
tare a retelei de comunicatii electronice, o
atentie deosebitd meritd acordatd componen-
telor de baza legate de topologie.
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services intended to be delivered. For example,
telecommunications operators strive to take a
leading position in the services market, which
is why profit indicators are important to them.
It follows from this, as a rule, that at every
moment, the network must have the best
indicators and maximum functionality in order
to be ready for the introduction of new services
and the connection of new customers. On the
other hand, for small operators, the range of
loads is quite limited and almost does not
change over time and in this case, as a rule,
networks are limited by functionality and by
performance margin [5].

There is a multitude of network para-
meters, the values of which are constantly
changing in real time: the degree of channel
loading during peak and average hours during
the period, the loading of system equipment
resources, the number of routes, package
delays, etc.

The choice of components on which the
network architecture will be based depends on
several parameters. Moreover, the parameters
themselves may also depend on each other.
This is similar to solving equations with mul-
tiple variables — substituting the values of one
variable affects the values of others. The basic
components necessary to initiate the design of
the electronic communications network are: the
range of services provided; capacity; topo-
logy; safety; scalability; operation and main-
tenance; the budget.

At the same time, it must be taken into
account that before solving the problem of
optimising the costs of the work of developing
the networks themselves, a number of techni-
cal, social and general development problems,
imposed by international strategies, must be
carried out. In particular, in order to optimise
the costs of developing the electronic com-
munications network, particular attention is
worth drawing to the basic component related
to topology.
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Determinarea topologiei retelei de tele-
comunicatii

Deseori, pentru definirea topologiei rete-
lei de telecomunicatii se face trimitere la dis-
punerea fizica in teren a elementelor, care com-
pun o retea de comunicatii sau o retea de
calculatoare. Ca urmare, topologia este un ter-
men consacrat, folosit atunci cand se fac refe-
riri la configuratia spatiald a retelei si, ca rezul-
tat, determind in bund masurd performan-
tele acesteia. Alegerea unei anumite topologii
influenteaza atat tipul de echipament necesar,
cat si cantitatea rezervatd de porturi/noduri
libere pentru a avea posibilitatea de extindere
a retelei, la fel si modul in care este admi-
nistrata reteaua. Multitudinea topologiilor rete-
lelor de comunicatii presupune metode dife-
rite, 1ar aceste metode au o mare influentd in
retea [6, p.14].

Sistemele de comunicatii electronice, in
prezent, se pot realiza, folosind diverse solutii
bazate pe unele tehnologii avansate, atat prin
intermediului legaturilor cu fir, cat si prin cana-
lele radio. Astfel, retelele de comunicatii elec-
tronice radio, pot fi clasificate in doud mari
categorii, care se disting prin modul de orga-
nizare si pot fi: celulare si necelulare. Pentru
categoria retelelor celulare este specifica aco-
perirea suprafetelor mari, de cele mai multe ori
la nivelul unei tari, insa cele din categoria
retelelor necelulare sunt indicate la solutionarea
problemelor de conexiune pe anumite zone, fie
in zone rurale sau suburbane (macro-cells), cu
locuinte (puncte de conectare) dispersate, fie in
zone aglomerate, dar cu dimensiuni relativ
reduse, cum ar fi targuri, expozitii, fie in jurul
unor zone rezidentiale (pico-cells) etc. [7, p. 2].

Schema tipica de organizare a unei retele
de comunicatii mobile este reprezentatd in
figura 1.

0 —

Determination of telecommunications
network topology

Often, for the telecommunications net-
work topology definition, reference is made to
the physical layout in the field of the elements
constituting a communications network or a
computer network. As a result, topology is an
established term, used when referring to the
spatial configuration of the network and as a
result determines its performance to a good
extent. The choice of a particular topology
influences both the type of equipment required
and the amount reserved for free ports/nodes to
be able to expand the network, as does the way
the network is managed. The multiplicity of
communication network topologies involves
different methods, and these methods have a
great influence on the network [6, p. 14].

Electronic communications systems can
now be achieved using various solutions based
on advanced technologies through both wired
links and radio channels. Thus, electronic radio
communications networks can be classified
in two broad categories that are distinguished
by the organization mode into: cellular and
non-cellular. For the category of cellular net-
works, the coverage of large areas is specific,
but those in the category of non-cellular
networks are indicated for the resolution of
connection problems in certain areas, either in
rural or suburban areas (macro-cells), with
dispersed connection points or in congested
areas, but of relatively small size, such as fairs,
exhibitions, or around residential areas (pico-
cells), etc. [7, p.2].

The typical scheme for the organisation
of a mobile communications network is shown
in figure 1.
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Figura 1. Schema tipica a unei retele de comunicatii mobile/
Figure 1. Typical scheme of a mobile communications network
Sursa: sugerata din [8]/ Source: suggested from [8]

Toate statiile de baza sunt conectate la
concentratoarele statiilor mobile (RNC/BSC)
prin intermediul unor canale dedicate de comu-
nicatii prin cablu sau radio releu (figura 1).
Centrul de comutare (MSC) reprezinta com-
ponenta sistemului care realizeazd interfata
dintre sistemul statiilor de bazd al unei retele
celulare si alte retele de comunicatie (i.e.
PSTN). In acelasi timp, MSC reprezinti cen-
trala de comutatie a apelurilor cu abonatii din
alte retele mobile sau pentru comunicatiile care
au loc in cadrul retelei proprii. Centrul de
comutare de comun cu Registrul abonatilor
vizitatori (VLR) si Registrul abonatilor proprii
(HLR) constituie subreteaua Core-CS. Nodul
SGSN/GGSN, formand subreteaua Core-PS,
este responsabil pentru livrarea pachetelor de
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All base stations are connected to mobile
station concentrators (RNC/BSC) via dedicated
cable or radio relay channels (figure 1). The
Switchcentre (MSC) is the component of the
system that interfaces the base station system of
a cellular network with other communication
networks (i.e. PSTN). At the same time, MSC
is the call switching station with subscribers
from other mobile networks or for commu-
nications that take place within its network. The
Switching Center shared with the Register of
Visitor Subscribers (VLR) and the Register of
Own Subscribers (HLR) form the Core-CS
subnet. The SGSN/GGSN node, forming the
Core-PS subnet, is responsible for delivering
data packets to and from mobile stations within
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date de la si catre statiile mobile din interiorul
ariei sale de serviciu. In sarcinile SGSN sunt
incluse functionalitdtile de:

e rutarea pachetelor,

o transferul pachetelor,

e managementul mobilitatii,

e managementul localizarii.

In acest caz bazat pe retelele de comu-
nicatii electronice radio, parametrii sistemului
sunt mdsurati sau calculati cu atentie pentru a
determina numarul minim de statii de baza
care oferd servicii satisfacatoare abonatilor pe
intreg teritoriul, determind locatia optima a
statiei de baza, tinand cont de profilul reliefului
antenelor directionale si a statiilor de baza
adiacente pentru acoperirea cresterii de trafic
in orele de varf s.a.

Rezultatele obtinute si discutii

Reiesind din faptul ca piata de comu-
nicatii voce a cunoscut o dezvoltare exploziva,
in ultimele decenii s-a accelerat dezvoltarea de
noi retele de comunicatii electronice, care la
randul lor, pe intreg ciclu de viata, sunt depen-
dente de o schimbare constanta a numarului de
abonati activi, volumul traficului si distributia
acestora pe teritoriul deservit. In plus, exista
modificari sezoniere (periodice) in volumul
traficului si in distributia teritoriald a acestora.
Pentru a garanta satisfactia clientului, confi-
guratia retelei trebuie sa acopere aceste schim-
bari, ceea ce impune ca procesul de planificare
sd aiba un aspect continuu [9].

Daca e sd analizdm componentele teo-
retice ale planificarii retelelor de comunicatii
mobile, putem concluziona ca, la o densitate
inalta de amplasare a abonatilor pe teritoriu,
este oportund construirea retelelor de abonat
cu folosirea concentratoarelor de date. Sunt
cunoscuti algoritmii de optimizare a retelelor de
abonat cu concentrare de date: de addugare a
concentratoarelor ADD, de eliminare a concen-
tratoarelor DROP, de eliminare a ramurilor,
(algoritmul Frazer), de grupare COM si New
Clust, inclusiv algoritmul Bahl-Tand. Toti acesti

its service area. The SGSN tasks include the
functionalities of:

e routing packages,

o transfer of packages,

e mobility management,

e Jocation management.

In this case, based on radio electronic
communications networks, the parameters of the
system shall be carefully measured or calculated
to determine the minimum number of base
stations providing satisfactory service to sub-
scribers throughout the territory, determining the
optimal location of the base station taking into
account the profile of the terrain, taking into
account the possibilities of using directional
antennas and adjacent base stations to cover
traffic growth during peak hours, and so on.

Results obtained and discussions

Given the fact that the voice commu-
nications market has experienced explosive
development in recent decades, the develop-
ment of new electronic communications net-
works has accelerated, which in turn, throug-
hout the life cycle, are dependent on a constant
change in the number of active subscribers, the
volume of traffic and its distribution in the
territory served. In addition, there are seasonal
(periodic) changes in traffic volume and
territorial distribution. In order to guarantee
customer satisfaction, the network configu-
ration must cover these changes, which requires
that the planning process have a continuous
appearance [9].

If we look at the theoretical aspects of
mobile communications network planning, we
can conclude that at a high density of sub-
scriber location in the territory, it is appropriate
to build subscriber networks using data
concentrators. Data-concentration subscriber
network optimization algorithms are known:
add ADD concentrators, remove DROP con-
centrators, remove branches, (Frazer algo-
rithm), COM grouping and New Clust, Bahl-
Tand algorithm. All of these algorithms pro-

Revista / Journal ,,ECONOMICA” nr.4 (114) 2020



INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICA | INFORMATICS, STATISTICS AND ECONOMIC CYBERNETICS

algoritmi prevad folosirea unui singur tip de
canale de transfer date [3, p.142].

Pentru retelele de dimensiuni mari, cu o
structura complexa, realizarea metodelor exacte,
care ar defini topologia optima, este practic
imposibila. In acest context apare necesitatea de
utilizare a metodelor euristice si adaptarea
acestora la obiectivele propuse [10, p. 272].

Insd, utilizarea algoritmilor euristici, in
forma lor clasica, nu duce la rezultatele scon-
tate, deoarece pentru rezolvarea anumitor pro-
bleme referitoare la topologia retelelor de
comunicatii electronice este nevoie mai degraba
de rezultate ,,acceptate”, decat de solutii optime
care de facto sunt generate de algoritmi
»greedy”, asa ca Kruskal, Prim, Dijkstra etc. Cu
atdt mai mult, am putea afirma ca utilizarea
algoritmilor euristici cu parametri configurati,
pentru solufionarea unor anumite situatii spe-
cifice, poate sd nu aiba un efect scontat atunci
cand se aplicad si alte valori, cum ar fi: fiabi-
litatea; indicatorii de calitate; admisibilitatea
echipamentelor de retea (solutia software si
hardware). Ca urmare, o crestere a numarului
de iteratii ale algoritmilor euristici nu va avea
efectul scontat din cauza convergentei prema-
ture la o solutie cvasi-optima.

Prin urmare, este necesar sa se dezvolte
modificari ale algoritmilor euristici, pentru care
sa se adapteze parametrii acestora la sarcinile
propuse pentru dezvoltarea topologiei retelei, in
functie de indicatorii de bazd a reteler de
comunicatii electronice, asa cum sunt, frecventa
s1 modulatia canalelor, precum si sd se prevada
variatia lor in cazul punerii in aplicare a noilor
iteratii ale algoritmilor euristici.

Eficienta rezolvdrii sarcinilor enumerate
va influenta asupra calitatii rezultatelor obti-
nute, iar, dupd cum sinteza topologiei retelei
este legatd de cheltuieli majore la trasarea
retelelor de rezerva si la deservirea acestora, la
fel ca si plata pentru inchirierea retelelor sau a
spatiilor pentru instalarea echipamentelor de
retea, in acest caz, calitatea solutiilor obtinute
are o importantd majora.
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vide the use of a single type of data transfer
channels [3, p.142].

For large networks with a complex struc-
ture, the realization of exact methods, which
would define optimal topology, is practically
impossible. In this context, there is a need to
use heuristic methods and adapt them to the
proposed objectives [10, p. 272].

However, the use of heuristic algorithms
in their classical form does not lead to the
expected results, because for certain problems
related to the topology of electronic commu-
nications networks, “accepted” results are
needed, rather than optimal solutions that are de
facto generated by “greedy” algorithms, such as
Kruskal, Prim, Dijkstra, etc. Moreover, we
could say that the use of heuristic algorithms
with configured parameters to solve a specific
problem may not have an expected effect when
other values are applied such as: reliability,
quality indicators, the admissibility of network
equipment (software and hardware solution).
As a result, an increase in the number of iterlets
of heuristic algorithms will not have the
expected effect due to premature convergence
to a quasi-optimal solution.

It is therefore necessary to develop
changes in heuristic algorithms for which their
parameters are adapted to the tasks proposed
for the development of the network topology
according to the basic indicators of the elec-
tronic communications network, such as the
frequency and modulation of channels, and to
provide for their variation in the implement-
tation of new iteters of the heuristic algorithms.

The efficiency of solving the listed tasks
will influence the quality of the results obtained
and, as the synthesis of the network topology is
linked to major expenditure on the mapping of
reserve networks and their service, as well as
the payment for renting networks or premises
for the installation of network equipment, in
this case the quality of the solutions obtained is
of major importance.
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Intru exploatarea algoritmilor euristici de
optimizare este necesar de dezvoltat un algo-
ritm pentru a determina corectitudinea solutiilor
generate, adica, transferarea acestora Intr-un
interval admisibil de solutii. Dacd solutiile
generate, in rezultatul functiondrii algoritmilor
euristici, nu intrd in intervalul admisibil de
solutii conform criteriilor de fiabilitate si
costuri, atunci este necesard aplicarea algorit-
milor de corectare. Inainte de aplicarea algo-
ritmilor de corectare este necesar de verificat
daca structura retelei este conexa, iar in cazul
cand aceasta nu este conexa, trebuic sa fie
realizat algoritmul 1 care leaga subgrafurile
neintersectabile ale grafului initial cu muchiile
costurilor minime.

Algoritmul
retelei

Algoritmul dat este alcatuit din 9 etape
dupa cum urmeaza:

Etapa 1. Se verifica solutia daca este conexa.
Daca verificarea este reusita (modelul
de graf este conex) atunci se trece la
etapa 9, in caz contrar se trece la
etapa 2;

Etapa 2. Se selecteaza in mod aleatoriu nodul v;

din multimea de noduri V a structurii

neconexe obtinuta;

Se afla multimea de noduri V’, acce-

sibile din nodul v;;

Este selectat oricare nod V; in mulfi-

mea V\V’;

Se afla multimea de noduri V’’, acce-

sibile din nodul vj;

Etapa 6. Se afla nodurile v, si vy care sunt cele

mai Indepartate unul fatd de altul

(conform criteriului de cost), astfel

incat v,€V’ iar vpeV’’;

Se completeaza topologia obtinuta cu

un canal de legaturd intre nodurile v,

sl Vp;

Etapa 8. Se trece la etapa 1;

Etapa 9. Sfarsit.

Daca in procesul de solutionare a sarcinii
de asigurare a unui anumit nivel de fiabilitate
a structurii, ca rezultat al functionarii algo-

1. Corectarea conexiunii

Etapa 3.
Etapa 4.

Etapa 5.

Etapa 7.

In exploiting heuristic optimization
algorithms it is necessary to develop an algo-
rithm to determine the correctness of the
solutions generated, that is, to transfer them
within an admissible range of solutions. If the
solutions generated as a result of the operation
of the heuristic algorithms do not fall within
the permissible range of solutions according to
the reliability and cost criteria, then it is
necessary to apply the correction algorithms.
Before applying the correction algorithms it is
necessary to verify that the network structure is
connected, and if it is not related, algorithm 1
linking the non-intersectable subgraphs of the
original graph must be performed with the
edges of the minimum costs.

Algorithm 1. Correction of the network
connection

The given algorithm consists of 9 steps as
follows:

Steps 1. Check the solution if it is connected. If
the check is successful (the graph model
is connected) then proceed to stage 9,
otherwise proceed to stage 2;

Steps 2. Randomly select the node v; from V of
the non-connected structure obtained;

Steps 3. There are a lot of nodes V’, accessible
from the node vij;

Steps 4. Any node is selected vjin V\V’;

Steps 5. There are a lot of nodes V*’, accessible
from the node vj;

Steps 6. The nodes are located v, and v, which
are most distant from each other
(according to the cost criterion), so that
V,.EV’ and vp €V’’;

Steps 7. Complete the topology obtained with a
link channel between nodes V, i Vp;

Steps 8. Return to stage 1;

Steps 9. End.

If the necessary solution is not obtained
in the process of resolving the task of ensuring
a certain level of structural reliability as a result
of the operation of the algorithm, then all the
best solutions obtained shall be modified to
ensure the predetermined level of reliability.
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ritmului, nu se obtine solutia necesard, atunci
totalitatea celor mai bune solutii obtinute se
modifica, pentru a asigura nivelul de fiabili-
tate prestabilit.

Exemplu al functiondrii algoritmului de
corectare a conexiunii retelei este reflectat in
figura 2.

An example of the operation of the
network connection correction algorithm is
reflected in figure 2.

Figura 2. Exemplu al functionarii algoritmului 1;
a) topologie neconexi; b) topologie conexa/
Figure 2. Example of operation of algorithm 1;
a) non-connected topology; b) connected topology
Sursa: elaborata de autor/ Source: produced by the author

Algoritmul 2. Corectarea solutiilor pen-
tru atingerea valorii de referinti a indicelui
de fiabilitate

Algoritmul dat este alcatuit din 4 etape,
dupa cum urmeaza:

Etapa 1. Se executa verificarea solutiei conform
valorii de referintd a indicelui de
fiabilitate. Daca valoarea solutiei de
fiabilitate nu este mai mica decat
solutia minimd stabilitd, atunci se
trece la etapa 4;

Etapa 2. Cu ajutorul metodei sectionarii mini-
me a retelei se gasesc toate sectiunile
minimale sau cele mai instabile

Revista / Journal ,,ECONOMICA” nr.4 (114) 2020

Algorithm 2. Correcting solutions to
achieve the reliability index reference value

The given algorithm consists of 4 steps,
as follows:

Steps 1. Checking the solution according to the
reliability index reference value shall be
performed. If the value of the reliability
solution is not less than the minimum
solution set, then proceed to stage 4;

Steps 2. Using the minimum network sectio-
ning method, all the minimum or most
unstable sections (sections with the highest
probability of tolerance to failure) of
the topology examined will be found;

— mm
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(sectiuni cu cea mai mare probabili-
tate de tolerantd la esec) a topologiei
examinate;
Etapa 3. Se mareste puterea sectiunii gasite pe
o muchie si se Intoarce la etapa 1;
Etapa 4. Sfarsit.

In timpul functionarii algoritmilor optimi-
zati, deseori apare situatia de crestere a fiabi-
litatii (sigurantei) structurii retelei pe un numar
predefinit de canale de comunicatii. Metoda
care indeplineste acest tip de corectare, repre-
zintd un algoritm iterativ, unde la fiecare itera-
tie se produce realocarea canalelor de comuni-
care intre nodurile de retea. Scopul acestei
realocari consta in cresterea fiabilitatii (siguran-
tei) celor mai instabile sectoare al retelei.

Exemplu al functionarii algoritmului de
corectare a solutiilor pentru atingerea valorii de
referintd a indicelui de fiabilitate este reflectat
in figura 3.

Steps 3. Increase the strength of the section
found on an edge and return to stage 1;
Steps 4. End.

During the operation of optimized algo-
rithms often occurs the situation of increasing
the reliability (safety) of the network structure
on a predefined number of communication
channels. The method that performs this type
of correction is an iterative algorithm, where
each iteration reallocates communication
channels between network nodes. The purpose
of this realallocation is to increase the relia-
bility (safety) of the most unstable sectors of
the network.

An example of the functioning of the
solution correction algorithm to achieve the
reliability index reference value is reflected in
figure 3.

Figura 3. Exemplu al functionarii algoritmului 2;

a) topologie cu dimensiune minima a sectiunii, egala cu 1;
b) topologie cu dimensiune minima a sectiunii, egala cu 2/
Figure 3. Example of operation of algorithm 2;

(a) topology with a minimum section size equal to 1;

b) topology with minimum section size, equal to 2
Sursa: elaborata de autor/ Source: produced by the author
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Algoritmul 3. Corectarea solutiilor con-
Sform indicatorului de siguranti la limitarea
numdrului de canale de comunicare

Algoritmul dat este alcatuit din 7 etape
dupa cum urmeaza:

Etapa 1. La aceastd etapa cu ajutorul metodei
sectiondrii minime a retelei se gasesc
cele mai instabile sectiuni (cele care
au cea mai mare probabilitate de
toleranta la esec) a topologiei exa-
minate;

Etapa 2. Se verifica solutia conform valorii de
referintd a fiabilitatii structurale.
Daca procedura de verificare este
realizatd cu succes (valoarea fiabili-
tatii solutiel nu va fi mai micd decat
cea minim necesard), atunci se va
trece la etapa 5;

Etapa 3. Se adauga cate o muchie in fiecare sec-
tiune minima identificata la etapa 1;

Etapa 4. Trecerea la etapa 1;

Etapa 5. Se formeaza multimea de muchii H
care nu au fost incluse in sectiunile
minime identificate la etapa 1;

Etapa 6.in mod aleatoriu se vor exclude
muchiile din multimea H pana céand
solutia nu va satisface restrictiile ce
se refera la numarul de muchii. Daca
multimea H este goald, iar solutia nu
va satisface restrictiile privind numa-
rul de muchii, atunci aceastd solutie
va fi exclusa din cele examinate,
deoarece solutia datd nu poate fi
corectata cu ajutorul algoritmului 3;

Etapa 7. Sfarsit.

In cazul obtinerii unei solutii cu o valoare
predefinitd a indicelui de fiabilitate si care are
un cost inacceptabil de mare, atunci se va
incerca modificarea acesteia In asa mod incat sa
fie redus acest cost.

Exemplu al functionarii algoritmului de
corectare a solutiilor, conform indicatorului de
sigurantd la limitarea numarului de canale de
comunicare, este reflectat in figura 4.
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Algorithm 3. Correct solutions accor-
ding to the safety indicator when limiting the
number of communication channels

The given algorithm consists of 7 steps as
follows:

Steps 1. At this stage, using the minimum

network sectioning method, the most

unstable sections (those most likely to
be tolerance to failure) of the topology
examined will be found;

Check the solution according to the

structural reliability reference value. If

the verification procedure is carried
out successfully (the value of the
reliability of the solution will not be
less than the minimum required), then

it will proceed to stage 5;

Steps 3. Add one edge to each minimum section
identified in step 1;

Steps 4. Return to stage 1;

Steps 5. The set of H-edges that have not been
included in the minimum sections
identified in step 1 shall be formed;

Steps 6. Randomly exclude the edges from the
H crowd until the solution does not
meet the restrictions that relate to the
number of edges. If the H set is empty
and the solution will not satisfy the
restrictions on the number of edges,
then this solution will be excluded
from those examined, because the
given solution cannot be corrected
using algorithm 3;

Steps 7. End.

If a solution with a predefined reliability
index value is obtained and has an unacceptably
high cost, then an attempt will be made to
modify it in such a way as to reduce this cost.

Example of the operation of the solution
correction algorithm according to the safety
indicator when limiting the number of commu-
nication channels is reflected in figure 4.

Steps 2.

S | ;|
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Figura 4. Exemplu al functionarii algoritmului 3;
a) topologie cu capacitatea sectiunii minime, egala cu 1;
b) topologie cu capacitatea sectiunii minime, egala cu 2/
Figure 4. Example of operation of algorithm 3;
(a) topology with the capacity of the minimum section, equal to 1;
b) topology with minimum section capacity equal to 2
Sursa: elaborata de autor/ Source: produced by the author

Algoritmul 4. Corectarea solutiilor con-
form indicatorului de cost cu pierderi minime
a indicatorului de fiabilitate

Algoritmul dat este alcatuit din 8 etape
dupa cum urmeaza:

Etapa 1. La aceasta etapa se verifica solutia
conform indicelui de cost. Daca veri-
ficarea a fost realizatd cu succes
(valoarea costului solutiei nu este mai
mare decit cea admisibild), atunci se
va trece la etapa 8, in caz contrar se va
trece la etapa 2;

Etapa 2. La aceastd etapa cu ajutorul metodei
sectiondrii minime a retelei se gasesc
cele mai instabile sectiuni (sectiuni cu
cea mai mare probabilitate de tole-
ranta la esec) a topologiei examinate;

—

Algorithm 4. Correct solutions accor-
ding to the minimum cost indicator with
reliability indicator

The given algorithm consists of 8 steps as
follows:

Steps 1. At this stage, check the solution accor-
ding to the cost index. If the verification
has been carried out successfully (the
value of the cost of the solution is not
greater than that permissible), then it will
proceed to stage 8, otherwise it will
proceed to stage 2;

Steps 2. At this stage, using the minimum
network sectioning method, the most
unstable sections (sections most likely
to tolerance to failure) of the topology
examined will be found;
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Etapa 3. Se formeazi multimea E®, alcituitd
din muchii, unde fiecare muchie se
include in cel putin una din sectiunile
gasite la etapa 2;

Etapa 4. Se formeaza multimea E'= E'\ E™,

Etapa 5. Se cautd in multimea E' cea mai cos-
tisitoare muchie e™™;

Etapa 6. Se exclude ™™ din solutie;

Etapa 7. Trecerea la etapa 1;

Etapa 8. Sfarsit.

Exemplu al functionarii algoritmului de
corectare a solutiilor conform indicatorului de
cost cu pierderi minime a indicatorului de fia-
bilitate, este reflectat in figura 5.

Steps 3. The crowd is forming E®, consisting
of edges where each edge shall be
included in at least one of the sections
found in steps 2;

Steps 4. The crowd is forming E'= E"\ E™",

Steps 5. Searching in the crowd E' the most
expensive edge €™,

Steps 6. Exclude ™™ from the solution.

Steps 7. Return to stage 1;

Steps 8. End.

An example of the operation of the solu-
tion correction algorithm according to the mini-
mum cost indicator of the reliability indicator is
reflected in figure 5.

Figura 5. Exemplu al functionarii algoritmului 4;
a) topologia initiala;
b) topologie cu muchie inldturati a costului maxim si mentinerea valorii
acceptabile de fiabilitate conform criteriului de cost/
Figure 5. Example of operation of algorithm 4;
a) initial topology;
b) topology with edge removed of maximum cost and maintenance
of acceptable value of reliability according to the cost criterion
Sursa: elaborata de autor/ Source: produced by the author
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Totodata este necesar de subliniat ca
topologia prezentatd in figurile 2-5, este una
abstractd si, fiind modelata pentru teritoriul
Republicii Moldova, structura acesteia ar putea
fi explicatd in conformitate cu numarul popu-
latie1 din zonele respective. Deoarece, la sud
avem mai putind populatie, respectiv, si o
infrastructurd mai slaba in comparatie cu cele
din partea de centru si nord a tarii.

Concluzii

In articolul dat au fost analizate conditiile
conceptuale de bazad pentru optimizarea cos-
turilor dezvoltdrii retelelor de comunicatii
electronice, ceea ce ar da posibilitatea crearii
unor modele si algoritmi de evaluare si opti-
mizare a costurilor cu respectarea cerintelor de
baza a calitatii.

Totodatd, trebuie de luat In consideratie
ca, inainte de solutionarea problemei de opti-
mizare a costurilor lucrdrilor de dezvoltare a
retelelor propriu-zise, trebuie de realizat un sir
de probleme de ordin tehnic, social, dar si de
strategie generald de dezvoltare, impuse de
strategiile internationale, printre care pot fi
enumerate: determinarea topologiei retelei de
telecomunicatii, cat si elaborarea metodelor de
corectare a solutiilor in scopul obtinerii unor
topologii accesibile de retea.

Indiferent de capacitatea proiectata a rete-
lei de comunicatii electronice, mai devreme sau
mai tarziu, aceasta va fi inevitabil depasita, iar
la o anumitd etapd de viatd a reteleir va fi
necesara o reorganizare completa a acesteia.

Eficienta rezolvarii sarcinilor, care deter-
mina topologia optimald, poate fi considerata ca
o conditie de baza pentru optimizarea costurilor
dezvoltarii retelei de comunicatii electronice,
conform [11]-[12], iar dupa cum sinteza topo-
logiei retelei este legata de cheltuieli majore, la
trasarea retelelor de rezerva si la deservirea
acestora, la fel ca si plata pentru inchirierea
retelelor sau a spatiilor pentru instalarea
echipamentelor de retea, conchidem ca calitatea
solutiilor obtinute are o importantd majora.

0a—

At the same time, it is necessary to
underline that the topology presented in figures
2 to 5, is an abstract one and being modeled for
the territory of the Republic of Moldova, its
structure could be explained according to the
population number in the respective areas.
Because, in the south, we have less population,
and we also have a weaker infrastructure
compared to those in the central and northern
parts of the country.

Conclusions

The given article analysed the basic
conceptual conditions for optimising the costs
of developing electronic communications
networks, which would enable the creation of
models and algorithms for cost evaluation and
optimisation in compliance with basic quality
requirements.

At the same time, it must be taken into
account that before solving the problem of
optimising the costs of the network develop-
ment works themselves, a number of technical,
social and general development problems must
be carried out, imposed by international strate-
gies, including the determination of the topo-
logy of the telecommunications network, as
well as the development of methods for cor-
recting solutions in order to obtain accessible
network topologies.

Regardless of the projected capacity of
the electronic communications network, sooner
or later it will inevitably be exceeded and a
complete reorganisation of the network may be
required at a certain stage of the network’s life.

The efficiency of task solving that deter-
mines optimal topology can be considered as a
basic condition for optimising the costs of
the development of the electronic communi-
cations network, according to [11]-[12], and
as the synthesis of the network topology is
linked to major expenses in the mapping and
service of backup networks, as well as the
payment for renting networks or premises for
the installation of network equipment, we
conclude that the quality of the solutions obtai-
ned is of major importance.

Revista / Journal ,,ECONOMICA” nr.4 (114) 2020



INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICA | INFORMATICS, STATISTICS AND ECONOMIC CYBERNETICS

10.

1.

12.

Bibliografie/Bibliography:

. ANDRONATIEV, Victor. Elaborarea si cercetarea modelelor si algoritmilor de efi-

cientizare a utilizarii resurselor retelelor informatice locale. Teza de doctor in economie.
Teza sustinuta pe 30 octombrie 2009 in CSS si aprobata de CNAA pe 18 martie 2010.
Academia de Studii Economice din Moldova, Chisinau, 2010. 192 p.

. BOLUN, Ion. Retelele informatice in societatea moderni. In: Tendinte in dezvoltarea

tehnologiilor informationale si comunicationale in domeniul invatamantului §i mana-
gementului: conf. internat., 20-21 martie 2003. Chisindu: Editura ASEM, 2003. p. 31-45,
ISBN 9975-75-179-2

BOLUN, lon. Macrosinteza retelelor de calculatoare. Chisinau: Editura Academia de
Studii Economice din Moldova, 1999. - 265 p.

. BOLUN, Ion; CIUMAC, Anatol. Configuration of local area network set of servers. In:

Computer Science Journal of Moldova, vol. 10, No. 2(29), 2002. Chisinau: IMCS. p. 99-
124, ISSN 1561-4042, (1,6 c.a.).

. HA3BAPOB, U. Pazsumue u onmumuzayus menexommynuxayuonnvix cemeti [online]. 2013

[citat 10.12.2020]. Disponibil: lib.secuteck.ru/articles2
ANDRE]I, Ilie. Retele de telecomunicatii. Partea 1. Bucuresti: Ed. Printech, 2009. 78 p.

. Retele de comunicatii mobile [online]. 2006 [citat 12.12.2020]. Disponibil:

http://www.ms/r.pdf

. ITU-D Study Group 1. 6th Study Period 2014-2017. In: Final report “Broadband access

technologies, including IMT for developing countries” [online]. [citat 12.12.2020].
Disponibil: http://handle.itu.int/11.1002/pub/80ec6eb0-en. ISBN 978-92-61-22601-5.

. MobOuneHBIe cucTeMbl cBsi3u [online]. [citat 17.12.2019]. Disponibil: https://siblec.ru/

telekommunikatsii/mobilnye-sistemy-svyazi#14

AJIAILIOBA, T.M. KomupoBaHue AOMYyCTUMOTO pEIICHUS 3aJa4dl IO CTPOEHUS apXu-
TEKTYPbl BBIYUCIUTENBLHOU ceTH. In: Mamepuanvl medcOynapooHoll HayuHO-mexHu4ecKoll
KoHpepenyuu “Hnpopmayuonnvie cucmemvr u mexuonoeuu (MCT-2012)”. H. Hosropo:
HI'TVY, 2012, 272-273 c.

VARANITA, Grigore; GODONOAGA, Anatol; COSTAS, Ilie. Models of wireline and
wireless telecommunications network costs evaluation/ Modele de evaluare a costurilor
retelelor de telecomunicatii prin fir si fara fir. Economica, An.XXVIII, nr.2 (108), iunie
2019. 10/3, p.103-117, ISSN 1810-9136

VARANITA, Grigore; GODONOAGA, Anatol; COSTAS, Ilie. A model of wireline based
telecommunications network costs evaluation. Model de evaluare a costurilor retelelor de
telecomunicatii prin fir. Conferinta stiintifica internationala Competitivitate si inovare in
economia cunoasterii, 28-29 septembrie 2018, ASEM, Chisindu, p.40-42. E-ISBN 978-
9975-75-934-2., 5/na

Revista / Journal ,,ECONOMICA” nr.4 (114)2020 —— |¥Hd


http://lib.secuteck.ru/articles2/inegr_sistemy/razvitie-i-optimizatsiya-telekommunikatsionnyh-setey
http://www.msqe.ase.ro/Documente/retelemobile(2).pdf
http://handle.itu.int/11.1002/pub/80ec6eb0-en.%20ISBN%20978-92-61-22601-5
https://siblec.ru/%20telekommunikatsii/mobilnye-sistemy-svyazi%2314
https://siblec.ru/%20telekommunikatsii/mobilnye-sistemy-svyazi%2314



