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Rezumat

Cresterea concurentei pe piata transportului
rutier de marfuri impune aplicarea unor metode
de transport. Studiul propune o metodologie inte-
grata care combina analiza componentelor prin-
cipale (Principal Component Analysis — PCA) si
metoda Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS), in vederea reducerii
subiectivismului in stabilirea ponderilor criteriilor i
obtinerea unor rezultate mai fiabile. Cercetarea a
inclus opt companii de transport evaluate pe baza a
trei indicatori: rentabilitatea capitalului propriu, co-
eficientul de utilizare a parcursului si tariful de
transport. PCA a fost utilizatd pentru determinarea
ponderilor criteriilor, iar TOPSIS pentru calcularea
indicatorului integrat de competitivitate si ierarhi-
zarea intreprinderilor. Rezultatele evidentiaza rolul
determinant al rentabilitdtii capitalului propriu si al
Metodologia propusd constituie un instrument efi-
cient §i obiectiv pentru evaluarea performantei com-
petitive a intreprinderilor de transport.

Cuvinte-cheie: competitivitate, transport ru-
tier de marfuri, PCA, TOPSIS, indicator integrat.

Clasificarea JEL: C38, L25, L91, R41.

Introducere

Sectorul transportului rutier de marfuri repre-
zintd un element esential al infrastructurii economice,
contribuind la dezvoltarea comertului, integrarea
pietelor si functionarea eficientd a lanturilor logistice.
In contextul globalizarii si al intensificirii concuren-
tei, care genereaza un mediu concurential tot mai
dinamic, competitivitatea intreprinderilor de transport
a devenit un factor determinant pentru mentinerea si
extinderea pozitiei pe piata [1, 2].

Conceptul de competitivitate a intreprinderii
este abordat in literatura economicd ca exprimand
capacitatea acesteia de a genera avantaje competitive
durabile datorita utilizarii eficiente a resurselor dispo-
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Abstract

Increasing competition in the road freight
transport market requires the application of objective
methods for assessing the competitiveness of trans-
port operators. This study proposes an integrated
methodology combining Principal Component Ana-
lysis (PCA) and the Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS), in order to
reduce subjectivity in determining criterion weights
and obtain more reliable results. The research inclu-
ded eight transport companies evaluated on the basis
of three indicators: return on equity, route utilisation
coefficient and transport tariff. PCA was used to
determine the criterion of weights, while TOPSIS was
used to calculate the integrated competitiveness indi-
cator and rank the enterprises. The results highlight
the determining role of return on equity and transport
tariffs in increasing competitiveness. The proposed
methodology constitutes an efficient and objective
tool for assessing the competitive performance of
road freight transport enterprises.

Keywords: competitiveness, road freight trans-
port, PCA, TOPSIS, integrated indicator.
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Introduction

The road freight transport sector represents an
essential component of the economic infrastructure,
contributing to the development of trade, market
integration and efficient functioning of logistics
chains. In the context of globalisation and intensi-
fying competition, which generates an increasingly
dynamic competitive environment, the competitive-
ness of transport companies has become a deter-
mining factor in maintaining and expanding their
market position [1, 2].

The concept of enterprise competitiveness is
approached in the economic literature as it’s the
capacity of an enterprise to generate sustainable com-
petitive advantages through the efficient use of avai-
lable resources and continuous adaptation to changes
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nibile si adaptérii continue la schimbarile mediului
extern. Pe de altd parte, competitivitatea este definita
ca abilitatea unei economii de a crea si mentine un
mediu favorabil pentru intreprinderi si cetateni [3].

Evaluarea competitivitatii intreprinderilor ne-
cesita utilizarea unor instrumente metodologice ri-
guroase si obiective, capabile si reflecte in mod fidel
pozitia concurentiald a acestora. Literatura de spe-
cialitate ofera o varietate de metode pentru aprecierea
nivelului de competitivitate, iar in cazul intreprin-
derilor de transport sunt utilizate frecvent metode
grafice, matriciale si calcule analitice. Analiza abor-
dérilor existente relevd insa faptul ca majoritatea
metodologiilor se bazeazad pe ponderi stabilite prin
expertiza sau pe modele liniare statice, ceea ce poate
afecta obiectivitatea rezultatelor si stabilitatea clasa-
mentelor obtinute [4]. In aceste conditii, devine nece-
sard dezvoltarea unor metode moderne de evaluare
care sa permitd determinarea automatd a importantei
relative a criteriilor si sd reducd influenta factorului
subiectiv. Astfel de abordari contribuie la cresterea
fiabilitatii procesului de evaluare si la fundamentarea
unor decizii manageriale mai eficiente privind com-
petitivitatea intreprinderilor de transport.

in cazul intreprinderilor de transport, compe-
titivitatea reprezintd un concept multidimensional,
determinat de interactiunea simultana a unor factori
financiari, operationali si comerciali, care influen-
teaza atat eficienta utilizarii resurselor, cat si capa-
citatea de adaptare la cerintele pietei si de satisfacere
a nevoilor clientilor [5, 6]. Complexitatea acestor inter-
prin intermediul unor indicatori individuali, fiind
necesara utilizarea unor instrumente analitice capa-
bile s integreze multiple criterii de performanta intr-
un cadru unitar de analiza.

Metodele de analizd multicriteriald au cunos-
cut o extindere semnificativa 1n ultimele doua de-
cenii, fiind considerate instrumente eficiente pentru
evaluarea performantei si competitivitatii organizatio-
nale. in concordanta cu abordarea lui Triantaphyllou,
competitivitatea reprezinta o problema decizionala
complexd, caracterizatd prin existenta unor criterii
multiple si adesea contradictorii [7]. Aceasta justifica
utilizarea combinatd a metodei Principal Component
Analysis (PCA) si a metodei Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS)
pentru cresterea obiectivitatii procesului de evaluare a
derilor criteriilor si prin raportarea alternativelor la
solutia ideala si anti-ideala

Metoda PCA contribuie la reducerea dimen-
sionalitatii seturilor de date si la identificarea celor
mai relevante componente care explicd variatia
performantei organizationale, oferind, astfel, o baza
obiectiva pentru determinarea ponderilor criteriilor de
evaluare [8]. La randul sdu, metoda TOPSIS permite
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in the external environment. From a broader per-
spective, competitiveness is defined as the ability of
an economy to create and maintain a favourable
environment for enterprises and citizens [3].

Assessing enterprise competitiveness requires
the use of rigorous and objective methodological
tools, capable of accurately reflecting the competitive
position of enterprises. The specialised literature pro-
vided a variety of methods for assessing the level of
competitiveness, while graphical and matrix methods,
as well as analytical calculations, are frequently used
in the case of transport enterprises. However, an
analysis of existing approaches reveals that most
methodologies are based on weights determined
through expert judgement or on static linear models,
which may affect the objectivity of the results and
the stability of the rankings obtained [4]. Under
these conditions, it is necessary to develop modern
assessment methods that enable the relative impor-
tance of the criteria to be determined objectively and
reduce the influence of subjective judgement. Such
approaches contribute to increasing the reliability of
the assessment process and provide a stronger basis
for managerial decisions aimed at enhancing the
competitiveness of transport enterprises.

In the case of transport companies, competiti-
veness is a multidimensional concept, determined by
the simultaneous interaction of financial, operational
and commercial factors, which influence both the
efficiency of resource use and the ability to adapt to
market requirements and meet customer needs [5, 6].
The complexity of these interdependencies makes it
difficult to assess competitiveness using individual
indicators and therefore requiring analytical tools
capable of integrating multiple performance criteria
witin a unified analytical framework.

Multicriteria analysis methods have been
increasingly applied over the past two decades and
are considered effective tools for assessing organi-
sational performance and competitiveness. In line
with Triantaphyllou’s approach, competitiveness re-
presents a complex decision-making problem charac-
terised by the existence of multiple and often con-
tradictory criteria [7]. This justifies the combined use
of the Principal Component Analysis (PCA) and the
Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) to increase the objectivity of the
competitiveness assessment process by statistically
determining criterion weights and comparing the
alternatives with the ideal and anti-ideal solutions.

PCA contributes to reducing the dimensio-
nality of datasets and identifying the most relevant
components that explain the variation in organi-
sational performance, thereby providing an objective
basis for determining the weights of the assessment
criteria [8]. In turn, the TOPSIS enables alternatives
to be ranked by comparing their distances from the
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clasificarea alternativelor prin compararea distantei
acestora fatd de solutia ideald si solutia anti-ideald,
facilitdind identificarea entitatilor cu cel mai inalt
nivel de performanta [9, 10].

Pornind de la aceste considerente si tinand
cont de importanta determinarii obiective a nivelului
de competitivitate al intreprinderilor de transport de
marfuri, scopul prezentului studiu constd in dez-
voltarea si testarea empirica a unei metodologii inte-
grate, bazate pe combinarea metodelor PCA si TOPSIS,
pentru evaluarea competitivitatii intreprinderilor de
transport rutier de marfuri.

Metodologia cercetarii

in cadrul cercetirii, a fost aplicati o metodologie
integratd, bazatd pe combinarea metodei PCA cu
metoda TOPSIS, ce oferda o abordare metodologica
riguroasd pentru evaluarea competitivititii intreprin-
derilor de transport rutier de marfuri. Metoda PCA a fost
utilizata la determinarea obiectiva a ponderilor criteriilor
pe baza informatiei statistice disponibile, iar TOPSIS a
permis clasificarea 1intreprinderilor in functie de
apropierea acestora de profilul competitiv ideal.

Conform lui Jolliffe si Cadima, PCA repre-
zintd una dintre cele mai utilizate tehnici de analiza
multivariata, care permite stabilirea ponderilor crite-
riilor de evaluare [11].

Procedura PCA utilizatd in cercetare a inclus
urmatoarele etape:

1. Construirea matricei initiale de date alcatuita
din m indicatori si n intreprinderi;

2. Standardizarea variabilelor pentru eliminarea
influentei unitatilor diferite de masura;
Determinarea matricei de corelatie;

4. Calcularea valorilor proprii (eigenvalues) si a

vectorilor proprii (eigenvectors);

5. Determinarea ponderilor criteriilor pe baza
incarcaturilor factoriale si a contributiei fieca-
rei componente la varianta totala.

Metoda TOPSIS a fost utilizata pentru deter-
minarea nivelului de competitivitate si realizarea
clasamentului intreprinderilor analizate si s-a bazat pe
urmatoarele etape [7]:

1. Construirea matricei decizionale;
Normalizarea matricei decizionale;
Construirea matricei normalizate ponderate;
Determinarea solutiilor ideale;

Calcularea distantelor fata de solutiile ideale;
Calcularea coeficientului de apropiere de solu-
tia ideala.

De asemenea, pentru identificarea factorilor
fundamentali ai itivi operatorilor de
transport de marfuri s-a utilizat analiza combinata
ABC (clasificarea dupd importantd) — XYZ (clasifi-
carea dupa gradul de variabilitate) pentru prelucrarea
rezultatelor empirice obtinute Tn urma sondajului a
135 intreprinderi de profil.

w

ok wd

ideal solution and the anti-ideal solutions, thus faci-
litating the identification of entities with the highest
levels of performance [9, 10].

Based on these considerations and taking into
account the importance of bjectively determining the
level of competitiveness of freight transport enter-
prises, the purpose of this study is to develop and
empirically test an integrated methodology, based on
the combination of PCA and TOPSIS methods, for
assessing the competitiveness of road freight trans-
port enterprises.

Research Methodology

In the research applied an integrated methodo-
logy based on a combination of PCA and TOPSIS,
providing a rigorous methodological framework for
assessing the competitiveness of road freight trans-
port enterprises. The PCA method was used to deter-
mine the criterion weights objectively on the criteria
basis of the available statistical information, while
TOPSIS was used to rank the enterprises according to
their proximity to the ideal competitive profile.

According to Jolliffe and Cadima, PCA is one
of the most widely used multivariate analysis techni-
ques and can be applied to determine the weights of
evaluation criteria[11].

The PCA procedure used in the research inclu-
ded the following steps:

1. Construction of the initial data matrix consis-

ting of m indicators and n enterprises;

2. Standardisation of the variables to eliminate
the influence of different units of measu-
rement;

Determination of the correlation matrix;
Calculation of eigenvalues and eigenvectors;

5. Determination of criterion weights based on

the factor loadings and the contribution of

each component to the total variance.

The TOPSIS method was used to determine
the level of competitiveness and rank the analysed
enterprises and was based on the following steps [7]:

1. Building the decision matrix;

2. Normalisation of the decision matrix;

3. Construction of the weighted normalised deci-

sion matrix;

4. Determination of the ideal solutions;

5. Calculation of the distances from the ideal

solutions;

6. Calculation of the coefficient of approxima-

tion to the ideal solution.

In addition, to identify the fundamental factors
determining the competitiveness of road freight
transport operators, the combined ABC (classification
by importance) — XYZ (classification by degree of
variability) analysis was applied to process the empi-
rical results obtained from the survey of 135 profile
companies operating in the sector.

hw
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Rezultate obtinute si discutii

Baza de date utilizata

in cadrul prezentei cercetdri, baza informa-
tionald a fost constituitd din datele economico-finan-
ciare si operationale aferente unui esantion format
din opt Intreprinderi de transport rutier de marfuri
care activeazd pe piata serviciilor de transport:
Imperador SRL, Velatrans Export SRL, Langix-Auto
SRL, Ifostrans SRL, Bianconero SRL, VSP Trans
Group SRL, Estcargo Service SRL si Autofraht-Trans
SRL. Datele utilizate provin din rapoartele financiare
si operationale ale companiilor, precum si din infor-
matiile disponibile in platforma de analizd econo-
mica Data2B.

Selectarea intreprinderilor a fost efectuata
aleatoriu si a urmarit includerea operatorilor cu carac-
teristici diferite din punct de vedere al dimensiu-
nii activitatii, structurii operationale si performante-
lor economice, ceea ce permite obtinerea unei ima-
gini relevante asupra nivelului de competitivitate
existent pe piata.

Pentru identificarea indicatorilor ce influen-
teazd competitivitatea a fost efectuat un sondaj in
randul a 135 de intreprinderi din ramuri. In baza
aplicdrii analizei combinata ABC-XYZ au fost se-
lectati trei indicatori care caracterizeaza principalele
de transport:

e rentabilitatea capitalului propriu (ROE), care
reflectd performanta financiara si eficienta
utilizarii capitalului investit, deoarece toate
intreprinderile sunt private;

o coeficientul de utilizare a parcursului, care
caracterizeazd eficienta exploatérii parcului
auto si gradul de utilizare a resurselor tehnice;

o tariful de transport, exprimat in lei/tond -km,
care evidentiaza politica de pret si pozitio-
narea companiei pe piata.

Acesti indicatori reflectd, simultan, trei per-

financiara, eficienta operationald si competitivitatea
comerciala.

Valorile medii ale indicatorilor pentru intre-
prinderile analizate sunt prezentate in Tabelul 1.

Analiza preliminara a datelor evidentiaza exis-
tenta unor diferente semnificative intre Intreprinderi.
De exemplu, rentabilitatea capitalului propriu variaza
de la 8 la 68%, coeficientul de utilizare a parcursului
intre 0,59 si 0,95, iar tariful de transport intre 1,18 si
2,60 lei/tonakm. Aceste variatii confirmd existenta
unui nivel diferit de performanta si justificd necesi-
tatea utilizarii unor metode multicriteriale capabile sa
integreze informatiile provenite din indicatori cu
unitati de masura si semnificatii economice diferite.
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Results and Discussions

Database used

The empirical analysis was based on econo-
mic, financial and operational data for a sample of
eight road freight transport companies operating on
the transport services market: Imperador SRL, Vela-
trans Export SRL, Langix-Auto SRL, Ifostrans SRL,
Bianconero SRL, VSP Trans Group SRL, Estcargo
Service SRL and Autofraht-Trans SRL. The data were
obtained from the companies’ financial and opera-
tional reports, as well as from the information avai-
lable in the Data2B economic analysis platform.

The companies were selected randomly with
the aim of including operators with different charac-
teristics in terms of business size, operational struc-
ture and economic performance, thereby providing a
relevant picture of the levels of competitiveness
existing on the market.

To identify the indicators influencing compe-
titiveness, a survey was conducted among 135 com-
panies operating in the industry. Based on the appli-
cation of the combined ABC-XYZ analysis, three
indicators were selected to reflect the main dimen-
sions of a transport company’s competitiveness:

e return on equity (ROE), which reflects finan-
cial performance and the efficiency with
which invested capital is used, given that all
enterprises are privately owned,;

o the route utilisation coefficient, which reflects
the operational efficiency of the vehicle fleet
and the degree of utilisation of technical
resources;

o the transport tariff, expressed in MDL/tonkm,
which reflects the company’s pricing policy
and market positioning.

These indicators reflect three essential dimen-
sions of competitiveness: financial performance, ope-
rational efficiency and commercial competitiveness.

The average values of the indicators for the
analysed enterprises are presented in Table 1.

A preliminary data analysis highlights the
existence of significant differences between enter-
prises. For example, the return on equity varies from
8% to 68%, the route utilisation coefficient between
0.59 and 0.95, and the transport tariff between 1.18
and 2.60 MDL/tonne km. These variations confirm
the existence of a different level of performance and
justify the use of multi-criteria methods capable of
integrating information from indicators with different
units of measurement and economic significance.
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Tabelul 1/Table 1

Indicatorii de performanta ai operatorilor de transport rutier de marfuri
(valori medii pentru perioada 2022-2024)/ Performance indicators of road freight
transport operators (average values for the period 2022-2024)

Rentabilitatea Coeficientul de Tariful de transport
intreprinderea/ capitalului propriu/ | utilizare a parcursului/ (lei/tona-km)/

Company Return on Equity, Route Utilisation Transport Tariff

% Coefficient (MDL/tonne km)
Imperador SRL 68 0,71 2,03
Velatrans Export SRL 20 0,87 1,50
Langix -Auto SRL 8 0,59 2,60
Ifostrans SRL 41 0,64 1,18
Bianconero SRL 54 0,95 1,52
VSP Trans Group SRL 26 0,92 1,77
Estcargo Service SRL 24 0,91 2,53
Autofraht -Trans SRL 26 0,92 2,27

Sursa: elaborat de autor pe baza datelor de la serviciul online https://data2b.md/ si a rapoartelor
1 TR-AUTO, 65-AUTO din cadrul operatorilor de transport indicati n tabel./ Source: prepared by the author
based on data from the online service https://data2b.md/ and reports 1 TR-AUTO, 65-AUTO from the

transport operators indicated in the table.

Determinarea ponderilor prin metoda PCA

Matricea initiala de date este formata din:

n = 8 observatii si

m = 3 variabile, reprezentand baza informa-

tionala pentru aplicarea PCA.

Intrucét indicatorii analizati sunt exprimati in
unitati de masura diferite, datele au fost standardizate
inainte de aplicarea metodei PCA. Pentru asigurarea
comparabilitatii, fiecare variabild a fost transformata
utilizand procedura de standardizare z-score, conform
relatiei:

Zij =

Unde: x;; — valoarea indicatorului j pentru
intreprinderea i;
x; — valoarea medie a indicatorului;
oj — deviatia standard.

in urma transformarii, s-a obtinut o matrice
standardizatd cu medie egald cu zero si deviatie stan-
dard egala cu unu pentru fiecare indicator.

Standardizarea este indispensabila deoarece
impiedicd dominarea analizei de catre indicatorii cu
valori numerice mai mari si asigurd contributia pro-
portionala a tuturor variabilelor la constructia com-
ponentelor principale.

Datele standardizate au fost utilizate pentru
construirea matricei de corelatie, care evidentiaza
relatiile dintre indicatorii analizati si constituie baza
calculului componentelor principale.

Aceastd etapa a permis identificarea gradului
de relatie liniard dintre variabile si determinarea ma-
surii 1n care acestea se completeaza reciproc in mod
semnificativ. Matricea de corelatie a servit drept baza
pentru calculul ulterior al componentelor principale.

Determining weights using the PCA method

The initial data matrix consists of:

n = 8 observations and

m = 3 variables, representing the information

base for applying PCA.

Since the analysed indicators are expressed in
different units of measurement, the data were stan-
dardised before applying the PCA method. To ensure
comparability, each variable was transformed using
the z- score standardisation procedure, according to
the relationship:
i
247 (1)
Where: x;;— the value of indicator j for enter-

prise i;

x;— the average value of the indicator;

o j— standard deviation.

Following the transformation, a standardised
matrix was obtained with each indicator a having a
mean of zero and a standard deviation equal to one.

Standardisation is indispensable, because it
prevents the analysis from being dominated by indi-
cators with higher numerical values and ensures that
all variables contribute proportionally to the con-
struction of the principal components.

The standardised data were used to construct the
correlation matrix, which highlights the relationships
between the analysed indicators and constitutes the
basis for the calculation of the principal components.

This step made it possible to identify the
degree of linear relationship between the variables
and the determination of the extent to which they
complement each other significantly. The correlation
matrix served as the basis for the subsequent calcula-
tion of the principal components.

9j
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La etapa urmatoare au fost determinate valo-
rile proprii ale matricei, acestea indicand contributia
fiecarei componente la variatia totald a datelor. Pe
baza acestora s-a calculat proportia variatiei expli-
cate, criteriu utilizat pentru identificarea componen-
telor cu cea mai mare capacitate informativa. A fost
analizat vectorul propriu asociat componentei prin-
cipale dominante, calculat conform relatiei:

(Z-A1)-a;=0

Unde: X'si | — matricea de corelatie si matricea
identitate;
Ay — valoarea proprie aferentd compo-
nentei 1;
a; — vectorul propriu cautat (vector
coloana).

Cocficientii sai (incarcaturile factoriale) ref-
lectd contributia relativd a fiecarui indicator la for-
marea componentei si au fost utilizati pentru determi-
narea ponderilor aplicate in calculul indicatorului
integrat de competitivitate.

Pentru aceasta, elementele vectorului propriu
au fost normate utilizdnd formula:

Unde: w; — ponderea finald (greutatea) a
indicatorului j, gata de a fi utilizatd

|a’j| — valoarea absoluta (modulul) a
coordonatei aferente indicatorului j;
Y71 |a;| — suma valorilor absolute
ale tuturor elementelor din vector
propriu;
m — numdrul total de variabile
(indicatori) incluse in model.
In urma aplicarii metodei PCA, a fost deter-
minat vectorul propriu asociat componentei prin-
cipale dominante:

;‘n=1|a]'|

In the next step, the eigenvalues of the matrix
were determined, indicating the contribution of each
principal component to the total variation of the data.
Based on these, the proportion of the explained
variation was calculated, providing a criterion for
identify the components with the highest informative
capacity. The eigenvector associated with the domi-
nant principal component was analysed, calculated
according to the relationship:

@)
Where: X and | — the correlation matrix and
the identity matrix;
A 1— eigenvalue related to component 1;
a 1 — the sought eigenvector (column
vector).
Its coefficients (factor loadings) reflect the
relative contribution of each indicator to the forma-
tion of the component and were used to determine the
weights applied in the calculation of the integrated
competitiveness indicator.
For this purpose the elements of the eigen-
vector were normalised using the following formula:

a
laj] 3)
Where: w;— the final weight of indicator j,
ready to be used in the competiti-
veness formula;
|;| - the absolute value (modulus) of
the coordinate related to indicator j;
™, |a;|- the sum of the absolute
values of all elements in the eigen-
vector;
m — the total number of variables
(indicators) included in the model.
Following the application of the PCA method,
the eigenvector associated with the dominant prin-
cipal component was determined:

a,= (0.62; 0.48; 0.61)

Rezultatele obtinute indica faptul ca rentabi-
litatea capitalului propriu (X;) si tariful de transport
(X3) au contributii aproape similare si cele mai
ridicate la formarea componentei principale, in timp
ce coeficientul de utilizare a parcursului (X;) prezinta
o contributie relativ mai redusa.

Pe baza coeficientilor obtinuti au fost calculate
ponderile criteriilor, ce evidentiaza rolul dominant al
rentabilitatii capitalului propriu si al tarifului de

.......

de transport:

The results obtained indicate that the return on
equity (X 1) and the transport tariff (X 3) have almost
similar and highest contributions to the formation of
the main component, while the route utilisation
coefficient (X ;) has a relatively lower contribution.

Based on the obtained coefficients, the weights
of the criteria were calculated, which highlight the
dominant role of return on equity and transport tariff
in assessing the competitiveness of transport enter-
prises:

w; = 0,36, w, = 0,28, w; = 0,36.

Rezultatele confirma utilitatea metodei PCA
pentru determinarea obiectiva a importantei relative a
criteriilor i fundamentarea statisticd a indicatorului
integrat de competitivitate.
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The results confirm the usefulness of the PCA
method for objectively determining the relative im-
portance of the criteria and the statistical substantia-
tion of the integrated competitiveness indicator.
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Evaluarea pozitiei concurentiale a intre-
prinderilor de transport prin metoda TOPSIS

Pasii principali ai metodei TOPSIS includ
construirea matricei decizionale pe baza alternati-
velor si criteriilor analizate, urmatd de normalizarea
datelor si aplicarea ponderilor criteriilor. Ulterior, se
determina solutia ideala (valorile cele mai favorabile
ale criteriilor) si solutia anti-ideala (valorile cele mai
putin favorabile). In etapa urmitoare se calculeazi
distantele fiecarei alternative fata de solutia ideala si
anti-ideald, iar pe baza acestora se determina coefi-
cientul de apropiere relativa.

in cadrul metodei TOPSIS, pentru criteriile
stimulatoare sunt considerate ideale valorile maxime,
deoarece cresterea acestora contribuie la Tmbunata-
tirea performantei si a competitivitatii. in schimb,
pentru criteriile destimulatoare sunt preferate valorile
minime, deoarece reducerea acestora conduce la o
pozitie concurentiald mai favorabila.

o Solutia ideala se determina dupa relatia:

At = {maxv;;; maxv,; minv;s}

Unde: A* — vectorul solutiei ideale pozitive
(reprezintd ~ performanta ~ maxima
posibild);
maxv;;, maxv;, — valorile maxime
(cele mai bune) pentru indicatorii de tip
,maxim” (rentabilitatea, coeficientul de
utilizare a parcursului);
minv;; — valoarea minima (cea mai
bund) pentru indicatorul de tip ,,minim”
(tariful).

Pe baza matricei normalizate ponderate se

obtine:

Evaluation of the competitive position of
transport companies using the TOPSIS method

The main steps of the TOPSIS method include
building the decision matrix based on the analysed
alternatives and criteria, followed by data normalisa-
tion and application of criteria weights. Subsequently,
the ideal solution (the most favourable values of the
criteria) and the anti-ideal solution (the least favou-
rable values) are determined. In the next step, the
distances of each alternative from the ideal and anti-
ideal solutions are calculated, and based on these, the
relative proximity coefficient is determined.

Within the TOPSIS method, maximum values
are considered ideal for stimulating criteria, since their
increase contributes to improved performance and
competitiveness. Conversely, minimum values are
preferred for discouraging criteria, since their reduc-
tion leads to a more favourable competitive position.

e The ideal solution is determined by the
relationship:
4)

Where: AT — the vector of the positive ideal
solution (represents the maximum
possible performance);
maxv;;, maxv;, —maximum (best)
values for "maximum" type indica-
tors (profitability, route utilisation
coefficient);
minv;; — the minimum (best) value
for the “minimum” type indicator
(the tariff).

Based on the weighted normalised matrix, we

obtain:

A*= {0,2444; 0,1184; 0,0799}

Aceasta solutie descrie o intreprindere ipote-
ticd ce dispune simultan de cea mai ridicatd ren-
tabilitate a capitalului propriu, cel mai inalt grad de
utilizare a parcului auto si cel mai redus tarif de
transport dintre toate intreprinderile analizate. Prin
urmare, solutia ideald pozitiva constituie reperul de
performantd la care sunt raportate toate alternativele
evaluate in cadrul metodei TOPSIS.

Solutia anti-ideala se determina dupa relatia:

A~ = {minv;;; minv,,; maxv}

Unde: A~ — vectorul solutiei ideale negative
(reprezintd cea mai slaba performanta);
minv;,; minv;, — valorile minime (cele
mai slabe) pentru indicatorii de tip
,,maxim”;
maxv;; — valoarea maxima (cea mai sla-
ba) pentru indicatorul de tip ,,minim”.

Solutia anti-ideala reprezintd combinatia celor

mai nefavorabile valori ale criteriilor analizate si
descrie profilul teoretic al unei intreprinderi cu cel
mai redus nivel de performanti. In cadrul metodei
TOPSIS, pentru criteriile stimulatoare sunt selectate

This solution describes a hypothetical enter-
prise that simultaneously has the highest return on
equity, the highest fleet utilisation, and the lowest
transportation tariff among all the enterprises analy-
sed. Therefore, the positive ideal solution constitutes
the performance benchmark to which all alternatives
evaluated within the TOPSIS method are reported.

The anti-ideal solution is determined by the
relationship:

(®)

Where: A™— the negative ideal solution vector
(represents the worst performance);
minv;;; minv;, — minimum
(weakest) values for “maximum” type
indicators;
maxv;; — the maximum (weakest) va-
lue for the “minimum” type indicator.

The anti-ideal solution represents the com-
bination of the most unfavourable values of the
analysed criteria and describes the theoretical profile
of an enterprise with the lowest level of performance.
Within the TOPSIS method, minimum values are
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valorile minime, iar pentru criteriile destimulatoare
sunt selectate valorile maxime.

Solutia anti-ideald caracterizeaza intreprinde-
rea care inregistreaza simultan cea mai redusa ren-
tabilitate a capitalului propriu, cel mai scazut grad de
utilizare a parcului auto si cel mai ridicat tarif de
transport dintre toate intreprinderile analizate. Din
perspectiva competitivitatii, aceasta reprezintad situa-
tia cea mai putin favorabild si constituie reperul
inferior utilizat in procesul de evaluare.

Determinarea solutiei ideale si a solutiei anti-
ideale face posibild calcularea distantelor fiecarei
intreprinderi fata de aceste doud puncte de referinta.

Distanta fata de solutia ideald se determina
dupa relatia:

St

Unde: S;* — distanta euclidiana de la alter-
nativa (intreprinderea) i la solutia
ideald pozitiva A™;

v;j— valoarea normalizata ponderatd a
indicatorului j pentru intreprinderea i;
17]-+ — valoarea ideald pozitivd pentru
indicatorul j (element al vectorului A™);
Y3 1(vij— v)*~ suma patratelor
diferentelor pentru toti cei 3 indicatori
analizati.
lar distanta fata de solutia anti-ideala se
determina dupa relatia:

Se= |23 (vy -
Unde: S; — distanta euclidiand de la alternativa
(intreprinderea) i la solutia idealad
negativa A~;
v;j — valoarea normalizatd ponderati a
indicatorului j pentru intreprinderea i;
v; — valoarea ideald negativd pentru
indicatorul j (element al vectorului
A7).
in studiul dat, indicatorii pentru distanta fata
de solutia ideald si solutia anti-ideala pentru cele opt
intreprinderi examinate sunt prezentati in Tabelul 2.

Yj

j=a(viy —

selected for the stimulating criteria, and maximum
values are selected for the discouraging criteria.

The anti-ideal solution characterises the enter-
prise that simultaneously records the lowest return on
equity, the lowest fleet utilisation and the highest
transport tariff among all the enterprises analysed.
From a competitiveness perspective, this represents
the least favourable situation and constitutes the
lower benchmark used in the evaluation process.

Determining the ideal solution and the anti-
ideal solution makes it possible to calculate the
distances of each enterprise from these two reference
points.

The distance from the ideal solution is deter-
mined by the relationship:

)? (6)

Where: S;'— the Euclidean distance from the
alternative (enterprise) i to the
positive ideal solution A *;

v;j— Weighted normalised value of
indicator j for enterprise i;

v;" — the positive ideal value for indi-
cator j (element of vector A *);

Y3 1(vij — v)?— the sum of the
squares of the differences for all 3
analysed indicators.

And the distance from the anti-ideal solution

is determined by the relationship:

)2

+
Y

(7

Where: S7— the Euclidean distance from
alternative (enterprise) i to the nega-
tive ideal solution A~;

v;;— weighted normalized value of
indicator j for enterprise i ;

v; — the negative ideal value for indi-
cator j (element of vector A7).

In the given study, the indicators for the
distance from the ideal solution and the anti-ideal so-
lution for the eight examined enterprises are pre-
sented in Table 2.

Tabelul 2/ Table 2

Indicatorii pentru distanta fata de solutia ideala si solutia anti-ideala/
Indicators for the distance from the ideal solution and the anti-ideal solution

Intreprinderea/ Solutia ideala/ Solutia anti-ideald/

Company Ideal solution Anti-ideal solution
Imperador SRL 0,0573 0,2333
Velatrans Export SRL 0,1718 0,1406
Langix-Auto SRL 0,2455 0,1137
Ifostrans SRL 0,1345 0,1339
Bianconero SRL 0,0913 0,1884
V'SP Trans Group SRL 0,1088 0,1541
Estcargo Service SRL 0,1763 0,1613
Autofraht-Trans SRL 0,1391 0,1535

Sursa: elaborat de autor/ Source: prepared by the author
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Conform principiului metodei TOPSIS, intre-
prinderea considerata cea mai competitivd va fi cea
care se afld la cea mai mica distantd de solutia ideala
si, simultan, la cea mai mare distantd de solutia anti-
ideald. Acest principiu permite realizarea unei
evaludri multicriteriale obiective si fundamentate a
pozitiei concurentiale a intreprinderilor de transport.

La etapa finald a metodei TOPSIS, pe baza
distantelor calculate fatd de solutia ideald pozitiva
(Si") si solutia ideald negativa (S;), s-a determinat
coeficientul de apropiere relativa pentru fiecare intre-
prindere analizatd. Coeficientul dat reprezinta indica-
torul sintetic de competitivitate si exprima masura in
care o Intreprindere se apropie de solutia ideald si se
indeparteaza de solutia anti-ideald. Cu cét valoarea
coeficientului este mai mare, cu atit pozitia concu-
rentiald a intreprinderii este mai favorabila.

Cocficientul de apropiere relativa se calcu-
leaza cu ajutorul relatiei:

Ci = Si_

+ —_
SF+s;

Unde: C; — coeficientul de apropiere relativa
pentru intreprinderea i;
St — distanta fati de solutia ideald
pozitiva;
S; — distanta fata
negativa.
Coeficientul de apropiere relativa C; ia valori
in intervalul [0; 1], unde valorile mai mari indica un

de solutia ideald

curentiald mai favorabila.

In urma aplicarii metodei TOPSIS, au fost cal-
culate valorile finale ale indicatorului pentru fiecare
intreprindere analizata, pe baza cédrora s-a realizat
relativa a fiecarei intreprinderi in cadrul esantionului
studiat prezentate in Tabelul 3.

According to the principle of the TOPSIS
method, the enterprise considered the most compe-
titive is the one located at the shortest distance from
the positive ideal solution and, simultaneously, at the
greatest distance from the anti-ideal solution. This
principle allows for an objective and substantiated
multi-criteria assessment of the competitive position
of transport enterprises.

At the final stage of the TOPSIS method, ba-
sed on the calculated distances from the ideal positive
solution ( S;*) and the ideal negative solution ( S;),
the relative proximity coefficient was determined for
each analysed enterprise. The given coefficient re-
presents the synthetic indicator of competitiveness
and expresses the extent to which an enterprise
approaches the ideal solution and moves away from
the anti-ideal solution. The higher the value of the
coefficient, the more favorable the competitive posi-
tion of the enterprise.

The relative proximity coefficient is calculated
using the relationship:

(®)

Where: C; — the relative proximity coefficient
for enterprise i ;
St— the distance from the positive
ideal solution;
S;— the distance from the negative
ideal solution.

The relative proximity coefficient C;takes va-
lues in the range [0; 1], where higher values indicate
a higher level of competitiveness and a more fa-
vourable competitive position.

Following the application of the TOPSIS me-
thod, the final values of the indicator were calculated
for each analysed enterprise, based on which the
competitiveness ranking was achieved and the
relative position of each enterprise within the studied
sample was determined, presented in Table 3.

Tabelul 3/ Table 3

Clasificarea intreprinderilor dupa nivelul de competitivitate/
Classification of enterprises by level of competitiveness

Pozitia concurentiali in cadrul
intreprinderea/ Coeficientul TOPSIS (C;)/ esantionului analizat/
Company TOPSIS coefficient (C;) Competitive position within
the sample analyzed
Imperador SRL 0,803 [
Bianconero SRL 0,674 1
V'SP Trans Group SRL 0,586 11
Autofraht-Trans SRL 0,525 v
Ifostrans SRL 0,499 \Y
Estcargo Service SRL 0,478 VI
Velatrans Export SRL 0,450 VIl
Langix-Auto SRL 0,317 VIl

Sursa: elaborat de autor/ Source: prepared by the author
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Rezultatele prezentate in Tabelul 3 eviden-
tiazd diferente semnificative intre nivelurile de com-
petitivitate ale intreprinderilor analizate. Cea mai
buna pozitie concurentiald este detinutd de intreprin-
derea Imperador SRL, care a obtinut un coeficient
TOPSIS de 0,803, ceea ce indica cea mai mare apro-
piere de profilul ideal de competitivitate. Pe pozitiile
urmatoare se situeaza intreprinderea Bianconero SRL
si intreprinderea VSP Trans Group SRL, cu valori ale
coeficientului de 0,674 si, respectiv, 0,586.

La polul opus se afld intreprinderea Langix-
Auto SRL, care a inregistrat cea mai redusa valoare a
indicatorului integrat (€;=0,317), ocupand ultimul loc
o distanta relativ mare fata de solutia ideala si o apro-
piere mai accentuata de solutia anti-ideala.

Clasificarea realizatd prin metoda TOPSIS
a permis identificarea diferentelor existente Intre
intreprinderile analizate si evidentierea avantajelor
competitive specifice fiecareia. Rezultatele demon-
depinde exclusiv de performantele financiare sau de
politica tarifard, ci de combinatia optima a mai mul-
tor factori economici si operationali. Astfel, intre-
prinderile care reusesc sd mentind simultan o ren-
tabilitate ridicata, o utilizare eficientd a parcului auto
si tarife competitive ocupd pozitii superioare in

Un aspect important evidentiat de cercetare
este caracterul dinamic al metodologiei propuse.
Deoarece ponderile criteriilor sunt calculate pe baza
valorilor reale ale indicatorilor si nu sunt prestabilite,
modelul poate reflecta modificarile intervenite in
mediul concurential si in performantele intreprin-
derilor. Aceasta caracteristica oferd un avantaj semni-
ficativ in raport cu modelele statice de evaluare si
permite monitorizarea evolutiei pozitiei concurentiale
in diferite perioade de timp.

Concluzii

Prezenta cercetare a avut drept scop dez-
voltarea unui cadru metodologic pentru evaluarea
marfuri prin utilizarea combinatd a metodelor PCA
si TOPSIS. Necesitatea dezvoltdrii unei astfel de
abordari a fost determinatd de limitarile metodolo-
giilor traditionale, care utilizeaza frecvent ponderi
stabilite prin evaludri efectuate de experti si modele
liniare sensibile la modificarea parametrilor de cal-
cul. Modelul elaborat asigura integrarea unor indica-
tori reprezentativi ai performantei financiare, ope-
rationale si comerciale intr-un indicator sintetic ca-
pabil s reflecte pozitia concurentiald a intreprin-
derilor analizate.

Rezultatele obtinute demonstreaza ca aplicarea
metodei PCA permite determinarea obiectivd a
ponderilor criteriilor analizate pe baza structurii
statistice a datelor, elimindnd influenta factorului
subiectiv asupra procesului de evaluare. Analiza a
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The results presented in Table 3 highlight
significant differences between the competitiveness
levels of the analysed enterprises. The best compe-
titive position is held by the enterprise Imperador
SRL, which obtained a TOPSIS coefficient of 0.803,
which indicates the greatest proximity to the ideal
competitiveness profile. The following positions are
occupied by the enterprise Bianconero SRL and the
enterprise VSP Trans Group SRL, with coefficient
values of 0.674 and 0.586, respectively.

At the opposite pole is the enterprise Langix-
Auto SRL, which recorded the lowest value of the
integrated indicator (C;=0.317), occupying the last
place in the competitiveness ranking. This position
indicates a relatively large distance from the ideal
solution and a closer approach to the anti-ideal solution.

The TOPSIS classification method allowed
identifying the differences between the analysed
companies and highlighting the competitive advan-
tages specific to each one. The results demonstrate
that a high level of competitiveness does not depend
exclusively on financial performance or tariff policy,
but on the optimal combination of several economic
and operational factors. Thus, companies that manage
to simultaneously maintain high profitability, effi-
cient use of the fleet and competitive tariffs occupy
higher positions in the competitiveness ranking.

An important aspect highlighted by the re-
search is the dynamic nature of the proposed metho-
dology. Since the criterion weights are calculated
based on the real values of the indicators and are not
predetermined, the model can reflect the changes in
the competitive environment and in the performance
of enterprises. This feature provides a significant
advantage over static evaluation models and allows
monitoring the evolution of the competitive position
over different periods of time.

Conclusions

The present research aimed to develop a
methodological framework for assessing the com-
petitiveness of road freight transport enterprises by
using the combined use of PCA and TOPSIS me-
thods. The need to develop such an approach was
determined by the limitations of traditional metho-
dologies, which frequently use weights established
by expert assessments and linear models sensitive
to changes in calculation parameters. The develo-
ped model ensures the integration of representa-
tive indicators of financial, operational and com-
mercial performance into a synthetic indicator ca-
pable of reflecting the competitive position of the
analysed enterprises.

The results obtained demonstrate that the
application of the PCA method allows for the objec-
tive determination of the weights of the analysed
criteria based on the statistical structure of the data,
eliminating the influence of the subjective factor on
the evaluation process. The analysis highlighted the
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evidentiat faptul ca rentabilitatea capitalului propriu
si tariful de transport constituie factorii cu cea mai
timp ce coeficientul de utilizare a parcursului are o
contributie mai redusd la formarea indicatorului
integrat de competitivitate.

Utilizarea metodei TOPSIS a permis integra-
rea simultand a criteriilor stimulatoare si destimu-
latoare si realizarea unui clasament al intreprinderilor
pe baza gradului de apropiere fata de solutia ideala.
Indicatorul sintetic obtinut reflectd pozitia concuren-
tiala relativa a fiecarei intreprinderi in cadrul esantio-
nului analizat si oferd o imagine clara asupra nivelu-
lui de competitivitate al operatorilor de transport.

Rezultatele cercetarii confirma ca abordarea
combinatd PCA-TOPSIS reprezintd un instrument
eficient pentru evaluarea multicriteriald a perfor-
mantei si competitivitatii intreprinderilor de transport.
Principalele avantaje ale metodologiei propuse con-
stau in obiectivitatea stabilirii ponderilor, posibili-
tatea compararii simultane a mai multor alternative,
flexibilitatea adaptarii la modificarile mediului con-
curential si consistenta rezultatelor obtinute.

Din punct de vedere practic, metodologia
poate fi utilizata de managerii companiilor de trans-
port pentru monitorizarea pozitiei concurentiale,
identificarea factorilor care influenteazd performanta
si fundamentarea deciziilor strategice privind cres-
reprezenta un instrument util pentru investitori,
institutii financiare si autoritati publice interesate de
evaluarea performantei operatorilor din sectorul
transporturilor.

In perspectivd, dezvoltarea unei aplicatii
informatice bazate pe algoritmul PCA-TOPSIS ar
putea automatiza procesul de calcul si ar facilita
utilizarea practicd a modelului in cadrul sistemelor
moderne de management al performantei si compe-
titivitatii intreprinderilor de transport.

fact that the return on equity and the transport tariff
are the factors with the greatest influence on the level
of competitiveness, while the route utilization
coefficient has a smaller contribution to the formation
of the integrated competitiveness indicator.

The application of TOPSIS method allowed
the simultaneous integration of stimulating and
disincentive criteria and the achievement of a ranking
of enterprises based on the degree of proximity to the
ideal solution. The synthetic indicator obtained ref-
lects the relative competitive position of each enter-
prise within the analysed sample and provides a clear
picture of the level of competitiveness of trans-
port operators.

The research findings confirm that the com-
bined PCA-TOPSIS approach provides an effective
tool for the multi-criteria evaluation of the per-
formance and competitiveness of transport enter-
prises. The main advantages of the proposed
methodology are the objectivity of the weighting, the
possibility of simultaneous comparison of several
alternatives, the flexibility of adaptation to changes in
the competitive environment and the consistency of
the results obtained.

From a practical point of view, the metho-
dology can be used by transport company managers
to monitor the competitive position, identify factors
influencing performance and substantiate strategic
decisions regarding increasing competitiveness. The
model can also be a useful tool for investors, finan-
cial institutions and public authorities interested in
assessing the performance of operators in the
transport sector.

Future research could focus on developing a
software application based on the PCA-TOPSIS
algorithm to automate the calculation process and
facilitate the practical implementation of the model
within  modern performance and competitiveness
management systems of transport enterprises.

Bibliografie/ Biblography:

1. GHEORGHITA, M. and N. SESTENCO-DIACEK. Development trends in road freight transport in
the Republic of Moldova. Journal of Social Sciences. Online. 2025, vol. 8, no. 2, pp. 46-56. ISSN
2587-3490. Disponibil: https://press.utm.md/index.php/jss/article/view/2025-8-2-04/04-pdf [accesat

2026-10-16].

2. RODRIGUE, Jean-Paul; Claude COMTOIS and Brian SLACK. The Geography of Transport

Systems. PDF, online. Routledge,

2006.

432 p. ISBN 978-0-415-82253-4. Disponibil:

https://transportgeography.org/wp-content/uploads/GTS_Third_Edition.pdf [accesat 2026-10-16].
3. IMD World Competitiveness Booklet 2024. IMD World Competitiveness Center, June 2024. ISBN-13

978-2-940485-64-2. Disponibil:

https://www.investchile.gob.cl/wp-content/uploads/2024/08/
Booklet WCY _2024.pdf [accesat 2026-10-16].

servicii de transport de marfuri in Republica Moldova. Economia Contemporand. Online. 2026,
vol.11, nr.1, pp. 25-34. ISSN-L 2537-4222. Disponibil: http://www.revec.ro/article-2026-id-117-
vol..11.nr..1-1199-evaluarea.comprehensiva.a.competitivita&.538;ii.companiilor.care.presteaza.
servicii.de.transport.de.marfuri.in.republica.moldova.html [accesat 2026-10-16].

Revista / Journal ,, ECONOMICA” nr.3(137) 2026


https://press.utm.md/index.php/jss/article/view/2025-8-2-04/04-pdf
https://transportgeography.org/wp-content/uploads/GTS_Third_Edition.pdf
https://www.investchile.gob.cl/wp-content/uploads/2024/08/Booklet_WCY_2024.pdf
https://www.investchile.gob.cl/wp-content/uploads/2024/08/Booklet_WCY_2024.pdf
http://www.revec.ro/article-2026-id-117-vol..11.nr..1-1199-evaluarea.comprehensiva.a.competitivita&.538;ii.companiilor.care.presteaza.servicii.de.transport.de.marfuri.in.republica.moldova.html
http://www.revec.ro/article-2026-id-117-vol..11.nr..1-1199-evaluarea.comprehensiva.a.competitivita&.538;ii.companiilor.care.presteaza.servicii.de.transport.de.marfuri.in.republica.moldova.html
http://www.revec.ro/article-2026-id-117-vol..11.nr..1-1199-evaluarea.comprehensiva.a.competitivita&.538;ii.companiilor.care.presteaza.servicii.de.transport.de.marfuri.in.republica.moldova.html

10.

11.

ECONOMIE, BUSINESS S| ADMINISTRARE / ECONOMICS, BUSINESS AND ADMINISTRATION

BUTTON, K. Transportation Economics: Some Developments Over the Past 30 Years. Journal of the
Transportation Research Forum. Online. 2026, vol. 45, no. 2. Disponibil: https://doi.org/10.5399/osu/
jtrf.45.2.906 [accesat 2026-10-16].

RUSHTON, A.; P. CROUCHER and P. BAKER (eds.) The Handbook of Logistics and Distribution
Management. PDF, online. London: Kogan Page, 2019. 608 p. ISBN 978 0 7494 5714 3. Disponibil:
https://ftp.idu.ac.id/wp-content/uploads/ebook/ip/DISTRIBUSI%20LOGISTIK/epdf.pub_the-
handbook-of-logistics-and-distribution-managem.pdf [accesat 2026-10-16].

TRIANTAPHYLLOU, E. Multi-Criteria Decision Making Methods: A Comparative Study. Online.
Springer US, 2000. Disponibil: https://www.scribd.com/document/542591911/Applied-Optimization-
44-Evangelos-Triantaphyllou-Auth-Multi-criteria-Decision-Making-Methods-a-Comparative-Study-
Springer-US-2000 [accesat 2026-10-16].

JOLLIFFE, I. T. Principal Component Analysis. PDF, online. Second edition. Springer, 2002. ISBN 0-
387-965532-2. Disponibil: http://cda.psych.uiuc.edu/statistical_learning_course/Jolliffe%201.%
20Principal%20Component%20Analysis%20(2ed.,%20Springer,%202002)(518s) MVsa_.pdf
[accesat 2026-10-16].

HWANG, Ching-Lai and Kwangsun YOON. Multiple Attribute Decision Making: Methods and
Applications. Online. Springer, 1981. Disponibil: https://link.springer.com/book/10.1007/978-3-642-
48318-9 [accesat 2026-10-16].

BEHZADIAN, M.; S. K., OTAGHSARA; M. YAZDANI and J. IGNATIUS. A state-of-the-art survey
of TOPSIS applications. Expert Systems with Applications. Online. 2012, vol. 39, issue 17, pp. 13051-
13069. Disponibil: https://www.sciencedirect.com/science/article/abs/pii/S0957417412007725
[accesat 2026-10-16].

JOLLIFFE, lan T and Jorge CADIMA. Principal component analysis: a review and recent
developments. Philosophical Transactions of the Royal Society. Online. 2016, vol. 374, issue 2065.
Disponibil: https://royalsocietypublishing.org/rsta/article/374/2065/20150202/115142/Principal-
component-analysis-a-review-and-recent [accesat 2026-10-16].

Revista / Journal ,, ECONOMICA” nr.3(137) 2026 ——


https://doi.org/
https://doi.org/
https://doi.org/10.5399/osu/jtrf.45.2.906
https://ftp.idu.ac.id/wp-content/uploads/ebook/ip/DISTRIBUSI%20LOGISTIK/epdf.pub_the-handbook-of-logistics-and-distribution-managem.pdf
https://ftp.idu.ac.id/wp-content/uploads/ebook/ip/DISTRIBUSI%20LOGISTIK/epdf.pub_the-handbook-of-logistics-and-distribution-managem.pdf
https://www.scribd.com/document/542591911/Applied-Optimization-44-Evangelos-Triantaphyllou-Auth-Multi-criteria-Decision-Making-Methods-a-Comparative-Study-Springer-US-2000
https://www.scribd.com/document/542591911/Applied-Optimization-44-Evangelos-Triantaphyllou-Auth-Multi-criteria-Decision-Making-Methods-a-Comparative-Study-Springer-US-2000
https://www.scribd.com/document/542591911/Applied-Optimization-44-Evangelos-Triantaphyllou-Auth-Multi-criteria-Decision-Making-Methods-a-Comparative-Study-Springer-US-2000
http://cda.psych.uiuc.edu/statistical_learning_course/Jolliffe%20I.%20Principal%20Component%20Analysis%20(2ed.,%20Springer,%202002)(518s)_MVsa_.pdf
http://cda.psych.uiuc.edu/statistical_learning_course/Jolliffe%20I.%20Principal%20Component%20Analysis%20(2ed.,%20Springer,%202002)(518s)_MVsa_.pdf
https://link.springer.com/book/10.1007/978-3-642-48318-9
https://link.springer.com/book/10.1007/978-3-642-48318-9
https://www.sciencedirect.com/science/article/abs/pii/S0957417412007725
https://royalsocietypublishing.org/rsta/article/374/2065/20150202/115142/Principal-component-analysis-a-review-and-recent
https://royalsocietypublishing.org/rsta/article/374/2065/20150202/115142/Principal-component-analysis-a-review-and-recent



