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Abstract

Improvement of business is one of the primary goals of any business entity. One
of the basic prerequisites for a successful business is the proper allocation of public
resources. In this sense, the public procurement system is an important component in
improving the efficiency of public finances, which are of special interest to modern
society. This paper discusses the role and importance of the method of multi-criteria
analysis for the evaluation of public procurement. The idea for this kind of analysis is
the result of research into the possibility of applying different methods of decision
making in the modern approach to decision making in the sector of public
procurement. The emphasis is placed on those methods that use the alternative
ranking. In addition to the theoretical dimension, the paper also presents one method
of multi-criteria analysis, the AHP method, applied to empirical data obtained from
the Gerontology center “Jelenac” in Aleksinac.

Key words: multi-criteria analysis, multi-criteria decision making, AHP method,
t-test, public procurement.

YTULAJ CYBJEKTUBHUX IPE®EPEHIINJA HA
MNPOLEC OJJIYUYUBAIbLA Y BUIIEKPUTEPUJYMCKOM
MOJAEJY JABHUX HABABKH

AncTpakT

VYHanpehewe mocnoBama je jemaH O] OCHOBHHX IMJbEBA CBAaKOT HPUBPEIHOT
cyOjexra. JemqHa OJ OCHOBHHX IMPETIOCTaBKU 3a YCIIEIIHO IOCIIOBAKE j€ TpaBHIIHA
ajloKalMja jaBHUX pecypca. Y TOM CMHCIY, CUCTEM jaBHMX Ha0aBKH IPE/CTaBIba
BOXKHY KOMIOHEHTY 3a yHampelheme eQuKacHOCTH jaBHHMX (UHAHCHja KOje Cy Of
MOCEOHOr HMHTEpeca 3a CaBpPEeMEHO IpYIITBO. Y OBOM paly pa3Marpa ce yjora u
3Ha4yaj METOJa BUIIEKPUTEPHjYMCKE aHaNIW3€ 3a OIeHYy jaBHMX HabaBku. Mneja 3a
OBaKBOM BPCTOM aHAJM3€ HAacTajga je Kao pe3ylraT HCTpakuBama MoryhHoctu
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NpUMEHE pa3IMYUTHX METOJa BHINEaTpUOYTHOT OMIyYHBama Yy CaBPEMEHOM
NPUCTYITy JIOHOIICHA OMIyKa y CEKTOpPY jaBHHX HabOaBKH. AKIIEHAT je Ha OHHUM
MeTo/laMa Koje KOpHCTEe paHTHpame aaTepHaTuBa. Pan, mopen Teopujcke TUMEH3Hje,
Ipe3eHTyje M jedaH oA MeToja Builekpurepujymcke anammse, AXII meron, Ha
EMITHPHjCKIM TTojannMa Jo0MjeHHM o1 cTpaHe [ 'epaHToIOMIKOT IeHTpa ,,JeneHam™ u3
ArnekcuHua.

KibyuHe peun: BUIIEKPUTEPHjyMCKa aHAIH3a, BUILICKPUTEPH]YMCKO OIIY4YHBaAE,
AXII meTon, t-Tect, jaBHE HaOaBKe

INTRODUCTION

In modern times, organizations are faced against many challenges.
Business efficiency is conditioned by a successful response related to
business-organizational structure. One of the biggest challenges for modern
organizations is the adequate organization of the public procurement process.
The effectiveness of the public procurement process is the factor which
largely determines the performance of an organization. Additionally, the
quality of the public procurement process could improve welfare due to
the fact that public funds are used in the quantity sufficient to provide the
required quantity and quality of the public procurement subject. Therefore,
the management of an organization must assume a serious and responsible
attitude towards the process of selection of the best bidder.

During the selection of the best offer, most modern organizations
rely on subjective assessment of the decision makers. In order to meet the
needs of the organization, the dominant criterion is usually the acceptance
of offered price, which therefore strongly influences the final decision.
However, there are many other criteria that should be taken into account
in the decision-making process of choosing the best bidder, whose
omission opens the possibility of different mechanisms of corruption.
Considering that individuals have a limited ability of reasoning in given
circumstances, when there are several different alternatives that can be
valorized with the help of a number of different criteria, a method of
multi-criteria analysis could provide assistance in the selection process.
This is actually a scientific approach to solving the problem of choosing
the best from a set of different alternatives that are evaluated using several
different criteria. Usage of methods of multi-criteria analysis in assessing
public procurement can significantly facilitate the process of decision
making and reduce the abuse of the public procurement system, which is
especially important considering the fact that the abuse of this system
leads to inefficient allocation of public funds.

The main subject of this paper is multi-criteria modeling of the
procurement process and the objective is quantification of subjective
preferences of decision-makers. The paper is based on the results of empirical
research and, in addition to the introductory part, it contains the following
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sections: literature review, research methodology and hypotheses, results
of analysis and discussion, and conclusion.

LITERATURE REVIEW

In the context of the review of the relevant literature that analyzes
the problem defined above, this paper deals with the following two
aspects of the application of multi-criteria analysis in the management of
public procurement:

1. Presentation of the problem of the bidders in public procurement

by a multi-criteria model and methods for its solution and

2. Quantification of subjective preferences of decision makers with

the aim of determining the weight coefficients in the model of
multi-criteria analysis.

The problem of management of public procurement procedure and its
multi-criteria nature

One of the basic characteristics of methods of multi-criteria
analysis is that they are focused on problem solving related to choosing
one of the m alternatives series A;, i = 1, 2,..., m based on n criterion X;, j
=1,2,..,n (Jankovi¢-Mili¢ & Stankovi¢, 2010).

In order to form an adequate multi-criteria model that could be
applied in real conditions, it is necessary to consider its key elements. The
basic elements of a multi-criteria model are alternatives, criterions,
attributes, and solution.

Alternatives in the multi-criteria model that is used during the
evaluation of public procurement are all the offers that are received by certain
contracting authority related to the requested subject of public procurement
by different bidders. Thereby, each bid has certain characteristics that should
be valorized. These characteristics actually present the attributes of a bid,
referring to the value of a certain criterion for a specific bid. More accurately,
the attributes show the level of fulfillment for each of the criteria. The criteria
in the multi-criteria model are used for evaluation of alternatives, where it is
necessary to handle the fact that not all the criteria have the same impact for
the decision makers. The significance of the multi-criteria model is showed
by the weighting coefficients. Many methods for solving problems in a multi-
criteria analysis require precisely expressed weighting coefficients. Adequate
determination and assignment of weighting coefficients is even more
significant if we take into consideration that the weighting coefficients have
a large impact on the final ranking of alternatives, i.e. the selection of the
best solution. There are many possible ways to determine the weighting
coefficients. They can all be classified into three basic approaches: the
subjective approach, the objective approach, and the combined approach,
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which represents the combination of the first two approaches. One of the
most subjective approaches for determining the weighting coefficients is
the AHP method, which will be discussed later.

Great current relevance of multi-attribute decision issues resulted
in the development of dynamic methods in this area. Multi-criteria
analysis methods are suitable for solving a large number of real problems
of a different nature. Several financial decision-making problems can be
easily solved using the method of multi-criteria analysis (Zopounidis &
Doumpos, 2002). Diverse nature of the factors that influence financial
decisions (decision criteria, goals, and objectives), the complexity of the
financial business and economic environment, and the subjective nature
of many financial decisions are some of the characteristics of financial
decisions that justify the application of the multi-criteria analysis method.
Some of the major problems that are solved using multi-criteria analysis
are supply chain management and logistics, business and marketing
management, security and safety, production management, human resource
management, management of energy resources, and others. Some of the
most popular methods used for troubleshooting of multi-attribute decision
include the analytic hierarchy process method, TOPSIS method (Technique
for Order of Preference by Similarity to Ideal Solution), simple additive
weighting method, and many others.

The simple additive weighting method has a wide range of
application. Most composite indicators are calculated by this method (e.g.
GCl, The Global Competitiveness Index). Some well-known examples of
using the simple additive weighting method include selection of staff
(Afshari, Mojahed & Yusuff, 2010), selection of the best location of health
facilities (Lin, Liao, & Chang, 2010), and selection of the best locations for
a factory (Chou, Changa & Shenc, 2008). Given that the impact of the
weights can be most easily seen in the simple additive weighting method, it
shall be discussed later in this paper.

Quantification of subjective preference of decision makers

The impact that specific criterion C; (j=1,..., n) has on the final
decision of the decision maker may be of varying intensity, depending on
the relative significance of criteria for decision makers. There are several
approaches that can be used to determine the relative significance criteria.
To determine the subjective preferences of decision-makers, most authors
suggest using several methods of multi-criteria analysis. Curtis (2004)
proposes the use of the Delphi method for calculating the relative
significance of elements in evaluation of the ecosystem of Australia. The
use of the Delphi method for defining and evaluating the criteria on which
the selection will be carried out for an automated information system for
patient care can be found in the literature (Chocholik, Bouchard, Tan &
Ostrow, 1991). Other authors suggest the possibility of using the method
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of least squares when it is difficult to determine the weight coefficients
(Chu, Kalaba & Spingarn 1979). Some authors propose the application of
the method to calculate the eigenvalues of the relative significance of
criteria (Takeda, Cogger & Yu, 1987). However, despite the great diversity
of methods that can be used for assessing the subjective preferences of the
decision maker found in the literature, the most common method for
evaluating the relative significance of criteria is the analytic hierarchy process
method (AHP) (Kwong & Bai, 2002; Park & Han, 2002; Torfia, Farahanib &
Rezapourd 2010; Jaskowski, Biryukova & Bucheon, 2010; Tzengc, Yanga,
Chiub & Yeh, 2008).

The analytic hierarchy process method is one of the main tools
used for solving the problem of multi-criteria decision making. The
essence of this method consists of even comparisons on the basis of
which a specific list of priorities is formed. The problem of decision
making should be broken down into a series of hierarchies, where the
simplest form of hierarchy can be presented at three levels: at the top
there is a goal to be achieved by a particular decision and the second level
contains the criteria used for evaluation of alternatives that are placed at
the lowest, third, level. The purpose of a hierarchical set of problems lies
in the need to consider the importance of the elements that are on the
same level with respect to the elements that are placed on a higher level
(Saaty & Vargas, 2013).

The modeling process requires four phases:

= Structuring the problem,

= Data collection,

= Evaluation of relative weightings, and

= Determination of the problem solutions.

The AHP allows the decision maker to structure the decision problem
in a set hierarchy (Tahriri, Osman, Ali, Yusuff & Esfandiary, 2008).
Therefore, the first phase involves the decomposition of a decision problem
into a number of hierarchical levels, i.e. identification of the objective, the
criteria for evaluating alternatives, and the set of available alternatives
among which the best are selected.

The following stage involves the collection of required data and its
evaluation. The essence of this stage is to use the even comparison of the
attributes on the same hierarchy level in order to determine which of the
observed attributes has a better value with respect to certain criteria at a
higher hierarchy level, i.e. which of the given attributes contributes more
to the realization of the established goal. The comparison is based on the
scale of relative importance (Table 1).
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Table 1. Scale of relative importance

Intensity Definition Explanation

1 Equal importance Both alternatives contribute
equally to the objective

3 Moderate importance Experience and assessment
slightly favor one alternative
over another

5 Strong importance Experience and assessment
strongly favor an alternative
to the second

7 Demonstrated importance One alternative is strongly

favored, and its dominance
is demonstrated in practice
9 Extreme importance The evidence favoring one
alternative over another is of
the highest possible order of

affirmation
2,4,6,8 Mean values between two When compromise is
adjacent assessments needed

The If the alternative i was assigned

reciprocal of one of the above mentioned

the elements numbers different from zero

different while compared with alternative

fromzero |, then the alternative j is
assigned the reciprocal of the
comparison with alternative i

Source: Saaty, 1980.

The result of this stage is the comparison matrix.

The third stage is the actual determination of the relative weight of
criteria. Pairwise comparison in the second stage results in a reciprocal
nxn matrix A, where the elements are on the main diagonal 1, and elements
a;i are calculated as reciprocal values of elements a; and i, j = 1, 2,..., n
(Jankovi¢-Mili¢ & Stankovié, 2010).

On the basis of this comparison, in the fourth stage, at the level of
the criteria, it is possible to determine the relative importance of each
criterion, expressed through the weighting coefficient. On the other hand,
at the level of an alternative, it is possible to determine the rank of
alternatives for each of the monitored criteria, both partially as well as
collectively.
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RESEARCH METHODOLOGY AND HYPOTHESIS

Calculation of subjective preference shall is based on the data
provided by the Gerontology Center “Jelenac” from Aleksinac. We used the
information on public procurement from 2008 to 2012. The main objective of
the analysis is to assign weight coefficients to the criteria relevant to the
evaluation of the bids. Therefore, we used the AHP as one of the main
subjective approaches to determine the preferences of decision makers.

The Gerontology Center “Jelenac”, based on previous experience,
evaluated bids for the 2008-2011 period based on five criteria: offered
price, quality, payment period, method of payment, and place of delivery.
In 2012, the criterion for the evaluation of bids was changed. The reason
for this is the fact that a particular institution realized that place of delivery as
a criterion had no significant impact on the final ranking of bids, as well as
payment period and payment method, so these criteria were integrated into a
single criterion — period and manner of payment. A new criterion, called
validity period, was also introduced. The justification for the introduction of
new criteria was found in the fact that in the previous years the market had
become unstable and that many providers offered lower prices specified (they
conducted price dumping) and later, when their bid was accepted, they would
ask for a change of the terms, because the prices had gone up in the
meantime. With this new criterion, the Gerontology Center “Jelenac” wanted
to protect itself from such behavior of bidders, since during the period of
validity of the bid the bidder has no right to seek the changes of the terms.
This is also linked with the evaluation of this criterion, where the longest
period of validity is actually the best offer.

We will analyze the procurement of high value, where the open
procedure for public procurement is applied and the procurement should be
carried out in lots. The subject of public procurement is consumer goods.

Use of the AHP method for determining the weighting coefficients
in the sample

For the calculation of subjective preferences using the AHP method it
is necessary to provide information on preferences of the persons in charge of
evaluation of bids. Therefore, the management of the Gerontology Center
“Jelenac” received a questionnaire with the criteria that should be evaluated
ranging from 1 to 5, where the score of 1 means that the criterion has no
significance for the evaluation of bids, whereas score 5 means that it is a very
important criterion in the evaluation of bids. The questionnaire consisted of
the following criteria: offered price, quality, delivery time, place of delivery,
method of payment, validity period, and date and place of delivery. The
following scores were obtained:
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Table 2. Scores for criteria given by the management
of the Gerontology Center “Jelenac”

Criterion Score
Offered price 5
Quality 5
Delivery time 3
Method of payment 1
Place of delivery 2

3

2

Validity period
Date and place of delivery

The main objective of this paper is to show the importance of the
procurement procedure for the organization, the possibilities and advantages
of the multi-criteria analysis method for selecting the best bid, and the need
for effective control of public procurement.

The basic premise of the paper is that the choice of the best offer
deals with difficult conditions, where there are a number of criteria that
can be used for their evaluation. The use of precise scientific methods for
determining the relative significance of each of the criteria as well as their
use for ranking bids can facilitate the decision making process.

The following hypotheses are tested in this paper:

Xo: there is a difference in the weighting coefficients determined by
empirical methods and the subjective preferences of the members of the
tender committee, and

X;: application of weighting coefficients that are generated based on
subjective preferences of decision makers resulted in an inversion of the
range of alternatives.

In order to test the null hypothesis, a comparative analysis of the
results was conducted. The t-test was applied in order to determine a potential
existence of statistically significant differences in the weighting coefficients
that are determined using the AHP method in relation to the empirical
method. For the purpose of this analysis the statistical software EduStat was
used. Correlation analysis was conducted to determine the relationship
between the ranking of alternatives and the applied weighting coefficients.

Data analysis is performed on the basis of two models. One relates to
the period from 2008 to 2011, analyzing the following criteria: offered price,
guality, delivery time, method of payment, and place of delivery. The second
model is related to the year 2012, where we look at the following criteria:
offered price, quality, time and place of delivery, method of payment, and
period of validity of the offer.

The first model:

Based on the obtained score, the comparison of criteria was
performed. Comparison of importance of particular criteria regarding the
established goal was performed based on the Saaty scale (Saaty, 1980).
The obtained numerical values are entered into the comparison matrix.
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Table 3. Comparison matrix

Offered Quality Delivery Method of Place of

price time  payment delivery
Offered price 1.000 1.000 5.000 9.000 7.000
Quality 1.000 1.000 5.000 9.000 7.000
Delivery time 0.200 0.200 1.000 5.000 3.000

Method of payment  0.111  0.111  0.200 1.000 0.333
Place of delivery 0.143  0.143 0.333 3.000 1.000

For determining the vectors of weighting coefficients on matrix-
based comparisons, it is possible to implement various methods, such as
the following (Srdevi¢, 2005):

= Eigenvector Method,

= Additive Normalization Method,

= Weighted Least Squares Method,

= Logarithmic Least Squares Method,

= Logarithmic Goal Programming Method,

= Fuzzy Preference Programming Method.

Calculation of weighting coefficients for a given problem is carried
out by means of the Eigenvector Method. The essence of this method is
the assumption that the corresponding vector of eigenvalues can be taken
as a vector of priorities. Therefore, the algorithm of the AHP method is
based on the eigenvector’s ability to generate its own values, which are
true or approximate weighting coefficients (Saaty, 1987). If the matrix of
the comparison is positive, the square matrix, then one of its eigenvalues
Amax IS positive and bigger or equal to all other eigenvalues, where there is
positive vector of eigenvalues W, which is equal to this eigenvalue
according to the following relation (Alonso & Lamata, 2006):

AW = Apa W OF (A — Amaxl)W = 0.

According to the method of eigenvalues, weighting coefficients
should be calculated based on the vector of eigenvalues using the additive
normalization. Methodology procedure of the additive normalization
involves the summation of matrix values by columns, and then division of
each element with the sum of the column in which the element is placed
(Srdevi¢, 2005):

13 aij ..
W, =— JLj=1,n.

[ n

",

i=1

Based on the above formula it is possible to determine the weighting
coefficient of each of the criteria, i.e. their relative significance:
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Offered price: w; = 0.39696
Quality: w, = 0.39696
Time of delivery: w3=0.11650
Method of payment:  w,=0.03113
Place of delivery: ws = 0.05845

Considering that during the prioritization an inconsistency of decision
makers can occur, the AHP provides the possibility of quantifying an error
that occurs during prioritization by determining the consistency index and the
degree of consistency. Consistency index is calculated according to the
relation (Satty, 1980; Podvezko, 2009)

Cl = Amax—N
n-1

The degree of consistency presents the relation of consistency index
and random index (RI). Random index depends on the number of matrix
lines, and its values are given in Table 4.

Table 4. Value of random index

n 1 2 3 4 5 6 7 8 9 10
Value of random index 0.0 0.0 0.58 0.9 1.12 1.24 1.32 1.41 1.451.49

Source: (Saaty, 1980)

If the degree of consistency is less than 0.10 the result is sufficiently
accurate and there is no need for corrections. If the degree of consistency
exceeds 0.10, the result should be analyzed again and it is necessary to
identify the reasons for inconsistency. Table 5 shows the value of the
consistency index and the degree of consistency.

Table 5. Degree of consistency 2008-2011

Cl 0.05102
RI (n=5) 1.12
CR=CI/RI 0.04555

The second model:

As in the previous case, the comparison of importance for certain
criteria was made based on the Saaty scale. The following comparison
matrix was obtained:
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Table 6. Comparison matrix of significance of criteria for public
procurement in 2012

Offered Quality Time and place Method of Validity

price of delivery ~ payment period
Offered price 1.000  1.000 7.000 9.000 5.000
Quality 1.000  1.000 7.000 9.000 5.000
Time and place 0.143  0.143 1.000 3.000 0.333
of delivery
Method of 0.111 0.111 0.333 1.000 0.200
payment
Validity 0.200  0.200 3.000 5.000 1.000
period

The next step is to calculate the vector of eigenvalues of the matrix
of comparison, determining the weighting coefficients and establishing
the measurements of consistency.

By applying the methodology described above, the following
weighting coefficients were determined:

Offered price: Wi1-2012 = 0.39696
Quality: Wo.2012 = 0.39696
Time and place of delivery:  ws.012 = 0.05848
Method of payment: Wi_0012 = 0.03113
Validity period: Ws.2012 = 0.11650

Index value and degree of consistency are given in Table 7:

Table 7. Degree of consistency

Cl 0.05102
RI (n=5) 112
CR=CI/RI 0.04555

A comparative analysis of the results of different approaches to
determining the weighting coefficients

A comparative analysis of the results of different approaches is
aimed towards assessing the differences in the weighting coefficients that
are determined by different approaches. Furthermore, the initial hypothesis
assumes that there is a difference in the preferences of decision makers about
the importance of the criteria stated in the empirical method and those
generated by applying the scientific method.
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Table 8. Overview of the weighting coefficients
determined by various methods (2008-2011)

Criterion Empirical Subjective approach
method (AHP method)
Offered price 0.700000 0.392737
Quality 0.150000 0.392737
Time of delivery 0.050000 0.119726
Method of payment 0.050000 0.032623
Place of delivery 0.050000 0.062198

Table 9. Overview of the weighting coefficients
determined by various methods (2012)

Criterion Empirical Subjective approach
method (AHP method)
Offered price 0.650000 0.392737
Quality 0.150000 0.392737
Time and place of delivery 0.050000 0.062198
Method of payment 0.050000 0.032623
Validity period 0.100000 0.119706

Further, the t-test was used for comparative analysis of the results in
order to determine the potential presence of a statistically significant
difference in the weighting coefficients that are determined using different
approaches. For the purpose of this analysis we used the statistical software
EduStat. The results of the comparison are showed in tables 10 and 11.

Table 10. T-test results (2008-2011)

Criterion p-value
Offered price 0.0741
Quality 0.1434
Time of delivery 0.6536
Method of payment 0.9104
Place of delivery 0.9370

Table 11. T-test results (2012)

Criterion p-value
Offered price 0.1018
Quality 0.1194
Time and place of delivery 0.9323
Method of payment 0.9036

Validity period 0.8910
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Considering the fact that the p-value in any of the comparison is a
value of less than 0.05 it can be concluded that the weighting coefficients
determined by the empirical methods are acceptable from a scientific
point of view, and that there is no evidence of their faults. In other words,
there was no statistically significant difference between the weighting
coefficients determined by the empirical method and the weighting
coefficients determined by subjective methods.

The influence of subjective preferences of decision makers to ranking of
alternatives in the multi-criteria model of public procurement

The simple additive weighting method can be considered as the
simplest method for troubleshooting multi-attribute decision making. This
method usually gives results that are convenient and easy to interpret and
that can help decision makers select the best alternative from a set of
possible alternatives. This method was first used by Churchman and
Ackoff in 1954 for solving the problem of optimal portfolio selection
(Tzengc & Huang, 2011). Today it is probably the best known and most
widely used method of multi-attribute decision making. Choosing the best
alternative comes down to a choice of the one that is the most useful to
the decision maker, which can be represented by the following equation:

A* = {u;(x)| max; u;(x),i = 1,2...m},

where
ui(x) = Z?=1 w; 135 (%),
and where
u; (x) — utility of i alternative, i=1,2...m
w; — weighting coefficient of j criterion, j=1,2...n

73j(x) — normalized value of the attribute.

Regarding the normalization of attributes, what characterizes the
simple additive weighting method is the application of the linearized
decision matrix. Before applying the algorithm, it is necessary that the
decision maker determine a vector of weighting coefficients. Therefore,
this method can be directly applied to the decision matrix, and it consists
of three steps:

1) The normalization of the decision matrix for comparability,

2) The application of the weighting value of the criteria for a

normalized decision matrix, and

3) Summation of the difficult decision matrix for each alternative.

This method belongs to the group of methods where the decision
maker has the possibility of active participation and can impact the final
decision, namely the ranking of alternatives. The decision maker can
achieve this by assigning weighting coefficients to each criterion. In this
way, the decision maker expresses their preferences and determines the
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importance of each criterion. The weighting coefficients are normalized,
which means that their sum is equal to one. Below, this paper describes
the use of the simple additive weighting method for evaluation and ranking
of bids received in the public procurement system.

Based on the data provided by the management of the Gerontology
Center “Jelenac” in Aleksinac and the previously determined weighting
coefficients, a ranking of bids for public procurement in a representative year
was performed. The year 2009 was elected as the representative year, in
accordance with the fact that it was the year when most of the tenders were
launched, and the year with the highest number of bidders that applied.

The results are given in tables 12-15.

Table 12. Ranking of bids for public procurement of processed meat products

Bidder Utility Rank
T.C. “Jabuka 55” Ltd. Belgrade 0.58552 2
T.C. “Miloduks” Aleksinac 0.43398 4
T.C. “Galija” Aleksinac 0.58494 3
“Nase vreme” Ltd. Ni§ 0.96260 1

Table 13. Ranking of bids for public procurement of flour and processed grains

Bidder Utility Rank
“Jumis” Ni$ 0.96624 4
T.C. “Jabuka 55” Ltd. Belgrade 0.83531 6
T.C. “Miloduks” Aleksinac 0.96377 5
PA “Zrno” 0.98098 2
“Nase vreme” Ltd. Ni$ 0.98344 1
T.C. “AS” 0.97795 3

Table 14. Ranking of bids for public procurement of colonial goods

Bidder Utility Rank
“Jumis” Ni§ 0.98558 3
T.C. “Jabuka 55” Ltd. Belgrade 0.84704 5
T.C. “Miloduks” Aleksinac 0.98286 4
“NaSe vreme” Ltd. Ni$ 0.99447 2
T.C. “AS” 1.00001 1

Table 15. Ranking of bids for public procurement of fresh fruits

Bidder Utility Rank
“Ivan — Okiprom” 0.81376 5
Agricultural household “Ili¢ Bojan” 0.84438 4
Agricultural household “Zoran Terzi¢” 0.87263 2
PA “Zrno” 0.85670 3
T.C. “AS” 0.99974 1
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COMPARATIVE ANALYSIS OF RESULTS AND DISCUSSION

The results obtained by using ranking of alternatives and applying
the method of simple additive weighting can be further analyzed. The
purpose of this analysis is to establish the impact of different specific
weighting coefficients on the ranking of alternatives, which is obtained by
using a specific method. In other words, the aim is to determine whether
there is a difference in the ranking of alternatives obtained by using the
weighting coefficients that are determined using the exact scientific
methods in relation to the ranking of alternatives determined by applying
weighting coefficients established by the empirical method.

Table 16. Overview of the ranking of bids for public procurement of
processed meat products determined by the application of various methods

Rank according Rank according
to the scientific to the empirical

Bidder method method
T.C. “Jabuka 55” Ltd. Belgrade 2 2
T.C. “Miloduks” Aleksinac 4 4
T.C. “Galija” Aleksinac 3 3
"NaSe vreme" Ltd. Ni$ 1 1

Table 17. Overview of the ranking of bids for public procurement of flour
and processed grains determined by the application of various methods

Rank according Rank according
to the scientific to the empirical
Bidder method method

“Jumis” Ni$§ 4 4
T.C. “Jabuka 55” Ltd. Belgrade 6 6
T.C. “Miloduks” Aleksinac 5 5
PA “Zrmo” 2 1
“Nase vreme” Ltd. Nis 1 3
T.C. “AS” 3 2

Table 18. Overview of the ranking of bids for public procurement of
colonial goods determined by the application of various methods

Rank according Rank according
to the scientific to the empirical
Bidder method method
“Jumis” Ni$§
T.C. “Jabuka 55” Ltd. Belgrade
T.C. “Miloduks” Aleksinac
“Nase vreme” Ltd. Ni§
T.C. “AS”
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Table 19. Overview of the ranking of bids for public procurement of fresh
fruits determined by the application of various methods

Rank according Rank according
to the scientific to the empirical
Bidder method method

“Ivan — Okiprom” 5 5
Agricultural household “Ili¢ Bojan” 4 4
Agricultural household “Zoran Terzi¢” 2 2
PA “Zmo” 3 3
T.C. “AS” 1 1

For the purpose of this analysis the statistical software EduStat was
used. The correlation analysis was performed in order to determine the
relationship between the ranking of alternatives and the applied weighting
coefficients.

Table 20. Spearman correlation coefficient

Empirical method AHP
Empirical method 1.000 0.776
AHP 0.776 1.000

Based on the values of the Spearman correlation coefficient, it can
be concluded that there is no agreement in rankings between the empirical
method and the exact methods, i.e. the inversion of ranking occurs when
determining the alternatives based on the empirical method in relation to
the ranking acquired by using the exact methods. At the same time, the
lower the correlation coefficient is, the greater is the discrepancy, i.e. the
rank inversion is higher.

Application of weighting coefficients defined by the AHP method
leads to the inversion of ranking in relation to the use of the empirical
method when ranking the alternatives. In particular, with the analysis of a
representative year it can be seen that the value of the correlation
coefficient between the ranks defined by the method of simple additive
weighting compared to the empirical method is 0.776, which shows that
the application of the exact scientific method resulted in a change in the
sequence of the observed alternatives.

CONCLUSION

The system of public procurement is an area of public finances,
which is of special interest to the modern society. Through the effective
functioning of this system it is possible to conduct fair and efficient
allocation of public resources and the optimal quantity of goods to be
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financed by public funds. Consequently, the application of the multi-
criteria analysis method becomes necessary and highly useful.

Usage of multi-criteria analysis methods in the assessment of
public procurement can greatly facilitate the process of decision making
and reduce abuse of the public procurement system, which is especially
important considering the fact that the abuse of this system leads to
inefficient allocation of public funds. The efficiency of the public
procurement system leads to an increase in welfare due to the fact that
public funds are used in a quantity that is sufficient to provide the
required quantity and quality of the subject of procurement. Therefore,
this paper endeavored to prove that for an adequate, efficient, and
consistent decision making in the public procurement system it is
important to implement the multi-criteria analysis method.

Based on the results of the research it can be concluded that the
initial hypothesis has not been proved. Specifically, based on the t-test it
was shown that there was no difference in the weighting coefficients
defined by the empirical method and by the subjective preferences of the
members of the tender evaluation committee.

Regarding the second hypothesis, it was confirmed as the results of
the comparative analysis showed that there is a difference in the ranking
of alternatives determined by applying the weighting coefficients
specified using the AHP method in relation to the ranking of alternatives
determined by applying the weighting coefficients defined by the
empirical method. Therefore, the application of weighting coefficients
generated on the basis of subjective preference of decision making
resulted in an inversion of the ranking of alternatives.

Finally, for their further investigation, the authors will be focused
on the analysis of business institutions and organizations dealing in social
protection of wvulnerable groups of citizens. The investigation will
primarily deal with the analysis of business organizations that care for the
elderly, for persons with disabilities, and for children without parental
care, in terms of expanding and increasing the representativeness of the
sample of decision makers, in order to define the proper criteria for
effective and efficient conduct of the state in the implementation of public
procurement in this sector.
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YTULAJ CYBJEKTUBHUX [IPE®EPEHLINJA HA
HPOLHEC OJIYUYUBAIBA Y BUILEKPUTEPUJYMCKOM
MOJAEJIY JABHUX HABABKH

Kapko Hononnhl, Jenena CTaHKOBI/Iﬁl, MBana Beceaunosuh’
YYuusepsuter y Humry, Exonomcku daxyirer, Hum, Cp6uja
Huym, CpGuja

Pe3ume

Jeman on W3a30Ba CBAKOT MPUBPEIHOT CyOjeKTa je yCIelIHa OpraHu3alyja CHCTeMa
jaBHMX Ha0aBKW. YCHEIIHOCT IOCIOBaKka j€ YCIOB/beHAa e(UKACHUM W KBAJIUTCTHUM
cripoBol)ermbeM TIOCTYTIKA jaBHHX HaOaBku. VI300p HajmoBOJbHHUjE MOHYAE ce Y HajBehoj
MepH 3aCHHBA Ha CYOjeKTUBHO] IPOLIEHH JIOHOCHOLIA OJUTYKe, JIH TIOCTOje U OpOjHU Apyru
KPUTEPUjyMH Koje Tpeba y3eTH y 003Mp NPUIMKOM JIOHOIIeHa TakBe oyke. Jla Ou ce
OJIaKIIIa0 MPOIIEC JOHOIICHA OUTYKE U CMaFbIIIe 3I0YTIOTpeOe Y CHCTEMY jaBHIX HaOaBKH
Ka0 jako 3aHadyajHe MoKa3aje Cy Ce METOJIE ¥ MOJIEIH BUIICKPHTEPH] YMCKOT OJUTyIHBaEha.

Metoan BUIIEKPUTEPHjYMCKE aHAJIH3€ Cy TOTOJHHU 32 pellaBame BEIHKOT Opoja
peanHuX mpobieMa pa3IuauTe MpUpoe. 3Hayaj CBAKOT I10jeJHHAYHOT KpUTEpHjyMa y
BHUILIEKPUTEPHj YMCKOM MOJIEITy MPHKa3aH je u oapelheH TeKMHCKUM KOe(pHIHjeHTHMA.
AnexBatHO onpehuBame M J0/eNa TeKUHCKHX KoeduIMjeHaTa HapounuTo Jo0uja Ha
3HA4Yajy YKOJMKO C€ y3Me Y 003Mp Jja TeKMHCKH KOe(UINjeHTH UMajy BEIMKH yTHIA]
Ha KOHa4aH MOpeJaK alTepHaTHBA, OJJHOCHO 3a 0abup HajIOBOJBHUjET pellerha ocMa-
Tpador mpobiema. OnpehuBame TEKHMHCKHX KoedHIMjeHaTa ce MO)XKE BpPILIUTH: CYyO-
JEKTUBHHM TIPUCTYTIOM, O0jJ€KTUBHUM TIPUCTYIIOM H KOMOMHOBAHHUM IIPUCTYTIOM. 3a oJpe-
huBame cyOjekTHBHHX TpedepeHIija JOHOCHONA OuTyKe Hajuenthe ce KOPUCTH MeTona
Anamrinukux Xujepapxujckux [Iponeca — AXIT meroma. OBa MeTo/a caToju ce U3 TpU
HHMBOA: Ha BPXY C€ Hajla3u Wb KOju Tpeba mocthiu JoHOIIemeM oapeljeHe oyke, Ha
JPYTOM HHBOY Ce€ Halase KPUTEPHjyMH KOjU CIIy)Ke 33 eBalyallljy alTepHATHBA, 0K Ce
caMme anTepHaTMBe Hanaze Ha Tpehem HuBoy. Ilpolec Mozpenupama y BHILIEKPUTEPH-
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JYMCKO]j aHaJIM3{ HEKOT' peaJlHOT IpoliieMa 3axTeBa 4eTpH (ase: CTpyKTyHpame mpodiie-
Ma, NIPUKYIUBAake M0/laTaka, OLEHUBAEe PEeIaTHBHUAX TEKHHA, W oipelhuBame pemerma
MOCTaBJBEHOT IIPOOJIEMa.

Ha ocHoBy nmoparaka moOujeHHX Ol cTpaHe MeHaIMeHTa [ epaHTOIOmKOr IeHTpa
JeneHan™ u3 AJeKCrHHIa y OBOM pajy U3BPLICHO j€ PAaHTHPamhEe MOHY/AA Ha TEHIepUMa 3a
jeBHe HabaBKe KOjU Cy paclrCaHd y penpe3eHTaTUBHOj roannau. Kao penpeseHTaTuBHa ro-
muHa y3era je 2009. roguHa jep je Taga pacnucal Hajehu Opoj TeHIepa Ha KOjUMa je yde-
cTtBOBao Hajeehu Opoj moHyhaua. OrieHa MOHyAA BpIIeHa je Ha 0a3H IeT KpUTepHjyMa: 1o-
HybheHe 11eHe, KBayMTeTa, poKa ¥ HauKMHa Iutahamka, MecTa HCTIOpYKe M POKa Bakerba TIOHY-
ne. Panruparme noHya H3BPIICHO je Ha OCHOBY TEKHHCKHX KOe(HIMjeHaTa KOjH Cy Of-
peheHn HCKyCTBEHOM METOZIOM M TeKHHCKHX Koe(HIHjeHaTa Koju ¢y oapehenn HaydHOM
(cy6jexTuBHOM) MeromoM. KoMmapaTnBHOM aHAIMM30M pe3yiTara pa3idduTUX MPHCTYIIA
OLIC-CHE CYy Pas3iIMKe y TSKHHCKAM KOS(HULIHjCHTHMA.

Ha 0a3u pe3yiarara CIpOBEICHOT HCTPAXKUBAA 3aKJbYYEHO je Ja Cy ca HaydHOT
acIeKTa NPHXBATJBHBH TEXKMHCKH KOCHUILMEHTH OJpeleHH MCKYCTBEHOM METO/OM,
OJTHOCHO J1a He TIOCTOjH JI0Ka3 O IbHXOBOj HEHCIIPABHOCTH. J[pyruM pednMa, He OCTOj!
CTaTUCTHYKU 3HAuYajHa pasinka m3Mehy TeXHMHCKUX Koe(HIMjeHaTa oApel)eHHX MCKy-
CTBEHOM METOJIOM M TEXUHCKHX Koe(unujeHara oapeheHnx cyOjeKTUBHOM METOJIOM.
Takole, Ha OCHOBY pe3yiTaTa KOMIIAPAaTHBHE aHATIHM3E MOKA3aHO j€ /1A TIOCTOjU pa3ifKa
y MOPEeTKy alTepHaTHBa Koje Cy yTBpheHe Ha OCHOBY TEKHHCKUX KoeHUIMjeHaTa ofpe-
heHnx MCKYCTBEHOM, OHOCHO CyOjeKTHBHOM MeToJOM. [IprMeHa TeXMHCKUX Koedu-
IFjeHaTa TEHEPUCAHUX HAa OCHOBY CYOjEKTHBHHX MpedepeHlrja JOHOCUIAIA OIIyKe
JIOBOJIM 10 MHBEP3Uj€ y PaHTy alTepHATHBA.



