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Abstract: Public procurement is one of the most significant activities within the sphere of
public administration, whose primary purpose is to achieve maximized cost effectiveness
and efficiency for the expenditure of public money. This principle is also known as the
principle of "value for money" - meaning to achieve the best possible ratio between the
amount paid and the value received. The selection of a suitable bidder within the public
procurement procedure assists in our achievement of the aforementioned purpose. In this
paper an integrated approach based on the fuzzy Technique for Order Preference by
Similarity to Ideal Solution (fuzzy TOPSIS) method and the fuzzy Extent Analysis Method is
proposed for utilization within the evaluation and bidder selection processes associated
with the process of public procurement. The proposed method objectively allows for the
evaluation of bidders without the setting of weights by public procurement committees and
in so doing helps to avoid subjectivity in respect to the setting of weights for criteria and or
sub-criteria. In order to demonstrate the effectiveness and feasibility of the proposed
method and its application in public procurement, a real-life case scenario from the
Government of Serbia will be presented in this paper.
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1 Introduction

In brief, public procurement shall mean the procurement of goods, services or
works, in the manner and under the conditions as prescribed by the Public
Procurement Law [1]. As active participants in this process, there appear two
categories of actors, these being: the contracting authorities as procurers and the
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economic operators as the bidders. The contracting authority is the government
authority or institution from within the public administration sphere. The bidder
shall imply a person engaged in the procurement procedure who offers to deliver
goods, provide services and or perform works [1]. Public procurement is very
important for both the citizens and the economy of any country, and this is no
different in the Republic of Serbia. The primary purpose of this process is to
achieve cost effectiveness and thereby attain an implicit level of efficiency as
regards the expenditure of public money. This principle is also known as the
principle of "value for money" - meaning to achieve the best possible ratio
between the amount paid and the value received. The importance of this process
becomes evident when we consider the fact that in Serbia public procurement
accounts for some 10% of gross domestic product (GDP), that in the EU it
approximates to 19% of GDP [2] and that globally, public procurement represents
around 15% of the world's GDP [3]. The specific characteristic of public
procurement is that this process must comply with specific legislative
requirements. For example, in the EU this matter is regulated by the 2004/18/EC
Directive, also called the Public Procurement Directive [4, 5]. In Serbia, although
it is not yet an EU member state, existing EU regulations within the public
procurement sphere are transferred into Serbian legislation through the application
of Public Procurement Law [1]. In either case, the law's documents establish the
need for the application of one of the two following criteria when evaluating
potential bids: the Lowest Price offered and the Most Economically Advantageous
Tender (MEAT) [1, 4, 5, 6]. In this paper, we will consider the MEAT criterion
which is itself based on various elements of those criteria associated with the
concept of public procurement. The MEAT criterion usually considers non-price
factors together with prices in the evaluation of potential bids [7], the evaluation
factors and weights assigned to the criteria or sub-criteria should be publicly
announced in advance of the tender [7] and every bid receives a humerical score
for each non-price evaluation factor [7]. As opposed to the private sector, in the
public sector, we have the awarding committee for public procurement (usually a
group of experts selected by a public authority) [4, 6]. This committee consists of
a number of decision makers who must adhere to established public procurement
principles: Principle of Efficiency and Cost-Effectiveness, Principle of Ensuring
Competition, Principle of Transparency in Public Procurement Procedure,
Principle of Equality of Bidders and Principle of Environmental Protection and
Ensuring [1]. Considering these principles, a public procurement committee needs
to treat all potential bidders equally and their selection must be founded on a
rigorous ranking system, obtained through the application of transparent decision
procedures [4]. For this reason, the method of awarding should have the largest
possible degree of objectivity [4]. Therefore, a group decision making process for
an alternative selection in public procurement is very useful [8]. Essentially, the
process of selecting a bidder within the public procurement can be reduced to the
multi-criteria decision making (MCDM) approach [9] which requires that the
selection be made from amongst the decision alternatives (potential bidders) in
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accordance an evaluation of their inherent attributes (quantitative and qualitative)
[10]. In many cases qualitative criteria can be described using linguistic variables.
For example, if we have quality as a qualitative criterion, we can define this
criteria as bad, good, satisfied, excellent, etc. These variables are able to handle
imprecision and also offer us the basis for natural language computation [11]. The
linguistic variables are uncertain and in order to make a comparison between the
qualitative and quantitative criteria, we can use the Fuzzy Sets Theory. The fuzzy
approach performs numerical computation by using linguistic labels stimulated by
membership functions [12]. The Fuzzy Sets Theory was introduced by Zadeh [13]
as a powerful tool in order to effectively deal with ambiguities, vagueness and
uncertainties when dealing with special complexities and or deficiencies in
information as concerns the opinions of experts [14]. The major contribution of
this theory is its ability to represent vague data; it also allows for mathematical
operations and programming to be applied to the fuzzy domain [10, 15, 16, 17].

At this point, we should emphasize that one of the authors of this paper, as a
member of public procurement committees, was involved in the realization of
more than a hundred public procurements within the Serbian government over the
course of the past ten years. During this period a problem was identified in that
there exists a high level of subjectivity as concerns the determination of the
respective weights assigned to each individual criteria on the part of the public
procurement committee. In some instances the weights assigned to certain criteria
have a tendency to favor one bidder over another, thus violating the
aforementioned public procurement principles. In order to avoid such a scenario,
in this paper we propose an approach based on the integration of the fuzzy Extent
Analysis Method and the fuzzy TOPSIS method. This integrated model is very
objective and allows for the evaluation of bidders without the setting of weights
on the part of a potentially subjective public procurement committee. Using this
model and taking into consideration the preferences of the public procurement
committee, we can determine the respective weights of criteria and sub-criteria in
accordance with a process of mathematical calculation.

2 The Public Procurement as MCDM Phenomenon

As we have already stated the process of public procurement implies the sourcing
of goods, services and or work by the government authority, in that manner and
under those conditions as prescribed by the Public Procurement Law [1]. This
process consists of two main stages: the pre-award stage and the post-award stage.
The pre-award stage has the sub-stages like call preparation for public
procurement, notification, bid submission, bid evaluation and the selecting the
most suitable bid. The post-award stage has sub-stages like ordering, invoicing
and payment [18]. The bid evaluation and subsequent selection of the most
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acceptable bid in the public procurement procedure can be viewed from the
perspective of the MCDM phenomenon [9], where a contracting authority must
compare the bids against pre-defined criteria, select one of the potential bids or
conversely reject all of them. In order to define the bidder selection problem in the
public procurement, we need to make introduction a set of bidders

B:{bl,bz,.. b } and a set of conflicting criteria C:{Cl,cz,...,cn}.

i
Moreover, the different bidders and their bids have to be ranked, taking into
account several parameters connected to the bidder's characteristics as also those
of the product/service/work features [19]. Accordingly, we associate to each

bidder b, € B the following n-tuple: d;y,d;,,...,d;, where d represents the

value of the performance index characterizing the i bidder with i=7,..., m with
respect to the j" criterion with j=1,..., n [19]. In addition, the input data are
collected in an mxn decision matrix DM, where m is the number of available
bidders and n is the number of criteria on the grounds of which the ranking of

bidders is performed [19]. Hence, the generic element dij of a DM, with i=1,....,m
and j=1, ...,n, represents the j™ performance value the i" alternative bidder bi [19].

The input data are completed by the criteria importance, i.e., each criterion C;

n

with j=1,...,n is associated to a weight Wi, with ij =1[19]. When the
j=t
contract is awarded in accordance with the already mentioned MEAT criterion,
quantitative and qualitative factors are simultaneously considered [4]. The
mentioned EU Directive 2004/18/EC imposes the use of the Linear Weighting
technique (when possible) in public tenders to be awarded according to the MEAT
criterion [6]. Usage of this technique has its inherent limitations because, when
MEAT is used, the public procurement committee can favor a specific bidder by
assigning a high weight to a criterion which only that bidder can to fully satisfy
[6]. Consequently, this method is oftentimes characterized by subjective choices
which have a tendency of enabling corrupt behavior [6]. In the process of applying
the Linear Weighting technique in public procurement, the contracting authority
needs to fix and publish the importance of the respective weights assigned in
advance, before the notification of the public procurement call. In addition, when
this awarding arrangement is used, the contracting authority can grant an unfair
advantage to a given bidder by assigning a high weight to a criterion that only this
competitor can meet fully [4, 6, 20]. In practice, the application of a methodology
for the allocation of specific weights to individual criteria is such that it has a
tendency to be lacking in objectivity. Moreover, when the weights are subjectively
determined, it is still possible to create an unfair evaluation procedure in which
too much emphasis is placed on particular evaluation factors, thus favoring,
intentionally or otherwise those bidders that score high in the corresponding
factors [7].
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In order to avoid the aforementioned limitations, this paper will go on to present
an integrated fuzzy approach to bidder selection within the public procurement.
We will give an example of the application of the fuzzy TOPSIS methodology
integrated with the fuzzy Extent Analysis Method in the public procurement
process of a Data Storage Hardware System from Serbian government. In this
public procurement process, we used the fuzzy Extent Analysis Method to
mathematically calculate the weights of each criteria and sub-criteria. In so doing,
we excluded the possibility of the subjective assigning of weight to each criterion
and sub-criterion which was not the case with the aforementioned Linear
Weighting technique which is recognized by the Public Procurement Law both in
the EU and Serbia. The obtained weights are used to determine the ranking of the
final bid through the application of the fuzzy TOPSIS methodology.

3 The Fuzzy Extent Analysis Method

Chang proposed the fuzzy Extent Analysis Method, which we use in this paper
[21]. This method consists of several steps the first of which is the determination

of the value of fuzzy synthetic extent with respect to the i" object. This value can

1
be expressed by Eq. (1): S; = Z M ; ® {ZZ M ji } 1)

j=1 i=1 j=1

In Eqg. (1), values M;i,M;i,...,Mg:,izl,Z,..n, represent triangular fuzzy

numbers (TFN).Value g, is an element from sets of goals G = {gl, U509 }

A TFN is denoted simply as (I/m, m/u) or (I, m, u). The parameters I, m and u (I <
m < u), respectively, denote the smallest possible value, the most promising value,
and the largest possible value that describes a fuzzy event [10, 15, 16]. While
there are various operations on TFNs, only the important operations used in this
paper are illustrated (addition and multiplication) [15, 16]. If we define two

positive TFNSs, (I, m, u;) and (l,,m,,u,), then the operation of addition we can

define as  (l;,myu,)+(l,,my,u,)=(l; +1,,m; +m,,u; +u,). Also, the

operation of multiplication we can define as (I;,m u,)*(l,,m,,u,)=
n

(I, *1,,m, *m,,u, *u,) [15, 16]. In order to get Z M from Eq. (1), we need

j=1
to perform the operation of fuzzy addition to m extent analysis [22, 23, 24, 25]

n m m m
numbers in the matrix as ZMJ :(Zh,zmj,zuj} In order to get
j=1

= j=1 =
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n m

-1
expression {ZZM "J from Eqg. (1), we need to compute the expression
i=1 j=1

ZZM . as Zn:iMJ —(ZI,,Zm Zu j and then, we need to take

i=1 j=1 i=1l j=1

. The next step is

-1
”m}_lll

inverse values as {ZZM I —
Zui zmi zli
i=1 i=1 i=1

i=1 j=1
computation the degree of probability of triangular fuzzy numbers
M, =(I,,m,,u,) and M, =(I,,m,,u,) as Eq. (2):

1, if  m, =m
V(M, =M,) = hgt(M, NM,) ={ 0, it L=,
| _
1~ otherwise

(my-1)-(my -1)

For comparison of two triangular fuzzy numbers Ml and M,, we must take
both the values of V(M, >M,) and V(M, > M,) [22, 25, 26, 27]. The next
step is computation the degree of probability for a convex fuzzy number as
V(M >=M,,M,,..,M,)=minV(M >M,), i=1,2,..k. If we suppose that

d'(A)=minV(S, S, )k =i, k=1,2,...n, then the weight vector is computed

' ' T
as W' =(d'(A)d"(A,).d'(A,)) )
where A, , i=1,2,..,n represents a matrix with n elements [22, 25, 26, 27, 28]. At
the end, on a process of normalization, we get the normalized weight vectors as
W =(d(A ), d(A,),....,d(A,))" a fuzzy number W is not a fuzzy number [22,
25, 26, 27, 28].

4 The Fuzzy TOPSIS Method

The fuzzy TOPSIS method represents an extension of the classical TOPSIS
method. The classical TOPSIS method proposed by [29] seeks to illustrate the
ranking of a set of alternatives through their distances from the most optimistic
(positive ideal solution) to the most pessimistic (negative ideal solution) points.
The reason for the fuzzy extension of the classical TOPSIS method lies in the fact
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that the classical TOPSIS method uses precise and crisp values for the weights of
criteria and the ratings of alternatives. However, in the public procurement, we use
non-crisp values for criteria in solving bidder selection problem. These non-crisp
values can be expressed as linguistic variables. For this reason, the fuzzy TOPSIS
method is proposed where the weights of criteria and ratings of alternatives are
evaluated by linguistic variables represented by fuzzy numbers to deal with the
deficiency in the classical TOPSIS [24, 27, 30, 31]. The fuzzy TOPSIS method
consists of several steps the first of which is the formation of a committee of
decision makers. In this committee that has K decision makers, fuzzy rating of

each decision maker D, , k=12,.,K can be represented as triangular fuzzy
number Iik , k=1,2,...,K with membership function Hz (X) [24, 27, 30, 32, 33].
k

The next step includes determination of evaluation criteria, selection of
appropriate linguistic variables for evaluating criteria and alternatives and
aggregation of the weights of evaluation criteria.

If the fuzzy number ratings of all decision makers are described as triangular
fuzzy numbers R, (ak,bk,ck), k=1,2,....K [24, 27], then the aggregated fuzzy

rating can be determined as R= (a,b,c), k=1,2,...,.K using expressions
. 1
a=min, {a, },b= Ezbk ,C = max, {c, }[24, 27]. If the fuzzy rating and

importance weight of the K™ decision maker are X; (aijk,bijk,cijk) and
Wijk (ijl’ijZ’ij3)’ i=1,2,...m; j=1,2,...,n, respectively [24, 27, 30, 32, 33],
then the aggregated fuzzy ratings (Yij) of alternatives with respect to each

criterion can be found as (Yij) (a”,b,],c ) [24, 27, 30, 32, 33] which is

represented as @; = mMin { Qi }, b; = Zbuk’ i { ,Jk} In the next

step, for each criterion we calculate the aggregated fuzzy weights (\TVU-) as
(WJ) (W111W127W ) 4)

where W, = mink{wjkl} W, = min {ijz}, W;; = min { Jk3} After this,
we create the fuzzy decision matrix as D = I_)?U men , 1=1,2,...,m; j=1,2,...,n, [33]

and  calculate  the  criteria  as W = [VT/l,VTIZ,...,VTIn] where
(~ ) (a,J,b,J,c )and (W) (W Wi, Wi, ) i=1,2,...m; j=1,2,...,n, can be
approximated by positive triangular fuzzy numbers [24, 27, 33]. After
constructing the fuzzy decision matrix, the normalization of fuzzy decision matrix
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is accomplished using linear scale transformation [24, 26, 27]. The calculation is

a. b. c.
made as F; = —, =,
Cj €5 €

,C}‘ = max; C;; . The normalized fuzzy matrix can

be represented as [24, 26, 32, 33] R = [F” ]mxn, i=1,2,...,m; j=1,2,...,n, where Fi,- are

the normalized values of (Yij )= (aij ) bij 1Gjj ) [26, 32]. In the next step, we create

the weighted, normalized fuzzy-decision matrix as

V=[] i=t2..mi=12..0 (5)

where V; =T; (O)Wj, (W, represents the importance weight of the criterion

Cj [24, 27]). According to the weighted, normalized fuzzy decision matrix, a

normalized positive triangular fuzzy numbers can also approximate the elements
Vi, Vi, ] [24, 27, 30, 33]. The computation of fuzzy positive-ideal solution

(FPIS, A*) and the fuzzy negative-ideal solution (FNIS, A’) represents next
step. These solutions can be expressed as

A =195,V = {max vy (i =1,2,.m; j =12,..,n)} (6)

]

A =40V, 0 b= {min, v =12,..m; | =12,..,n)} )
Based on the weighted, normalized fuzzy decision matrix, the ranges belong to the
closed interval [0,1] [26, 32]. Therefore, the FPIS and FNIS can be defined as
(1,1,1) and (0,0,0), respectively [18]. After computation of FPIS and FNIS, we
make the computation of the distance of each alternative from FPIS and FNIS as
follows [24, 25, 30, 32, 33]:

D = Zn:d(vij ), i=12,.m (8)
1
D = Zn:d(vij ) i=12,.m )

=
The distance measurement between two fuzzy numbers [27,33] @ = (al, a,, a3)

and Ez(bl,bz,b3) can be calculated by the Vertex method as

d(5,5)= \/;[(al —b, ) +(a, —b,)* +(a, _ba)z] [24, 26, 27].
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In the penultimate step, we make computation of similarities to ideal solution
using Eqg. (10) [24, 30, 33]:

CC, = L ,i=1,2,..,m (10)
D +D

i
where CC,; range belongs to the closed interval [0,1] [32]. Finally, the last step

includes ranking alternative with maximum CC, or rank alternative according to
CC, in descending order [23, 26, 33, 34].

5 The Proposed Model of Bidder Selection in Public
Procurement

In this paper, we propose the model for bidder selection in the public procurement
process which is a hybrid composed of the fuzzy Extent Analysis Method and the
fuzzy TOPSIS method. The proposed model consists of three basic steps (see
Figure 1):

Step 1: Identification of criteria and bidders and constructing the problem into a
hierarchy.

Step 2: Calculation of criteria and bidders with the fuzzy Extent Analysis Method
computations.

Step 3: Evaluation of bidders using the fuzzy TOPSIS and final ranking of
bidders, according to fuzzy TOPSIS obtained results.

In the first step, after the notification and submission phases have been completed,
the bidders, criteria which is to be used in the subsequent evaluation process are
determined. After this, we create the decision hierarchy tree which is then
approved by public procurement committee. Thereafter follows the second step
where weights are assigned to the criteria through the implementation of the fuzzy
Extent Analysis Method. In this step, we create fuzzy matrixes of comparison, in
order to determine the weights of criteria. The values of the elements of the fuzzy
matrixes of comparison can be determined using the public procurement
committee’s preferences which are based on the scale from Table 1. Then the
fuzzy matrixes of comparison for decision criteria and its priority vectors are
determined. This is followed by the calculation of the priority vectors for the
decision hierarchy and the calculated weight of the criteria are approved by the
public procurement committee. At the end of the whole process of calculation, in

the last step, the final ranking of the bidders is determined according to CC,
calculated by fuzzy TOPSIS in descending order.
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Step 1
Criteria identification and constructing the problem into a hierarchy

g \
of Public [ Determination of Determination of Creation of
Pé_ocure_mem Bidders Criteria Hierarchical Structure
! No
Step 2
i ¥ |
riteria igni iteri ;
t . re Criteri Assigning criteria B A v
calnlEanastag Approve Criteria 3 ¢ fe sApprove .
on using Weights weights using the YES | Hierarchical Tree |-NO
the fuzzy Extent fuzzy Extent Analysis | | |
Analysis Method L Method ' —

Determination of
Bidders

Step 3

! Evaluate the
Determination of H \ bidders with the

Bidders : fuzzy TOPSIS and
; determinate the

final rank

Determination of
Bidders

Figure 1
The proposed model of bidder selection in public procurement

In the next sections, we will give a practical application of the described model
through a public procurement case study from within a Serbian government
organization called the Administrative Agency for Common Services of
Government Authorities. This organization has published a call for tender for a
Data Storage Hardware System which represents a complex system for the
recording (storing) of information (usually Big Data). After the public opening of

the bids, the public procurement committee selected three bidders (B, B, B. )
who met the legal requirements for participation in public procurement.

5.1 Identification of Criteria and Bidders and Constructing
the Problem into a Hierarchy

The starting point for the identification of the main criteria for bidder selection
was the list of criteria from [1]: Offered price, Current costs, Quality, Technical
advantages, Warranty period, Time of delivery, Obligations concerning spare
parts, etc. From amongst these criteria, the members of the public procurement
committee were asked to identify the most relevant or to propose other criteria
without any restriction in the number to be selected. After a round of meetings, the
members of the public procurement committee agreed upon the four main criteria
and nineteen sub-criteria were linked to the subject matter of the public
procurement of a Data Storage Hardware System. The main criteria were as
follows: Technical Features (TF) with sub-criteria Technical Performance (TP),
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Quantities Needed (QU), Time of delivery (TD), Warranty Period (WP), Quality
of Packaging (QP) and Quality Certificate (QC); Bidder Profile (BP) with sub-
criteria Solvency (SO), Market Position (MP), References (RE) and Professional
Relations (PR); Financial Aspect (FA) with sub-criteria Offered Price (OP),
Transport Costs (TC), Customs Fees (CF) and Payment Conditions (PC) and
Support and Services (SS) with sub-criteria Service (SE), Training Aids (TA),
Technical Support (TS), Post-warranty Maintenance (MA) and Obligations
concerning spare parts (SP). The hierarchy of the selection criteria and decision
alternatives (i.e., bidders) can be seen in Figure 2.

SELECT THO MOST LEVEL 1: Overall objective
SUITABLE BIDDER
R

[

l | 1 e

TECHNICAL BIDDER PROFILE FINANCIAL SUPPORT AND
FEATURES (BP) ASPECT SERVICES
(TF) (FA) (SS)

l l l lLEVEL 3: Sub-criteria
TECHNICAL SOLVENCY OFFERED SERVICE
PERFORMANCE (SO) PRICE (SE)
(P) (OP)
QUANTITY TRAINING AIDS
@Qu) (TA)
MARKET TRANSPORT
POSITION cosTs
) )
DELNERY Ll i) TECHNICAL
1Dy SUPPORT
(TS)
WARRANTY REFERENCES CUSTOM and
PERIOD (RE) FEES 3
(WP) (CF) WAL R
MAINTENANCE
QUALITY OF (MA)
PACKAGING -
Lol PROFESSIONAL PAYMENT
RELATIONS CONDITIONS SPAREPARTS
QUALITY (PR) (PO (SP)
CERTIFICATE )
(Qc)
\ _ s
— =i LEVEL 4: Alternatives
BIDDER BIDDER BIDDER
Ba Bs Be
Figure 2

The hierarchy tree

5.2 Calculation of Criteria and Bidders using the Fuzzy Extent
Analysis Method

Comparison of criteria, sub-criteria and bidders is facilitated for the experts by
means of a Linguistic Importance Scale (see Table 1) [35] and the priority weights
are calculated using the fuzzy Extent Analysis method.

The priority weights calculations for essential criteria and sub-criteria are given in
Tables 2, 3, 4 and 5.
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Table 1

Linguistic scale of importance

Linguistic scale of Triangular fuzzy
importance Triangular fuzzy scale reciprocal scale
Equal 1,1,1) 1,1,1)
Weak (172, 1, 3/2) (2/3,1,2)
Fairly strong (3/2, 2, 5/2) (215, 172, 213)
Very strong (5/2, 3, 712) (217, 1/3, 2/5)
Absolute (712, 4, 9/2) (219, 1/4, 2I7)
Table 2

Priority vectors for the decision hierarchy (TF with sub-criteria)

Level 1 variable

Level 2 variables

Level 3 variables (priority)

(priority) (priority)
TP (0.296) Ba(0.325), Bg(0.412), B¢(0.263)
QU (0.208) Ba(0.412), Bg(0.263), B:(0.325)
TD (0.229) BA(0.000), Bg(0.958), B:(0.042)
TF(0:350) WP (0.005) Ba(0.412), Bg(0.263), B:(0.325)
QP (0.000) BA(0.333), Bg(0.333), B¢(0.333)
QC (0.262) Ba(0.457), B(0.457), B:(0.086)

Table 3

Priority vectors for the decision hierarchy (BP with sub-criteria)

Level 1 variable

Level 2 variables

Level 3 variables (priority)

(priority) (priority)
SO (0.306) BA(0.272), Bg(0.487), B(0.241)
BP (0.131) MP (0.317) BA(0.497), Bg(0.158), B¢(0.345)
RE (0.367) Ba(0.241), Bg(0.272), B(0.487)
PR (0.010) BA(0.487), Bg(0.241), B(0.272)

Table 4

Priority vectors for the decision hierarchy (FA with sub-criteria)

Level 1 variable

Level 2 variables

Level 3 variables (priority)

(priority) (priority)
OP (0.349) Ba(0.222), Bg(0.418), B(0.360)
FA (0.299) TC (0.131) Ba(0.958), Bg(0.042), B<(0.000)
CF (0.258) Ba(0.228), Bg(0.614), B.(0.165)
PC (0.262) Ba(0.158), Bg(0.497), B(0.345)

The results from Tables 2, 3, 4 and 5 shows that the most important criterion is

Technical Features, with a total priority value of 0.350.
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Table 5

Priority vectors for the decision hierarchy (SS with sub-criteria)

Level 1 variable

Level 2 variables

Level 3 variables (priority)

(priority) (priority)
SE (0.242) Ba(0.421), Bg(0.264), Bc(0.315)
TA (0.151) Ba(0.239), Bg(0.342), B.(0.419)
SS (0.220) TS (0.217) Ba(0.264), Bg(0.421), B¢(0.315)
MA (0.197) Ba(0.145), Bg(0.532), B.(0.323)
SP (0.193) Ba(0.421), Bg(0.315), Bc(0.264)

5.3 Calculation of Criteria and Bidders using the Fuzzy
TOPSIS Method

The application of the fuzzy TOPSIS methodology for bidder selection includes a
comparison of bidders, calculation of the distance of each bidder from D" and

D™~ and calculation of the similarities to an ideal solution. Using a Linguistic
Variables for the Ratings (see Table 6), three decision makers have established the
decision matrix by comparing bidders under each of the sub-criteria (see Table 7).

Table 6

Linguistic variables for the ratings

Linguistic Very
variable poor

Poor Medium
Poor

Fair Good

Medium Very
good good

Fuzzy number | (0,0,2)

(1,2,3) | (2,3.5,4)

(456) | (5658) | (7.89) | (810,10)

Table 7

Decision matrix for sub-criteria by three decision makers from public procurement committee

Sub-criteria

TP QU TD WP
Ba | Bs | Bc | Ba| Bs | Bc | Bao | Bs | Bc | Ba | Bg | Be
DM, G VG F VG G G P VG P G F MG
DM, | MG G MG | G MG G VP | VG | VP G F G
DM; | MG | VG F G MG G VP | VG | MP | VG F MG

QP QcC SO MP
Ba | Bs | Bc | Ba| Bg | Bc | B | Bs | Bc | Ba | Bs | Be
DM, G G G G G VP G F MG | VP | MG G
DM, | G G G G G P G F | MG | VP G G
DM, G G G VG | VG P VG F MG | VP G VG

RE PR QP TC
Ba | Bs | Bc | Ba| Bs | Bc | Bao | Bg | Bc | Ba | Bg | Be
DM, F F MG G F F MG F MG | VP P G
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DM, | F | F [ VG FlFlec | Pl Flw]P]oac
DM; | MP | F [ MG|VG | MP |[MG| VG| VP |[MG|VWVP | VP | VG
CF PC SE TA
Ba | Bs | Bc | Ba| Bg | Bc | Ba | Bg | Bc | Ba | Bs | Bc
DM; | F | F | G [MP|MG]| F | VG |[MG|MG|MG|MG]| G
DM, | F | P | VG | FImc| F |[mMc| F [ MG | MG
DM; | F | MP | MG MG| F [Mc| F | F | F ]| F |[McG
TS MA SP
Ba | Bs | Bc | Ba | Bs | Bc | Ba | Bs | Bc
DM; | MG | MG | MG MG | MG | MG | MG | F
DM, | F | MG | MG G| F|ImMc|mMG]| F
DM; | MP | MG | F Ve | G [Mc| F | F

Using data from Table 6 and Table 7, the fuzzy matrix is created. Using the sub-
criterion weights calculated by the fuzzy Extent Analysis Method, the Weighted
Normalized Fuzzy Decision Matrix is established with Eq. (5). The results are
shown in Table 8.

Table 8

Weighted normalized decision matrix

Sub-criteria
Bidder TP QU TD WP
Ba (0.11,0.16,0.20) | (0.13,0.16,0.18) (0,0.02,0.06) (0.09,0.11,0.13)
Bs | (0.16,0.21,0.23) | (0.09,0.13,0.17) | (0.15,0.19,0.19) | (0.05,0.06,0.08)
Bc (0.09,0.12,0.18) | (0.13,0.15,0.17) (0,0.03,0.07) (0.06,0.09,0.12)
QP QcC SO MP
Ba (0.04,0.05,0.06) | (0.14,0.18,0.2) | (0.2,0.25,0.28) (0,0,0.05)
Bs | (0.04,0.05,0.06) | (0.14,0.18,0.2) | (0.11,0.14,0.17) | (0.12,0.18,0.22)
Bc (0.04,0.05,0.06) (0,0.03,0.06) (0.14,0.18,0.23) | (0.17,0.21,0.24)
RE PR OP TC
Ba (0.1,0.11,0.15) | (0.16,0.19,0.22) | (0.17,0.29,0.35) (0,0,0.03)
Bg (0.1,0.12,0.15) | (0.09,0.1,0.13) | (0,0.08,0.21) (0,0.02,0.04)
Bc | (0.12,0.19,0.25) | (0.09,0.12,0.18) | (0.14,0.21,0.28) | (0.09,0.11,0.13)
CF PC SE TA
Ba (0.1,0.13,0.15) | (0.03,0.09,0.16) | (0.12,0.19,0.24) | (0.06,0.08,0.12)
Bs (0.03,0.09,0.15) | (0.1,0.16,0.21) | (0.1,0.13,0.19) | (0.06,0.09,0.12)
Bc | (0.13,0.21,0.26) | (0.1,0.13,0,16) | (0.1,0.14,0.19) | (0.07,0.1,0.13)
TS MA SP
Ba | (0.04,0.11,0.17) | (0.02,0.06,0.12) | (0.1,0.13,0.15)
Bg (0.11,0.16,0.19) | (0.1,0.16,0.20) | (0.08,0.12,0.15)
Bc | (0.09,0.13,0.19) | (0.08,0.13,0.18) | (0.08,0.1,0.12)
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After that, we define the fuzzy positive-ideal solution (FPIS,A*) as
\Z* =(l,1,1) for benefit sub-criterion and \7. =(0,0,0) for the cost sub-
criterion. Also, we define the fuzzy negative-ideal solution (FNIS,A") as

\7i =(0,0,0) for benefit sub-criterion and \7{ :(1,1,1) for the cost sub-
criterion. In this case study, OP, TC and CF are cost sub-criteria, whereas the
other sub-criteria are benefiting criteria.

The distance of each bidder from D* and D~ is calculated by using Eq. (8), (9).
The results are shown in Table 9.

Table 9
Rank of bidders
Bidders I:)i Di Cci Rank
Ba 14.483 4.653 0.243 2
Bg 14.119 4.993 0.261 1
Bc 14.593 4.610 0.240 3

Finally, the similarities to an ideal solution are calculated by using Eq. (10). The
results of fuzzy TOPSIS analysis are summarized in Table 9. Based on CC,

values, the ranking of the bidders is descending order are By (0.261), B, (0.243),
B (0.240). The results of the proposed model indicate that By is the most
suitable bidder with a value of 0.261. Analysis of results from Tables 2, 3, 4 and 5

shows that B has the highest priority value for Technical Features (especially for

Technical Performance), Financial Aspect (especially Offered Price), Support and
Services (especially Technical Support and Post-Warranty Maintenance). This is
very significant because criteria and sub-criteria mentioned above are more
important for government contract authority than others.

Conclusions

A suitable bidder selection procedure within the public procurement process is a
strategic decision undertaken by all governments which provide economical,
transparent and non-discriminatory work for every government authority. The
objective of the government is to carefully assess and select an appropriate bidder
able to provide the required product or service, at a specified time and of
acceptable price and quality. In this respect, bidder selection in public
procurement is a multi-criteria decision problem on account of the fact that the
process has many evaluation criteria and alternatives (bidders).

This paper advocates a multi-criteria decision approach in fuzzy environment to
bidder selection problem in public procurement in Serbia. In a decision-making
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process concerning public procurement, the use of linguistic variables is highly
beneficial when performance values cannot be expressed by means of numerical
values. Naturally, bidder evaluation and selection problems within the sphere of
public procurement have a determined degree of uncertainty. Therefore, the fuzzy
set theory helps convert a decision maker’s preferences and experiences into
meaningful results by applying linguistic values for measuring each criterion with
respect to every bidder. An integrated fuzzy Extent Analysis Method and fuzzy
TOPSIS approach for choosing the most suitable bidder for a Data Storage
Hardware System has been used for this study. Four essential criteria and nineteen
sub-criteria have been analyzed for three bidders. Essential criteria and sub-
criteria have been determined by means of the existing Public Procurement Law
and in cooperation with the public procurement committee. In order to avoid
subjectivity in the determination of weights for criteria and sub-criteria, the fuzzy
Extent Analysis Method was used to calculate the weights of criteria, while fuzzy
TOPSIS was used to rank bidders in public procurement. Actually, the weights
obtained from the fuzzy Extent Analysis Method have been included in the
decision-making process as they are used in fuzzy TOPSIS calculations. The
proposed model yielded very precise results and for that reason, it can be very
useful for practical application in all public procurement procedures where we
have a combination of quantitative and qualitative evaluation criteria.

Future research in this field could include more methods of multi-criteria analysis
like the fuzzy PROMETHEE and fuzzy ELECTRE and furthermore on building a
model by combining multiple methods of multi-criteria analysis in order to attain
a higher degree of objectivity within public procurement procedures. At the same
time, future research in the field of public procurement bidder selection in Serbia
could include the design and implementation of an electronic decision support
system for a Serbian public procurement web portal which would be based on the
integrated model proposed in this paper.
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