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NOVEL DISTANCE MEASURE IN FUZZY TOPSIS TO IMPROVE
RANKING PROCESS: AN APPLICATION TO THE SPANISH
GROCERY INDUSTRY

Abstract. In this paper, a novel approach to measuring distances between
triangular fuzzy numbers is suggested. This new method allows to improve
sensitivity of results. We also apply several methods together with our proposal to
rank the financial performance of Spanish grocery store companies. Methods such
as Fuzzy Analytic Network Process (FANP) and fuzzy TOPSIS are integrated in the
proposed model. The weights for criteria and subcriteria are computed based on
the judgments of experts using FANP. Then, these weights and financial ratios are
inputs to the fuzzy TOPSIS method to rank the companies. In the case of fuzzy
TOPSIS, several distance measures are applied and a novel measure based on the
Spearman distance is introduced. We conclude that results applying fuzzy TOPSIS
depend on the selected distance and therefore the decision maker has to apply
different distance measures to improve conclusions. Finally, a sensitivity analysis
of the analyzed measures has been performed.

Keywords: financial performance, fuzzy numbers, fuzzy ANP, fuzzy
TOPSIS, Spearman distance.

JEL Classification: D81,G30

1. Introduction

Financial performance is central to the survival of businesses, especially in
the grocery sector, which is characterized by a rising competition, reduced sales
margins and limited creation of added value. Specifically, this study focuses on the
evaluation of financial performance in the main companies of this sector in Spain,
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i.e., those with sales in excess of 1,500 million Euros. The analyzed period spans 5
years, from 2010 to 2014.

In our work, the criteria to evaluate financial performance of grocery store
companies will be financial ratios. This kind of information is widely referenced in
the literature when dealing with a broad spectrum of problems.

The financial ratios used in this work come from the three main financial
statements (balance sheet, income statement and cash-flow). In fact, these ratios
are usually classified into some categories, since accounting experts claim that
financial ratios within a cluster are partially similar. We divide financial ratios of
grocery store companies into the following categories: Liquidity, Solvency,
Activity, Profitability and Growth.

Over the last years, the Analytic Hierarchy Process (AHP), developed by
Saaty (1980), has become one of the most widely used MCDM tools in the
resolution of complex decision making problems. All the pairwise comparisons
generated by the relative weights of the criteria, which appear in the intermediate
stages of AHP, represent judgments made by decision makers (DMs). These are
based on knowledge and information that DMs have about the problem, which
means that the pairwise comparisons are imbued with subjectivity in the
interpretation and assessment of the problem. Therefore, DMs personal viewpoints
can profoundly affect the final results (Chai, Liu, and Ngai, 2013).

Since many decision-making problems involve interaction of various items
and moreover, high-level items occasionally depend on low-level items, there are
problems that cannot be structured hierarchically. This problem arises in the
hierarchical structure proposed in this work. Criteria and subcriteria have a
dependence relationship among each other; for instance, the Solvency criterion has
a relevant connection with the company’s Liquidity, or Profitability depends on
Activity. Similarly, in the case of subcriteria, ROE depends on the ROA generated
by the company. Therefore, since AHP cannot be applied in this case, we propose
using a methodology which allows the representation of dependence on criteria and
subcriteria. In this respect, Saaty proposed ANP to solve the problem of
dependence among criteria.

Saaty (1996) introduced ANP as an extension of the AHP methodology.
ANP is a mathematical procedure that allows the researcher to deal with all kinds
of dependences. This model achieves its goal by replacing hierarchies with
networks (Saaty, 1996). Besides, this approach is useful for complex inter-
relationships among decision criteria. It replaces hierarchies with networks where
the relationships between factors are hardly characterized as upper or lower,
dominant or subordinate, direct or indirect. in these problems, a hierarchical
structure with a linear top-to-bottom form cannot represent a complex system.

The ANP decision model is ineffective in dealing with the inherent
subjectivity in judgment during the pairwise comparison process (Tavana et al.,
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2016). Using a scale of 1-9 to represent the verbal judgment in pairwise
comparisons is not considering the uncertainty associated with the mapping of the
expert judgment to a discrete number. In real world problems, incomplete
information or knowledge, complexity and uncertainty could drive the decision
makers to be uncertain about their own level of preference (Sansalvador and
Brotons, 2017). These scenarios could happen when an optimal Project is being
selected and evaluated.

Regarding dissemination and use of FANP, according to Afful et al. (2017)
266 papers mentioning FANP were published in the period 2000-2015.
Specifically, Mardani et al. (2015) include 26 papers in which this methodology is
used over the period 1994-2014.

Once the weights have been determined through FANP method and the
financial ratios have been computed, we will establish the ranking for the
companies using fuzzy TOPSIS (Liang, 1999) method, which is a generalization of
TOPSIS on fuzzy environment.

According to Mardani et al. (2015), 79 papers applying Fuzzy TOPSIS
method alone or combined with other methods were published between years 1994
and 2014, whereas in Afful et al. (2017) this methodology is cited 1102 times in
the period 2000-2015.

The paper is organized as follows. In Section 2, the bases of fuzzy sets and
fuzzy numbers are shown, with particular reference to the so-called triangular
number (TN). In Section 3, we thoroughly examine FAHP/FANP and the Fuzzy
Preference Programming (FPP) method proposed by Mikhailov (2003), which
includes triangular numbers (TN). Fuzzy TOPSIS methods are introduced in
Section 4, where the main contribution of this work is presented. We propose a
novel distance measure based on Spearman distance to be applied in the computing
phase of fuzzy TOPSIS, which improves the ranking process. Section 5 develops a
practical application based on the financial performance for Spanish grocery store
companies.

2. Fuzzy sets and fuzzy numbers

As mentioned in the previous section, it is of utmost importance to
consider uncertainty and subjectivity in any quantification process, since they
determine the In order to explain the difference between fuzziness and randomness,
Zadeh (1965) introduces the concept of fuzzy sets.

Definition 1: A fuzzy set is set of objects with a continuum of grades of
membership, this set being characterized by a membership function (characteristic
function) which assigns to each object a grade of membership ranging between
zero and one.

The idea of fuzzy sets involves an adequate starting point for the
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construction of a conceptual framework which has parallels with that used in
ordinary sets. This theory provides a natural path for problem management, where
imprecision and the lack of defining and certain criteria of group membership lead
to the appearance of uncertain variables. A type of fuzzy sets, especially aimed at
economic problem resolution where uncertainty and subjectivity are present, is
fuzzy numbers.

Definition 2: A fuzzy number is a fuzzy set defined on the domain of real
numbers R, which satisfies the conditions of convexity and normality. Therefore, it
is necessary to introduce the concepts of convex and normal fuzzy set into our
analysis.

Definition 3: Let X be a set of points or objects, and x a generic element

of X. A is a convex fuzzy set if and only if (Zadeh, 1965):
Ha[ A%+ (12, ) [=Min [, (%) Jpg (%,)] VX, X,e X; VA e [0,1]
Definition 4: A is a normal fuzzy set if and only if: MAXx; (x)=1

That is, a fuzzy set is convex when the slope decreases because of shifts to
the left or the right of the maximum value of the membership function; and it is
normal if at least an element of the set takes maximum value 1 in the membership
function.

In what follows, we will define a type of fuzzy number called triangular
number,

Definition 5: TAz(al,az,a3), where a' < a? < a® e X. Its membership
function is given by:
x—a'

. a
a’-al

2

IA

X<a

a®—x
m)=

0 Otherwise

IN
IN

x<a® 1)

3. Calculation of Criteria Weights

3.1 Fuzzy Analytic Hierarchy Process (FAHP)
FAHP represents an approach to choose alternatives and solve problems

using fuzzy set theory to express the uncertain comparison of opinions with fuzzy
numbers and the AHP method. The main steps in FAHP are the following:
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1) The first step is to transform a complex decision making problem
into a hierarchical structure. This is similar to conventional AHP.
2 To develop pairwise fuzzy comparison matrices. Consider a

prioritization problem with n elements, where pairwise fuzzy comparisons are
represented by fuzzy numbers. In AHP, each set of comparisons for a level
requires n(n-1)/2 judgments, which are used to construct a positive fuzzy

reciprocal comparison matrix A:{éij} such that:

) 8 v Gy

CEIE ™
Let K decision makers involved in the study: they make pairwise
comparisons of n elements. As a result of the pairwise comparison, we get a set of
K matrices A ={éijk} , where TA =(ai1jk,a§k,a§k ) represents the relative
importance of element i to j, as assessed by expertk . The triangular numbers in

the group judgment matrix can be computed through the following equation (Chen,
Hsieh and Do, 2015):

K
ailj =min,_; (a%k) ai? =k Hai?k ai:; =max, (ai?k) 3)
\/ k=1

The linguistic scale and underlying triangular numbers are illustrated in
Table 1 based on Rezaie et al. (2014).

Table 1. The linguistic scale and underlying triangular number

Fuzzy number Linguistic Scales Scale of fuzzy numbers

1 Equally important 1,11

3 Weakly important 2,3, 4)

5 Essentially important (4,5, 6)

7 Very strongly important 6,7, 8)

9 Absolutely important (8,9, 10)

2,4,6,8 Intermediate values (X) (x=1,%,x+1)
% Between two adjacent judgments (i lij
X x+1 x x-1
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3 To control coherence and resulting priorities. This step checks
consistency and obtains priorities from the pairwise fuzzy matrices.
(@) To aggregate priorities and classification of alternatives. By

applying a simple weighted sum, the local priorities obtained in the different levels
of the hierarchy of decisions are aggregated. The obtained global priorities yield
the final ranking and the selection of the best one.

Mikhailov (2003) proposed a Fuzzy Preference Programming (FPP) to
derive priorities from the fuzzy comparison judgments that solves some of the
problems of the fuzzy prioritization methods. This approach allows an incomplete
set of fuzzy judgments to derive priorities. Moreover, the proposed approach is
invariant to the specific shape of the fuzzy sets used to represent opinions
(Javanbarg et al., 2012). We have specifically selected Mikhailov’s methodology,
since it allows us to evaluate consistency of decision makers’ opinions through the
so-called A or “index of consistency”.

Using « -cuts, initial fuzzy opinions may be transformed into a set of
interval judgments. The method is employed to turn the FPP priority allocation
problem into a fuzzy program that can derive clear priorities from interval
judgments, which corresponds to each « -level cut, thus removing the need for an
additional fuzzy classification procedure.

Let us suppose that a fuzzy judgment matrix Az{éij} is built as in (2).

The elements of the pairwise fuzzy comparison matrix are represented by

Triangular Numbers T4, =(aﬁ,a§,a§ ) , Where i, j =1,...t. Besides,

Ifi=j,a <af <a
Ifi=j, & =a;=(111)
where w= (W, W,,...,W )T is the vector of crisp priorities.

The nonlinear program developed by Mikhailov to obtain the weight for
each criterion is:
Maximize A

Subject to
(aﬁ —ay )ﬂwj —W, +a;w; <0
(aﬁ —ai?)/iwj +W, —asw; <0 (4)

t
D W =Lw >0k=12,..t
k=1

i=12,..,t-L =123, ..t >
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The optimal value A" is “the consistency index”. This value is used to

measure the level of satisfaction of the optimal priority vector w". When A" is
positive, all the solution coefficients fully satisfy fuzzy opinions, which means that

the initial set of fuzzy judgments is rather consistent. A negative value of A
shows that the fuzzy judgments are strongly inconsistent, that is, the optimal value

of A" can be used as a measure of the consistency of the initial set of fuzzy
judgments.

3.2 Fuzzy Analytic Network Process (FANP)

This procedure is useful to set the weights when there is interdependence
among criteria. The composite weights of two interdependent levels are elicited
constructing a supermatrix for FANP. The pairwise comparisons of items are
linguistically expressed in Table 1, these lingual expressions being represented by
TFEN.

The fuzzy ANP approach is applied as follows (Yu, Keng and Chen,
2015):

@ The weight vectors for each matrix are computed and placed in the
supermatrix.

2 Adjust the supermatrix to conform to the principle of column
stochastic and turn it into a weighted supermatrix. When the supermatrix is raised
to high powers, it will converge.

3 Compute global weights of subcriteria by multiplying the
interdependent weights of the subcriteria with those of the criterion to which it
belongs.

4. Ranking alternatives

In this work, the ranking MCDM method and improved fuzzy TOPSIS are
applied to rank the Spanish grocery store firms, which allows us to perform a
sensitivity analysis of the obtained results by evaluating the different
methodologies.

Fuzzy TOPSIS (Liang, 1999) is a generalization of TOPSIS in fuzzy
environment. The algorithm of the fuzzy TOPSIS method has six main steps, as
follows:

Step 1: Let V, =(vi1j,v§,v§) be fuzzy data for alternative i on criteria j,
where i=1...n;j=1..,J . Then, [\7,1 Vip oes \ZJ] denotes performance matrix of
alternative A on all criteria, wherei=1,..,n. The triangular numbers

V= (vﬁ ViV ) can be obtained by using the following equation (Wang, 2014).
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. 1 «
Vﬁ =min_; 7 (V) Vi? = ?(Zvijt) VS =MmaX 1 (Vijt) 5)
t=1

where t=1,...,T, T corresponding to the number of periods under
consideration.

Step 2: Construct the weighted normalized fuzzy decision matrix | R, |
i=1..nj=1..,J (6)
Step 3: Calculate by MIN and MAX operations, anti-ideal solution R~

R, =W, ®V,
and ideal solution R, of the n alternatives. Let
R =[R, Ry Ry | =12,
R™=[RRy.Ry =12,
Where
R} =Min;., {Iiij } =(MinKisn {rjl},MinKign {rjz},MinKisn {rf}) =(rj1‘,rj2‘,rj3‘) )
And
R} =Maxic, {liij } = (Maxlsisn {rjl} Max,, {rjz}’ Max,i, {rjg}) = ("jl+ e rj3+) (8)
Step 4: The distance d, andd,” of each alternative from ﬁij to Fij‘ and

Iij+ are computed. In order to perform a sensitivity analysis, different separation

measures used in Fuzzy TOPSIS will be used, Vertex Method (Tadic et al., 2013;
Tadi¢ et al., 2014; Jaksi¢ et al., 2016) and Extensions of Euclidean and Hamming
distance based on the Hausdorff metric have been developed and applied in fuzzy
TOPSIS (Grzegorzewski, 2004; Jaksi¢ et al., 2016).

A novel extension of Spearman distance

We propose a novel methodology to estimate the distance between two
triangular numbers based on the Spearman distance extension and the Hausdorff
metric.

Definition 6: For any two subsets U and W of a Banach space Z the
Hausdorff metric is

dyy (U, W) = max{sup,,inf,,.y [ —W,5Up,yinf,, Ju—w} (9)

If Z=Rand U =[u,u,] and W =[w;,w, ] are intervals, then (9) reduces
to

dyy (U,W) = max{Ju, —w,[u, —wy|} (10)
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Definition 7: For any two subsets U ={uj,..,u,}and W ={w,...,w,};
U,W e R the Spearman distance is

D, = (U - w) (11)

The distance d; andd; of each alternative fromR;to R; and R are

computed, from the Spearman distance based on the Hausdorff metric. From
equations (10) and (11) Spearman distance extension is obtained.

ke
o7 = Ry ) =5 3 a5 - ema |5 ‘”‘3_)‘)2} "
1L
ijr T 2}_21_ i bl

j:
2
| } (19
Fori=1..n;j=1..,J

Our work allows to increase the number of methodologies to compute the
distance between two fuzzy numbers when applying fuzzy TOPSIS, thus widening
the set of available rankings for the decision maker.

Step 5: Finally, closeness coefficient CC, of alternative A is defined as:

d;
d”+d;

Step 6: Ranking. Obviously, 0<CC, <1, where i=1,...,,n. CC, =1and
therefore, alternative A is the ideal solution. On the contrary, CC; =0 denotes that
A is the anti-ideal solution. An alternative A is closer to the ideal solution and
farther from the anti-ideal solution as CC; approaches 1. From here, the

alternatives are ranked according to closeness coefficients and then the best
alternative is selected.

and

d; =d(R, F~<-+)=lzjl_max(‘r--1—r-1+ , (r--2 —r-2+))2 erax(‘rij2 —r¥

3 3+
(5-r7)

cC, =

i=1..n (14)

5. Case study

As a complement to our research, we develop an application of both the
well-known and the novel proposed methodologies to evaluate the financial
performance of the main Spanish grocery store companies with net sales exceeding
1500 million Euros. Companies are subject to evaluation by using the data sets of
the years 2010 to 2014. The financial data used in this analysis are extracted from
balance sheet, income statement and cash-flow statement on SABI database by
Bureau Van Dijk.
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In Figure 1, the hierarchical structure for the general form of the
performance evaluation is stated. The overall goal at the first level determines the
best financial performance. At the second level, 23 financial ratios are classified in
five criteria: (i) five liquidity ratios, (ii) five solvency ratios, (iii) four ratios for
activity, (iv) four profitability analyses and finally (v) five growth analyses.

my

/ C11-CURRENT ASSETS/CURRENT LIABILITIES I
C12-QUICK ASSETS/CURRENT LIABILITIES I
— Cl-nUIITs C13-CASH AND EQUIVALENT CASH/ CURRENT LIABILITIES I

€14-NET CASH PROVIDED BY OPERATING ACTIVITIES/CURRENT LIABILITIES

CAGWOREMG CAPTALJARSETS
/ \
C21T07ALDLEIASSLTS

L22 10180 LIABILITILS 555015

- €2 SOLVCNCY €23 TOTAL STOCKHOLDERS/TOTAL LIABILITIES

€24-FIXED ASSETS/TOTAL STOCKHOLDERS+LONG TERM LIABILITIES

25 TOTAL DEBT/TOTAL LIABILITIES

£31-455775 TURNCR SR RATIO

u €32 ACCOUNT RECEIVABLE TURNOVER RATIO

AN

v oOov v oy Y

C33INVENTORY TURNOVER RATIO

€34 ACCOUNTS PAYABLL TURHCUCR RATIO

| FINANCIAL PERFORMANCE'

CATRLTURY DM ASSLT (RER)

C43RETURN €2k FOLLITY (ROF)

- C4-PROFITASNTY

€43 RETURN O INVESTED CAPITAL (ROIC)

C4HET PROFIT WARSIN

\

C31-5ALFS GROWTH

C32-OFFRATING PROFT GROWTH

= C5-GROWTH C33-HET PROFIT GROWTH

CAdSHARFHDLDERS FOUTY GROWTH

C33-AESFTS GROWTH

Figure 1. Decision Hierarchy Structure
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The step by step process is as follows:

Step 1. Conduct financial analysis. Financial ratios are computed for each
firm.

Step 2. Perform expert evaluation.

(1) Three decision makers from different areas evaluate the relevance
of these ratios with the help of questionnaires. Since different stakeholders inside
and outside the firm have diverse objectives and expectations, the financial
analysis must be carried out from different perspectives. Financial indicators have
different significance for diverse users (Ertugrul and Karakasoglu, 2009). For
example, CEOs are mainly interested in activity and growth indicators while
investors and shareholders focus their vision on profitability ratios, and creditors
are mostly worried about financial leverage.

2 One decision maker, accounting and financial expert, evaluates the
interdependences among criteria and subcriteria.

Linguistic scale in Table 1 is used by decision makers to represent their
opinion.

Step 3. Apply FANP. FANP is applied to improve the decision process by
reducing the uncertainty and vagueness of the decision maker’s subjective
judgment. By using equation (3), the experts’ judgements on the relative
importance among criteria and the associated subcriteria are obtained. The
opinions are presented as a fuzzy pairwise comparison matrix. Table 2 shows the
fuzzy pairwise aggregate matrix obtained from the experts’ judgements on the
relative importance among the five liquidity subcriteria.

Table 2. Fuzzy pairwise comparison matrix for subcriteria of liquidity

c11 c12 c13 Cl4 Cc15

ci1 |1 (1,1.82, 4) (0.2,0.35, 1) (0.17,0.23,0.33)  (0.33, 0.63, 1)
C12 | (025,055 1) 1 (0.25,0.33,05) (0.17,0.28,05)  (0.25,1.1,3)
C13 | (1, 2.88,5) (2,3, 4) 1 (0.33, 0.63, 1) (1,3.48, 8)
Cl4 | (3,4.3,6) (2, 3.56, 6) (1,159, 3) 1 (1,3.48, 8)
C15 | (1,159, 3) (0.33,0.91,4) (0.13,0.29,1)  (0.13,0.29, 1) 1

Similarly, from the accounting and financial expert’s opinion, the fuzzy
pairwise comparison matrices for interdependence relationships among criteria and
subcriteria are built.

Step 4. Elicit criteria weights. Criteria weights are derived from fuzzy
pairwise comparison matrices on the relative importance. We apply the nonlinear
program developed by Mikhailov [see equation (4)] to obtain the weight for each
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criterion (W) and subcriterion (w,;). These weights correspond to the

application of the FAHP method.
Therefore, the normalized weight vector for the five criteria is obtained as
follows,

W, =(0.11, 0.08, 0.29, 0.38, 0.14) and A" =0,43
In the case of dependent relationships, the matrix of interdependent
relationships must be developed for criteria (W,,) and for each one of the

subcriteria (W), by applying the non linear program developed by Mikhailov.

The normalized weights of the liquidity can be computed as follows,

W, (liquidity) = (0.23, 0.46, 0.17, 0.14) and A" =0,67

The local weights of (W,) can be obtained by multiplying the matrix of
interdependence relationships (W,.) by the weights of criteria with independent
relationships (W,.).

W, =W, XW,,
[ 0 044 042 017 0.14] [0.33] [0.17]
023 0 029 017 0.19| |0.12| (0.19
W, ={046 0.18 0 055 0.47|x|0.11(=|0.39
0.17 025 017 0 019 |0.10| [0.17
10.14 0,13 012 012 0 | |0.34] |0.08]
In a similar way, the local weights of subcriteria W can be obtained by
W, =W, xW, i=1...n

Finally, the global weights W are obtained by multiplying the local weights
of the criteria Wc by the local weights of the associated subcriteria (W,;).

All weights obtained are shown in Table 3.

Table 3. Local weights, global weights of each criteria (financial ratios)

FAHP FANP
Ci Wi | Wy C i | Wi | Wei | (Wi X W) | (W x W)
Cu 0.11 | 0.26 0.04 0.04
Cp 0.08 | 0.24 0.03 0.04
Ci 0.32 |0.17 |Cy3 0.29 | 0.22 0.09 0.04
Cu 0.38 | 0.06 0.12 0.01
Cis 0.13 | 0.23 0.04 0.04
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Ca 0.26 | 0.25 0.03 0.05
Cz 0.18 | 0.28 0.02 0.05
C 0.12 |0.19 |Cyx 0.14 | 0.17 0.02 0.03
Cos 0.08 | 0.13 0.01 0.02
Czs 0.33 | 0.18 0.04 0.03
Ca 0.29 | 0.31 0.03 0.12
cs lo11 |0.39 Ca 0.12 | 0.29 0.01 0.11
Css 0.44 | 0.29 0.05 0.11
Cas 0.15 | 0.11 0.02 0.04
Ca 0.15 | 0.44 0.02 0.07
c. 010 017 Cs 0.13 | 0.13 0.01 0.02
Css 0.38 | 0.16 0.04 0.03
Cu 0.34 | 0.27 0.04 0.05
Cs1 0.20 | 0.33 0.07 0.03
Cs2 0.35 | 0.19 0.12 0.02
Cs 034 |0.09 |Css 0.26 | 0.23 0.09 0.02
Css 0.08 | 0.14 0.03 0.01
Css 0.10 | 0.10 0.04 0.01

Step 5. Normalize values for Fuzzy TOPSIS. Normalization of the
obtained values is performed by using an equation for each year.

e.
V=, j=12...3;i=12...,n (15)
2.f
j=1

Then, the triangular numbers V; =(vi1j,v§,vfj’) can be obtained by using
equation (5). In this way, the weighted normalized matrix is formed by multiplying
each value with their weights using equation (6).

Step 6. Determine solutions R~ and R*. Values are elicited by taking the
maximum and minimum value for each criterion using equations (7) and (8).

Step 7. Separation measure. The distance of each alternative from R~ and
R* is calculated. The shortest distance from d. and the farthest distance from d,”
are computed [see equations (12)-(13)].

Step 8. Compute the closeness coefficients. Through equation (14) the
closeness coefficients (CC,) are obtained.
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Aggregation of the results for period 2010-2014 is displayed in Table 4
providing an insight into the overall ranking of the grocery store companies.

Table 4. CC,and rank for the period 2010-2014 for FANP/ fuzzy TOPSIS

FANP-FUZZY TOPSIS (DISTANCE MEASURES)
VERTEX HAMMING | EUCLIDEAN | SPEARMAN

CCi |Rank | CCi |Rank | CCi |Rank | CCi | Rank
MERCADONA | 0.891 1| 0.602 1| 0.875 1| 0.980 1
CARREFOUR | 0.265 6| 0.305 6| 0.313 5/ 0.172 5
DIA 0.313 41 0.331 4| 0.315 41 0.174 4
ALCAMPO 0.331 2| 0.371 2| 0.357 2| 0.236 2
LIDL 0.297 5| 0.311 5/ 0.296 6| 0.150 6
CONSUM 0.327 3| 0.352 3| 0.333 3| 0.199 3
EROSKI 0.238 7| 0.229 7| 0.234 8| 0.085 8
SUPERCOR 0.192 8| 0.202 8| 0.244 7| 0.094 7

As shown in Table 4, if we compare fuzzy TOPSIS (distance method)
results, different company rankings are obtained. The use of a novel distance
measure, a Spearman distance extension based on the Hausdorff metric, improves
the sensitivity of results and offers the decision maker a new alternative for fuzzy
TOPSIS.

6. Conclusion

The increasing uncertainty and complexity of the global market has led to
a rise in the information flow, making the measurement of efficiency more
difficult. In today’s context, classical measures diminish their soundness and new
approaches are needed. This study proposes a novel fuzzy MCDM approach to
increase the information available to the analyst. We apply several methodologies
together with our novel approach to evaluate the financial performance of the eight
largest companies in the Spanish grocery store sector over years 2010-2014. This
sector is characterized by a high supply saturation in the market, which results in
low operating margins and reduced creation of added value. This involves the need
for a financial performance that guarantees the survival of the firm. The fuzzy
MCDM approach proposed in this paper has been proven successful in other
contexts and case studies. In our combination of FANP and fuzzy TOPSIS, we
apply Mikhailov methodology leading to crisp weights, which offer advantages
over fuzzy weights. Crisp weights allow the analyst to easily check the consistency

of the expert’s opinions through index A" .
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The application of FANP methodology in place of FAHP allows us to
analyze the relationships among the different financial criteria and subcriteria
considered. This is because FAHP technique only considers models where there is
dependence among variables.

In the present study, we show the need to use different computational
techniques in the separation measure of Fuzzy TOPSIS, since the results may vary
according to the selected technique. Therefore, different alternatives should be
available to improve the sensitivity of the analysis of the final result.

The case study has shown the advantages and applicability of our proposed
method and has provided effective fuzzy MCDM tools which could be further
applied to numerous problems in different fields of study. Further research includes
(1) extending the model to nonfinancial performance and efficiency; (2) using
other fuzzy MCDM ranking methods such as VIKOR or DEA to analyze
soundness; (3) developing and applying new fuzzy versions of TOPSIS to other
fuzzy MCDM ranking methods.
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