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This study presents the performance evaluation of sugar plants
using the technique for order performance by similarity to ideal
solution (TOPSIS) under a fuzzy environment. First, the decision
criteria used to evaluate the performances are determined, and
then the data from financial statements are collected from sugar
plants. Accordingly, the ratings of wvarious alternatives under
various criteria and the importance weights of various criteria
are assessed by evaluators using linguistic terms. The data
obtained are converted into a fuzzy triangular number system
and then the fuzzy TOPSIS method is applied to make a final
decision. According to the closeness coefficients, the sugar plants
are ranked from strong to weak. A real case study involving eight
evaluation criteria and nine sugar plants assessed by nine evalua-
tors is provided to illustrate the proposed method. The results show
that this method is an effective tool for evaluating investment risks
based on the beuristic knowledge acquired from experts.

KEYWORDS decision-making, fuzzy sets, performance evalution,
sugar plants, TOPSIS

INTRODUCTION

Sugar is an unnatural substance manufactured mostly from sugarcane or
sugar beets through industrial processes. In Turkey, state-owned companies
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have a 70% market share in sugar production, comprising 25 of the 29 sugar
plants. State dominance continues to be prevalent in sugar production. There
is no significant difference in the pure sugar produced from either cane or
beet. Sugar production from sugar beet is more costly than that from sugar
cane. The Turkish sugar industry continues to produce sugar from sugar
beet. However, the sugar law restricts sugar beet and in the near future there
will be reduction in sugar beet per acreage (Erdal et al. 2007).

Decision making is very complex and requires the decision maker, decision
environment, criteria, and alternatives. Decision makers need to find the most
appropriate options among different and sometimes conflicting objectives when
choosing among the alternatives. Effective and efficient decision making is one
of the basic elements of good governance. The decisions are indicators of how
groups solve problems, use sources, and reach objectives. Because decision
making is related to the process of data collection and information, the com-
plexity of the process has increased over time. Therefore, when faced with such
a problem, multiple-criteria decision-making (MCDM) methods are used to
make a final decision. Multiple-criteria decision making determines the best sol-
ution from among many alternatives and includes evaluation, sorting, and selec-
tion (Hwang and Yoon 1981; Daft 1991). The fuzzy technique for order
performance by similarity to ideal solution (TOPSIS) is rational and understand-
able, permitting research on the best alternatives for each criterion depicted in a
simple mathematical form and incorporating the importance weights into com-
parison procedures (T. C. Wang and Chang 2007). MCDM methods, in parti-
cular, fuzzy TOPSIS, have been applied to many different areas as follows.

Byun and Lee (2005) dealt with the selection of an optimal rapid proto-
typing system by using multiple-attribute decision making and the test part
designed with conjoint analysis to reflect users’ preferences. Yong and Qi
(2005) proposed a new centroid-index ranking method of fuzzy numbers
using TOPSIS. They presented some numerical examples in which the new
method can overcome the drawbacks of existing methods. Smitt (2006)
showed an application of flexible aggregation in multiple-attribute decision
making for the Kuranda Range Road Upgrade. Biytkozkan et al. (2007)
investigated 10 worldwide and 11 locally successful web sites using MCDM
techniques. They showed that their methods could be useful to e-learning
service providers and system developers, as well as to researchers related
to web research. Rahimi et al. (2007) modified the TOPSIS method for the
implementation of a web-based medical diagnostic system. Sun and Lin
(2009) investigated the performance of shopping web sites using fuzzy
TOPSIS, taking into consideration technology acceptance factors, web site
service quality, and specific holdup cost factors. Ertugrul and Karakasoglu
(2009) developed a fuzzy model based on fuzzy analytic hierarchy process
(FAHP) and TOPSIS methods to evaluate the performance of cement firms
using financial ratios while taking subjective judgments of decision makers
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into consideration. Aiello et al. (2009) developed a fuzzy TOPSIS method to
support the decision maker in the selection of the most suitable extinguisher
substance for a specific application. They properly regrouped the criteria into
clusters to determine their relative importance using an analytical hierarchy
process (AHP) and then used the criteria to score the alternatives. Mahdavi
et al. (2009) proposed a fuzzy distance formula to calculate a crisp value for
the standard deviation of fuzzy data. They used TOPSIS to determine the rank-
ing order of the alternatives. Y. J. Wang and Kao (2010) utilized a fuzzy TOP-
SIS method to solve the site selection in order to encompass uncertainty and
vagueness of messages. Torlak et al. (2011) used the fuzzy TOPSIS approach
in the Turkish domestic airline industry to rank air carriers according to their
relative closeness coefficient on the basis of certain criteria. They also aimed
to evaluate empirical findings from a managerial perspective. Krohling and
Campanharo (2011) developed a tool to aid decision makers involved in oil
spill contingency planning. The tool helps decision makers to take decision
on both operational and tactical levels. Amiri and Golozari (2011) introduced
an algorithm based on fuzzy TOPSIS that considers not only time but cost,
risk, and quality criteria to determine the critical path under the four criteria.

In the literature, the fuzzy TOPSIS method has not been used to evaluate
the performance of sugar plants. The significant contribution of this article is
the suggestion of the use of fuzzy TOPSIS in sugar plant evaluation. Another
purpose for this study is to provide some operational and tactical perspec-
tives in order to enhance management performance for the Turkish sugar
industry. For this purpose, the performance of sugar plants is evaluated using
the fuzzy TOPSIS method and financial ratios. First, the decision criteria used
to evaluate the performance were determined and data on financial ratios
were collected from sugar plants. Accordingly, the ratings of various alterna-
tives under various criteria and the importance weights of various criteria
were assessed by evaluators using linguistic terms. The data obtained were
converted into a fuzzy triangular number system. The fuzzy TOPSIS method
was applied to make a final decision and to help decision makers involved in
sugar plants. The firms were objectively ranked by evaluating their achieve-
ments. An MCDM method was used for the correct and effective evaluation
of performance of Turkish sugar plants.

MULTICRITERIA DECISION MAKING AND
FUZZY TOPSIS METHOD
Fuzzy Sets Theory

Fuzzy set theory, which provides a mathematical way to represent vagueness
and fuzziness in humanistic systems, originally proposed by Zadeh, was
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inspired by man’s ability to understand and analyze knowledge uncertainty
(1965). Zadeh’s work had quite an important effect on the thinking regarding
decision processes that contain nonrandom uncertainty, such as the uncer-
tainty in natural language. The suggested set membership is the key to
decision making when faced with uncertainty, which represents similarities
of objects to nondistinct properties, and probabilities, which provides knowl-
edge about relative frequencies. The set membership is central to the rep-
resentation of many real-world application problems by fuzzy sets. The
classical sets contain objects that satisfy precise properties of membership;
it is not allowed that an object is in different sets at the same time. Fuzzy
set theory accepts partial memberships that contain objects satisfying impre-
cise properties of membership. A fuzzy set can have an infinite number of
membership functions, whereas a classical set has a unique membership
function. A fuzzy set A in a universe of information (discourse) X can be
represented by a membership function, p;(x). This membership can be
defined mathematically with the indicator function (Ross 2004).

o) ={ & 254 )

Fuzzy TOPSIS Method

A technique for order preference by similarity to ideal solution (TOPSIS) was pro-
posed by Hwang and Yoon (1981). Chen (2000) extended this method to fuzzy
group decision making using triangular fuzzy numbers and describing Euclidean
distance between two fuzzy numbers. The method uses the concepts of a positive
ideal solution and a negative ideal solution to solve MCDM problems. The best
alternative should have the shortest distance from the positive-ideal solution point
and the longest distance from the negative-ideal solution point. An index called
similarity to the positive-ideal solution is defined to choose an alternative with
the maximum similarity to the positive-ideal solution (Sun and Lin 2009). This
study evaluates the performance of Turkish sugar plants and ranks them from best
to worst performance results. The overall performance of each alternative is com-
puted using linguistic variables represented by triangular fuzzy numbers. The
conceptual schema and mathematical form of triangular fuzzy numbers are
described by Kaufmann and Gupta (1985). The membership function can be
defined by a triplet (a4, a,, az) as follows: (see Figure 1; T. C. Wang and Chang
2007; Krohling and Campanharo 2011; Torfi and Rashidi 2011).

0, x{a,
X — dq 2 d1), 1 S X S 2,
pa(x) = Eﬂs _HX%E;; - ZZ%, Zz <x < Zs; @

O, .X'>0[5
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FIGURE 1 Membership function of triangular fuzzy number (color figure available online).

The linear representation is given in Eq. (2) according to the left and right
extreme values on the fuzzy number.

Let A = (ay,a,a3) and B = (by, by, bs) be two triangular fuzzy numbers;
then basic operations are defined as:

(—i-)é = (a1, az,a3)(+) (b1, b2, b3) = (a1 + by, a; + by, as + bz)
A(=)B = (ay, as,a3)(=) (b1, b2, b3) = (ay — by, as — by, a3 + bs)

(x) as)(x)(b1,b2,bs) = (a1 - by, az - by, as - bs)
A(/)B = (ar,az,a5)(/)(b1, bz, bs) = (a1 /by, a2 /by, a3/ bs)
kA = k(ay, az, az) = (kay, kay, kas) (3)

x)B = (a, as,

The distance between 4 and B is calculated using a vertex method as follows:

a5 =\ b) b b @

The decision matrix covering alternatives and criteria can be expressed as:

A Cl CZ o Cn
Ll Xy X2 o X
- 2 | % ~ N v
_ 21 X22 X2n P _
D= . ) . =12 ym;f=1,2,...,m  (5)
Ap | = < .
m Xm1  Xm2 o X
where Ay, A, ..., A,, are the alternatives and C, C,, ..., C,, show the criteria,

and x;; are fuzzy numbers that represent the performance rating of alternative
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A; with respect to criterion C. Fuzzy TOPSIS is an efficient tool for solving the
group decision-maker problem in environments of uncertainty. Fuzzy
TOPSIS is defined as follows:

Step 1. Evaluators and criteria for group decision making are determined.
Evaluators are selected according to evaluation criteria.

Step 2. According to importance weight, the linguistic variables for each cri-
terion are specified. A linguistic variable is a variable whose values are words
or sentences in a natural or artificial language instead of numerical values
(Ross 2004). Decision makers use linguistic variables to calculate the degree
of importance of alternatives considering different criteria.

Step 3. As seen in Table 1, the importance weight of the criteria is deter-
mined by using linguistic variables. Table 2 shows linguistic values for rating
of each alternative. The evaluators utilize these linguistic terms to express
their opinions about the alternatives.

Step 4. The evaluations of evaluators regarding to the same alternatives and
criteria are integrated by using the average method.

xj = —(xh + 22+ ..+ k) (6)

where kis the number of evaluators, w;is the weight of the jth criterion, and x;;
is the value of the ith alternative with respect to the jth criterion evaluated by
the kth evaluator (Wang and Chang 2007; Krohling and Campanharo 2011).

Normalization of raw data is necessary to avoid anomalies associated
with different measurement units and scales. The normalized fuzzy decision
matrix is defined as:

R = [F] e (7)

TABLE 1 Linguistic Variables for the Importance Weight of Each Criterion

Linguistic variables Triangular fuzzy number

Very low 0.0 0.1 0.1
Low 0.0 0.1 0.3
Medium low 0.1 0.3 0.5
Medium 0.3 0.5 0.7
Medium high 0.5 0.7 0.9
High 0.7 0.9 1.0

Very high 0.9 0.9 1.0
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TABLE 2 Linguistic Values for Rating of Each Alternative

Linguistic variables Triangular fuzzy number
Very poor 0 0 1
Poor 0 1 3
Fair poor 1 3 5
Fair 3 5 7
Fair good 5 7 9
Good 7 9 10
Very good 9 10 10

- a; by cy

rp=\—.—=.— | ¢/ = maxcy (8)

G G Y ‘ !

Step 5. The weighted normalized fuzzy decision matrix is constructed using
weighted normalized values as follows:

wrrn warz v Wity
5 _ _ 11)1 ;21 ZZ)] fZZ e ZDniZTZ
Uiy =T Qi = ) ) . ) ) 9)
W1rm1 W1V m2 o Wentmn
W = [w1>w27 cee 7wn]

where w; represents the importance weight of criteria.

Step 6. The positive-ideal (4™ and negative-ideal (A7) solutions are ident-
ified as follows:

At = (vf,07,...0)) A = (v7,05,...0))

+ - __ .
v =(1,1,1)v; =(0,0,0)j=1,2...... n. (10)

Step 7. The distance of each alternative from the positive-ideal (4" and
negative-ideal (A7) solutions can be calculated by:

n
df =Y d(vgof), i=123.m j=12..n
J=1

n
d;:Zd(U,.j,yjf), i=1,2,3...m; j=12...n
=
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Step 8. The closeness coefficient of each alternative is computed by:

d-

Cczzm,l:

1,2,3...m (12)
In this way, the alternatives can be ordered in descending order. The
alternative with maximum CC; among alternatives can be selected as the best
one.

DETERMINING CRITERIA FOR SUGAR PLANTS

Financial statements are useful for making and evaluating decisions
about firms. In this study, the following financial statements were used as
criteria.

Current Ratio (Cy)

The current ratio is calculated by dividing the gross operating capital needed
to keep the companies’ activities (current assets) by current liabilities. This
ratio shows whether a certain business entity can meet its short-term debts.
Current assets comprise the cash on hand in the bank and any assets that
can be converted into cash within 12 months, such as marketable securities
held as short-term investments, accounts receivables, inventories, and pre-
payments. Current liabilities comprise financial obligations expected to fall
due within next year, such as accounts payables, and accrued expenses such
as taxes and notes payable (Moyer et al. 1992).

Current assets

Current ratio = —
Current liabilities

Debt Structure Ratio (C,)

The debt structure ratio provides information about the weight of foreign
sources in short-term debts. The height of this ratio is a negative indicator
in terms of firms because the height of short-term debts is inadequate to pro-
duce funds from the company’s own activities and sources. The debt struc-
ture ratio is calculated by dividing short-term liabilities by total liabilities as
follows:

) Short term debts
Debt structure ratio = x 100

Total debts
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Profitability Ratio (C3)

The profitability ratio is very important to assess the performance of firms.
There are different expenditure items among expenses, which cause an
important impact on the incomes of firms. Therefore gross profit of sales
to net sales ratio, operating profit margin, and net profit margin make it
necessary to analyze together. If a firm cannot provide adequate returns in
the form of dividends and share price appreciation to investors, it will not
be able to maintain its asset base. Therefore, the economic interests will be
interested in profitability ratios (Moyer et al. 1992). Although there are differ-
ent formulas to calculate the profitability ratios, in this study the following
formulation is used:

Net profit
Profitability ratio = _ xetprolt
Gross sale rate

Operating Profit Margin (C4)

The operating profit margin is calculated by subtracting the operating
expenses; R&D expenses; marketing, sales, and distribution expenses; and
general administrative expenses from the gross profit, which is an indicator
of the company’s sales ability. It is important in terms of comparison of the
competitive capabilities of firms in the same category. In addition, it is the
ability to reduce the costs of profit reduction resulting from the firm’s activi-
ties. So, in a sense, the height of the operating profit margin indicates how a
company reduces their expenses.

o . fit ) Operating profits sales < 100
erating profit margin =
P 8P & Net sales

Net Profit Margin (Cs)

The net profit margin is a value that reflects the consequences of all of a
company’s activities. This ratio can be calculated by proportioning the
earnings after taxes to sales.

] ] Earnings after taxes
Net profit margin = x 100
Sales

Productivity Per Worker (Cg)

Changes in employment by year show the status of the economy. The
deterioration of a firm’s economic situation causes the dismissal of workers.
In the case of an increase in production, firms should employ new workers.
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However, another reason for employment losses is the transition from
labor-intensive production to technology-intensive production. Total
employees is defined as the sum of temporary workers, permanent workers,
and officers. The employment term of temporary workers in factories is 3
months but they comprise 50% of all employees. This rate is valid in all plants
researched. Therefore, in this study, the only permanent employees were
considered for the number of employees.

Net Profit
Number of employees

Productivity per Worker =

Per Capita Sales (C-)

Per capita sales are calculated by dividing the number of employees by the
net sales for that year. The number of employees is considered as in the
calculation of productivity per worker.

Net Sales
Number of employees

Per Capita Sale =

Liabilities Maturity Rate (Cg)

The liabilities maturity rate is the ratio of short-term foreign funds to total
foreign funds. A rate of two thirds is considered acceptable.

Short-term foreign funds

Liabilities maturity rate =
Y Total foreign funds

CASE STUDY: PERFORMANCE EVALUATION OF SUGAR PLANTS

The evaluation method needs economic data that show the performance of
the plants. The financial statements and their indicators are used as the cri-
teria. Because sugar plants were not traded on the Istanbul Stock Exchange,
it was hard to obtain the entire data from plants. This study includes eight
evaluation criteria (see previous section) and nine alternatives as illustrated
in Figure 2. After determining the alternatives and the criteria for the evalu-
ation, the decision hierarchy is formed. In this context, nine experts were
invited to evaluate nine alternatives for group decision making. The weights
of each criteria and rank of alternatives were calculated using the fuzzy TOP-
SIS method. The application of this method for determining the performance
of the sugar plants is discussed in the following.
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Group decision making problem

Alternatives Criteria

Best alternative

@@ E®E®

FIGURE 2 Group decision-making problem.

Step 1. Determination of the weighting of each criterion: First, the evalua-
tors are requested to rank the importance of each criterion. Table 3 shows
the importance weight of each criterion as obtained by fuzzy TOPSIS
method. The center of area (COA) method (Zhao and Govind 1991) was
used to convert the triangular fuzzy numbers into the best nonfuzzy perfor-
mance (BNP) values in order to compare the criteria. For example, the BNP
value of the weight of C; is calculated as follows:

BNP, = [(Uy — L) + (My — 1,)]/3 4+ Iy
= [(0.989 — 0.789) 4 (0.933 — 0.789)]/3 + 0.789

TABLE 3 Importance Weight of Each Criterion

BNP Rank
G (0.789, 0.933, 0.989) 0.9036 1
Cs (0.467, 0.656, 0.811) 0.6466 6
Cs (0.522, 0.722, 0.789) 0.6776 5
Cy (0.722, 0.878, 0.956) 0.8520 2
Cs (0.678, 0.867, 0.978) 0.8410 3
Cq (0.389, 0.578, 0.744) 0.5703 7
G, (0.289, 0.478, 0.677) 0.4813 8
Cg (0.522, 0.722, 0.878) 0.7073 4
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As can be seen from Table 3, the first criterion C; is more important than the
other criteria; therefore, its order is one.

Step 2. Construction of the fuzzy decision matrix: The evaluators express
their opinions about the rating of every sugar plant regarding each perfor-
mance criteria using the linguistic terms in Table 2 and the financial ratios.
Evaluators sometimes have different opinions on the financial ratios. The
various personnel judgments are combined by averaging the fuzzy perfor-
mance ratings of each plant considering the evaluation criteria. The fuzzy
decision matrix can be calculated using Eq. (6) as in Table 4.

Step 3. Normalization of the fuzzy decision matrix: The normalized fuzzy
decision matrix is calculated using Egs. (7) and (8) as seen in Table 5. For
instance, because the maximum value of the first row of Table 5 is 9.889,
the normalized values are computed by dividing by 9.889. The other rows
are normalized using a similar method.

Step 4. Construction of the weighted normalized fuzzy decision matrix:
The weighted fuzzy decision matrix is found using Eq. (9), based on the nor-
malized decision matrix. Let us take into consideration the fuzzy numbers
(0.303, 0.500, 0.708) of alternative A; regarding C;.

0.303 x 0.789 = 0.239; 0.506 x 0.933 = 0.472; 0.708 x 0.989 = 0.700

This operation is applied to the normalized decision matrix in Table 5 and so
the weighted normalized fuzzy decision matrix is obtained as in Table 6.

Step 5. Determination of the fuzzy positive-ideal and fuzzy negative-idecal
solutions: The fuzzy positive-ideal solution (A") and the fuzzy negative-ideal
solution (A7) are defined as follows:

AT =[(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,1,1),
(1,1,1),(1,1,1)]

A~ =1(0,0,0),(0,0,0),(0,0,0),(0,0,0), (0,0,0), (0,0,0), (0,0,0),
(0,0,0),(0,0,0)]

Step 6. Performance evaluation and ranking the alternatives: In order to
identify the closeness coefficients of each alternative, the distances from
the fuzzy positive-ideal solution and the fuzzy negative-ideal solution for
each sugar plant are computed using Eqs. (4) and (11). The calculation of
negative distance for alternative 4, is shown below:



¥y ‘0 ‘688 ‘TTTE)
(6886 ‘T2T°6 ‘L99°L)

(00°6 ‘8LLL “TTT°9)
(95€°9 95y £99°D)
VY L YHYs ‘PhE0)
(€ECY '€CCT L99°0)
(FhH'S 688°C ‘PhyT)
(TTT% TTT°T '8LL0)

FrH'9 ‘00°S ‘Phy¢)
(9$€°9 ‘9SS'H £99°7)
(6889 ‘00°S ‘00°€)
(688°C 688°¢ ‘111D
(0L “00°¢ ‘00°E)
(8LL'T '688'0 ‘00°0)
&Y' ‘00 'L99°T)
(688'C ‘688°¢ ‘TTTD)

(9SS°L “688°S “00F)
(TTT'8 '€EC9 “CECh)
(L99'T “€€€°0 “00°0)
(ITT'T *£99°0 ‘T1T°0)
FYH'T 2220 '00°0)

(00°T ‘00°0 ‘00°0)
(96579 “8LLY “00°¢)
(8LLY ‘8LLT 'TIT'D)

FYY'9 ‘000°S YHEO)
YL L99°S 'L997€)
(6889 “00°S ‘000°€)
(959 ‘95CH *£99°T)
(TTT9 ‘€ECF “€CCD)
(€6€¥ 8LL'E *£99°0)
(TTTS 8LL'C ‘VYHD)
(TTT% ‘TIT'C ‘8LL0)

(L99°9 ‘TIT'S ‘¥HyE)
(TTTH ‘TIT'T ‘955°0)
(688°6 ‘TTT6 *L99°L)
(00°0T 00°0T ‘00°6)
(00°0T 00°0T ‘00°6)

(00°S ‘00°¢ ‘€€ D)
(L99°S ‘TIT'Y “L99°D)
(L99°6 ‘FHH'6 ‘€EC'8)

FvH'9 ‘00°S ‘Bhy¢)
(€€€'8 ‘9650 ‘95T
(€€€'8 '8LL'O '8LLY)
(ITT'8 ‘T11°9 ‘TeTh)
(T1T°6 ‘TTTL ‘TTTS)
(€€C¥ “€€€T °L99°0)

FYH's 00y ‘L99°T)

(00°L ‘00°S ‘00°€)

(TTTL 009 ‘955H)
(00°0T ‘00°0T 00°6)
(00°0T ‘00°0T ‘00°6)
(00°0T ‘£99'6 ‘€€€'8)

(00°0T ‘00°6 ‘00°L)
(000°¢ € €C€D)
(8LLLTITO ‘TIT'H)
(6886 ‘000°6 ‘7T’ L)

(00°9 “L99°Y €€€€)
(£€€°'8 965°9 ‘9¢CH)
(22T ‘TIT°0 ‘00°0)
(00°T ‘00°0 ‘00°0)
(00°T 00°0 ‘00°0)
(00°T ‘00°0 ‘00°0)
(TTTS BLL'E ‘VYHD)
(00°S 000°¢ ‘€€€T)

(009 'L99% ‘€CC°C) 8D
(FPH'6 '95¢'8 '00°L) LD
(€€°8 8LL9 ‘8LLY) 9D
00°L 00°¢ ‘TIT'E) <D
(9559 “9S6H ‘956T) ¥D
(008 6889 ‘¥HS'S) €D
FYH'S ‘00 L99TD) 7O
(00°L *00°¢ ‘00°€) 1D

6V

8V

LV

oV

5%

W

v

v v

XIE UOISO(] Azzn] % ATIV.L

541



(€58°0 “L¥9°0 ‘9ZH'0)
(686°0 ‘226°0 “9L9°0)
(006°0 ‘8LL70 “T19°0)
(959°0 ‘9S¥°0 *L9Z°0)
FPL0 BHS0 FHE0)
(ThS'0 ‘T6T'0 ‘€80°0)
(00L°0 ‘00$°0 ‘H1€°0)
Q10 ‘€170 ‘6L0°0)

(€£58°0 '299°0 ‘9S¥°0)
(959°0 ‘9SH°0 ‘L97°0)
(689°0 ‘00S°0 ‘00€°0)
(68570 ‘68¢°0 ‘T12°0)
(00L°0 ‘00S°0 ‘00€°0)
(L¥€°0 ‘T1T°0 ‘000°0)
(00L°0 ‘FIS°0 ‘€HE°0)
(96570 ‘€6€°0 ‘S2T°0)

(000°T “6LL°0 “625°0)
(7280 ‘€£€9°0 ‘€€H°0)
(L9T°0 €£0°0 “000°0)
(T12°0 £90°0 ‘T10°0)
FY1°0 '220°0 ‘000°0)
(SZ1°0 “000°0 “000°0)
(€¥8°0 ‘¥19°0 ‘98€°0)
(€850 ‘I8Z°0 ‘Z11°0)

(€68°0 '299°0 ‘9S¥0)
FYL0 'L9S°0 L9€°0)
(689°0 “00¢°0 ‘00£°0)
(959°0 ‘9S¥°0 *L9Z°0)
(T29°0 ‘€€%°0 “€€T°0)
(ThS'0 ‘T62°0 ‘€80°0)
(1L9°0 ‘98%°0 ‘F1¢°0)
(91%°0 ‘€12°0 ‘6L0°0)

(Z88'0 '9L9°0 ‘9SH°0)
(TT%°0 ‘T1Z°0 ‘'950°0)
(6860 ‘TT6'0 “LIL'0)
(000'T ‘000°'T ‘006°0)
(000°T “000°T 006°0)
(290 “€LE°0 “L9T°0)
(6TL°0 ‘6TS°0 ‘€v€0)
(8L6'0 ‘SS6°0 ‘€¥8°0)

(€58°0 '299°0 ‘95¥°0)
(€£€8°0 '959°0 ‘95¥°0)
(£€8°0 '8L9°0 ‘8LY'0)
(T18°0 ‘T19°0 ‘TZH'0)
(I16°0 ‘72L°0 ‘72S°0)
(T¥S'0 T6T'0 ‘€80°0)
(00L°0 ‘FIS0 ‘€H€°0)
(80L°0 *905°0 “€0£°0)

(956°0 F6L'0 ‘€09°0)
(000°T “000°T “006°0)
(000°'T “000°T “006°0)
(000'T ‘£96°0 ‘€£8°0)
(000°'T “006°0 ‘00L"0)
(€29°0 ‘T€H°0 ‘T6T'0)
(000°T ‘98L°0 ‘67S°0)
(000'T ‘0160 ‘0£L°0)

(F6L°0 '819°0 ‘THH'0)
(€880 '959°0 ‘9SH°0)
(ZTZ1°0 ‘T10°0 ‘000°0)
(00T°0 ‘000°0 ‘000°0)
(00T°0 000°0 “000°0)
(SZ1°0 ‘000°0 “000°0)
(1£9°0 ‘98%°0 ‘H1€°0)
(90S°0 €0€°0 “S€1°0)

H6L°0 '819°0 ‘THH'0)
F76'0 '958'0 “00L0)

(££8°08L9°0 ‘8L¥°0)
(00L°0 ‘00$°0 ‘TT€°0)
(959°0 ‘95¥°0 ‘95Z°0)
(000°T ‘T98°0 ‘189°0)
(00L°0 ‘FIS0 ‘€HE°0)
(80L'0 “905°0 “€0€°0)

8D
LD
90
<O
Yo
€0
4}
10

6V

8V

LV

ov

5%

v

v

(44

v

XINEN UoIsIoo(d Azzn, pPaziewlIoN oy, € ATV

542



6YL0
(0990
0L9°0
(@90
(T1L0
(82¥°0
(89¢°0
(I1%°0

‘L9¥0 TTT0)
‘T¥H'0 2TT°0)
‘0570 ‘8€T°0)
‘S6£°0 “I8T°0)
‘8LV0 ‘8VT'0)
‘T12°0 ‘€%0°0)
‘8270 “LYT0)
‘661°0 ‘290°0)

(L8Y°0 ‘8ET'0 ‘8L8°0)
(81T°0 ‘LLO0 ‘8HS'0)
(682°0 “L1T°0 ‘bZ1°0)
(LEE0 “€¥T°0 *90Z°0)
(6£%°0 “L1T°0 ‘8¢T1°0)
(080°0 “000°0 “660°0)
(LEE°0 “09T°0 #89°0)
(L9€°0 8LT'0 ‘8LY°0)

(9¢°0
(€0€°0
(61070
(8500
(61070
(0000
(€0¥°0
(7920

‘9LT°0 “6YL0)
‘ST1°0 ‘96%°0)
00070 ‘€1S°0)
L00°0 ‘T¥9°0)
00070 “S65°0)
000°0 ‘82H0)
‘08T°0 ‘F¥S°0)
‘880°0 ‘11#°0)

(6¥L°0 "8LF'0 ‘8€T'0)
(96%°0 ‘TLT°0 ‘901°0)
(E1€°0 ‘6820 “LIT°0)
(TH9°0 ‘S6£°0 “181°0)
(6570 08¢0 ‘89T°0)
(82%'0 ‘T12°0 ‘€¥0°0)
(FHS0 ‘61€°0 “LFT°0)
(IT%°0 ‘661°0 ‘290°0)

(FLLO ‘88%°0 ‘8€T'0)
(FLZ'0 ‘TOT'0 ‘9T0°0)
(9€L°0 €€S°0 ‘86T°0)
(8L6'0 ‘£98°0 ‘019°0)
(9560 ‘8480 ‘059°0)
(€6%°0 ‘TLT°0 £80°0)
(T6S°0 ‘L¥€°0 ‘09T°0)
(L96'0 ‘T68°0 ‘€99°0)

(6YL°0 ‘8LF'0 ‘8€T'0)
(95€°0 F1€°0 ‘TET'0)
(0290 T6E0 “98T°0)
(€6L°0 ‘0£S°0 ‘98Z°0)
(1480 €90 “LLE0)
(82%'0 ‘T12°0 ‘€¥0°0)
(89S°0 “LEE0 “09T°0)
(00L°0 ‘TLY'0 ‘6£2°0)

(6£8'0 “€LS0 ‘€TE0)
(£99°0 ‘8LF'0 ‘09Z°0)
(FPL0 8LE0 “0S€°0)
(8L6°0 ‘8€8°0 “S95°0)
(9560 ‘06L°0 “S0S°0)
(€6%°0 ‘T1€°0 ‘TST'0)
(1180 91S°0 “L¥Z'0)
(686'0 ‘6¥8°0 ‘9LS°0)

(L69°0
(9¢¢°0
(1600
(860°0
(9600
(6600
(62250
(0050

OFE°0 ‘0£2°0)
FIC0 ‘TET'0)
‘900°0 “000°0)
‘00070 “000°0)
00070 “000°0)
00070 “000°0)
‘670 “LYT0)
€82°0 LOT'0)

(L69°0
(0€9°0
0290
(€890
(£29°0
(68L°0
(8950
(00£0

‘OFE’0 ‘0£2°0)
‘60%°0 ‘202°0)
‘T6E0 ‘98T°0)
HEY0 ‘T12°0)
‘0070 ‘S8T°0)
2T9'0 ‘S<€°0)
L6670 °09T°0)
‘TLY0 6£2°0)

8D
LD
90
O
¥

0
10

6V

8V

LV

9V

vV

v

€V

(a4

v

XL UOISIOQ(] AZZN] PIZI[BWION PAIySion 9 TIIV.L

543



544 M. Arslan and M. Cunkas

0.392 = \/% [(0 = 0.160)* + (0 — 0.337)* + (0 — 0.568)°]

0.614 = \/% [(0 —0.355)% + (0 — 0.622)* + (0 — 0.789)°]

0.442 = \/% [(0—0.185)* + (0 — 0.400)” + (0 — 0.627)°]

0.483 = \/% [(0—0.211)* + (0 — 0.434)* + (0 — 0.685)7]

0.436 = \/% [(0 — 0.186)* + (0 — 0.392)* + (0 — 0.620)7]

0.448 = \/; [(0 —0.202)% + (0 — 0.409)* + (0 — 0.630)]

0.495 = \/% [(0 —0.230)* + (0 — 0.446)* + (0 — 0.697)]

Thus, d;” is computed by summation of the negative distance of eight criteria
as follows:

d; = 0.506 + 0.392 + 0.614 + 0.442 + 0.483 + 0.436 + 0.448 + 0.495 = 3.822

The calculation of positive distance for alternative A, is shown below:

0.562 = \/% [(1—0.239)" + (1 — 0.472)* + (1 — 0.700)]

0.666 = \/% [(1—0.160)* + (1 — 0.337)% + (1 — 0.568)]

0.448 = \/% [(1—0.355)* + (1 — 0.622)* + (1 — 0.789)]

0.622 = \/% [(1—0.185)% + (1 — 0.400)* + (1 — 0.627)]

0.589 = \/% [(1—0.211)° + (1 — 0.434)* + (1 — 0.685)°]
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0.626 = \/% [(1—0.186)* 4+ (1 — 0.392)* + (1 — 0.620)’]

0.611 = \/% [(1—0.202)* + (1 — 0.409)* + (1 — 0.630)]

0.574 = \/% [(1—0.230)* + (1 — 0.446)* + (1 — 0.697)7]

Thus, d; is computed by summation of the positive distance of eight criteria
as follows:

d; = 0.562 4 0.606 + 0.448 + 0.622 + 0.589 + 0.626 4 0.611 + 0.574 = 4.702

After obtaining the positive and negative distances, the closeness coefficient
can be determined by Eq. (12). This value is the score of alternative A,

3.822

=——-—-—=0.448
3.822 4 4.702

0

The positive and negative distances and the closeness coefficient for each alter-
native are given in Table 7.

According to the closeness coefficient, the sugar plant with the highest
value had the best performance, and the one with the lowest value has the
worst performance. Therefore, their rank is as follows:

CC3)CCs)CC1)CC3)CCy) CCs) CC) CC)CC,
The rankings were different but the best performance found was alter-
native As, as shown in Figure 3. Sugar plant A5 is operated by the private sec-

tor, and the rest are state-owned enterprises. As can be seen from Figure 3,
compared to the private sector, the performance of the state is not good

TABLE 7 The Closeness Coefficient and Ranking of Sugar Plants

df d; cc; Rank
A 4702 3.822 0.448 3
A, 6.541 1.805 0.216 9
A, 3.566 5.019 0.584 1
A, 4815 3.753 0.438 4
As 3.983 4.523 0.531 2
Ag 5.518 2.992 0.351 7
A5 6.330 2.113 0.250 8
Ag 5.494 3.007 0.353 6
Ay 5.155 3.380 0.396 5
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Closeness Coefficient

A2 A3 A4 A5 A6 A7 A8 A9
Sugar Plants

FIGURE 3 Ranking the alternatives.

enough; thus, the structure of the state sector should be considered for
analyzing the efficacy of the sugar plants in strategic planning processes.
The names of the sugar factories were not mentioned due to the privacy

policy.
CONCLUSION

Multicriteria decision making enables the decision maker to determine cri-
teria and evaluate their relative importance in order to make a final decision.
In this study, the performance of sugar plants considering eight criteria was
evaluated using a fuzzy TOPSIS method based on an MCDM process. The
performance rankings were determined according to the plants’ financial
statements. Evaluations of the performance of nine sugar plants were per-
formed in an effective and reliable way. Based on the findings within the
described study, the proposed evaluation method could be very useful tool
for assessing suitable investments and choosing the best alternative in
decision-making. In addition, it can be said that fuzzy TOPSIS is an appropri-
ate method for evaluating the performance of other industrial sectors.
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