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ABSTRACT 
 
Due to the increasing awareness of environmental and social issues, sustainable coastal 

wetland park selection becomes an important problem. The aim of this paper is to develop a 

new performance evaluation method for multi-attribute decision making (MADM) problems in a 

group decision environment, based on combining an integrated group Techniques for Order 

Preferences by Similarity to Ideal Solution (IG-TOPSIS) and interval-valued fuzzy numbers. 

Coastal wetland park selection often involves uncertain information due to the subjective nature 

of human judgments. Because human beings are more suitable using linguistic terms rather 

than crisp values or precise numbers to express what they perceive, the rating values can be 

expressed in linguistic terms. These linguistic terms, however, are often imprecise or vague. The 

interval-valued fuzzy sets can provide more flexibility than ordinary fuzzy sets in representing 

vague or uncertain information. This paper presents an interval-valued fuzzy IG-TOPSIS 
method, which aims to solve MADM problems in which the preferences of different decision 

makers are considered and expressed clearly using the concepts of interval-valued fuzzy sets. A 

case study for evaluating the performances of several sites for coastal wetland park selection is 

conducted to illustrate the effectiveness of this method. 
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1. INTRODUCTION 
 

Multi-attribute decision making (MADM) is a crucial part of modern decision analysis. It has 

been widelyapplied in various domains such as economics, sociology,management and 

engineering science; for example, venture capital project evaluation, economic evaluation, and 
facility location[1-2]. TOPSIS (technique for order performance by similarity to ideal solution) 

introduced by Yoon and Hwang [3] is a useful method in solving MADM problems. It helps 

decision makers organize the problems to be solved, and carry out analysis, comparisons and 

rankings of the alternatives. TOPSIS is based on the idea that the most favorable alternative 
should have the shortest distance to an ideal solution [3].  

 

Certain groups constantly make complicated decisions within organizations, so group decision 
making has drawn increased attention [4, 5, 6, 7]. In extending TOPSIS to a group decision 
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making, some works have involved the preference aggregation in the decision making. Shih et al. 
[8] proposed a post-work to improve TOPSIS as a problem-solving tool. This compensation, 

however, requires a group decision support system to achieve its purposes. To simplify the 

decision making activities, Shih et al. [7, 9] further suggested an integrated group TOPSIS (IG-

TOPSIS) method in which the preferences of decision makers are considered and internally 
aggregated. IG-TOPSIS can solve MADM problems effectively and is quite effective for real-

world applications. 

 
The attribute rating process of MADM problems often involves a complicatedprcedure in which 

multiple criteria and uncertain conditions must be considered simultaneously. In evaluating the 

alternatives, qualitative or quantitative assessments are often required to express linguistic terms, 
which are best represented by fuzzy sets [10-12]. However, the presentation of linguistic terms in 

the form of ordinary fuzzy sets is not adequate. Interval-valued fuzzy sets, initially proposed by 

Gorzalczany [13], provide more flexibility to represent vague or uncertain information. Interval-

valued fuzzy sets have been extensivelyused in real-world applications. For example, Liu [1] 
proposed a weighted aggregation operator based on interval-valued trapezoidal fuzzy numbers. 

For the MADM problems in which the rating values are generally expressed in linguistic terms, 

the interval-valued fuzzy numbers can provide more flexibility and can ensure the presentation of 
linguistic terms as sufficiently clear [10]. 

  

In this paper, we develop an interval-valued fuzzy IG-TOPSIS method to solve group decision 
making problems in which the rating values and weights of attributes are linguistic terms 

expressed in interval-valued fuzzy numbers. In the next section, this paper briefly introduces the 

TOPSIS, IG-TOPSIS method, and interval-valued fuzzy sets. Section 3 describes a new method 

based on the combined concepts of the IG-TOPSIS method and interval-valued fuzzy sets. 
Section 4 investigates a numerical example, including an application to site selection for a coastal 

wetland park. Finally, Section 5 draws conclusions. 

 

2. CONCEPTS OF TOPSIS, IG-TOPSIS, FUZZY SETS, AND INTERVAL-

VALUED FUZZY NUMBERS 
 

2.1.  TOPSIS and IG-TOPSIS Method 
 

TOPSIS, the famoustypical MADM method, was first developed by Hwang and Yoon [3]. Let 

 mAAAA ,,, 21   be a discrete set of m feasible alternatives,  mUUUU ,,, 21  be a finite 

set of attributes. The TOPSIS consists of the following steps [14-16]: 

 
Step 1.Normalize the decision matrix. 

 

In general, the attributes ofan MADM problem are benefit attributes and cost attributes. For the 
purpose of measuring all attributes in dimensionless units and facilitating inter-attribute 

comparisons, the following formulas are used to normalize each attribute value xij in decision 

matrix X=(xij)m×n into a corresponding element rij in normalized decision matrix given by Eq. (1). 
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where 

 
(2) 

for benefit attribute ,ijx   

and 

 

(3) 

for cost attribute ijx . 

 

Step 2. Calculate the weighted normalized decision matrix. Suppose that 
T

nwwwW ),, ,( 21   is 

the weight vector of the attributes, where  


n

j jj ww
1

1  ,0 , the weighted normalized 

decision matrix can be constructed as: 

 

 

(4) 

 

Step 3.Determine the positive and negative ideal solutions.The positive idealsolution (PIS)V+ and 

negative ideal solutions (NIS)V- are determined as follows: 

   

 

(5) 

where  ijj vv max and  ijj vv min  

 
Step 4. Measure the distance from positive and negative ideal solutions. The separation of each 

alternative form the PIS,


iS , is given as: 

 
(6) 

Similarly, the separation form the NIS, 

iS , is given as: 

 
(7) 

 

Step 5.Calculate the closeness coefficient to the ideal solutions.The closeness coefficient of the 

ith alternative Ai with respect to the ideal solutions is defined as: 

 

(8) 

Step 6.Rank the preference order.A set of alternatives then can be ranked by preference according 
to the descending order of Ci. 
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2.2. IG-TOPSIS Method 
 

The IG-TOPSIS method was introduced by Shih et al. [7, 9], who considered the separation 

measures by adopting the arithmetic mean of the individuals for TOPSIS to include the multiple 
preferences of different decision makers. Compared to the original TOPSIS procedure, IG-

TOPSIS method offers a general view of TOPSIS with group preference aggregation. 

 

Suppose a MADM problem has m  alternatives mAAA ,, , 21  , and n  attributes. Each alternative 

is evaluated with respect to the n attributes by K  decision makers. The procedure of IG-TOPSIS 

consists of the following steps. 

 

Step 1.Construct a decision matrix kkDk ,2, ,1 ,  for each decision maker. The structure of the 

decision matrix can be expressed as follows: 

 

(9) 

where k
ijx denotes the performance rating of alternative iA . 

 

Step 2. Construct the normalized decision matrix
kR 

nm
k

ijr ][ , for each decision maker. The 

normalized value k
ijr can be represented as: 

 

(10) 

where mi ,,1 ; nj ,,1 ; and Kk ,,1 . 

 

Step 3. Construct the normalized weighted decision matrix 
kV . Each decision maker first elicits 

weights for attributes as k
jw , nj ,,1 ,and 11  

n
j

k
jw . For decision makerk, the normalized 

weighted decision matrix is: 

 

(11) 
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Step 4. Determine both PIS
kV and NIS 

kV . For each decision maker, his or her 
kV and

kV
are: 

 

(12) 

where Jis associated with the benefit criteria and J’ is associated with the cost criteria. 

Step 5.Calculate the separation measureSk+ and Sk- from PIS and NIS for each decision maker. For 
decision makerk, the individual separation measures of each alternative from PIS and NIS are: 

 

 

(13) 

 

Step 6. Calculate the group separation measures using the arithmetic mean. The two group 
separation measures are: 

 

 

(14) 

 

Step 7. Calculate the relative closeness
*
iC  to the ideal solution for the group. 

*
iC can be defined 

as: 

 

(15) 

 

Step 8.Rank the order. According to the relative closeness to the ideal solution, the greater the
*

iC

is, the more favorable the alternative iA is. 

 

2.3. Fuzzy sets and Interval-Valued Fuzzy Numbers 
 

The rating values in MADM problems are usually expressed in linguistic terms. Because these 
linguistic terms are often vague or imprecise, it may be moreappropriate to treat them as fuzzy 

rather than precise. A fuzzy set is a collection of elements in a universe. Each fuzzy set is 

specified by a membership function, which assigns to a value within the unit interval [0, 1]. The 
assigned value is called the degree of membership. The element totally belongs to the set if the 

assigned value is 1. The given element does not belong to the set if the assigned value is 0. The 

element only partially belongs to the set if the value lies within the interval [0, 1]. Consequently, 

any fuzzy set can be uniquely determined by its membership function [17]. 

 

Triangular fuzzy number is a widely used type of fuzzy set since it can be easily handled 

arithmetically and interpreted intuitively. A triangular fuzzy number TA , denoted as 

) , ,( cbaAT  , where cba  , has the triangular-shape membership function [18-19]: 
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(16) 

 

where b denotes the element with the largest membership value, a and c denote the lower and 

upper values, respectively. 

 

Let two positive triangular fuzzy numbers, A
~

 and B
~

, be (a1, b1, c1) and (a2, b2, c2), respectively. 

Some arithmetic operations of A
~

 and B
~

 can be defined as follows [18-19]: 
 

 

(17) 

 
However, linguistic terms in the form of ordinary fuzzy sets are not adequately clear [10, 20-21]. 

Gorzalczany [8] proposed the concept of interval-valued fuzzy sets which can provide more 

flexibility than ordinary fuzzy sets and can ensure that the presentation of linguistic terms is 
sufficiently clear.  

 

An interval-valued fuzzy set A  defined on ),(  is given by: 

 

(18) 

 

where )(xL
A is the lower limit of degree of membership and )(xU

A is the upper limit of degree 

of membership. Figure 1 illustrates the membership value at
'x  of interval-valued fuzzy set A . 

Thereby, the minimum and maximum membership value of 
'x  are )(xL

A and )(xU
A , 

respectively. 

 

 
Figure 1.Interval-valued fuzzy set. 
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Two triangular interval-valuedfuzzy numbers can be represented as: )] , ( , ), ,[( '

332

'

11 aaaaaA 

and )] , ( , ), ,[( '

332

'

11 bbbbbB  , respectively. The arithmetic operations between A  and B  are 

proposed by [10, 22] as follows: 

 

(1) Addition of interval-valued fuzzy numbers  : 

 

(19) 

 

(2) Subtraction of interval-valued fuzzy numbers  : 

 

(20) 

 

(3) Multiplicationof interval-valued fuzzy numbers  : 

 

(21) 

 

(4) Generalized divisionof interval-valued fuzzy numbers  : 

 

(22) 

The distance between A
~

 and B
~

is [23]: 

 
 

(23) 

3. THE PROPOSED INTERVAL - VALUED FUZZY  IG-TOPSIS METHOD 
 

Let mn
k
ij

k xX  ][ be a fuzzy decision matrix for a MADM problem in which mAAA ,, , 21  are 

malternatives and mUUU ,, , 21   are n attributes. Eachalternative is evaluated with respect to the 

attributes by K  decision makers.The evaluated performance of alternative iA  with respect to 

attribute iU  isdenoted as ijx . As illustrated in Figure. 2, ijx is expressed in triangular interval-

valued fuzzy numbers. The x  can be demonstrated as )] , ( , ), ,[( '' ccbaax  .  
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Figure 2. Interval-valued triangular fuzzy number. 

 
The proposed method can be defined as follows. 

 

Step 1.Construct a decision matrix
nxm
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k xD ][  and normalized decision matrix kR .Given
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k

ij ccbaax  , the normalized decision matrix kR  can be calculated as [22, 5]: 

 

 

(24) 

where J is associated with the benefit criteria and 'J is associated with the cost criteria. 

 

Step 2. Construct the normalized weighted decision matrix
kV . By considering the different 

importance weights of each attribute, we can construct the weighted normalized fuzzy decision 

matrix for decision maker k as
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Step 3. Determine positive ideal and negative ideal solution 
kv and 

kv as: 

 

 

(26) 

where J is associated with the benefit criteria and 'J is associated with the cost criteria.  
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Step 4. Calculate the separation measures from PISand NIS individually according to Eq. (23).For 
decision maker k, his or her separation measures from PIS and NIS are: 

 

 

(27) 

 

(28) 

 

Step 5. Calculate the group separation measures using the arithmetic mean. The two group 
separation measures are: 

 

 

(29) 

 

Step 6. Calculate the relative closeness
*

iC  to the ideal solution for the group. 
*

iC can be defined 

as: 

 

(30) 

 

Step 7. Rank the order. According to the relative closeness to the/ ideal solution, the greater the
*

iC is, the more favorable the alternative iA  is. 

 

4. A CASESTUDY FOR SITE SELECTION OF COASTAL WETLAND PARKS 
 
In this section, to illustrate how the present fuzzy MADMmethod works, we present a case study 

that involves the site selection of natural-based parks on coastal wetlands. 

 

Taiwan is surrounded by the sea. The formation of many coastal wetlands is due to the natural 
features. Many developed countries have actively promoted nature-based parks on coastal 

wetlands to protect natural resources and promote environmental education. Based on a literature 

review of the evaluation of site selections of natural-base resort parks, this study constructed five 
attributes for site selection. The attributesare: 
 

1)sightseeing attractions (C1); 

2) transportation convenience (C2); 
3) physico-ecological carrying capacity (C3); 

4) local resident attitudes (C4); and 

5) peripheral attractions (C5). 

 
The three alternatives are Dadu coastal wetlands (A1), Fangyuan coastal wetlands (A2), and 

Dacheng coastal wetlands (A3).  

 
The relative importance weights of the five attributes are described using linguistic terms, such as 

“low”,“medium”, and “high”, which are defined in Table 1. The ratings are also characterized by 
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linguistic terms suchas “poor”, “fair”, and “good”, which are defined in Table 2. Thethree 
decision makers express their opinions on the importance weights ofthe five attributes and the 

ratings of each alternative with respect tothe five attributes independently. Tables 3 and 4 show 

the originalassessment information provided by the three decision makers. The weighted 

normalized fuzzy decision matrixfor each decision maker is calculated using Eq. (25). Table 5 
shows the weighted normalized fuzzy decision matrixof the first decision maker. Individual 

separation measures and group separations are calculated using Eqs. (27), (28) and (29). Applying 

Eq. (30), the relative closeness for the group is obtained as follows. 

.47.0

;69.0

;43.0

*
3

*
2

*
1







C

C

C

 

 

 

Therefore, the ranking of the three alternatives is generated as the follows: 

132 AAA 
  

 
Obviously, the best selection is the Fangyuan coastal wetlands. 

 
Table 1. Definitions of linguistic terms for the importance of each attribute. 

 

Linguistic terms Interval-valued fuzzy number 

Very low (VL) [(0,0);0;(0.1,0.15)] 

Low (L) [(0,0.05) [(0,0.05);0.1;(0.25,0.35)] 

Medium low (ML) [(0,0.15);0.3;(0.45,0.55)] 

Medium (M) [(0.25,0.35),0.5,(0.65,0.75)] 

Medium high (MH) [(0.45,0.55),0.7,(0.8,0.95)] 

High (H) [(0.55,0.75),0.9,(0.95,1)] 

Very high (VH) [(0.85,0.95),1,(1,1)] 

 

Table 2.Definitions of linguistic terms for the rating values. 

 

Linguistic terms Interval-valued fuzzy 

number 

Very Poor (VP) [(0,0);0;(1,1.5)] 

Poor (P) [(0,0.5);1;(2.5,3.5)] 

Moderately Poor (MP) [(0,1.5);3;(4.5,5.5)] 

Fair (F) [(2.5,3.5),5,(6.5,7.5)] 

Moderately Good (MG) [(4.5,5.5),7,(8,9.5)] 

Good (G) [(5.5,7.5),9,(9.5,10)] 

Very Good(VG) [(8.5,9.5),10,(10,10)] 

 

Table3.The importance of each attribute. 

 

Attributes Decision 

Maker 1 

Decision 

Maker 2 

Decision 

Maker 3 

C1 VH VH VH 

C2 H H MH 

C3 VH VH MH 

C4 H MH VH 

C5 M MH M 
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Table4.Decision makers’ assessments based on each attribute. 
 

Attributes Alternatives Decision 

Maker 1 

Decision 

Maker 2 

Decision 

Maker 3 

C1 A1 MG MG G 

 A2 VG G G 

 A3 G MG MG 

C2 A1 F MP F 

 A2 F MP F 

 A3 MP F F 

C3 A1 MG G G 

 A2 MG G MG 

 A3 MG G MG 

C4 A1 F MG F 

 A2 MG MG F 

 A3 F MG MP 

C5 A1 MG G G 

 A2 G VG G 

 A3 MP F MP 
 

Table5.The weighted normalized fuzzy decision matrix for the first decision maker. 
 

 C1 C2 C3 C4 C5 

A1 
[(0.516,0.67),0.7

9,(0.84,0.91)] 

[(0.10,0.26),0.3

8,(0.43,0.50)] 

[(0.56,0.72),0.8

7,(0.91,0.97)] 

[(0.29,0.45),0.58

,(0.63,0.71)] 

[(0.58,0.75),0.8

6,(0.91,0.98)] 

A2 
[(0.66,0.80),0.93

,(0.99,1.00)] 

[(0.14,0.32),0.4

4,(0.50,0.57)] 

[(0.44,0.61),0.7

3,(0.78,0.85)] 

[(0.39,0.55),0.68

,(0.74,0.83)] 

[(0.62,0.81),0.9

3,(1.00,1.00)] 

A3 
[(0.45,0.67),0.74

,(0.79,0.86)] 

[(0.21,0.35),0.4

7,(0.54,0.62)] 

[(0.52,0.66),0.7

9,(0.84,0.88)] 

[(0.19,0.26),0.39

,(0.46,0.55] 

[(0.12,0.14),0.2

7,(0.34,0.42)] 

 

5. CONCLUSIONS 
 

MADM has been widely appliedin solving real world decision making problems. Most MADM 

problems include quantitative or qualitative attributes, which are often assessed using linguistic 

terms. Interval-valued fuzzy set is effective for contending with such decision problems. This 
paper presents a novel method incorporating the concepts of IG-TOPSIS and interval-valued 

fuzzy numbers to solve MADM problems. This study considered and expressed clearly the 

preferences of different decision makers using the concepts of interval-valued fuzzy sets. A case 

study involving the evaluation of the performance of three sites for coastal wetland park 
selections was conducted to examine the applicability of the proposed method. This proposed 

method is easy to understand and quite effective for real-world applications. 
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