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ABSTRACT  
 
 In the real word, the decision making problems are very vague and uncertain in a number of ways. This 
paper describes the design of a fuzzy decision support system in distance analysis approach for selecting the best 
map alternatives or strategies in environment watershed. This research gives an example of evaluation 
consisting of some alternatives, solicited from an environment watershed map work in special area, is illustrated 
to demonstrate the effectiveness and usefulness of the proposed approach.       
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Introduction 
 
 In many applications, ranking of fuzzy numbers is an important component of the decision process.  Since 
Jain (Jain, R., 1976; Jain, R., 1978). employed the concept of maximizing sets to order the fuzzy numbers in 
1976, many authors have investigated various ranking methods. Some of these ranking methods have been 
compared and reviewed by Bortolan and Degani (Bortolan, G. and R. Degani, 1985), and more recently by Chen 
and Hwang (Chen, S.J. and C.L. Hwang, 1972).  Other contributions in this field include: an index for ordering 
fuzzy numbers defined by Choobineh and Li (Choobineh, F. and H. Li, 1993), ranking alternatives using fuzzy 
numbers studied by Dias (Dias, O., 1993) automatic ranking of fuzzy numbers using artificial neural networks 
proposed by (Requena et al., 1994), ranking fuzzy values with satisfaction function investigated by Lee et 
al.,1994), ranking and defuzzification methods based on area compensation presented by  (Fortemps and 
Roubens, 1996)  and ranking alternatives with fuzzy weights using maximizing and minimizing sets given by 
(Raj and Kumar, 1999). However, some of these methods are computationally complex and difficult to 
implement, and others are counterintuitive and not discriminating. Furthermore, many of them produce different 
ranking outcomes for the same problem. In recent years, some researchers introduced different methods to rank 
fuzzy numbers based on distance between fuzzy numbers. But each method appears to have advantages as well 
as disadvantages. The distance measuring is a very essential tool in various fields of study that measures the 
distance or difference between two points. Many researchers work on distance measuring, try to compute the 
distance between two fuzzy numbers. Having reviewed the previous methods, this article proposes here a 
method to use the concept of bi-symmetrical distance to find the order of fuzzy numbers. We proposed a new 
ranking index to rank fuzzy numbers and prepared several typical examples to compare the current method with 
some other ranking methods. Our findings show that the ranking method suggested in this paper overcomes 
some problems included in existing methods to some extent and possesses better efficiency of resolution and 
reasonability. The paper is organized as follows:  In Section 2, some fundamental results on fuzzy numbers are 
recalled.  A proposed method for ranking fuzzy numbers is in Section 3.  A discussion and comparison of this 
effort with other methods are exhibited in Section 4. 
 
Preliminaries: 
 
 The basic definitions of a fuzzy number are given in (Kauffman and Gupta, 1991; Zimmermann, 1991) as 
follow: 
 
Definition 2.1.  Let U  be a universe set. A fuzzy set A  of U  is defined by a membership function 

]1,0[)( xA , where UxxA ),( , indicates the degree of x  in 
A

. 

 

Definition 2.2.  A fuzzy subset A  of universe set U  is normal iff 1)(sup  xAUx  , where U  is the 

universe set. 
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Definition 2.3. A fuzzy set A  is a fuzzy number if A  is normal and convex on U . 

Definition 2.4. A trapezoidal fuzzy number A  is a fuzzy number with a membership function )(xA  defined 

by : 
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which can be denoted as a quartet ),,,( 4321 aaaa . In the above situations ),,,( 4321 aaaa , if 32 aa  , A  

becomes a triangular fuzzy number. 
 
Definition 2.5.  An extended fuzzy number A  is described as any fuzzy subset of the universe set U  with 

membership function A  defined as follows: 

(a) A  is a continuous mapping from U  to the closed interval 10],,0[  ww . 

(b) 0)( xA , for all ],( 1ax  . 

(c) A  is strictly increasing on ],[ 21 aa . 

(d) 1)( xA , for all ],[ 12 aax , as w  is a constant and 10  w . 

(e) )(xA  is strictly decreasing on ],[ 43 aa . 

(f) 0)( xA , for all ),[ 4  ax . 

Furthermore, if 321 ,, aaa  and 4a  are real numbers, and 4321 aaaa  , then A  becomes a crisp real 

number. 
 

Definition 2.6.  The membership function A  of extended fuzzy number A  is expressed by 
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where ],0[],[:)( 21 waaxA   and ],0[],[:)( 43 waax
A

 . Based on the basic theories of fuzzy 

numbers, A  is a normal fuzzy number if 1w , whereas A  is a non-normal fuzzy number if 10  w . 

Therefore, the extended fuzzy number A  in definition 2.6 can be denoted as );,,,( 4321 waaaa . The image 

A  of A  can be expressed by );,,,( 4321 waaaa  . 

 
Definition 2.7. The r -cut of a fuzzy number A , where 10  r  is a set defined as 

 rxxA Ar  )( . According to the definition of a fuzzy number it is seen once that every r -cut of a 

fuzzy number is a closed interval.  Hence, )](),([ rArAAr  , where 

 rxxrA A  )(inf)(           (2.3) 

 rxxrA A  )(sup)(           (2.4) 

A space of all fuzzy numbers will be denoted by F , and this article recalls that 

 1)(  xxAcore A . 
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Definition 2.8. [24].  For two arbitrary fuzzy numbers A  and B  with r -cuts )](),([ rArA  and 

)](),([ rBrB , respectively, the quantity 
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   drrBrArfdrrBrArfBAD       (2.5) 

where ]1,0[]1,0[: f  is a bi-symmetrical (regular) weighted function is called the bi-symmetrical ( regular) 

weighted distance between A  and B  based on f . 

 
Valuation Method: 
 
 In this section, we concentrate on the use of particular valuation methods. One general approach to the 
problem of comparison of fuzzy numbers is to associate a fuzzy number u with some representative values, and 
t o  c o m p a r e  t h e  f u z z y  s u b s e t s  u s i n g  t h e s e  s i n g l e  r e p r e s e n t a t i v e  v a l u e s .  

drAAverageAVal r
1

0

][)(           (2.6) 

This formulation is developed and a generalized formulation for a class of valuation functions is: 
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In the increasing family, we consider qrrfrf  )(:  with .0q . We have two interesting particular cases 

(the extremes): 
• For 0q , we obtain f  equal to .1  So, the valuation is given by the original Eq. (2.6). 

• For q ,we obtain the Dirac function. So, the valuation is 

)]([)( 1AAverageAVal  ,                (2.8) 

which is the average of the core. In this family we are placing more emphasis on the higher α-level sets, and 

the larger q the more emphasis we give to the higher level sets. In the limiting case, when q approaches 

infinity, we just use the core of A. 
The decreasing family which is the complementary case of the increasing family is shown as follows: 

,)1()(: qrrfrf   with .0q Here, again, we have two interesting particular cases: 

• For ,0q , we obtain f  equal to 1. That gives the valuation expressed in the original Eq. (2.6). 

• For ,q we obtain the Dirac function. So, the valuation is 

)]([)( 0AAverageuVal           (2.9) 

which is the average of the support. In the decreasing family for 0q ; we are placing more emphasis on the 

lower r  -level sets, and the larger q  the more emphasis we give to the lower level sets. 

 
A New Approach For Ranking Fuzzy Numbers: 
 
 Some researchers introduced a distance and then compared the fuzzy numbers according to it, (Saneifard, 
R. and R. Ezatti, 2010; Saneifard, R., 2009; Tseng T.R. and C.M  Klein, 1989; Asady, B. and A. Zendehnam, 
2007). But each method appears to have advantages as well as disadvantages.  In this Section, a  ranking fuzzy 
numbers method based on weighted distance is proposed, and verified by some examples. In this section, the 
authors will propose a ranking method of fuzzy numbers associated with the metric  

),(),(),( 2
2

2
1 BAwDBADBAP                      (3.10) 

Such that )()(),(1 BValAValBAD   

When ranking n  fuzzy numbers nAAA ,,, 21  , the maximum crisp value max  is defined as: 

 .),,,(max 21max nAAADomainxx                    (3.11) 
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Definition 3.9.  Let A  and B  be two fuzzy numbers characterized by definition 2.6 and ),( BAP  be their 

weighted distance. Since the intention of the endeavor is to approximate a fuzzy number by a scalar value, the 
authors have used an operator FP :  which transforms fuzzy numbers into a family of real line(operator P  
is a crisp approximation operator).  As the above defuzzification can be used as a crisp approximation of a fuzzy 
number, the resultant value is used to rank the fuzzy numbers.  Thus,  P  is used to rank fuzzy numbers 
therefore, the larger the P, the smaller the fuzzy number. Let FBA ,  be two arbitrary fuzzy numbers. The 

ranking of A and B  by (.,.)P  on F  is defined  follows: 

1.   ),(),( maxmax  BPAP   if and only if BA  , 

2. ),(),( maxmax  BPAP   if and only if BA  , 

3. ),(),( maxmax  BPAP   if and only if BA ~ , 

then, this article formulates the order   and   as BA  if and only if BA   or BA ~ , BA , if and only if 

BA   or BA ~ . 
 
Ranking The Alternatives: 
 
 From the criteria weightes of three decision making groups of the obtained by the fuzzy analytic hierarchy 
process (FAHP) and the average fuzzy performance values of each criterion of experts for each alternative 
(Table 1), the final fuzzy synthetic decision ( ke ) can then be processed. After the fuzzy synthetic decision is 

processed, the non fuzzy ranking method is then employed, and finally the fuzzy numbers are changed into non-
fuzzy values. Though there are methods to rank these fuzzy numbers, this study has employed center of area 
(COA) to determine the best non fuzzy performance (BNP) value, which is used to rank the evaluation resuls of 
each of the best plan alternative. We use Eq. wEe   to find out its 1A  alternative value, details of the 
results are presented in Table 2. To take the fuzzy synthetic decision value of alternative 1A  under weightes 
of domain experts as an example, we can use the below equation to obtain this value: 
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 Next, we use Eq. (3.11)  to find out its BNP value, details of the results are presented in Table 3. As one 
can see from Table 7 that as using traditional plan rate as a plan index, the plan levels of environment watershed 
are identical. Table 3 can be seen for the alternative evaluation results, alternative 2A  is the best alternative 
considering the weightes. The results in Table 3 reflect the perception that changes in criteria weightes may 
affect the evaluation outcome to a certain degree. It is clear that most alternatives maintain similar ralative 
rankings under different criteria weightes. In addition, abviously, the alternative 1A  has poorest performance 
rating to other alternatives, which is the most common consensus among the decision making domain experts. 

 
Table 1 
Criteria 1A  2A  3A  4A  5A  
Potential debris flow (49.6,63.2,75.4) (61.8,77.4,85.6) (55.6,69.2,79.4) (44.6,58.2,74.4) (61.8,77.4,85.6) 
River of erosion and 
d i i

(48.6,55.2,69.4) (30.6,47.6,62.2) (36.6,45.2,60.4) (51.6,63.2,77.4) (57.8,68.4,78.6) 
Soil and water 

i f d
(38.6,48.2,65.4) (71.4,84,90.0) (45.6,56.2,69.4) (53.6,66.2,77.4) (42.8,53.4,66.6) 

Activities of biological 
i

(34.6,50.6,67.2) (52.6,64.6,74.2) (41.6,55.6,67.2) (46.6,60.6,73.2) (41.6,55.6,67.2) 
Integrality of 

l i l id
(48.6,53.2,57.4) (41.6,56.6,69.2) (25.6,37.2,55.4) (28.6,41.6,53.2) (28.6,41.6,57.2) 

Ecological monitoring 
d

(22.6,35.6,55.2) (40.6,57.6,69.2) (34.6,47.6,63.2) (30.6,47.6,62.2) (34.6,47.6,63.2) 
Landscape tour and 

l f
(21.6,49.2,69.4) (47.8,64.4,78.6) (41.6,56.2,72.4) (40.6,54.2,69.4) (47.8,64.4,78.6) 

Human industry and 
f l d

(34.6,58.6,72.2) (57.4,71.0,82.0) (43.6,58.6,71.2) (52.6,67.6,77.2) (53.4,67.0,78.0) 
Artificial disturbance 

i i i i
(43.6,41.2,61.4) (43.8,61.4,76.6) (33.6,49.2,66.4) (34.6,48.2,63.4) (29.8,47.4,62.6) 

Forbid developing (43.6,41.2,61.4) (50.8,66.4,79.6) (40.6,54.2,69.4) (34.6,48.2,63.4) (46.8,62.4,75.6) 
 
Table 2 

1A  Alternative ie1 iw ii we 1
Potential debris flow torrent (49.6,63.2,75.4) (0.042,0.185,0.474) (2.089,11.71,35.774) 
River of erosion and deposition (48.6,55.2,69.4) (0.015,0.091,0.204) (0.742,5.045,14.150) 
Soil and water conservation of road (38.6,48.2,65.4) (0.012,0.075,0.172) (0.457,3.621,11.247) 
Activities of biological community (34.6,50.6,67.2) (0.037,0.184,0.540) (1.296,9.316,36.269) 
Integrality of ecological corridor (48.6,53.2,57.4) (0.037,0.218,0.491) (1.821,7.684,24.030) 
Ecological monitoring and managment (22.6,35.6,55.2) (0.011,0.052,0.152) (0.259,1.843,8.376) 
Landscape tour and natural features (21.6,49.2,69.4) (0.033,0.071,0.119) (0.707,3.509,8.284) 
Human industry and resource of land (34.6,58.6,72.2) (0.015,0.032,0.056) (.529,1.869,4.026) 
Artificial disturbance minimizing (43.6,41.2,61.4) (0.024,0.065,0.101) (1.037,2.696,6.225) 
Forbid developing (43.6,41.2,61.4) (0.016,0.038,0.068) (0.423,1.556,4.163) 
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10

1
1

i
ii we    (9.36,48.85,152.54) 

Linguistic value of alt. maxi=100   (9.36,48.85,100.00) 
 
Table 3 

Alternatives BNPk Ranking 

1A  52.74 1 

2A  59.72 5 

3A  54.32 2 

4A  55.07 3 

5A  56.48 4 

 
Conclusion: 
 
 In this article, the researchers proposed bi-symmetrical weighted distance between the two fuzzy numbers 
and used a ranking method for the fuzzy numbers. Based on this metric, we propose new ranking index to 
classify fuzzy numbers and displaying several typical examples to compare the current method with some other 
ranking methods. We find the ranking method suggested in this paper overcomes some problems included in 
existing methods to some extent and possesses better efficiency of resolution and reasonability. The calculations 
of the proposed method are simpler than the other approaches. 
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