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Abstract.With the formula of transforming the vague value to the Fuzzy membership, the decision 
method based on the Vague set distances was put forward. In the decision program, the Vague set 
distance is the measure way to evaluate if the designing scheme approaches the expected scheme. 
The smaller the distance, the design scheme is more close to the expected scheme and by the 
specific example, it proved such method is feasible.  

Introduction 
In the decision problems of the scheme optimal selection, there are many factors for every scheme 
to consider. We usually analyze them with the factor analysis method (such as the main factor 
analysis and the statistical analysis method). The factor analysis method is usually used in the 
project evaluation of mechanical product design and the optimal selection of engineering proposal. 
But if there are different schemes and factors with the interaction of advantage and disadvantage, 
such method may be invalid. Since Gao and Buehrer put forward the theory of Vague sets in 1993, 
it was widely used in the fields such as fuzzy control, fuzzy recognition, decision analysis and fault 
diagnosis and so on. The Vague set popularized the fuzzy set theory and they interpenetrate and 
supplement each other on the theory and method when studying and handling the uncertain 
information.  

In the application of the Vague set, both the similar measurement among the Vague sets and the 
distances among the Vague sets have the important role. Enlightened by the document [3,4], with 
the transformation method, from the vague value to the Fuzzy membership (the formula) and the 
application example of document [4],  the paper provided the decision method of the scheme 
optimal selection based on the distances among the Vague sets. The application example showed 
for the handling of multiple target program decisions, such method is feasible. 

The concept of Vague set  
Definition 1 

Suppose that the vague set A in the discourse domain X is expressed as the true membership 
function At  and false membership function Af : ]1,0[: →XtA  and  ]10[: ，Xf A → , )(xtA  is the 
lower bound of the affirmative membership degree derived by the evidence supporting x, and 

)(xf A  is the lower bound of the denial membership degree derived by the evidence against x. with 
the condition 1)()( ≤+ xfxt AA , )](1,)([)( xfxtxA AA −= is the Vague value of element X to the 
Vague set A. 

When },,,{ 21 nxxxX 2= is a discrete discourse domain, the vague set A is denoted as 
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The transformation methods from the Vague value to the Fuzzy membership 

It is a new idea put forwarded by document [3]. According to the substep transformation of )(xtA  
and )(xf A , suppose that the vague set A in the discourse domain X . Xx∈ and the Vague 
value )](1,)([)( xfxtxA AA −= . The three-dimensional from X to A is ))(),(,)(( xxfxt AAA π . 

In the k steps transformation, when ,3,2,1=k  ))(),(,)(( )()()( xxfxt k
A

k
A

k
A π   among them 

))()()(1)(()( 2)( xxxxtxt k
AAAA

k
A πππ ++++=  ; 

))()()(1)(()( 2)( xxxxfxf k
AAAA

k
A πππ ++++=  ; 

)()( 1)( xx k
A

k
A

+= ππ  
Definition 2 
on such condition Vague value ]1,0[)](1,)([)( ≠−= xfxtxA AA , the Vague value, )(xA  is 

transforming to the Fuzzy membership, )(xFAµ . According to the substep transformation of 
)(xtA and )(xf A , it was defined as follows: 
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The formula of the Vague set distance 
Definition 3 

Suppose that the discourse domain },,,{ 21 nxxxX =  and the Vague set on it  
)])(1),([,)],(1),([)],(1),(([ 2211 nAnAAAAA xfxtxfxtxfxtA −−−=   
)])(1),([,)],(1),([)],(1),(([ 2211 nBnBBBBB xfxtxfxtxfxtB −−−=   

Suppose that there are )](1,)([)( xfxtxA AA −= and  
)](1,)([)( xfxtxB BB −=  and stipulate the function firstly.  
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Among them, the parameter ]1,0(, ∈ba with the condition 12 ≤+ ba , 
))(1))(()(()( iiii xxfxtx ∆∆∆∆ +−= πa , 
))(1))(()(()( iiii xxfxtx ∆∆∆∆ ++= πb , )()(1)( iii xfxtx ∆∆∆ −−=π , BA,=∆ and ni ≤≤1 . 

Definition 4 
the distance between the Vague set A and B is defined as 

     


 ≤≤==

=
othersBAd

nixBxAwhen
BAD ii

),,(
,1,]1,0[)()(,yUncertaint

),(                     (3) 

and the formula ),( BAD meets the following Rule: 
(R1) 1),(0 ≤≤ BAD  
(R2) ),(),( ABDBAD =  
(R3) ),(),(),( CBDBADCAD +≤   and CBA ,,  are the Vague set on the X. 

The organization program and decision method based on the Vague set distance  
The organization program and decision method in the document [4] are the decision methods based 
on the similar measurement of Vague set. In the paper, it was modified as the decision methods of 
the Vague set based on the distance. Combined the application example in the document [4], we 
will introduce the method.   
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Example 1[4]: some practical designing scheme made the best choice among the V belt drive, the 
chain drive, the gear drive and the worm drive and serial numbers of the organization were showed 
in Table 1.  

Table 1:  The mechanism serial number 
 
 Scheme No.                    1                 2                        3                4 

 
machinery type    V  belt drive    chain drive      gear drive     worm 
drive 

According to the analyses of the specialists and the experiences of the designers, the choice 
indicator sets are the manufacturing costs, the structural rationality, the transmission performance, 
transmission efficiency, manufacture complexity, installment maintenance and the operational 
reliability. The specific numerical value index which was indicated in Table 2  for some practical 
requirement was given.  
 

Table 2: The numerical indices of mechanism(Vague value) 

 
Table 3: The indices of fuzzy membership degree of mechanism(Fuzzy value) 

 
In the table, the indexes with “∗ ” are the qualitative indexes and were showed and marked by the 
specialists.   

scheme 
No. 

                                                                                   index 
Manufacturing     structural        transmission         transmission     manufacture      installment

*
      

reliability   
    costs                 rationality 

*
   performance

*
       efficiency

*
     complexity        maintenance 

 
  1             [0.65,0.65]        [0.10,0.10]         [1.00,1.00]           [0.94,0.94]       [0.10,0.10]        [1.00,1.00]        
[0.70,0.70] 
 
  2             [0.67,0.67]        [0.64,0.68]        [0.40,0.70]            [0.95,0.95]       [0.60,0.70]         [0.75,0.80]       
[0.80,0.85] 
 
  3             [0.20,0.20]        [1.00,1.00]         [0.10,0.10]           [0.98,0.98]       [0.80,0.90]         [0.45,0.50]        
[0.99,0.99] 
 
  4             [1.00,1.00]        [1.00,1.00]        [0.62,0.62]          [0.80,0.80]       [1.00,1.00]         [0.22,0.30]       
[0.90,0.90] 

scheme 
No. 

                                                                           index 
Manufacturing    structural        transmission       transmission      manufacture      installment

*
     

reliability   
    costs               rationality 

*
     performance

*
    efficiency

*
       complexity        maintenance 

 
      1                  0.65                 0.10                   1.00                  0.94                 0.10                     1.00                 
0.70 
 
      2                   0.67                0.67                    0.57                  0.95                0.67                      0.79                
0.84 
 
      3                   0.20                1.00                    0.10                  0.98                0.89                      0.47                
0.99 
 
      4                   1.00               1.00                      0.62              0.80                1.00                      0.24                
0.90 
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In order to evaluate the advantages and disadvantages of schemes from the organizations, the 
design expected scheme E was given. We set },,,{ 21 nxxxE = . In order to arrange the ideal value 
sequence of every index, we set the ix  according to the different properties of the index, )( iA xt

j
( j  

is the serial number of the scheme and mj ,,3,2,1 = ; i is the index serial number and 
ni ,,3,2,1 = ). 

Based on the transformation of Vague value and the distance among the Vague sets, the 
technology steps of the organization program and decision method are as follows: 

Step 1: Getting the index table of Fuzzy membership. 
We should transform the Vague value )(xA  in Table 2  to the Fuzzy membership )(xFAµ . With 

the methods of substep transformation, )(xtA and )(xf A , we will get the Table 3. 
Step 2: Getting the design expected scheme. 
The decision maker hope the smaller of the index manufacturing costs, the transmission 

performance and the manufacture complexity the better in the table 3 and the bigger of the indexes 
such as the structural rationality, the transmission efficiency, installment maintenance conveniences 
and the reliability the better. So the design expected scheme (the optimal reference data) E (still in 
Vague set form) which was got from the Table 3.is: 

]}99.0,99.0[],00.1,00.1[
],10.0,10.0[],98.0,98.0[],10.0,10.0[],00.1,00.1[],20.0,20.0{[=E

 

Step 3: List the initial design scheme of the Vague set. 
We set four initial design schemes on the },,,,,,{ 7654321 xxxxxxxX = which can be got from 

Table 2. 

]}70.0,70.0[],00.1,00.1[
],10.0,10.0[],94.0,94.0[],00.1,00.1[],10.0,10.0[],65.0,65.0{[1 =A

 

]}85.0,80.0[],80.0,75.0[
],70.0,60.0[],95.0,95.0[],70.0,40.0[],68.0,64.0[],67.0,67.0{[2 =A

]}99.0,99.0[],50.0,45.0[
],90.0,80.0[],98.0,98.0[],10.0,10.0[],00.1,00.1[],20.0,20.0{[3 =A

]}90.0,90.0[],30.0,22.0[
],00.1,00.1[],80.0,80.0[],62.0,62.0[],00.1,00.1[],00.1,00.1{[4 =A

 

Step 4: Work out the distance between the initial design scheme and the design expected scheme. 
With the formula, ),( BAD (namely the formula (3)) (take the parameter 25.0=a and 5.0=b ) we 

work out the distance between the initial design scheme iA )41( ≤≤ i and the design expected 
scheme E is : 1850.0),( 1 =EAD , 1777.0),( 2 =EAD , 0445.0),( 3 =EAD , 

2325.0),( 4 =EAD . 
Step 5: Get the optimized scheme . 
From the distance, we can see if the initial design scheme approach the design expected scheme. 

If the distance is shorter, the design scheme is closer to the design expected scheme. So from the 
distance value in step 4, we got the order of organization scheme as follows: 

Scheme 3-scheme 2-scheme 1-scheme 4. 
Obviously the Scheme 3 is the best option . 

Conclusions 
The organization decision scheme which was got by the transformation of Vague value and the 
distance among the Vague sets is consistent with the organization decision scheme which was got 
by the similar measurement of the Vague sets in the document [4]. The organization decision 
scheme based on the transformation of Vague value and the distance among the Vague sets is 
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reasonable, practical and feasible like the organization decision scheme provided by the document 
[4] based on the Vague sets similar measurement and it provided the new method for the optimized 
decision for studying the same kind of problems. 
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