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MULTI-ATTRIBUTE EXTENSION FUZZY OPTIMIZED DECISION-MAKING MODEL OF 
SCHEME DESIGN 
 
Ti-chun Wang, Ai-jun Yang, Shi-sheng Zhong 

Original scientific paper 
Due to the uncertain interval and the incomplete attribute information in the procedure of the complex mechanism scheme design, a computing method for 
the multi-attribute extension decision making of fuzzy number is proposed. The proposed model for the multi-attribute extension decision making of fuzzy 
number is developed based on the fuzzy system theory and the extension theory. By adopting the fuzzy-matter element, the multiple-attribute extension 
decision making matrix is standardized, and the dummy ideal region and the negative ideal region of fuzzy-matter element with integrated attribute 
information are proposed. Then, the extension distance of fuzzy information is presented, and the synthetic weights of indexes that include both subjective 
preference and objective information are given based on the extension distance. Based on the extension fuzzy optimal membership degree of design 
schemes, the optimum design scheme is achieved in the whole system. Finally, an example is provided to examine the model and algorithm. 
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Fuzzy optimizirani model za donošenje odluke o projektu sheme zasnovan na multi-atributnoj ekstenziji 
 

Izvorni znanstveni članak 
Zbog nesigurnog intervala i nepotpune informacije o karakteristikama u postupku projektiranja sheme složenog mehanizma, predlaže se računalna metoda 
za donošenje odluke uz multi-atributnu ekstenziju neodređenog (fuzzy) broja. Predloženi model za donošenje odluke uz multi-atributnu ekstenziju 
neodređenog broja razvijen je na osnovu teorije fuzzy sustava i teorije ekstenzije. Prihvaćanjem elementa fuzzy-materije, matrica za donošenje odluke uz 
multi-atributnu ekstenziju je standardizirana i predlaže se zamjensko (dummy) idealno područje i negativno idealno područje elementa fuzzy-materije uz 
informacije o karakteristikama (atributima). Zatim se prezentira ekstenzijska udaljenost fuzzy informacije i daju sintetičke težine indeksa uključujući 
i subjektivne preferencije i objektivnu informaciju na temelju udaljenosti ekstenzije. Na temelju fuzzy optimalnog stupnja ekstenzije projektnih shema, 
optimalna projektna shema se postiže u cijelom sustavu. Konačno, daje se primjer u svrhu ispitivanja modela i algoritma. 
  
Ključne riječi: element fuzzy-materije, multi-atributno donošenje odluka, projekt sheme, teorija exstenzije 
 
 
1 Introduction  
 

Structural configuration has characteristics like multi-
level, multi-attribute, creativity and so on, especially in 
complex mechanism scheme design of aerospace, power 
generation equipment and other industries. During the 
design process of such products, not only the performance 
requirements of the mechanism design, but also the 
overall planning system should be ensured. So we must 
anatomize the technical indicators, economic indicators 
and social indicators in the structural configuration of the 
complex mechanism scheme design. This is a decision-
making problem about the technical and economic system 
which is multi-attribute and contains many non-
deterministic factors [1.÷.3]. Traditional fuzzy theory 
studies into the problems of cognitive uncertainty, the 
problems have the characteristics of clear meaning and 
unclear extension [4, 5]. Extension theory studies the 
problem at contradiction in both qualitative and 
quantitative points. It uses extension methods for 
association analysis. For example, Tichun WANG [6], 
Meng-Hui Wang [7] and Yong-xiu He [8] have put 
forward the methods and models of the problems of 
extension data mining based on the extension theory. And 
YiFei Chen [9], Wang Tichun [10] and Zhao Yanwei [11] 
have discussed the extension configuration models of 
product Scheme design. Liu Yang [12], Jianzhou Gong 
[13] and Meng-Hui Wang [14] have studied the extension 
methods based on the matter-element. At present, there 
are some scholars who use extenics to study the issues of 
product design decision and design analysis, and obtain 
the corresponding results. Such as Yan-chao Yin [15], JIA 
Chun-rong [16] and Dongjun Liu [17] have given the 
extension fuzzy optimization and evaluation models based 

on the extension theory. Thus, we combine the fuzzy 
mathematics with the extension theory and use this 
combination to solve the complex multi-attribute 
mechanism scheme design with non-deterministic factors. 
In the process, we gain a new decision-making method to 
solve such fuzzy problem. In recent years, many scholars 
have conducted research in this area. They applied it to 
engineering area and have all obtained good application 
results [18.÷.21]. However, in the existing literature, it 
mostly represents fuzzy decision-making based on the 
matter-element model and does research about decision-
making based on the ideal scheme, without considering 
the deviation arising from the known information. Strictly 
speaking, such method cannot really solve fuzzy decision-
making problems. In summary, this paper provides an 
improved multi-attribute extension fuzzy optimized 
decision-making model based on the fuzzy theory and the 
extension theory. In this paper, we will give the specific 
process with examples. Firstly, the basic definition of 
extension fuzzy decision-making is given in Section 2. 
Then, a multi-attribute extension fuzzy optimized 
decision-making model is described in Section 3. Then, 
an example about the multi-attribute extension fuzzy 
optimized decision-making model is provided in 
Section 4. Finally, the discussions and acknowledgments 
are given in Section 5 and Section 6, respectively. 
 
2 Basic definition of extension fuzzy decision-making 
  

In order to analyse and calculate things qualitatively 
and quantitatively, extenics describes a variety of things 
formally with matter-element. That means it describes 
things with triples R = (N, c, v) as the basic unit, the 
triples is made up of variable N, characteristic c and the 
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variable v which is changed with c. Where the variable N 
has n characteristics, R is called n-dimensional matter-
element. If the eigenvalue of matter-element is fuzzy, then 
the matter-element is called fuzzy matter-element, 
denoted as: 
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where n

~R is an n-dimensional fuzzy matter-element, N is 
the event, ci is the NO. i decision-making characteristic of 
N, vi(fi(x)) is the fuzzy value of ci, it can express both the 
interval value of ci and the fuzzy membership degree of ci.  

Definition 1. If there are m n-dimensional matter-
elements, each of them has n characteristics as c1, c2,…, 
cn, then the corresponding fuzzy values of the matter-
element characteristics are v1(fi1(x)), v2(fi2(x)),…, vn(fin(x)) 
(i = 1, 2,…, m).  

They are called n-dimensional fuzzy composite-
elements, denoted as: 
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Definition 2.  Suppose the fuzzy composite-element 

corresponded to the decision-making scheme is 
{ })(),...,2(),1( m~~~~

nnnnm RRRR =⊗ , then all the decision-
making characteristics of the fuzzy matter-element are 
positive: ( )0 ( ( )) max ( ( )) |1j j j ijv f x v f x i m+ = ≤ ≤ , we call it the 
positive ideal region of fuzzy composite-element nm

~
⊗R , 

referred to the characteristic cj. If vj(fij(x)) is an interval 
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referred to matter-element characteristic cj. If vj(fij(x)) is 
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So +
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~R is the positive ideal matter-element which 
corresponds to the fuzzy composite-element nm

~
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~R is the negative ideal matter-element which  
corresponds to the fuzzy composite-element nm

~
⊗R : 
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Definition 3. Suppose the ideal region of the 

fuzzy composite-element cj is v0j(fj(x)) = [ )),((0 xfv j
L

j  

].))((0 xfv j
R

j The matter-element characteristic quantity 

which corresponds to the design scheme i is ( ( ))j ijv f x , 
then the dot extension distance of the fuzzy matter-
element characteristic is ijK , it can be expressed as: 
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When vj(fij(x)) is fuzzy and vj(fij(x)) = [ )),(( xfv ij
L
j  

],))(( xfv ij
R
j the dot extension distance Kij can be 

expressed as:  
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Based on the extension theory, we know that the 

smaller Kij is, the closer the matter-element characteristic 
cj will get to the design goal. 

Definition 4.  If the membership degree of the 
positive ideal matter-element +

⊗nm
~R is ψi, where the 

positive ideal matter-element +
⊗nm

~R is attached to the 
fuzzy composite-element nm

~
⊗R , then the membership 

degree of the corresponding negative ideal matter-element 
is 1− ψi. In order to determine the extension optimal 
membership degree of the fuzzy matter-element ψi, the 
objective function is proposed as: 

 

240                                                                                                                                                                                                          Technical Gazette 21, 2(2014), 239-247 



Ti-chun Wang  et al.                                                                           Fuzzy optimizirani model za donošenje odluke o projektu sheme zasnovan na multi-atributnoj ekstenziji 
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From the extension relatedness, we can get 
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closer minimum extension distance gets to the negative 
region of the matter-element, the more inferior it is; where 

ijK +  is the extension distance of the positive fuzzy matter-

element region and ijK −  is the extension distance of the 
negative fuzzy matter-element region. wj is the weight of 
matter-element characteristic cj of the fuzzy matter-
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Let ( ) / 0iF ψ ψ∂ ∂ = , solve the Eq. (7) based on the 
extremum principle, then the computational model of 
fuzzy matter-element’s extension optimal membership 
degree can be expressed as: 
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3 Multi-attribute Extension Fuzzy Optimized Decision-

Making Model 
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Suppose there are m  product design schemes called 

P, and it’s fuzzy matter-elements are (1),n
~R (2),n

~R ..., 
),(m~

nR it has n same decision-making indexes, that are 
fuzzy matter-element characteristics 1 2, , , nc c c , and the 
corresponding weights are 1 2, , , nw w w  (model of weight 
distribution please see 2.3), the fuzzy value of the fuzzy 
matter-element with regard to matter-element 
characteristic cj is ( ( )), ( ( ))L R

ij j ij j ijV v f x v f x =   , where i = 
1, 2,…, m, 1, 2, ,j n=  , and the corresponding fuzzy 

composite-element is nm
~

⊗R , then the extension fuzzy 
decision-making matrix can be expressed as Eq. (9). 
 
3.1 Normative approach of fuzzy matter-element 

 
Decision-making of complex mechanism design 

scheme contains varieties of indexes like 
technical indexes, economic indexes and social indexes. 
Among them there are both precise and imprecise 
indexes, cost-type indexes and efficiency indexes. Some 
of them are moderate-type indexes, but always with 
different dimensions. For easy analysis of the extension 
fuzzy decision-making, we have to normatively approach 
the extension fuzzy decision-making matrix m n×A . 

If the matter-element characteristic cj is a cost-type 
index, then  
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If the matter-element characteristic jc  is an efficiency 
index, then  
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If the matter-element characteristic jc  is a moderate-

type index, then  
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Let ( ( )) ( ( ))L

j ij j ijv f x v f x= , we can get the corresponding 
L
iju , and let ( ( )) ( ( ))R

j ij j ijv f x v f x= , we can get R
iju , after 

the normative approach, the extension fuzzy decision-
making matrix can be expressed as follows: 
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3.2 Analysis of extension fuzzy decision-making 

 
The word ‘fuzzy’ among ‘fuzzy multi-attribute 

decision-making analysis’ means there are extension 
uncertain factors in the decision-making information of 
the mechanism scheme design. Based on describing the 
uncertain relationship of range position by the extension 
distance, the above-mentioned uncertain relationship and 
the extension distance can expand and complement each 
other. From Definition 2, based on the positive ideal 
region 0

R
ju  and negative ideal region 0

L
ju  of the fuzzy 

composite-element which result from the extension fuzzy 
decision-making matrix m n×U , we can get the positive 
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~
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~
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From Definition 3, based on the positive ideal matter-

element
~

m n

+

⊗R  and the negative ideal matter-element 
~

m n

−

⊗R , we calculate the extension distance of the point 
value and the interval value of the extension fuzzy 
decision-making matrix m n×U , then we can get matrixes of 
the corresponding positive and negative extension 
distance m n

+
×K  and m n

−
×K : 
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From Definition 4, calculate the extension optimal 
membership degree of matrix m n

+
×K  and m n

−
×K , then we 

can get the optimal membership degree of the fuzzy 

matter-element and the fuzzy ideal matter-element
~

m n

+

⊗R , 
that is: 
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3.3 Model of attribute weight distribution based on 

extension distance 
 
In the multi-attribute decision, the incomplete 

information of weight distribution will lead to the 
nondeterminacy of choosing the best decision-making 
scheme, so how to deal with the subjective information 
and the objective information is very important. In this 
paper, we establish a model of attribute weight 
distribution based on the extension distance. Experts 
propose the fuzzy region of attribute weight based on the 
design constraints, and they consider design constraints as 
evaluation criteria of the multi-attribute weight 
distribution. So the model can take all the factors of 
design constraints into consideration and can fully 
embody the design requirements and design intent. It 
could realize the amalgamation of subjective information 
and the objective information well.   

Suppose there are S design constraints of the attribute 
weight distribution called T, then invite Q experts to give 
scores of every design constraint using the ratio scale 1~9. 
Finally, we get the scale sequence of the design 
constraint iT : ( ))(L,),2(),1( QyyyY iiii = , where =)( jyi  
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is ( )ijK T , it can be expressed as: 
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the extension relational degree of design constraint Ti and 
Y0 is ri, it can be expressed as: 
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the important degree of the design constraint iT can be 
expressed as : 
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Suppose there are P  decision-making characteristics 

of the scheme design, and invite Q  experts to give scores 
of every decision-making characteristic using ratio 
scale 1 ~ 9 . Finally, we get the scale sequence of the 
decision-making characteristic iJ : Xk = (Xk(1), Xk(2), L, 
Xk(Q)), where ( ) ( ) ( )[ , ]L R

k k kX j X j X j= , 1, 2, ,k P= L ,  
j = 1,2,L, Q. Consider every design constraint sequence iY  
as ideal scale sequence 0Y , and based on the relational 
degree ( )ikr J  of scale sequence kX  and 0Y  which resulted 
from Eqs. (19) ÷ (21), then we can get the relationship 
matrix between design constraint and decision-making 
characteristics as follows: 
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Then the weight of decision-making characteristic k 

is wk:  
 

( ) ( )( ) ( ) ( )( )
1 1 1

/ .
S P S

k si ik si ik
i k i

w w T r J w T r J
= = =

 
= ∗ ∗  
 
∑ ∑∑ (23) 

 
3.4 Multi-attribute Extension Fuzzy Optimized Decision-

Making Model and algorithm implement 
 
From Eq. (18) and based on the closest principle of 

multi-attribute extension fuzzy decision-Making, we can 
get the extension fuzzy optimal membership 

degree ( )( )i ijK uψ  of the fuzzy matter-element ( )
~

n iR  , if 
 

( )( ) ( )( ) ( )( ){ }1 1 2 2max , , , .i j j m mjK u K u K uψ ψ ψ ψ=   (23) 

 
Then, the decision scheme iP  is the best mechanism 

design scheme, so we call iP  the optimal design scheme 
based on the extension fuzzy optimal membership degree. 

In summary, through the formal representation and 
the normative treatment of decision-making schemes, and 
by using fuzzy matter-element, we can get the 
corresponding fuzzy composite-element and its positive 
and negative ideal region. Then based on the above, the 
positive and negative ideal matter-element of the 
fuzzy composite-element can be set up. By combining 
with the matter-element characteristics weight distribution 
model of the fuzzy matter-element, we can also get the 
extension fuzzy distance based on the positive and 
negative ideal matter-element. Then we construct the 
extension optimal membership degree of the fuzzy 
matter-element. We can obtain the best decision-making 
scheme from the comparison of optimal membership 

degree. The multi-attribute extension fuzzy optimized 
decision-making model is shown in Fig. 1. 

 
Decision-making scheme of mechanism  design

Model of the scheme fuzzy-matter element

The fuzzy composite-element and the positive and 
negative  matter element

The extension distance of the fuzzy composite-
element, positive and negative ideal region

Extension fuzzy optimal membership degree

Optimal membership degree of scheme

Meet the design demand?

The optimal mechanism  design scheme

Closest Principle

Use the 
optimal 

membership 
degree as the 
normalized 

fuzzy-matter 
element

Normalized fuzzy-
matter element

Calculate model of the 
extension distance

Model of attribute 
weight distribution 
based on extension 

distance

Calculate model of 
Extension fuzzy optimal 

membership degree

Y

N

 
Figure1 Multi-attribute extension fuzzy optimized decision-making 

model of mechanism scheme design 
 

The specific implementation steps of multi-attribute 
extension decision-making are as follows: 

Step 1. Utilize the decision-making characteristics of 
the mechanism design scheme and the corresponding 
fuzzy eigenvalue to construct the fuzzy matter-element 

( )
~

n iR , which corresponds to the mechanism design 
scheme i ; 

Step 2. Use Definition 1 to construct the fuzzy 
composite-element of the mechanism design scheme 

~

m n⊗R , and get the corresponding extension fuzzy 
decision-making matrix m n×A . Based on the exposition in 
3.1, utilize Eqs. (10), (11) and (12) to normatively 
approach the matrix m n×A , then get the extension fuzzy 
matrix m n×U ;  

Step 3. According to Definition 2, based on the 
extension fuzzy matrix m n×U  utilize Eq. (14) and (15) to 
construct the positive and negative ideal region of every 
fuzzy matter-element characteristic, then generate the 

positive ideal matter-element
~

m n

+

⊗R  and the negative ideal 

matter-element 
~

m n

−

⊗R ; 
Step 4. According to Definition 3, utilize Eq. (16) 

and (17) to calculate the extension distance of the ideal 
region of the positive and negative fuzzy matter-element, 
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then get the corresponding matrixes of the extension 
distance m n

+
×K  and m n

−
×K ; 

Step 5. Based on the exposition in 3.3, construct the 
corresponding design constraints and the decision-making 
characters, then based on the extension distance utilize 
Eq. (19) to (23) to get the multi-attribute weight wk with 
the experts’ fuzzy interval scale method.  

Step 6. Combining with Definition 4, based on the 
results of Step 4 and Step 5 utilize Eq. (18) to get the 
extension optimal membership degree of the extension 

matter-element ( )
~

n iR  called iψ , and then construct the 
sequence of the fuzzy extension optimal membership 
degree ( )1 2, , , mψ ψ ψ= ψ ; 

Step 7. If the extension fuzzy decision-making is 
multipurpose and multi-level, then it is needed to 
determine whether the fuzzy extension optimal 
membership degree is a program-level one, if it is so, then 
implement Step 8, if else, implement Step 2 or Step 6, and 
use the unprogram-level one as the new fuzzy extension 
optimal membership degree. 

Step 8. Based on the fuzzy extension optimal 
membership degree sequence ( )1 2, , , mψ ψ ψ= ψ  and 
utilizing the closest principle put the decision-making 
schemes in sequence, then the decision-making scheme 
which corresponds to ( )1 2max , , ,i mψ ψ ψ ψ=   is the best 
one. 

 
4 Application example 

 
Use the large scaled hydraulic turbine scheme design 

as example to explain the above-mentioned model in 
detail. Because of the complex fluid motion and the 
incomplete design information of the mechanism scheme 
design, the large scaled hydraulic turbine design scheme 
is mostly based on the similarity theory and uses model 
experiment to get the performance parameter of the 
hydraulic turbine and the model runner. We analyse and 
calculate the characteristic parameter and performance 
parameter of the prototype machine. Then we get the 
primary scheme. The primary scheme has to meet the 
needs of the design primary scheme and the general plan 
of the hydropower stations construction. So it is a 
complex engineering decision-making problem of 
technical and economic system. Through the model 
experiment we get the characteristic parameter and 
performance parameter with lots of uncertain information. 
To deal with the uncertain information, we use the 
extension fuzzy decision-making method to choose the 
optimal hydraulic turbine type and runner model of the 
hydropower stations construction. The result can provide 
a reasonable qualitative foundation to the designer. The 
domain experts consider the runner force, runner 
efficiency, cavitation performance, operating 
characteristic, runner diameter and the manufacturing 
burden as the main influencing factors of the large scaled 
hydraulic turbine scheme. Then they get 3 schemes which 
all contain the water discharge of the hydropower stations 
construction. 

Step 1. Based on the domain experts’ opinion, 
determine the 6 matter-element characteristics of the 

design scheme model. Among the 6 matter-element 
characteristics, take the cavitation index as the yardstick 
of the cavitation performance, and limit the yardstick of 
the operating characteristic in the high efficiency field of 
working condition. Then the corresponding matter-
element model of the large scaled hydraulic turbine 
scheme design can be expressed as ( )

~

6 1R , ( )
~

6 2R  and 

( )
~

6 3R ; 
 

 

 

 

 

Step 2 Construct the fuzzy composite-element of the 
large scaled hydraulic turbine design scheme: 
 

 
 

From the analysis, we know the cavitation 
performance, runner diameter, and manufacturing burden 
are cost-type indexes, the runner force, runner efficiency 
and operating characteristic are efficiency indexes. Based 
on the exposition in 3.1 and utilizing Eq. (10) and (11) to 
normatively approach the cost-type indexes and efficiency 
indexes, we get the extension fuzzy decision-making 
matrix: 
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Step 3. Use the extension fuzzy decision-making 
matrix 3 6×U  to construct the positive ideal matter-

element
~

3 6

+

⊗R  and the negative ideal matter-element
~

3 6

−

⊗R :  
 

 

 

 

Step 4. According to Definition 3, get the extension 
distance matrix of the positive and negative fuzzy ideal 
region 3 6

+
×K  and 3 6

−
×K  as follows: 

 

 
 

 
 
Step 5 With the experts’ opinion, construct the design 

constraints and the corresponding ratio scale of the fuzzy 
interval (in Tab. 1), construct the ratio scale of the fuzzy 
interval (in Tab. 2). With Eq. (19) to (23), calculate the 
weight sequence of the decision-making characteristics:  
w = {0,178; 0,178; 0,138; 0,154; 0,179; 0,173}. 

Step 6 Based on the above-mentioned results, utilize 
Eq. (10) to get the extension optimal membership degree 
of every fuzzy matter-element, then construct the 
sequence of the fuzzy extension optimal membership 
degree: ψ = (0,303; 0,161; 0,714). 

Step 7 For the scheme is single stage and the fuzzy 
extension optimal membership degree is on program 
level, we can know max 3=ψ ψ  by the closest principle, so 
the optimal scheme is the third one. 
 
 

Table 1 The interval ratio scale of every design constraint 
design  constraint interval ratio scale 

water head ([7,0-8,0], [7,5-8,0], [7,0-8,0], [8,0-8,5], 
[ 8,0-9,0], [7,5-8,0]) 

force ([9,0-9,0], [9,0-9,0], [9,0-9,0], [9,0-9,0], 
[9,0-9,0], [9,0-9,0]) 

efficiency ([7,5-8,0], [8,0-8,5], [8,0-8,5], [7,5-8,0], 
[7,5-8,5], [8,0-9,0]) 

cavitation corrosion ([6,0-7,0], [6,5-7,5], [6,0-6,5], [7,0-7,5], 
[7,5-8,0], [7,0-8,0]) 

low wear ([6,5-7,5], [7,5-8,0], [7,0-8,0], [7,0-7,5], 
[8,0-8,5], [7,5-8,0]) 

operational 
reliability 

([7,5-8,0], [7,5-8,0], [8,0-9,0], [8,0-8,5], 
[ 7,5-8,0], [7,5-8,0]) 

long performance 
life 

([6,5-7,5], [7,0-7,5], [8,0-8,5], [7,0-8,0], 
[7,5-8,0], [7,0-8,0]) 

low energy 
consumption 

([6,5-7,5], [6,0-6,5], [6,0-7,0], [7,5-8,0], 
[7,0-7,5], [6,0-7,0]) 

low pollution ([7,0-7,5], [6,0-6,5], [6,0-7,0], [8,0-8,5], 
[7,0-7,5], [7,0-8,0]) 

little noise ([5,0-6,0], [5,0-6,0], [4,5-5,0], [5,0-5,5], 
[5,0-5,5], [4,5-5,0]) 

compact 
conformation 

([6,0-7,0], [7,0-7,5], [7,5-8,0], [6,0-6,5], 
[6,0-6,5], [7,0-7,5]) 

light weight ([8,0-8,5], [8,0-8,5], [7,5-8,0], [8,5-9,0], 
[8,0-8,5], [8,5-9,0]) 

 
Table 2 The interval ratio scale of every decision-making characteristic 

Decision-
making 

characteristics 
interval ratio scale 

runner force ([8,0-9,0], [7,5-8,0], [8,0-8,5], [8,0-9,0], 
[7,5-8,0], [8,0-8,5]) 

runner 
efficiency 

([7,0-8,0], [7,0-8,0], [7,0-7,5], [8,0-8,5], 
[7,0-7,5],[8,0-9,0]) 

cavitation 
performance 

([4,0-4,5], [5,0-5,5], [4,5-5,0], [5,0-6,0], 
[4,5-5,0],[4,0-4,5]) 

operating 
characteristic 

([5,5-6,0], [ 5,5-6,0], [5,0-6,0], [5,5-6,0], 
[ 5,0-6,0], [5,0-5,5]) 

runner diameter ([7,0-7,5], [6,5-7,0], [7,5-8,0], [7,0-7,5], 
[7,0-7,5], [7,0-8,0]) 

manufacturing 
burden 

([8,0-8,5], [8,5-9,0], [8,5-9,0], [8,0-9,0], 
[8,5-9,0], [8,0-9,0]) 

 
Multi-attribute extension fuzzy decision-making 

model is a favourable support for the large hydraulic 
turbine design scheme to be carried out successfully. The 
program designer could utilize the primary scheme and 
the technology of knowledge reuse to design the structural 
concept. It helps him to finish the overall scheme design 
of the large hydraulic turbine. The structural concept 
includes the module of rotary actuator, flush mounting, 
water distributor, layout system and so on. The program 
designer can also utilize the primary scheme and the 
extension design method to export more adaptive 
schemes. Space lacks for a detailed description of it. We 
will discuss and analyse it in another paper. 
 
5 Conclusion 

 
Aiming at the uncertain optimization problems of 

large complex product scheme design, the paper puts 
forward an improved multiple attribute extension 
fuzzy decision model. The model combines the fuzzy 
theory with the extension theory. It solves problems based 
on the fuzzy distance and the relational grade among the 

Tehnički vjesnik 21, 2(2014), 239-247                                                                                                                                                                                                             245 



Multi-attribute extension fuzzy optimized decision-making model of scheme design                                                                                                            Ti-chun Wang  et al. 

decision-making schemes. The model utilizes the 
deviation caused by the known design information to deal 
with the decision-making problem with uncertain design 
information. At the same time, the model selects the 
optimal design scheme from an overall perspective by 
constructing the positive and negative ideal matter-
element and sets up the fuzzy extension optimal 
membership degree among the design scheme and the 
positive and negative ideal matter-element. The optimal 
design scheme makes the evaluate results fairly objective. 
In addition, the paper provides a model of attribute weight 
distribution based on extension distance. It can consider 
all the influences of multi-attribute weight caused by the 
design requirement and design constraints taken into 
consideration. The model of attribute weight distribution 
can also roundly embody the design requirement and 
design constraints of the product. It also provides support 
for the large complex mechanism design scheme to be 
carried out successfully. 
 
Acknowledgements 

 
This research was supported by the National Natural 

Science Foundation Youth Fund of China (No. 
51005114); The Fundamental Research Funds for the 
Central Universities, China (No. 56XAA12060); The 
Research Fund for the Doctoral Program of Higher 
Education, China (No. 20112302130003); A Project 
Funded by Priority Academic Program Development of 
Jiangsu Higher Education Institutions (PAPD). 
 
6 References  
 
[1] Zhang, J. J.; Wu, D. S.; Olson, D. L. The method of grey 

related analysis to multiple attribute decision making 
problems with interval numbers. // Mathematical and 
Computer Modelling. 42, (2005), pp. 991-998. 

[2]  Ayag, Z. An integrated approach to evaluating conceptual 
design alternatives in a new development environment. // 
International Journal of Production Research. 43, 4(2005), 
pp. 687-713 

[3]  Fan, Z. P.; Ma, J.; Zhang, Q. An approach to multiple 
attribute decision making based on fuzzy preference 
information on alternatives. // Fuzzy Sets and Systems. 131, 
1(2002), pp. 101-106. 

[4]  Vanegas, L. V.; Labib, A. W. Fuzzy approaches to 
evaluation in engineering design. // ASME Journal of 
Mechanical Design. 127, 1(2005), pp. 24-33. 

[5]  Ling-juan Li; Ling-tong Shen. An improved multilevel 
fuzzy comprehensive evaluation algorithm for security 
performance. // The Journal of China Universities of Posts 
and Telecommunications. 13, 4(2006), pp. 48-53. 

[6]  Tichun Wang; Sai  Zhao; Bingfa  Chen. Association Rule 
Extension Mining and Reuse in Scheme Design of Large-
scale Hydraulic Turbines. // Information: An International 
Interdisciplinary Journal. 15, 6(2012), pp. 2403-2409. 

[7]  Meng-Hui Wang; Yi-Feng Tseng; Hung-Cheng Chen et al. 
A novel clustering algorithm based on the extension theory 
and genetic algorithm. // Expert Systems with Applications. 
36, 4(2009), pp. 8269-8276. 

[8]  Yong-xiu He; Ai-ying Dai; Jiang Zhu et al. Risk assessment 
of urban network planning in china based on the matter-
element model and extension analysis. // International 
Journal of Electrical Power & Energy Systems. 33, 3(2011), 
pp. 775-782. 

[9] Yi-Fei, Chen; Dong-Sheng, Liu; Ji-Cheng, Wu et al. 
Extension based clustering method and approach to support 
adaptable design of the product. // Proceedings of the 2007 
International Manufacturing Science and Engineering 
Conference / Atlanta, Georgia, USA, 2007, pp. 1-9. 

[10] Wang, Tichun; Huang, Xiang. Complex Mechanism 
Extension Scheme Design Model Based on Knowledge 
Reuse. // Journal of Nanjing University of Aeronautics & 
Astronautics. 44, 4(2012), pp. 548-552． 

[11] Zhao Yanwei; Zhang Guoxian. A new integrated design 
method based on fuzzy matter-element optimization. // 
Journal of Materials Processing Technology. 129, 1-
3(2002), pp. 612-618. 

[12] Liu Yang. Assessment of City Environmental Quality in 
Western China Based on Matter Element Extension-a Case 
Study Of Chongqing. // Energy Procedia. 5, (2011), pp. 
619-623. 

[13] Jianzhou Gong; Yansui Liu; Wenli Chen. Land suitability 
evaluation for development using a matter element model A 
case study in Zengcheng, Guangzhou, China. // Land Use 
Policy. 29, 2(2012), pp. 464-472. 

[14] Meng-Hui Wang; Yi-Feng Tseng. A novel analytic method 
of power quality using extension genetic algorithm and 
wavelet transform. // Expert Systems with Applications. 38, 
10(2011), pp.12491-12496. 

[15] Yan-chao Yin; Lin-fu Sun; Cheng Guo. A policy of conflict 
negotiation based on fuzzy matter element particle swarm 
optimization in distributed collaborative creative design. 
Computer-Aided Design. 40, 10-11(2008), pp. 1009-1014. 

[16] Jia Chun-rong; Zhang Jun. Based on Fuzzy Weight Matter 
Element to Evaluate the Water Quality of Jialing River in 
Nanchong, China. // Procedia Environmental Sciences. 11, 
(2011), pp. 631-636. 

[17] Dongjun Liu; Zhihong Zou. Water quality evaluation based 
on improved fuzzy matter-element method. // Journal of 
Environmental Sciences. 24, 7(2012), pp. 1210-1216. 

[18] Ma Xi-xia; Li Yan; Wan Jia-quan, et al. Model about 
comprehensive evaluation of water resources allocation 
based on multi-level fuzzy matter-element. // Journal of 
Water Resources & Water Engineering. 21, 6(2010), pp. 
26-29 . 

[19] Liu Zhifeng; Wang Shuwang; Wan Juyong et al. Green 
Product Assessment Method Based on Fuzzy-Matter 
Element. // China Mechanical Engineering. 18, 2(2007), pp. 
166-170. 

[20] Wang Guiping; Jia Yazhou; Zhou Guangwen. Evaluation 
Method and Application of CNC Machine Tool’s Green 
Degree Based on Fuzzy-EAHP. // Journal of Mechanical 
Engineering. 46, 3(2010), pp. 141-147. 

[21] Zhang Genbao; Pang Jihong; Chen Guohua et al. A 
comprehensive evaluation method of fuzzy matter element 
for CNC equipment quality. // Journal of Chongqing 
University. 34, 1(2011), pp. 36-41. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

246                                                                                                                                                                                                          Technical Gazette 21, 2(2014), 239-247 



Ti-chun Wang  et al.                                                                           Fuzzy optimizirani model za donošenje odluke o projektu sheme zasnovan na multi-atributnoj ekstenziji 

Authors’ addresses  
 
Ti-chun Wang, Ph.D., Associate Professor 
Corresponding author 
Institution: 
1) College of Mechanical and Electrical Engineering, Nanjing 
University of Aeronautics and Astronautics, Nanjing 210016, 
China 
2) Jiangsu Key Laboratory of Precision and Micro-Manufacturing 
Technology, Nanjing 210016, China 
3) Wuxi TJ Innova Auto-design Co., Ltd., Wuxi 214072, China 
Postal address: 
Nanjing University of Aeronautics and Astronautics,  
344#, NO. 29 yudao street, Nanjing 210016, China 
E-mail: wangtichun2010@nuaa.edu.cn 
 
Ai-jun Yang, postgraduate 
Institution: 
College of Mechanical and Electrical Engineering, Nanjing 
University of Aeronautics and Astronautics, Nanjing 210016, 
China; 
Postal address: 
Nanjing University of Aeronautics and Astronautics,  
344#, NO. 29 yudao street, Nanjing 210016, China 
E-mail: wtc_200_cn@sina.com 
 
Shi-sheng Zhong, Ph.D., Professor 
Institution: 
School of Mechatronics Engineering, Harbin Institute of 
Technology, Harbin 150001, China 
Postal address: 
Harbin Institute of Technology, NO. 92 xidazhi street, Harbin 
150001, China 
E-mail: zhongss@hit.edu.cn 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tehnički vjesnik 21, 2(2014), 239-247                                                                                                                                                                                                             247 


	1 Introduction
	2 Basic definition of extension fuzzy decision-making
	3 Multi-attribute Extension Fuzzy Optimized Decision-Making Model
	3.1 Normative approach of fuzzy matter-element
	3.2 Analysis of extension fuzzy decision-making
	3.3 Model of attribute weight distribution based on extension distance
	3.4 Multi-attribute Extension Fuzzy Optimized Decision-Making Model and algorithm implement
	4 Application example


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




