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Abstract: The decision-making process is a key issue faecording to Tseng and Klein (1988, 1989), manykiag
most manufacturing and services organizations, fands an methods for fuzzy numbers have been developed. kenye
essential part of the product design process. thdeesigners those methods did not consider many important factch
are always confronted with the dilemma of choodietyveen as the shape, ranking order, and relative prefereoic
different alternatives with different parameterften expresseddominance of fuzzy numbers, as well as the ease of
in fairly vague terms. For this reason, many tdwse been computation of the ranking algorithm. It is themefo
proposed offering more and better ways to improw@mgany necessary to develop a new, accurate, effectiveeéficient
decision-making in this area. The ranking of furzynbers is algorithm able to rank various shapes of fuzzy nersb

one of the most important of these tools, as fuegyc has a

powerful capacity to manage the vague parameteusllys Lee (2000) considered that the methods for rankiumgy
associated with the expression of product requirgsby the numbers can be classified into two categories. flis¢ is
human personality. Improving the accuracy of sumbistis a based on defuzzification and the second on the yfuzz
way to improve product design. In this vein, aneesion of preference relation. He maintains that a good rapkiethod
previous algorithms is proposed for the rankingcpdure in should satisfy the following four criteria: (1) fy
fuzzy decision-making process. This extension isedaon preference presentation; (2) the rationality of femence
normal trapezoidal fuzzy numbers (and supportsareptlar ordering; (3) robustness; and (4) efficiency.

and triangular normal fuzzy numbers as well), iadteof

traditional triangular fuzzy numbers. The rankinggedure is The algorithm for the ranking procedure in the fuzz
based on the fuzzy preference relation. A produesigh decision-making process presented in this workrelgehe

example is provided. algorithm proposed by Tseng and Klein (1989) which
) . . considers combinations of triangular fuzzy numbeérke
Key words: product selection, fuzzy ranking, fuzzy proposed extension uses normal trapezoidal fuzzgbeus

decision-making, fuzzy preference relation, hamnuisgance ¢ 5 general model, among which rectangular aadguiar
fuzzy numbers are particular cases. Any pairwise
combination of them is supported. A product desigample

1- Introduction proves its performance capacity in the product giesi

The selection of a product for a specific custoimsepossible decision-making process.

through a decision-making process in which the arost

evaluates the advantages and disadvantages ofpeadhct The paper is organized as follows. Section 2 ptesen
relative to others. In the case where customere Ispecific literature review. Section 3 describes the propasetking
requirements, the customers evaluate the produitistive aim Procedure. Section 4 gives an example applied tolymt
of identifying the product with the potential toopide the design. Section 5 concludes the paper.

highest level of satisfaction. It may be that noodurct

corresponds exactly to these requirements, butcoegspond

at some level of satisfaction. Fuzzy numbers haeecapacity 2- Literature review

to represent such degrees of satisfaction. Of tifferdnt

products, each providing a different degree ofséattion, the 2.1- Fuzzy logic in product design

customer selects the product that “dominates”. Product design involves various phases, like eviaona

comparison, and decision-making. The applicatiofuakzy
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logic throughout all these phases makes it possibiaclude application of fuzzy ranking for multi-criteria demn-
more accurate information related to customer desiBeveral making (Baas and Kwakernaak, 1977; Chen and Klein,

approaches, methods, and models have been profarsto:
product design process which embrace differentyfumadels,
such as the fuzzy goal programming model to detezntine
level of fulfilment of the design requirements (@rend Weng,
2006), Green Fuzzy Design Analysis, which uses yfuegic
to evaluate product design alternatives based eimoemental
considerations, and Fuzzy Multi-Attribute Decisiblaking to
select the most desirable design alternative (Kual, 2006).
(Shaowei, 2006) proposed a modified fuzzy model
coordinate and deal with the tangled fuzzy and foaay
issues involved in product design.

1994). The fuzzy preference relation has been widskd

for the fuzzy ranking procedure (Delgadbal, 1988; Lee,
2000; Modarres and Sadi-Nezhad, 2001). Other msthod
include the application of specific concepts likearigular
membership functions (Chang, 1981), and maximinagiod
minimization of sets (Chen, 1985). Lee and You (00
presented a fuzzy ranking method for fuzzy numbérih
considers various interesting functions and indiceeh as
ttee fuzzy satisfaction function, the fuzzy evalaativalue,
degree of defuzzification, degree of evaluationgd ahe
relative index of defuzzification. A novel method
incorporating fuzzy preferences and range reduction

Moreover, the Internet is now being used in th&dfi some techniques was proposed by Ma and Li (2008). YU&91)
examples of which include (Siddique and Ninan, 20080 presented four criteria for evaluating fuzzy ramgkmethods,
presented an Internet-based framework which usesand he suggested an improved ranking method based o
grammatical approach to represent and develop modklfuzzy preference representation, the rationality fatzy
customized products, in order to integrate custatesires into ordering, distinguishability, and robustness.

the design of mass-customized products., The letdras also

been applied to develop a Web-based virtual
environment method which allows customers to pigsdie in
product design and help designers conveniently sadjoe
structure of their products. This method was ptielis by
(Shernet al, 2005).

During the last few years, a large number of applic
opportunities have appeared to take advantagezef/ fiogic in
the product design process. It seems that prodesigd is an
area with great potential for the application of#y logic
(Barajas and Agard, 2008).

2.2- Fuzzy decision-making in product design

Product design is an engineering process invohierative
and complex decision-making. It usually starts witne
identification of a need, proceeds through a secgieaf

activities to find an optimal solution to the prebi, and ends

with a detailed description of the product (Deeial, 2005).

Various approaches have been proposed for the fomdyj-

criteria decision-making process based principafiythe fuzzy
preference relation (Faret al,
Feyzioglu, 2005;diklar and Biylkozkan, 2006; Zhamg al,

2007). Sun and Wu (2006) proposed an approach Her
ranking process based on an easy and
simulation analysis method. Similarly, some fuzanking
methods for the decision-making process have beealabed.

Chen and Klein (1994) applied thecut and fuzzy subtraction

operations to calculate the area under the newyfammber.
Wang and Parkan (2005) presented three optimizatiodels
to assess the relative importance weights of atei in a
multiple-attribute decision-making problem. In athese
approaches, the fuzzy ranking of fuzzy numbers plan
important role as a part of the decision-makingpss.

2.3- Ranking methods

The ranking of fuzzy numbers forms the basis ofdbeision-
making process with fuzzy logic (Lee and You, 20@3cause
of the importance and applicability of the rankipgpcess,
several methods have been developed, including
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3- Ranking procedure in fuzzy decision-making

As mentioned in the previous section, the propa@sdgadrithm
for the ranking procedure in fuzzy decision-makisgan
extension of Tseng and Klein (1989), and consibts more
general model which considers different shapes uaizyf
numbers for ranking. Definitions of indifference dan
dominance are explained in section 3.1; sectionegf@ains
the fuzzy preference relation; and section 3.3 gissthe
preference relation algorithm.

3.1- Indifference and dominance

Let A and B be two fuzzy numbers which are conves a
normal fuzzy subsets.

If A and B are two fuzzy numbers, then there exvgd
notions, indifference and dominance, between thezyfu
numbers.

1- If there exists an area of overlap between fuzzy
numbers A and B (intersection between A and B),
then the overlap area is defined as indifferertuat, t
is A and B, are indifferent to one another in that
area.

If there exist one or more non-overlap areas
between fuzzy numbers A and B, then, for each
non-overlap area, either A dominates B or B
dominates A.

These notions for the general trapezoidal fuzzy lsens A
and B can be seen in Figure 1. In case (a), B daesnA,
and in case (c), A dominates B. Case (b) showsdtien of
indifference represented by the intersection aretwden

fuzzy numbers A and B.
H, H H,
1“ .I | | %
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theFigure 1: Dominance and indifference between A and B.
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According to the above definitions of indifferencend Figure 2 also shows the possibility of comparingy an
dominance, the non-overlap areas represent thendgiom pairwise combination of trapezoidal, triangular, dan
areas for A or B. The domination between fuzzy neralis rectangular fuzzy numbers (e.g. triangular-triangul

given by the direction of A and B. triangular-trapezoidal, triangular-rectangular, ancn).

3.2- Fuzzy preference relation Let A and B be two normal trapezoidal fuzzy numbﬂmare
the support of A is the interval (a, d) and themarpof B is
If A and B are two fuzzy numbers, then the fuzzgference ihe interval (e, h). The triangular fuzzy numbea isarticular

relations R(A, B) and R(B, A) are defined as foltow case when b=c or f=g for A or B fuzzy numbers resigely.
. In the same way, Rectangular fuzzy numbers carobsilgle
(areas where A dominates B) + when a=b and c=d for fuzzy number A, and when exf an
R(A, B)= (i;eriz;lvgfes f(‘ae;gg Efaé)e indifferent) g=h for fuzzy number B (see Figure 2).
. Cases differ, depending on the fuzzy number (astithted in
(areas where B dominates A) + Figure 3). There may be different numbers of poiofs
R(B, A)= (area where A and B are indifferent) jntersection, depending on the relative positiorthaf fuzzy
(area of A)+(area of B) numbers. All these cases are depicted in Tableot.efch
case, it is then necessary to consider the relevaats when
It is then obvious that R(A,B) + R(B,A) = 1, computing .

where R(A, B) and R(B, A) are interpreted as thgrele to
which A is preferred to B and B is preferred toespectively.
The areas where A dominates B or B dominates A lman
obtained using the Hamming distance.

Let S be an interval in the real line R. The Hangnilistance
between two fuzzy numbers A and B on S is themédelfby

D(ABIS) =[ |u(W)-rp(fdu

where
S=0,D(AB|L) =D(AB)

The Hamming distance between fuzzy numbers A and B
actually the non-overlap area of the two numbérat ts, the
sum of the areas where either A dominates B or Bidates
A, or both. In this paper, the Hamming distanceused to
obtain the preference relations between two fuzamlvers.
We illustrate this concept considering normal teagpeal fuzzy
numbers, as well as triangular and rectangularyfummbers
(see Figure 2).

Figure 3: Some possible interaction points between fuzzy
numbers.

3.3- Preference relation algorithm

Based on the definitions of dominance and indifiess the
following algorithm can be used to determine a gmefice
relation.

Step 1) Find the area where A and B are indifferent

(intersection area)

Step 2) Find the areas where A dominates B

Step 3) Find the areas where B dominates A

Step 4) Find the areas of A and B

Step 5) Compute the fuzzy preference relations BYA,

and R(B,A)

Figure 2: Fuzzy preferencerelationsfor trapezoidal, triangular,  Let R(A,B) be the fuzzy preference relation ar@A B) the
and rectangular fuzzy numbers. membership function representation of R(A,B). Thaeoing
of fuzzy numbers A and B is defined as follows.
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Table 1: Number of points of intersection and relative

position of the fuzzy numbers.

Points of | Case statement based on normal
intersection| trapezoidal fuzzy numbers

azeb<f,c<g,dzhc>f

azeb<f,c>g,d<h

a<eb>f,c>g,d<hb<g

a<e f<bc<ghsd

azeb<f,c<g,d=hc<f

azeb<f,c<g,d<hc>f

as<eb<f,c<g,d=hc>f

azeb<f,c>g,d=zhb<g

aseb<f,c>g,d<hc>f

azeb<f,c=g,d=zhb<g

3 azeb<f,c=g,d<hb<g

e<a, f=bg<cdshb<g

a<eb=f,c>g,d<shc>f

a<eb>f,c>g,d<hb>g

a<eb>f,c>g,d=hb<g

ase f<bc<g,d<h

e<a, f<bc<g,h<d

azeb<f,c<g,d<hc<f

aseb<f,c<g,d=hc<f

a<ebsf,c<g,d<hf<c

a<ebs< f,g<chsd

e<a, f=bg=chsd

azeb=f,c=g,d<hb<g

a<eb>f,c>g,d=hb>g

azeb>f,c>g,d<shb>g

as<eb<f,c<g,d=ec<f

azeb>f,c>g,dzhashb>g

a<eb<f,c<g,d<e

a>eb>f,c>g,azh

If the membership degrgex(A, B)is greater than 0.5, then th
ordering is defined as A is preferred to B or A>B.the
membership degreex(A, B)is equal to 0.5, then the orderin
of A and B is defined as A is indifferent to B or-B. If the

To extend the earlier definitions (Tseng and Kldi&89), we
apply here a pseudo-order preference model for the
outranking of the fuzzy number procedure (Roy aiiacke,
1984; Wang, 1997; Gungor and Arikan, 2000; and
Buyukozkan and Feyzioglu, 2004). Let the fuzzy erefice
relation between two ideasandb for criterioni be obtained

by pairwise comparison aj(a) andgi(b), which will show

the linguistic performance of ideasandb respectivelyg;(a)

and gi(b) are represented by fuzzy numbers. Three types of
preference relation are defined in terms of thezjuz
preference relations between two alternatives.

Oa,bOAIOC:

aRb ~ P(g,(a),g; (b)) - P(g; (b). g, (a) > p,.
aQb ~ P(g,(a),g, (b)) - P(g;(b),g, () < p,,
alib = |P(g;(a), g, (0) - P(g; (b). g, (@)| < g,

where P, and Q; depict strict and weak preference
respectively, andli depicts indifference. The preference
threshold p; and indifference threshold; (defined by
common sense, Roy and Vincke, 1984) are used to
discriminate between the indifference, strict prefiee, and
weak preference of two alternatives for criterion

4- Applications

Section 3 provides a ranking procedure in fuzzyigiec-

making which makes it possible to determine prefeee
relations between two normal fuzzy numbers (trapkzp
triangular, rectangular, and a mix of these). T¢osld be
useful in the decision-making process.

Consider the design of a product to satisfy a $igeciarket
share. A company’'s marketing department carried aut
analysis to evaluate the customer’s requirementstich a
potential product. This analysis provides answelsckv
describe the product’'s functionalities in ratherguwa
descriptive terms, for example:

— The product should be a middle-range one.

— The price should be betweepand x.

— Most customers prefer characteristi¢c tG be small

and characteristic £o be high.
- Andsoon...

Dealing with such information may be difficult. I
sometimes possible to evaluate some criteria fairbgisely.
An evaluation of the price, for example, is a cotriedicator

of preference when designing the product. It cdaddmore
complicated when the characteristics are diffitnlevaluate,
however. G could be the perception of product size and C
product reliability. Also, the terms “high” and “siii have

to be defined.

?t is usual to consider boundaries in such casesn&y be
g:)nsidered acceptable, for example, if the prodizet is less
an 50 mm in height, width, or diameter (see Feglir.

membership degraax(A, B)is less than 0.5, then the ordering

is defined as B is preferred to A or B>A.
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What is the best alternative for the design teasetect, and

C, (is acceptable
‘A P ) why?

A

ye These questions may be difficult to answer witheut
appropriate method. Section 3 provides all the elm of
such a method, which is a step-by-step approache&ch
alternative, a ranking of each characteristic wile

performed.
no . . . .
50 q - > One possible fuzzy modelling of the characteristios
product size (mn alternative 1 and alternative 2 is provided in Fegu/
Figure 4: Discrete evaluation for customer requirement C;. (different shapes are possible).

But what happens if the product is 51 mm or 52 rarg5 mm

in an specific size. Some customers may be wiltmgccept Sil Alternative 1
the product with more “fuzzy” boundaries. Maybeitagrows Alternative 2a wus
to 60 mm, fewer and fewer customers will considher product ."." .
to be “small”. A fuzzy representation of the reguient is then R <
best adapted (see Figure 5). R Loe
C, (is acceptable) K i “'.
A o 1 e
< . L%
yes : L >
47 53 60 .
% product size (mm)
. |
no > :. Yoo
50 60 product size (mm) o R
; . . . 0 !
Figure5: Fuzzy evaluation for customer requirement C;. :~ :
The same applies for criterion,.GConsider, for example, that - :
pp ® b 3 a4 65 10

criterion G takes the following shape (Figure 6), evaluated on

a [0, 10] scale (0 the product will never work...,thé product product refiabilit

will always work!). Figure 7: Fuzzy modelling of the product alter natives.
G, (is acceptable)
A . -
For alternative 1 and characteristi¢, @e method concerns
yes the ranking of the following two fuzzy numbers (&ig 8).
C, (is acceptable)
A
yes Alternative 1
no ! > |
3 6 10 !
product reliability |
Figure 6: Fuzzy evaluation for customer requirement C,. ! Custome
no ! preference

Consider now that there are two alternatives whesigting 50 60 - >
the product, and that the design team has to dedieh one product size (mn

to select. Figure 8: Fuzzy ranking of alternative 1 for characteristic C;.
Alternative 1 is a product where; @ 53 mm and it has a i
reliability C, of 6.5, while alternative 2 is a product with € Denote A as the customer preference and B as Aligen1.

47 mm and a reliability C= 4 (see Table 2). Ther_l, Dom(A, B) is the area where fl_Jzzy number A
dominates fuzzy number B, Ind(A-B) is the area of
indifference between A and B, Area(A) is the aréduazy

Table 2: Approximate characteristics of the product .
number A, and Area(B) is the area of fuzzy number B

alternativesto compare.

size reliabilit
v Cgé mrrz G ( 65 Y) To obtain the fuzzy preference relation (sectiof),3we
! : need:
Alternative 2 47 mm 4 Dom(A, B) = 0
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Ind(A-B) = 28.5714 characteristic:

Area(A) =55 - w;=0.4 for characteristic C
Area(B) = 30 - w,»=0.6 for characteristic C
Then:

R(A, B) = 0.3361 Then, the weighted average for each alternatias ®llows:
For alternative 2 and characteristig e same applies:
Dom(A, B) = 1.5

SR (AR W

Ind(A-B) = 30 R

Area(A) =55 i n
Area(B) = 30 Z W,
Then: i=1

R(A, B) =0.3706
For Alternative 1:

For alternative 1 and characteristig, @e obtain: R.=[(0.3361) (0.4) + (0.5833) (0.6)]/ (0.4+0.6) = 0.4344

Dom(A, B) = 1.7500

Ind(A-B) = 3.5 For Alternative 2:

Area(A) =5.5 R,=[(0.3706) (0.4) + (0.6975) (0.6)]/ (0.4+0.6) = 0.5867
Area(B) = 3.5

Then: This has to be compared to 0.5. We can now fir@ilyclude

that Alternative 1 is better than Alternative 2 foeeting the
customer requirement.

R(A, B) = 0.5833

For alternative 2 and characteristig; @e obtain:
Dom(A, B) =3.5556

Ind(A-B) =2.7222 5- Conclusions

ﬁrea(g) f gg In this paper, extended scope for the ranking phoee has
TLeei(' )=3. been proposed, based on the fuzzy preferencearlati the

fuzzy decision-making process. An example of how a
product design decision is reached shows its aglity to
the solution of real problems. With our proceduitejs
possible to obtain the preference relation (stnetak, or
indifference) for any pairwise combination of notnfizzzy

R(A, B) = 0.6975

Table 3 summarizes those results.

Table 3: Compar ative fuzzy preferences..

C1 (size) | C2 (reliability)

Alternative 1 0.3361 0.5833

Alternative 2 0.3706 0.6975

numbers. For the product design process, this iboiiton is
highly important because many parameters from real
applications are not strict, and modelling withZzynumbers
(which are able to represent vague parameters pessed

o ] by a human) will enrich the decision-making proceHsis

If a.characterlstm of an alternative matches thestamer powerful capacity is a critical aspect of produesign which

requirement exactly, we will have: could significantly improve the design process. Example
Area(A) = Area(B) = Ind(A-B), and Dom(A, B) =0 provided shows a possible application where differe

Then: product alternatives are compared, where the pdeasare

R(A, B) = 0.5. evaluated with vague parameters (or parametersss@d in

o o the form of preferences). Even with multiple vatésband

For each characteristic, the best alternative & tthe one gifferent preference relations for various paramsetdhe

closest to 0.5. methodology is able to point to the best compromise

) ) future extension of our result here will addres®dpict
Table 4: Evaluation of the best alternative for each configuration and the design of product families.

characterisgtic.
C, (size) G (reliability)
Alternative 1 [0.5-0.336|=| ]0.5-0.5833|= 6- Acknowledgments
0.1639 0.0833 ) .
Alternative 2 | [0.5-0.3706|=| |0.5-0.6975[= This resea.rch has been sgpported by funding froen. th
0,1294 0.1975 Natural Sciences and Engineering Research Courfcil o

Canada (NSERC) and by the Fonds Québécois de la

Table 4 shows that, for the first characteristic)(@lternative Recherche sur la Nature et les Technologies (FQRNT)

2 is the best choice. For the second characterigiig,
alternative 1 is the best choice. At this poinisihot possible
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_ o o [BK1] Baas, S. M. and Kwakernaak, H., (1977). Ratind an
The design team has to prioritize characteristigsa® G. ranking of multiple-aspect alternatives using fuzgets,
Consider the follows weight of importance ;Xwfor each aytomatica, 13, 47-58.

Paper Number -6- Copyright IDMME - Virtual Concept



IDMME - Virtual Concept 2008 Short Article Title

[BA1] Barajas, M. and Agard, B. (2008). The use of juzpM S1] Modarres, M. and Sadi-Nezhad, S. (2001). Ranking
logic in product family development: literature ®w and fuzzy numbers by preference ratio, Fuzzy sets astess,
opportunities, submitted. 118, 429-436.

[BF1] Buyukdzkan, G. and Feyzitu, O. (2004). A fuzzy- [RV1] Roy, B. and Vincke, Ph. (1984). Relational System
logic-based decision-making approach for new prodo€ Preferences with One or More Pseudo-Criterisan&dlew
development, International Journal of Productiororigsnics, Concepts and Results. Management Science, 30, 1323

90, 27-45. [S1] Shaowei, G. (2006). Discussion of the design
[BF2] Blyikézkan, G. and Feyzioglu, O. (2005). Groyphilosophy and modified non-expert fuzzy set moftiel
decision making to better respond customer needsfivare better product design. Journal of Engineering Gesil?,
development. Computers & Industrial Engineering, 487— 533-548.

441. [Sz1] Shen, L., Zhou, Z., Li, M., Zhao, W., Li, Y., Wi4.,
[C1] Chang, W. (1981). Ranking of fuzzy utilities wittand Zheng, J. J. (2005). Costumer oriented virtual
triangular membership  functions, Proc. Internatioreooperative product design. 9th International Canfee on
Conference on Policy Analysis and Information Syste263- Computer Supported Cooperative Work in Design, |IEEE
272. 164-169.

[CK1] Chen C.-B. and Klein C. M. (1994). Fuzzy Rankin@N1] Siddique, Z. and Ninan, J. A. (2005). A grammaitic
Methods for Multi-Attribute Decision Making. IEEEd@f. on approach to support real-time design of customjreducts.
SMC, San Antonio, USA, 475-480. DETC2005: ASME International Design Engineering

[CW1] Chen, L. H. and Weng, M. C. (2006). An evaluatiofechnical Conferences and Computers and Informaition
approach to engineering design in QFD processes dszzy Engineering Conference, Long Beach, CA, United eStat

goal programming models. European Journal of Ojuevalt American Society of Mechanical Engineers, New Y oik,.
Research, 172, 230-248. DETC2005, 3B 971-981.

[C2] Chen, S. (1985). Ranking fuzzy numbers Wiiﬁw,l] Sun, H. and Wu, J. (2006). A new approaqh for
maximizing set and minimizing set, Fuzzy Sets agst&ns, ranking fuzzy numbers based on fuzzy simulationlyasig
17. 113-129. method, Applied Mathematics and Computation, 135-7

767.
[DO1] Deciu, E. ., Ostrosi, E., Ferney, M., and GheerdgH.

(2005). Configurable product design using multiflezy [TKl Tseng, T..Y. and Klein, C. M. (1988). A surveydan
models. Journal of Engineering Design, 16, 209-235 comparative study of ranking procedures in fuzzgigien

. making: Dept. Ind. Eng., Univ. Missouri-Columbia,oviing
[DV1] Delgado, M., Verdegay, J. L., and Vila, M. A.988). Paper, 881210.

A procedure for ranking fuzzy numbers using fuzehations, ) .
Fuzzy Sets and Systems, 26, 49-62. [TK2] Tseng, T. Y. and Klein, C. M. (1989). New algbrit

for the ranking procedure in fuzzy decision makifgEE
[FM1] Fan, Z.-P., Ma, J., and Zhang, Q. (2002). An @aph Transaction Systems, Man and Cybernetics, 19, 1288-

to multiple attribute decision making based on fuzz .
preference information on alternatives. Fuzzy Seisd [W1] Wang, J. (1997). A fuzzy outranking method for
Systems, 131, 101-106. conceptual design evaluation. International Jourwdl

. . Production Research, 35, 995-1010.
[GA1] Gingér, Z. and Arikan, F. (2000). A fuzzy outramk . i
1] Wang, Y.-M., Parkan, D. (2005). Multiple attrilgut

method in ener olicy planning. Fuzzy Sets andtSys, (wp
114. 115-122. gy poliey b g y Sy decision making based on fuzzy preference inforonatin

. alternatives: Ranking and weighting. Fuzzy Sets and
[IB1] Isiklar G. and Biylukdzkan, G. (2006). Using a mU“Systems, 153, 331-346.

criteria decision making approach to evaluate neolphone o . )
alternatives. Computer Standards & Interfacesp88;274.  [Y1l Yuan, Y., (1991). Criteria for evaluating fuzzgniking
methods, Fuzzy Sets and Systems, 44, 139-157.

[KC1] Kuo, T. C., Chang, S.-H., and Huang, S. H. (200
Environmentally conscious design by using fuzzy tinul?%wﬂ Zhang, Q., Wang, Y., and Yang, Y. (2007). Fuzzy

attribute decision-making. International JournlAdvanced Multiple attribute decision making with eight types
Manufacturing Technology, 29, 209-215. preference information on alternatives. IEEE Synyrason

. Computational Intelligence in Multicriteria Decisid/aking.
[L1] Lee, H. S. (2000). A new fuzzy ranking methoddshsn \jcpm 2007, 288-293.

fuzzy preference Relation, IEEE International Coafiee on
Systems, 5, 3416-3420

[LY1] Lee, J.-H. and You, K.-H. (2003). A fuzzy Ranking
Method for Fuzzy Numbers, IEICE Trans, Fundamentss-
A, 2650-2658.

[ML1] Ma, L.-Ch., and Li, H.-L., (2008). A fuzzy ranlgn
method with range reduction techniques, Europeamndd of
Operational Research, 184, 1032-1043.

Paper Number -7- Copyright IDMME - Virtual Concept



