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Abstract

Nowadays one of the effective techniques for tqtadlity management is Quality Function Deploymédnatt tpays
attention to recognition of customer's needs aralyais process in all the planning and productitages. This
paper presents a Group Decision Model to deterrmmportance amount of customers' needs for prodficne

organization. In this model, all assessments aedtusing linguistic variables. Firstly, on thesisaof presented
approach and after collection of customers' nemig, weight of each customer's need is accountethdmext

stage, implementation of each demand in organizgtioduct and its competitors is determined, atative weight

of each customer's need is calculated with regpeatganization plan. Finally presented modellisstrated for an
applied case and final findings are analyzed.
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1. Introduction

Quality Function Deployment (QFD) is a useful téad converting customer needs into current featofgsroduct
and also it is for decision when we should taketdnaccount collection of subjects accompanied ksirth
requirements simultaneously during decision. Thesaf QFD is House of Quality Matrix (HOQ) and ftsiction
is creation of requirements associated to custanides matrix has two major sections: First sectsallocated to
customer data and second one to technical dat@veay one is placed in a separate table [1]. Toereve should
be careful in accounting and achieving final reswt this matrix and should use suitable technidoesollect,
register and process data. With regarding to thigest that customers' viewpoints about importaoteheir
requirements generally are stated verbally, thesguof linguistic variables containing fuzzy quigntelated to
them, in comparison with utilization of numericalate in assessments, is more suitable and alsofauilitate
statement of viewpoints and will has important risigoromoting final results. Lai et.al (2008) [2hVe presented
one decision model using fuzzy QFD to determinedrtgnce of customers needs in a competitive enmie.
Buyykozkan et.al (2007) [3] have presented a Grbegision Model with regarding to various approackas
explaining viewpoints of every one of customersnfeuical, linguistic) about importance of their regments. This
article presents a new decision pattern to rankoocosr's needs. In this new method, calculationaaf weight of
customers needs has been performed in group dea@siironment with respect to all assessmentsearfalm of
linguistic variables by using fuzzy TOPSIS methddhis method is easy and interesting for decisiorkera
whereas it has high accuracy and in this methodibau of necessary assessments will increase urdifdogn
increasing the number of customers' needs. Rese@ttiod has been explained in second section stticle. In
this section, firstly, raw weight of each one o& thustomers' needs is determined by virtue of assmd® of
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customers' needs by their representatives and diegato determined attributes for decision. And timn,
assessment of organization's product and its catopets determined by using viewpoints of assessstomers.
Presentation of customer's viewpoints in this sectilso is performed by using linguistic variakdesl regarding to
customer's needs attribute. at the end of thissedFD team determine organization's program wétfarding to
product position in competitive market from viewimfplementation of every one of customers needstaenl with
respect to this program, relative weight of eacst@mers needs are calculated. In third sectiompatied example
has been presented to illustrate the model calongtnd then results of this model have been cozdpaith other
methods. Finally in fourth section, results obtdifi®mm research and also recommendations for fusearches
are explained

2. Research M ethod

Presented method in this research consists of §tages that they as follows: collection of custdseeeds,
calculation of raw weight of customer's needs, sssent of organization and its competitors fromaugrs point
of view, and finally calculation of relative weighf customers needs that is attribute for finalkraf customer's
needs. Now we will explain each one of the stages:

2.2 Calculation of raw weight of customers needs

After distinguishing customers' needs, major dedaisittributes to measure importance of every oneusfomer's
needs and also technical weight of each one dbaté are determined by QFD team. Then by suppisn$ofor
taking opinions, assessor customers are askedemuae importance amount of every one of curreguirements
with regarding to major decision attribute and méee them in current decision matrix in forms. Ass® customers
explain requested data by using of defined linguigariables. Figure 1 shows an example of mentanatrix. In
this matrix, Aj represent decision attribute and,Gndicate every each customers' needs. Data Oltdhoen
opinions of every one of customers present onestatimatrix, thus decision matrixes will presentasnber as
assessor customers exist.
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Figure 1: Assessment of customers' needs with degato major decision attributes

In this stage, to achieve final matrix of decisiamerage weight of all input matrixes (that is amber as assessor
customers) should be calculated regarding to glasiof Group Decision. To do this, firstly lingtissvariables
should be converted into relevant fuzzy numbergabse components of all matrices have been explaise
linguistic variables. To achieve final matrix ofailgon, average of all matrices should be calcdlasgarding to
importance amount of opinions of each customerscandequently final matrix of decision would acldev

Note: whenever, in an assessment process, oneatlter has the highest value (definite or fuzzypuffit attribute
and the lowest value of cost attribute, we woullll itaas excellence alternative. To assess and eoenpll needs
with excellence alternative (that is allocated tiighest score by all the customers), one figuratbve with defined
components of excellence alternative should betedeim end side of matrix. After calculation of dindecision
matrix, weight of each alternative (customers' sg¢eas calculated by using fuzzy TOPSIS [6]. To tescsuch
problems by taking into account m as alternative mas decision attribute, following steps are necended:

« calculation of weighted normalized matrix:

V=R, OW,, (1)
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Which V is weighted normalized fuzzy decision matr(>RD) is normalized matrix andV is one diagonal matrix
from obtained weights for attributes.

 Specification of ideal negative and positive salnti

 Calculation of distance size based on Euclidealiein of ideal positive and negative solution andjuestion

alternative(d.") and (d.”) as follow:

@y an-gY vy r @) | [ @) F2AG)Y H2n) @) @)
d, \/JZ_; 6 +\/,»§11 s (i=12...m)
di:\/Zk:(au)z+2(Cij)2;2(fu)2+(Uij)2 + \/Z”: (1_0”)2+2(1_Cii)2;2(1_fij)2+(1—Uij)2 =120 @)

Which attribute from 1 to K are profit (poskivtypes and attribute from K+1 to m are cost (tiggaones.
 Calculation of relative closeness of alternatiteddeal solution (§:

d~
G ="
(d”+d)
* Calculation of importance amount of every one ltdraative with regarding to excellence alternat{Vaat was

defined figuratively or it exists between altermat), we could obtain importance of each altereaffdustomers
needs) relative to authorized score limit:

W =(C/C)*M )

Which w is importance amount (raw weight) of each altewmeatG relative closeness of every one of the
alternatives to ideal solution; €loseness of excellence alternative to idealtswiiand M is authorized score limit
for importance of alternative .

(4)

2.3 Assessment of organization and its competitors from customers point of view

Major objective in this stage is to obtain implersion of customers' needs in current product ghnization and
its competitors from customer's point of view. iststage, assessor customers evaluate organiggi@auct and
its competitors by completing decision matricesahhits example has been presented in figure 2higratrix,
Cny(s) indicate needs of customers, and matrix alteresmare as following: organization (Org) and aigation's
competitors (R).
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Figure 2: Assessment of organization and compstitor

Calculation algorithm for assessment of customens forganization's product and its competitorssisodlows:
1.Add one row with specifications of excellence aitive in end side of each input matrix.

2. Convert all matrices data which have been explaaselihguistic variables into related fuzzy quaest
3.Calculate average of all matrices and computedéfiezzified value is by using following formula:
o+2¢+2r+v )

6
4.Calculate score related to product of each org#ioizeby using Eq. (5) in order to assess orgaroni
product and every one of its competitors relativedore limit.

N = (o.¢,T,u)=> N=
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2.4 Calculation of relative weight of costumers needs
With looking to the House of Quality Matrix, we @rout that, requirements of customers have beartifokal and
categorized, also values related to columns of imapoe of customers needs, assessment of orgamzatd all its
competitors have been calculated. Now, organizagilam should be determined to implement each custem
needs. The QFD team will determine the program wédpect to position of organization and competitéior
example, following accountings method can be useohe rule to obtain organization program.
If we call organization program as,Rralue for assessment of organization gg,wand value for assessment of
competitors as w, then accounting rule for organization plan wal &s follows:
P, = Max(Wp,y Wy ) @)

By obtaining organization program; recovery ratefinite weight and relative weight of every onecoktomers'
needs are calculated by following formulas:

IR = R , AW =IR xW,_. =RW :(L)xm ®)

org Max* AV\II)

Which IR is recovery ratio, AWis definite weight, W, is raw weight, and RWis relative weight of ,
requirement. By calculation relative weight of allstomers' needs, calculations for first sectiotH®Q Matrix
(customer data) will be completed.

3. Numerical Example

Suppose, we have 4 requirementg cn, cns and cn for an organization product. Selected assesstomess are 3
persons (DM, DM, and DM3) that importance amount of their opinidhe equal to 40%, 35% and 25%
respectively. Criteria for assessment of custonmerstls are Quality (QU), Efficiency (EF) and C&3Dj that their
importance respectively has been determined as 3% and 30%. Output for taking opinions of assesso
customers as compared with importance of everyobmequirements correspond to Table 2. Organizatisn has
one competitor that assessment of organizatioodyst and its competitor from assessor customeist pf view
correspond to Table 3. Used linguistic variablesusftomers are corresponding to Table 1.

Table 2: Assessment of
importance of each one of
requirements

Table 1: specifications of used
linguistic variables of customers

Table 3: Assessment of organization's
product and its competitor

fuzzy . E =
Title Symbol | quantity 5@l 2 Attributes s 0 Attributes
(trapezoid)| | ‘2 % Qo E =
> c
Very low S| T ou | EF | co 2| g
importance| VL (0,1,1,2) x S < |Cnl|Cn2|Cn3|Cn4
(operation) cni! H M L a
Low Cn2| H H | VH Oorg| M M M M
importance L 1,2,3,4) DM1 Cn3| L H H DM1 R1 H L M H
(operation) Cnd| M L M DM2 Org| M H H H
Medium Cnl| H M M R1 M L M H
importance| M (4,5,5,6) Cn2| M H H Org| M M M L
. DM2 DM3
(operation) Cn3| H M| M R1 H M M M
High Cn4| L L L
. F VH | VH | VH | VH
importance H (6,7,8,9) Cnl| M H M
(operation) bmz LCn2| VH| H | VH
importance| VH (8,9,9,10) Cnd| L M L
(operation) F VH | VH | VL
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3.1 Obtained results by using of proposed model

In order to calculate raw and relative weight oémvone of customers' needs, firstly we convertiiipguistic

variables into related fuzzy quantities and thethwe&garding to importance of customers opiniomslfmatrix of

decision could be obtained. Finally, with respecpositive (Quality and Efficiency) and negativeg4t) decision
criteria, and ideal solution related to them, iigiatloseness of every one of requirements to isi@laitions could be
calculated corresponding to Table 4, and in fimaV weight of every one of customers needs couldabeulated
with regarding to score limit considered for cusemsneeds (M) which in this example is supposesl &egarding
to results of Table 4, we find out that raw weighfirst demand is higher than others.

Table 4: Relative closeness and raw weight of eaehof needs

d g* G rank W
Cn 0.99 1.07 0.481 1 4.38
Cn, 0.93 1.02 0.4763 2 4.33
Cng 0.94 1.1 0.4615 3 4.2
Cny 0.95 1.23 0.4358 4 3.97
F 1.1 0.91 0.5495 5

In next stage, in order to assess organizationdyat and its competitor, average weight of thrgeif matrixes are
obtained regarding to importance of opinions ofrgvene of 3 assessor customers, after when we c@uve
linguistic variables in Table 3 into related fuagyantities (Table 5). Then the defuzzified valueasnputed and
calculate implementation of each one of needs gamization's product and its competitor and witijareling to
supposed score limit (number 5) like as Table B8etnvalues related to raw weight of requirememtd also
assessment of organization's product and its catapén relevant sections in HOQ Matrix with regarg to
performed calculations, and calculate values rdlaébeorganization program, recovery ratio, definiteight and
finally relative weight of each one of requiremehysusing stated formulae. All mentioned calculasidnave been
performed corresponding to Table 7 in section aftemers' data in HOQ Matrix. With regarding to abténal
results, relative weight of first demand is higtiean others which its reason is 1.33 recovery sdtio this demand.
Raw weight of this demand is also higher than otimes.

Table 5: final decision matrix to assess orgamzédi product and its competitor

Cn Cn, Cng Cny
Org (4,5,5,6) (4.75.76,7)| (4.75.7,6,/X3.9,4.9,5.5,6.5
R1 | (5.3,6.3,6.9.7.9) (1.7,2.7,354.5] (4,556) | (55,6.57.2,8.9)
F (8,9,9,10) (8,9,9,10) (8,9,9,10 (8,9,9,10)

Table 6: Score of organization's product and itepetitor
Attribute

Cn Cn, Cn; | Cny
Org | 2.778| 3.264 3.264 2.92
R, | 3.681| 1.736 2.772'3 3.8

N

.Table 7: The relative weight of every one of cuastos needs.

. Importance | Assessment| Assessment|Organizatiol | RecoveryDefinite | Relative
Row | Requirements . . . . .
amount  |of competitor of competito | program ratio |weight | weight
1 Cn 4.38 2.78 3.68 3.68 1.33 5.8 5.00
2 Cn 4.33 3.26 1.74 3.26 1.00 4.3 3.74
3 Cny 4.20 3.26 2.78 3.26 1.00 4.2 3.62
4 Cny 3.97 5.25 6.88 6.88 1.31 5.1 4.48
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3.2. Comparison of results

To compare results of presented model in thislariiéth other presented models, results of 3 othedels have
been considered. First model is a traditional metimowhich only raw weight of customers' needsaasiderable.
Thus, obtained raw weight in this research, whials been calculated by fuzzy TOPSIS method, is takiEn
account. Second model is Buyykozkan et.al (200%haote In this model with regarding to mentionedrepée, all

assessments are taken into account linguistic aighted normalized matrix is taken as input fors tbecision
model. Third model is Lai et.al (2008) method. histmodel, used raw weight is the same as raw wevigich has
been calculated by fuzzy TOPSIS method. Final @nknportance of customers' needs has come in Tabhdth

regarding to final results of 3 mentioned modeld presented model in this research.

Table 8: Comparison of final rank of importanceco$tomers' needs by using of various methods

Rank
Title L 2 3 4
Traditional method (raw weight) en Cn Cng Cny
Buyykozkan et. al cCnp, | - | Cng,Cry | ----
Lai et. al Cn Cn Cny Cng
Proposed method Gn Cn Cn Cns

For assessment of final results of all mentionedhoas, measurement attribute (regardless of orgtaiz
program) could be taken into account as composeual fimm two viewpoints as raw weight and marketipos. In
first viewpoint, only importance of requirementsciensiderable from customers' point of view. Outeoof this
assessment is raw weight obtained in section 3tlselcond viewpoint, only implementation of everye oof
customers' needs in organization's product andiireot market is assessed. To perform this asses$Pnesented
results in Table 5 are input for decision questiwith this change in which requirements of cust@nelecision
alternative and organization's product and its cetitqr are attributes for decision. To resolve gestion, we also
use fuzzy TOPSIS method (by taking into accountesanportance for decision attribute). Assessmetnibate of
methods could be obtained by having results twowvabliewpoints. Diagraml show comparison of resoftether
methods with attribute of decision measurement.

Cnl Cn2 Cn3 Cn4

- -¢- - Traditional method (raw weight) —m— Buyykozkan etal
— A— Laietal —— Proposed method
== composed method

Figure 1: Ranking of importance of customers ndmdssing various methods

On this basis, proposed method has the lowestrdifte with measurement attribute in rank of custshreeeds,
and first and second priorities in rank for progbsed composed methods are same. Therefore, fsalts of
proposed model have acceptable reliability as coetpaith other methods.

4. Conclusion

This research presents a decision model to deterimiportance of customers needs from organizatfo'duct or
service by using of linguistic variables in a fuzayironment. By using of proposed method of thizded, raw
weight of each customer's needs could be obtaipédking into account performed linguistic assessimeAlso by
using of this model, relative weight of each custdmneeds could be calculated with respect tcsassnt amount
of customers from organization's product and itsygetitors that has been explained by customeréngaistic
variables and regarding to organization's progrdithvpresented product or service. In decision rhofiesearch,
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convenience of explanation of assessments by cestoi considerable, so that assessments coulkpbsreed by
using of linguistic terms, and this capability wdudause that more exact assessments are prefoyraetision-

makers, and regarding to more correct inputs, fieslilts of decisions would have higher realitypigation of the

proposed method has other advantages which ameng thie refer to following cases: Application of timethod

in group decision, assessment of product in coripetenvironment, rank of organization's productcinrent

market and final acceptable results in connectibmaaking customers needs. Final results of propasedel

(importance amount of customers' needs) are a ttaditermine rank of technical requirements ofipiat that will

use in the next stage of HOQ Matrix (Technical Ylafa continue investigations about topic of reshawe could
pay attention to effect of correlation between oosrs' needs on calculations related to importaneeunt of each
customer’s needs.
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