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A Hybrid Deision-making System Using DataEnvelopment Analysis and Fuzzy Models forSupplier Seletion in the Presene of MultipleDeision MakersJ. Jassbi a, R. Farzipoor Saen b, F. Hosseinzadeh Lot� �a, Sh. S. Hosseininia a,S. Khanmohammadi a(a) Department of Industrial Management, Islami Azad University, Siene Researh Branh,Tehran, Iran.(b) Department of Industrial Management, Islami Azad University, Karaj Branh, Karaj, Iran.Reeived 17 July 2010; revised 13 November 2010; aepted 22 November 2010.|||||||||||||||||||||||||||||||-AbstratNowadays, improving the ompetitive ondition of organizations greatly depends uponthe proess of outsouring. Raw materials, produts, servies, or some parts of the orga-nization ativities an be outsoured. Thus, the proess of outsouring is regarded as astrategi deision. At the same time, the �rst step after making deision on outsouring isseleting the appropriate supplier in the given area. Due to the importane of this issue,so far many extensive studies have been onduted on o�ering appropriate solutions tothe problem of supplier seletion. In this paper, a hybrid system onsisting of Data En-velopment Analysis (DEA) and group deision making based on fuzzy models is proposedfor solving the problem of supplier seletion. In this hybrid system, �rst the weights ofthe riteria are obtained from every deision maker as fuzzy numbers and group deisionmaking, and after being integrated, they are inorporated into the DEA model using theonept of intersetion in fuzzy numbers. Then, DEA model is solved through AssuraneRegion (AR) method in order to selet the best supplier.Keywords : Supplier Seletion, Group Deision Making, Fuzzy Models, DEA, Assurane Region.�Corresponding author. Email address: hosseinzadeh lotfi�yahoo.om, Tel:00982144867150193



194 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-2121 IntrodutionNowadays, Supply Chain Management (SCM) has gained partiular importane due toglobalization and inreased ompetition among agenies [26℄. This ompetitive atmosphereexerts a doubled pressure on the ompanies for dereasing expenses, improving qualities,and reduing lead-times [13℄. Thus, this omplex situation makes managers to fous on allativities of supply hain proess from suppliers to the end users, and use numerous strate-gies and operational instruments to improve this hain. One of the strategies onsideredby most organizations is the strategy of keeping the set of ore ompetenies within theorganizations and outsouring and delegating other ompetenies to other suppliers [12℄.Hene, outsouring is a very important proess and in order to get a better ompetitiveposition, organizations must e�etively manage this proess. In this regard, purposefulseletion of an appropriate supplier for outsouring is one of the most important deisionsat the organizational level, regardless of meeting operational needs of the organization, sosuppliers are onsidered as parts of the exeutors of the strategi goals of the organization[13℄. Therefore, the issue of supplier seletion is important in the sense that seleting aweak supplier has diret and signi�ant inuene upon the quality of produt deliveredto the ustomer [3℄. At the same time, seletion of riteria for judging suppliers is one ofthe main aspets of supplier seletion proess. Dikson [10℄ proposed and prioritized 23di�erent riteria for the evaluation and seletion of the appropriate suppliers. Weber etal. [40℄ reviewed 74 papers published sine 1966 on the issues of supplier seletion. Theyindiated that from among the seletion riteria proposed in these papers and the studyonduted by Dikson in 1966, 7 riteria have more importane. These riteria inludequality, ost, on time delivery, prodution faility, prodution apaity, tehnial apabil-ity, and geographial loation. They found out that the problem of vendor seletion isessentially a multiple objetive problem in whih the spei� riteria suh as ost, quality,delivery time, et. must be onsidered simultaneously and the best vendor is seletedaording to them. For this reason, so far various methods have been proposed for solvingthe problem of supplier seletion.In 1998, Analyti Hierarhy proess (AHP) tehnique was utilized for ranking the om-panies [1℄. In 2003, Kahraman et al. [27℄ used fuzzy AHP for seleting the best ontratorbased on meeting the spei� riteria. Hou and Su [23℄ developed AHP method for theproblem of seleting suppliers in mass ustomization environments. However, AHP teh-nique is not without its faults. First, when more than one person uses this method indeision-making area, di�erent opinions of deision-makers on the weight of eah riterionmakes the model omplex. Seond, this tehnique greatly depends upon the informationand experiene level of the deision maker regarding the deision issue [42℄. The lastritiism of this tehnique is not onsidering the interrelationships of the riteria in themodel [34℄. Braglia and Petroni [5℄ proposed the theory of multiple attribute utility onthe basis of DEA. They used this method for the formulation of viable souring strategiesin hanging environments. Later, Bross and Zhao [6℄ indiated that multi attribute utilitytheory (MAUT) is an appropriate and useful method. It enables purhase managers toformulate their viable souring strategies. Tehnique for Order-Preferene by Similarityto Ideal Solution (TOPSIS) is one of the well-known lassial tehniques for Multiple At-tribute Deision Making (MADM) problems. This tehnique was invented by Hwang andYoon in 1981 [24℄. Chen et al. [8℄ used fuzzy TOPSIS for solving the evaluation problemin supplier seletion proess. Then, fuzzy hierarhial TOPSIS was utilized for solving



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 195supplier seletion problem by Wang et al. [38℄. Kumar et al. [28℄ employed fuzzy goalprogramming for solving the problem of supplier seletion with multiple objetives. Weber[39℄ indiated how DEA tehnique an be applied for evaluating suppliers with multipleriteria and weights assigned for them. Forker and Mendez [18℄ proposed an analytialmethod for using DEA tehnique that an help ompanies identify the most eÆient sup-pliers. Garfamy [19℄ utilized DEA tehnique for measuring the total performane of thesuppliers based on the onept of total ost of ownership (TCO). Farzipoor Saen andZohrehbandian [16℄ proposed a super eÆieny model for ranking suppliers aording tovolume disount ondition. Again, Farzipoor Saen [14℄ introdued a model in whih thebest suppliers are seleted aording to quantitative (ardinal) and qualitative (ordinal)data in environments in whih the issue of volume disount is addressed. In addition,fuzzy logi and its appliation are among the tehniques used for designing deision mak-ing models. Chen et al. [8℄ presented a hierarhial model on the basis of fuzzy sets theoryfor supplier seletion problem. Florez-Lopez [17℄ employed fuzzy-linguisti models in or-der to selet the best supplier. In reent years, researhers have used hybrid approahes(ombination of various methods) for the evaluation and seletion of suppliers. Ghodsy-pour and O'brien [20℄ o�ered a hybrid model of AHP and linear programming in whihquantitative and qualitative riteria are used simultaneously. In order to redue the num-ber of suppliers from among the suppliers present for the purpose of better management,Mendoza et al. [30℄ o�ered a hybrid model of AHP and Goal Programming (GP). Sevkli etal. [36℄ proposed a model in whih a ombination of AHP and DEA is utilized for supplierseletion. Farzipoor Saen [11℄ employed a hybrid model of AHP-DEA for evaluating andseleting from among slightly non- homogeneous suppliers. Ramanathan [33℄ o�ered ahybrid model onsisting of AHP, DEA, and TCO in whih quantitative and qualitativeinformation are used onurrently.As it an be inferred from this brief review, so far, various models have been designedand proposed for the issue of supplier seletion. However, to the best of knowledge of theauthors, there is no model whih uses the ombination of intersetion onept in fuzzynumbers and DEA tehnique for solving the problem of supplier seletion.The model proposed in this paper has the following ontributions:� For the �rst time, the proposed model utilizes the intersetion onept in fuzzynumbers for integrating the views of deision-makers.� For the �rst time, quasi-Gaussian fuzzy number is used in the de�nition of fuzzylinguisti variables for determining the importane of supplier seletion riteria.� Real data obtained from �eld study is used for de�ning fuzzy linguisti variables.� The proposed model is a hybrid one in whih the weight of eah riterion, afterbeing alulated through the onept of intersetion in fuzzy numbers, is added tothe lassial DEA model and the resulting Assurane Region (AR) model is solvedfor the evaluation of the suppliers.This paper proeeds as follows: In setion 2 theoretial fundamentals and primary de�ni-tions of the tools and tehniques used in the study are explained. In setion 3, the proposedhybrid system and administrative stages are presented and �nally, the proposed model issolved with an example in setion 4. At the end, some outlooks of model development aresuggested as the onlusion in setion 5.



196 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-2122 Theoretial fundamentals and primary de�nitions2.1 Fuzzy set theoryThe theory of fuzzy set was introdued by Zadeh [43℄ for expressing unertain variablesand onepts. The fuzzy set theory involves fuzzy logi, fuzzy arithmeti, fuzzy mathe-matial programming, fuzzy topology, fuzzy graph theory, and fuzzy data analysis [27℄.In this subsetion, some basi de�nitions of fuzzy set, i.e. fuzzy numbers and linguistivariables are illustrated.- Gaussian Fuzzy Number (GFN)As it is pointed out by [4℄ and [21℄, GFN is often used in pratial and operational as-sumptions beause its parameters are empirially determined though experiene. Gaussiandensity funtion of probability is de�ned as below:f(x) = exp��12 � (m� x)2�2 � (2.1)- Quasi-Gaussian Fuzzy Numbers (QGFN)GFN is not bounded. This is onsidered as a disadvantage for its numerial treatment.The following proedure is used for bounding GFN [22℄:f(x) = 8>><>>:exp��12 � (m�x)2�2 � If jm� xj � r� where r 2 R+0 If jm� xj > r� (2.2)- Operations of fuzzy setFuzzy union: In general, the union of the two fuzzy sets of eA and eB is de�ned as below[29℄: � eA[ eB(x) = max �� eA(x); � eB(x)� (2.3)Fuzzy intersetion: Intersetion of the two fuzzy sets of eA and eB is de�ned as below [29℄:� eA\ eB(x) = min �� eA(x); � eB(x)� (2.4)The union and intersetion of two fuzzy sets with the quasi-Gaussian membership funtionare depited in (1.a) and (1.b) respetively:
Fig. 1. Union and Intersetion- Fuzzy linguisti variablesIn general, when a variable is onsidered, it is assigned a number as its value. Now, if



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 197linguisti terms are assigned to these variables, they are alled linguisti variables [29℄.Linguisti variables are de�ned via membership funtions. Gaussian and quasi-Gaussianmembership funtions are two types of them. The harateristis of these membershipfuntions in omparison to other ommon membership funtions are as below:1. Gaussian and quasi-Gaussian membership funtions are loser to human behaviorand thought.2. Triangular or trapezoidal membership funtions onsider only 3 and 4 points fromthe given interval, respetively, and other points of the spei� interval are notonsidered [32℄.3. Adapting Gaussian and quasi-Gaussian membership funtions with reality is easilyahieved through hanging the mean and variane of membership funtion [32℄.4. Quasi-Gaussian membership funtion is the same as Gaussian membership funtion;the only di�erene is that the problem of being unbounded has been solved in it fornumerial treatment.Nevertheless, one of the most important deisions in the de�nition of linguisti variables isseleting the number of linguisti terms for desribing eah riterion. Miller [31℄ laimedthat the number of words or sentenes that an individual is able to distinguish is 7�2 . InFig. 2, the linguisti variable of temperature is expressed as the quasi-Gaussian fuzzynumber.

Temperature (˚C)  

 Fig. 2. The fuzzy linguisti variable of temperature2.2 Data Envelopment AnalysisDEA is a deisional tehnique that has been widely used for performane analysis inpubli and private setors. DEA developed by Charnes et al. [7℄, is a non-parametriestimation method, in the sense that no hoie of a parametri funtional form is neededin the estimation of the frontier. Later, in 1984, another model was proposed by Bankeret al., alled BCC [2℄.- CCR ModelSuppose there is a set of n deision making units, fDMUj : j = 1; 2; : : : ; ng, whih produemultiple outputs yrj(r = 1; 2; : : : ; s) , by utilizing multiple inputs xij(i = 1; 2; : : : ;m) .



198 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212When a DMUp is under evaluation by the CCR model, there is:max W =Psr=1 uryrps:t: Pmi=1 vixip = 1Psr=1 uryrj �Pmi=1 vixij � 0; 8j;ur; vi � 0 8r; i (2.5)where ur is the weight of rth output and vi is the weight of the ith input in model (2.5),DMUp is said to be eÆient (W = 1) if no other DMU or ombination of DMUs anprodue more than DMUp on at least one output without produing less in some otheroutput or requiring more of at least one input.- Assurane Region (AR) tehnique in DEAOne serious drawbak of DEA appliations in supplier seletion has been the absene ofdeision maker judgment, allowing total freedom when alloating weights to input andoutput data of supplier under analysis. This allows suppliers to ahieve arti�ially higheÆieny sores by indulging in inappropriate input and output weights [15℄. The mostwidespread method for onsidering judgments in DEA models is, perhaps, the weight re-stritions inlusion. Weight restritions allow for the integration of managerial preferenesin terms of relative importane levels of various inputs and outputs. The idea of ondi-tioning the DEA alulations to allow for the presene of additional information arose �rstin the ontext of bounds on fator weights in DEAs multiplier side problem. This led tothe development of the one-ratio and assurane region models [15℄.In general, there are three methods for entering the restritions of weights into multi-plier models of DEA [15℄:1. Absolute weight restritions:Æi � vi � �i �r � ur � �r (2.6)2. Assurane region of Type I (relative weight restritions):�i � vivi+1 �  i �r � urur+1 � �r3. Assurane region of Type II (input-output weight restritions):'ivi � urwhere, Greek haraters (Æi; �i; �r; �r; �i;  i; �r; �r; 'i) are upper and lower limit of theweights assigned by the deision maker who desires that the model determines the weightsof input and output fators in this limit.For instane, by bounding the weights in model (2.5) and using the �rst method forapplying weight restritions, the CCR model is written as below:max W =Psr=1 uryrps:t: Pmi=1 vixip = 1Psr=1 uryrj �Pmi=1 vixij � 0 8j;�r � ur � �r 8rÆi � vi � �i 8i (2.7)



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 199where, (�i; Æi) and (�r; �r) are the upper and lower limits of inputs and outputs, respe-tively. The important point is that assigning limits is not totally free and it must benotied if the problem is feasible.- l1-norm method for ranking eÆient unitsIn some ases, there are more than one eÆient DMUs with relative eÆieny of 1. Inthese situations, various ranking methods an be used for determining the eÆient unitfrom among them. Jahanshahloo et al. [25℄ proposed l1-norm method for ranking eÆientunits. They indiated that this method does not have the problem of infeasible solutionwhih is found in other methods. When DEA model with onstant returns to sale isassumed for ranking eÆient DMUs, the following model will be utilized:min �o(X;Y ) =Pmi=1 xi �Psr=1 yr + �s:t: Pj=1;j 6=o �jxij � xi i = 1; : : : ;m;Pj=1;j 6=o �jyrj � yr r = 1; : : : ; s;xi � xio i = 1; : : : ;m;0 � yr � yro r = 1; : : : ; s;�j � 0 j = 1; : : : ; n; j 6= 0where, � = Psr=1 yro �Pmi=1 xio; and � = (�1; : : : ; �o�1; �o+1; : : : ; �n) is a non-negativevetor of variables (envelopment from), � is the onstant, and �o (X;Y ) is the distane(Xo; Yo) from (X;Y ) by using l1-norm.3 The proposed modelBased on what stated in previous setions, the proess of supplier seletion is proposedas a hybrid system in 5 stages as below:1. Identifying important riteria for the seletion of suppliers2. Eliiting the weight of every seleted riteria3. Evaluating suppliers and determining their relative eÆieny4. Ranking suppliers having tie in their relative eÆieny (if neessary)5. Reviewing the weights of riteria and re-evaluating the suppliers (if neessary)The �rst step is identifying neessary and important riteria for evaluating the sup-pliers. It is worth noting that identifying important and appliable riteria is vital for arational and unbiased seletion. In the seond step, every deision maker assigns an ap-propriate weight to eah seleted riterion, and then these opinions are integrated. This isdone by using fuzzy linguisti variables and the onept of intersetion in fuzzy numbers.In the third step, DEA is employed for alulating the relative eÆieny of suppliers andseleting the best of them on the basis of the highest relative eÆieny obtained. In thistehnique, AR method is used for inorporating the weights of riteria obtained in step 2.At the same time, if more than one supplier has tie in the relative eÆieny, the fourth



200 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212step is exeuted. In this ase, l1-norm method is utilized for ranking the eÆient unitsin order to determine the superior supplier. Finally, if entering riteria weights into ARmodel through DEA does not provide the problem with a feasible solution or an interse-tion is not ahieved in integrating the opinions of the deision makers in step 2, the �fthstep is ativated and the weights assigned by deision makers are reviewed by analyzingthe information and their auses. The model of these proedures is indiated in Fig 3.

Fig. 3. Depition of the proposed hybrid model3.1 Identifying important riteriaMaking a rational and orret deision is very diÆult in the proess of evaluating andseleting suppliers. In this respet, many riteria must be onsidered with great arefor problem solving. Researh onduted by Dikson [10℄ and Weber et al. [40℄ an beonsidered as a guide for seleting appropriate riteria in supplier seletion problem. Inthis ase, appropriate riteria an be identi�ed and used through engineering judgmentor using the expert opinions of the organization or through any other tehniques suh asnominal group tehnique (NGT) [9℄.



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 2013.2 Eliiting the weight of every seleted riteriaThe seond step in the proess of supplier seletion is speifying the weights of theseleted riteria. For this purpose, �rst an appropriate ranking system must be designedfor assigning weights to riteria by the deision makers, and then these weights must beintegrated and the �nal weight of eah riterion should be determined.3.2.1 De�ning the linguisti variablesLinguisti variables are useful for stating omplex situations or situations whih annotbe onverted into quantitative terms, beause the evaluation of these variables is done onthe basis of subjetive judgment of the deision makers. in this study, as disussed insetion 2, the linguisti variable of importane degree with 5 fuzzy linguistis termshaving quasi-Gaussian membership funtion will be used for speifying weights of theriteria. The linguisti variables used for stating the importane of supplier seletion ri-teria in this study inlude:Very low low middle high Very highVL L M H VHTo determine the shape and range of eah linguisti term, a questionnaire was devel-oped and the opinion of eah expert regarding the importane of the seleted riteria inthe numerial example of the paper was obtained. Sine supplier seletion in eah orga-nization is onduted by experts and senior diretors, judgmental sampling method wasutilized to survey opinions on the importane of the seleted riteria and the views of thisgroup of experts and diretors were obtained [35℄. To this end, the experts and diretorsof various organizations were provided with a guiding diagram of de�nition of linguistivariables that has been shown in Fig. 4 to express their views on the shape and range ofeah linguisti variable.

Fig. 4. Linguisti Variables De�ning ImportaneIn Table 1, the pattern of de�ning riteria importane by two experts is presented as asample:



202 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212Table 1Colleting the views of experts on linguisti termsExperts'view Criteria Importane The proposed pattern for de�n-ing the importane of riteriaPrie HighPerent of re-jeted materials Very highExpert 1 Perent of ontime delivery MiddleSupplier apa-ity LowPrie MiddlePerent of re-jeted materials HighExpert 2 Perent of ontime delivery HighSupplier apa-ity Very lowAfter obtaining views of 100 experts and diretors, the data of the presented �gures wasderived and the frequeny table of eah de�ned linguisti term was prepared. Table 2presents this information.Table 2Frequeny of views obtained from the expertsImportane range VH H M L VL0 0 0 0 1 50.1 0 0 0 3 50.2 0 0 1 19 40.3 0 0 5 27 20.4 0 3 35 25 00.5 2 23 47 10 00.6 7 53 46 3 00.7 26 74 22 0 00.8 35 57 5 0 00.9 40 3 0 0 01 40 1 0 0 0Then, the frequenies obtained were normalized through linear normalization method viaequation (3.2.1). This method is useful in that all results beome equally linear and thusthe ondition of riteria and their results remain the same.nij = ij�j with �j = maxj ijwhere, ij is the frequeny of the ith importane range relative to jth term.By normalizing the frequenies obtained, the membership degree of eah element of



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 203importane range is obtained. Table 3 summarizes these results.Table 3Membership degree of the elements of importane rangeImportane range VH H M L VL0 0.00 0.00 0.00 0.04 1.000.1 0.00 0.00 0.00 0.11 1.000.2 0.00 0.00 0.02 0.70 0.800.3 0.00 0.00 0.11 1.00 0.400.4 0.00 0.04 0.74 0.93 0.000.5 0.05 0.31 1.00 0.37 0.000.6 0.18 0.72 0.98 0.11 0.000.7 0.65 1.00 0.47 0.00 0.000.8 0.88 0.77 0.11 0.00 0.000.9 1.00 0.04 0.00 0.00 0.001 1.00 0.01 0.00 0.00 0.00In the next stage, the Gaussian membership funtion is �tted to this data in order todetermine the shape of membership funtion of eah linguisti variable. This is easilydone by MATLAB 7.5 software. Fig. 5 shows the membership funtion of eah linguistivariable.

Fig. 5. Fitted funtions to eah linguisti variableThe statistial information of the �tted funtions to eah derived data is presented inTable 4.Table 4Statistial information of the �tted funtionsLinguisti variable Funtion SSE R-square RMSE Adj.R-sq. Mean SigmaVery high Gaussian 0.015 0.992 0.040 0.991 0.88 0.15High Gaussian 0.019 0.986 0.046 0.985 0.69 0.13Middle Gaussian 0.018 0.989 0.045 0.988 0.54 0.13Low Gaussian 0.011 0.993 0.035 0.992 0.32 0.13Very low Gaussian 0.014 0.992 0.039 0.991 0.1 0.15In Table 4, SSE is the sum of squares due to error, R-square is oeÆient of determi-nation, RMSE is the root mean squared errors (standard error), Adj. R-square is adjusted



204 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212oeÆient of determination, and Sigma is the standard deviation of the �tted funtion tothe data. Considering these results and Adj.R-square, whih is above 0.9 in all funtions,it an be onluded that the �tted funtions to data are appropriate and an be used asthe basis of de�ning linguisti variables in this study.Sine in the fuzzy sets with Gaussian membership funtion, the interval �� from themean is onsidered for investigation of funtion behavior [37℄, it is possible to draw the�gure of membership funtion of eah linguisti term using the information presented inTable 4, so that the linguisti variables used for determining the importane of riteria arede�ned as Fig. 6. It is lear that beause terms are plaed in the upper and lower limit ofimportane range of the riteria, the ranges Mean� 3� and Mean+ 3� are respetivelyused for de�ning terms very high and very low in the fuzzy de�nitions, and values loweror higher than mean will have the membership degree of 1.

Fig. 6. Linguisti variables for determining the importane of riteriaNote 1: with regard to the method suggested in this paper for integrating the views ofdeision makers, what is important is the interval de�ned or the upper and lower limit ofeah linguisti term to obtain the intersetion among the views. Thus the slope of theseurves are not of muh importane in this study.3.2.2 Determining the weight range of eah riterionAfter assigning weights to riteria seleted by eah deision-maker, the obtained viewsmust be integrated and a single view agreed upon by all deision makers must be an-nouned. Sine in AR method, the weight assigned by the deision maker to eah rite-rion is added as a numerial interval to lassial DEA model, and at the same time, fuzzylinguisti variables are used for speifying riteria weights in this model, the onept ofintersetion in fuzzy numbers an be used for integrating the views of deision makers andderiving their aeptable range. In fat, intersetion among the views of deision makerswhih is usually used as a range in fuzzy numbers an be regarded as the ommon andagreed upon view of all deision makers and used as the output of group deision makingfor speifying the weight of eah riterion.For this purpose, the upper and lower limit of eah de�ned linguisti variable presentedin Table 5 an be used to extrat the intersetion of views.



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 205Table 5The Upper and Lower Limits of Linguisti VariablesLinguisti variable Very low Low Middle High Very highUpper limit 0.55 0.71 0.93 1.00 1.00Lower limit 0 0 0.15 0.30 0.43Based on what was mentioned above and de�nition of the given linguisti variables, theintersetion of views an be easily alulated. Part of the intersetion between deision-makers' views are presented in Table 6 as a sample.Table 6Sample of the range of weights based on the intersetion of deision makers' viewsDeision maker's views Intersetion of viewsVery low Low Middle High Very highX [0.00 , 0.55℄X X [0.00 , 0.55℄X X X [0.15 , 0.55℄X [0.00 , 0.71℄X X [0.15 , 0.71℄X X X [0.30 , 0.71℄X [0.15 , 0.93℄X X [0.30 , 0.93℄X X X [0.43 , 0.93℄X [0.30 , 1.00℄X X [0.43 , 1.00℄X [0.43 , 1.00℄For instane, if eah deision maker assigns a spei� weight aording to Table 7 tohypothetial riterion of C1 , the �nal weight range of C1 would be [0, 0.55℄.Table 7An example of determining intersetion of deision makers' viewsCriterion Very low low Middle High Very high Intersetion of viewsView of deision maker 1 XView of deision maker 2 XView of deision maker 3 C1 X [0 , 0.55℄View of deision maker 4 XFinally, at the end of this stage, the range of weights related to eah of the seletedriteria is determined and onsidered as the input of AR model through DEA tehnique.3.3 Evaluating suppliers and determining their relative eÆienyAfter speifying the weight range of eah seleted riteria, these ranges are inorporatedinto DEA model as a restrition. In this study, assuming onstant returns to sale and dueto the improvement of eÆieny of ineÆient suppliers by dereasing inputs (e.g. reduingpries and reduing perentage of rejeted items supplied by the suppliers), model (2.7)is utilized. As mentioned before, this method of ontrolling weights in DEA tehnique is



206 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212alled AR model.3.4 Ranking suppliers having tie in their relative eÆieniesIf the relative eÆieny of more than one supplier equals 1, the suppliers must be rankedin order to disriminate the best and most appropriate supplier. In this ase, the bestsupplier will be seleted on the basis of l1-norm method explained before.3.5 Reviewing the weights of riteria and re-evaluating the suppliersIf the disrepany of deision makers' views in the third step of the proposed approahregarding assigning weights to eah of the seleted riteria is so high that the intersetionrange obtained is very small, then inorporating weight ontrol restritions to CCR modelwill ause the problem of infeasible solution. In this ase, the present step is ativated.At this stage, the fator ontributing to the problem is systematially analyzed andremoved. The mehanism of this proess is analyzing the obtained information and re-de�ning the range of ommon views. This means that after identifying the ontraditions,the issue is investigated through interation with deision makers and after obviating theontraditions, the weight range of eah riterion is re-spei�ed and is inorporated intoCCR model to provide the problem with optimal solution.4 Numerial exampleData used in this setion is taken from Weber et al. [41℄. The fatory under inves-tigation is one of the sub-branhes of Fortune 500 Pharmay Company whih uses JITsystem in its prodution lines. Hene, eah of the riteria of prie, quality, deliver, andapaity are onsidered as important riteria in the evaluation of the suppliers of the orga-nization. Table 8 summarizes the information on the 6 suppliers disussed in this example.Table 8Information of the seleted riteria in evaluation of suppliersCriteria Suppliers1 2 3 4 5 6Unit prie1 0.1958 0.1881 0.2204 0.2081 0.2118 0.2096Perent of rejeted materials 1.2 0.8 0 2.1 2.3 1.2Perent of on time delivery 95 93 100 100 97 96Supplier apaity 2,400,000 360,000 2,783,000 3,000,000 2,966,000 2,500,0001. Prie is onsidered as the unit prie.Step 1: Speifying important riteria for supplier seletionAs it an be seen in Table 8, the problem involves 4 riteria for the evaluation andseletion of the best supplier. The riterion of prie is measured by the unit prie of goodspurhased by the ompany. The riterion of quality is measured by the perentage ofrejeted items. The riterion of apaity is also measured on the basis of annual produtionvolume of eah supplier and the riterion of on time delivery is measured via late deliveryof purhased items. The formula is presented in the following equation:Perent of on time delivery = 1� (Perent of late delivery)



J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212 207Nevertheless, to inorporate these data into CCR model, they must be homogenous withthe data obtained from the weights assigned by eah deision maker. Thus, data relatedto eah riterion presented in Table 8 is normalized via equation (3.2.1). The results ofthese alulations are presented in Table 9.Table 9Normalized data of the riteria of supplier seletion problemCriteria Suppliers1 2 3 4 5 6Unit prie 0.8884 0.8534 1 0.9442 0.961 0.951Perent of rejeted materials 0.522 0.348 0 0.913 1 0.522Perent of on time delivery 0.95 0.93 1 1 0.97 0.96Supplier apaity 0.8 0.12 0.928 1 0.989 0.833Step 2: Deriving the Criteria WeightsIn order to measure and evaluate the importane of the riteria, the opinions of 5 deisionmakers (DM1;DM2; : : : ;DM5) were surveyed. Eah of these DMs assigns importaneweights to eah riterion aording to linguisti weighing variables indiated in Figure 6.The weight importane of eah riterion, assigned by eah deision maker, is shown inTable 10.Table 10Weights assigned for riteria by the deision makers Deision makersDM1 DM2 DM3 DM4 DM5Criteria Unit prie VH H H VH HPerent of rejeted materials H VH VH VH HPerent of on time delivery M H H H MSupplier apaity M H M M LNow, the intersetion of views of DMs as the output of deision making group an bederived using Tables 5 and 6.The intervals of the �nal weights of eah riterion whih is a numerial interval [a; b℄,are presented in Table 11.Table 11Determination of the �nal weight of eah riterionCriteria Category VL L M H VH Final intervalUnit prie Input 1 X X [0.43 , 1.00℄Perent of rejeted materials Input 2 X X [0.43 , 1.00℄Perent of on time dedelivery Output 1 X X [0.30 , 0.93℄Supplier apaity Output 2 X X X [0.30 , 0.71℄Step 3: Evaluation of the suppliers by their relative eÆieniesThe riteria are lassi�ed into two ategories, i.e. inputs and outputs. Eah of theinput and output fators is introdued in Table 11. Aording to this table, inputs andoutputs and eah weigh restrition of the riteria were inorporated into model (2.7).Model (2.7) was solved using LINDO 6.1. Software and the relative eÆieny of eah of



208 J. Jassbi et al. = IJIM Vol. 3, No. 3 (2011) 193-212the 6 suppliers were alulated. The results are presented in Table 12.Table 12Results of model (2.7)Relative eÆieny Output 1 Output 2 Input 1 Input 2Supplier 1 0.8048 0.5945 0.3 0.8729 0.43Supplier 2 0.7037 0.7180 0.3 0.9964 0.43Supplier 3 1 0.7216 0.3 1 0.43Supplier 4 0.6699 0.3 0.3699 0.6433 0.43Supplier 5 0.6034 0.3 0.3158 0.5931 0.43Supplier 6 0.7655 0.5371 0.3 0.8154 0.43As it an be seen in Table 12, supplier 3 with the relative eÆieny of 1 an be on-sidered as the optimal hoie. Also, all weights onsidered by the model are within theaeptable range of the deision makers.If AR method is not used in this model, 4 out of 6 suppliers will have relative eÆienyof 1 whih an present hallenges to deision making. Meanwhile, the weight of some ri-teria might be zero or more than 1 whih is illogial and is not aeptable for deisionmakers. Table 13 presents these results.Table 13The results of CCR modelRelative eÆieny Output 1 Output 2 Input 1 Input 2Supplier 1 1 1.0066 0.0545 1.0573 0.1162Supplier 2 1 1.0752 0 1.0752 0.2366Supplier 3 1 0.7755 0.2418 1 0.0801Supplier 4 1 0 1 0.928 0.1355Supplier 5 0.9717 0 0.9825 1.040 0Supplier 6 0.9528 0.7811 0.2436 1.0071 0.08075 ConlusionsIn this paper, fuzzy group deision making tehniques and DEA were utilized for solvingthe problem of supplier seletion and a hybrid system was proposed aordingly. For thispurpose, group deision making tehnique, using fuzzy linguisti data and the onept ofintersetion in fuzzy numbers was for integrating the opinions of deision makers, so thatthe weight of eah riterion was determined within an interval.Then, this interval was inorporated into DEA within the framework of absolute re-stritions in order to alulate the relative eÆieny of eah of the suppliers through ARmethod and the best and most appropriate one was seleted from among them.Aording to the results of numerial example, the proposed hybrid system is an ap-propriate solution for seleting the best supplier.The problem onsidered in this study is regarded as the �rst phase of researh andomplementary studies in the future an be onduted on the basis of the present results.Some of these future studies are as below:� Similar studies an be onduted onsidering both ardinal and ordinal data in themodel.
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