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Abstract 

In this paper a fuzzy multiple objective decision making model for solving a product selection is proposed .To purchase a 

particular product customer have level of preferences and multiple attributes are available. Fuzzy logic concept is used to 

address the uncertainty and imprecise business decisions. Customer sometime unable to select the product from available 

product range of their interest due to multiple attribute and associated cost. Even a logical discussion in between buyer and 

seller confused the customer for choice. The suggested methodology is simple and easy to apply and provide sound decision 

based on customer preference. 

Keywords: Fuzzy Logic, Multi Objective Decision Making, Product characteristic, Membership function, Customer 

preference. 

 I Introduction 

Fuzzy Logic was initiated in 1965 by Lofti A Zadeh, professor of computer science. Fuzzy Logic is a multivalued logic that 

allows intermediate values to be defined between conventional evaluation like true/false, yes/no, high/low. Fuzzy Logic 

provide a simple way to arrive at a definite conclusion based upon vague, ambiguous, imprecise information.   

 In any decision making process it is necessary to evaluate different alternatives and discard those that do not fit 

certain previously established criteria. There are the situations where use of fuzzy logic method, because of its tendency to 

consider vagueness, uncertainty in decision making can be considered. Decision making problem is the process of finding 

the best option from all the feasible alternatives. Sometimes, decision-making problems considering several criteria are 

called Multi-criteria decision making (MCDM) problems and often require the decision makers to provide 

qualitative/quantitative assessments for determining the performance of each alternative with respect to each criterion, and 

the relative importance of evaluation criteria with respect to the overall objective of the problems. So, Multi-criteria decision 

making (MCDM) refers to screening, prioritizing, ranking, or selecting a set of alternatives (also referred to as „„candidates‟‟ 

or „„actions‟‟) under usually independent, incommensurate or conflicting criteria 

The ultimate purpose of the product selection process is to reduce the purchase risk, maximize the buyer‟s profit 

and establish long-term and cordial links between buyer and seller (Moncheska et al,1998)[1]. In these paper, we consider the 
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specific problem of choosing one alternative from a set of alternatives. The decision maker has a set of attributes, criteria and 

objectives that describe each alternatives. 

 

II Literature Review 

 Zadeh and Bellman[2] (1970) investigated that most of the decision making in the real world takes place in an 

environment in which the goals, the constraints, and the consequences of possible actions are not known precisely. 

Management often makes decision based on incomplete, vague, or uncertain information. Several decision tools have been 

studied with the hope that managers could make better decisions, even though the environment is uncertain. In classic 

MCDM methods, rate and weights of criteria are clearly and exactly known (Hwang and Yoon, 1981; Kaufmann and 

Gupta,1991, Delgado et al, 1992;)[3][4][5]. Any problem has multiple objectives or attributes. The Multiple criteria decision 

making process involves searching for an alternative that is the most attractive over other criteria.  Multiple criteria decision 

making may be broadly classified as: 

1) Multiple attribute decision making 

2) Multiple objective decision making 

Multi attribute decision making is best suited for selection or evaluation problem whereas multi objective decision 

making is best suited for operation design problems. 

  Under MADM the decision situation will be like as shown by an example of hiring a new faculty in the Industrial 

Engineering Department. The Department sets the following set of goals 

(i) The candidate should be young. 

(ii) The candidate should be educated in a famous college.  

(iii) The candidate should be experienced in industry. 

In these goals the underlined terms is responsible for the fuzziness then the aassociated attributes are also expressed in a 

fuzzy way. Normally, customers employ a variety of heuristics when evaluating the product alternatives in the market place. 

Many products (car, computer, cell phone, laptop, washing machine, insurance policies etc.) are made of different features 

and are mainly differentiated by brand, packaging, and price. Different customer may have different choice for the particular 

product out of the set of multi attribute alternatives. In real world situation, because of incomplete or non-obtainable 

information, the attributes are often not so deterministic, therefore they are fuzzy/imprecise. In these paper, the rating of each 

alternative and the weight of each criterion are expressed in triangular fuzzy numbers. A case study is detailed to illustrate 

the methodology of the paper. 
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The AHP developed by Saaty[6] (1980) has been widely used in multi-criteria decision making situations and has 

been applied by a number of researchers and practitioners Some of its applications include transportation problems, 

corporate planning problems, and problems concerned with marketing strategies, budget allocation, project selection, and so 

on. The AHP methodology compares criteria, or alternatives with respect to each criterion, in a natural, pairwise mode to 

determine the priority weights. In addition, it makes it possible to select the single alternative that best meets a particular 

decision criterion. Multiple criteria decision making methods are used to take decision when a number of multiple, usually 

conflicting criteria are present in any decision making scenario (Zionts, 1988)[7]. Liu[8] (1995), proposed models to evaluate 

customer satisfaction using the analytical hierarchy process and fuzzy set theory.    

 A more reasonable and reliable way to prioritize alternatives is to apply several MCDM approaches to the same 

problem, compare their results, and then make the final decision (Wu, 2002)[9]. The decision maker must identify or generate 

the objectives or attributes for a problem (Chuu, 2004)[10]. According to Jamali[11] (2005), the concepts of service quality and 

services satisfaction are closely related, although the exact nature of customer judgments and the relationship between them 

remains fuzzy. Several market-based decision support methodologies have been reported in the literature to aid product 

selection. Besharati et al. (2006)[12] generated a number of product alternatives within the design and proposed a generalized 

purchase modeling approach for a decision support system for supporting the selection in product design. (Isiklar G. and 

Buyukozkan G., 2007)[13] applied AHP to determine the relative weights of evaluation product related criteria (basic 

requirements, physical characteristics and technical features) and user related criteria (functionality, brand choice and 

customer excitement). TOPSIS method then applied to rank the mobile phone alternatives. Lin et al (2008)[14] used AHP and 

TOPSIS to select the personal data assistant (PDA) design alternatives.Multi criteria decision making has been one of the 

fastest growing areas during the last decade depending on the changing in the business sector.  

III Suggested Product Selection Methodology 

The approach illustrated in the paper defines a decision calculus that requires information on the ranking of preferences and 

importance weights, Yager[15], 1981. Lets us assume that n product are available in the market  P‟ = {P1,P2,P3 

………………… Pn} and r attributes O = {O1,O2,O3……….Or}. Let Oi indicate the ith attributes, then degree of membership 

of product P in Oi denoted by µOi (P), is the degree to which product P satisfies the criteria specified for this attributes. Now 

we find a decision function which satisfies all the decision attributes (i.e. objectives). 

Decision function given by the intersection of all the attributes sets, 

D= O1∩ O2∩ ……. ∩Or                                      ……. (1) 

The grade of membership that the decision function D has for each product P is given by  

   µD (P) = min(µo1 (P), µo2 (P) ….. µor (P)}         ……..(2) 



International Journal of Advanced Scientific and Technical Research              Issue 3 volume 6, Nov.-Dec. 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com. Page 307 
 

Optimum decision  
*
P  will be, 

    


*
μ P = max μ PD DP P∈                           ………..(3)

 

A Set of preference (B) attached to each attribute to quantify the decision makers feeling about the influence that each 

objective should have on the chosen product. 

Let the parameter, bi, be contained on the set of preference {B} where i = 1, 2, 3…………….r. 

Now D, Decision function involving attributes and preference 

 D= M (O1, b1) ∩ M (O2, b2) ∩……..∩ M (Or, br)   …(4) 

 The Decision measure for a particular product P can be replaced with a classical implication of the form. 

M (Oi(a),bi) = bi → (Oi(P)) = ib ∪ Oi(P)                ...…(5) 

Decision model will be the joint intersection of r decision measures. 

D  =  

1

r

i

 ( ib ∪ Oi)                                         ………(6) 

And the optimum solution 
*
P  is the alterative that maximize D. 

Let Si = ib  ∪ Oi 

hence,   (P), (P) ............(7)
b oS i ii

 
  

*
μ P = max μ μ  

        min , ........, ...(8)s s sr1 2

 
 
 

*
μ P = max μ P μ P μ PD P P∈

          

IV Case Studies   

Case Study No. 1: In this paper, the problem is taken as consider by B. K. Mohanty[16], B. Bhasker “Product Classification in 

the Internet business – a fuzzy approach.” 

Let us assume that the customers requirement for a product car are expressed in terms of the attributes cost, maintenance cost 

(monthly) and mileage (miles/gal) .Eight types of the car available. The data on these cars are given in the following table 

no. 1 
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Table No. 1: Product information with membership function in the case study 1. 

Attribute→ 

 

Car Type↓ 

 

Cost 

US$* 1000 

µcost 

Maintenance cost 

US $ 

µmain. 

Mileage. 

mi./g 

 

µmilg. 

P1 30 0.6 100 0.63 19 0.8 

P2 40 0.4 50 0.4 25 0.72 

P3 20 1.0 300 0.8 17 0.73 

P4 50 0.1 100 0.63 22 0.8 

P5 50 0.1 150 0.65 25 0.72 

P6 40 0.4 200 1.0 22 0.8 

P7 15 0.8 500 0.2 12 0.4 

P8 25 0.8 300 0.8 20 1.0 

 

P‟ = {P1, P2, P3, P4, P5, P6, P7, P8} 

O = {Cost, Maintenance, Mileage} 

B = {b1, b2, b3} 

All the products are rates with respect to the objectives. These rating are fuzzy sets expressed in Zadeh‟s notation, Zadeh, 

1965[17] . 

O1 = {0.6/P1 + 0.4/P2 + 1/P3 +…..+ 0.8/P8} 

O2 = {0.63/P1 + 0.4/P2 + 0.8/P3 +…..+ 0.8/P8} 

O3 = {0.8/P1 + 0.72/P2 + 0.73/P3 +…..+ 1.0/P8}  

Membership Function for each product wrt the objective (Fig 1) 

Figure 1: Membership Function for each alternatives with respect to the objectives. 
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Customer lists the preferences for each of the three objectives as shown in the fig 2. Customer priority is in the order of cost, 

maintenance and mileage. 

Fig 2: preference in the case study 1. 

 

Preference for each of the three objectives: 

   b1= 0.9    b2 = 0.7     b3 = 0.6 

All the operation on the fuzzy set is performed according to the Zadeh‟s notation and standard fuzzy operation.  

1b  = 0.1    2b  = 0.3    3b = 0.4 

Decision measures are calculated for each alternatives according to the equation no. 6 which is formulated in the table no. 2 

D* = max {D (P1)………………… D (P8)} 

Table No. 2 Decision measures  

Products 

1

r

i

 ( ib ∪ Oi) 

D (P1) 0.6 

D (P2) 0.4 

D (P3) 0.73 

D (P4) 0.1 

D (P5) 0.1 

D (P6) 0.4 

D (P7) 0.3 

D (P8) 0.8 

There is a tie in the product P6 and P2 , P5 and P4. To resolve this tie a special procedure is adopted. Look closely at D(P4) 

and D(P5) and note that the decision value of 0.1 for D (P4) came from the first term and that the decision value of 0.1 for D 
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(P5) came from the first term. Then the calculations proceed again between the choice P4 and P5, result shown in the table no. 

3. 

Table No. 3: Decision measure ( D̂ ) of tie product. 

Products 

1

r

i

 ( ib ∪ Oi) 

D̂ (P4) 0.63 

D̂ (P5) 0.65 

   

Then D̂
* = max { D̂ (P4), D̂ (P5)} 

Hence first preference goes to P5  

Now final ranking of the individual product according to the decision measures as given in the table No. 4 

Table No. 4: Final ranking of the product  

Products  (alternatives) Suggested  Rank Previous Paper[16] 

P8 I I 

P3 II II 

P1 III III 

P6 IV IV 

P2 V V 

P7 VI III 

P5 VII V 

P4 VIII V 

 

In this paper suggested methodology rank all the product at each level whereas in the previous paper two product at the same 

rank III and three product at the same rank V. Result will also affected by the flexibility values. Present paper also proposed 

a result when the 10% variation in the preference though priority is given to cost, maintenance and mileage. Ranking of the 

product is same in each case.  

 (a) b1= 0.81    b2 = 0.63     b3 = 0.54 
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Ranking of the product shown in the table no. 5 

 

Table No. 5 

Product (alternatives) Rank as per preference 

P8 I 

P3 II 

P1 III 

P6 IV 

P2 V 

P7 VI 

P5 VII 

P4 VIII 

 

(b) b1= 0.99    b2 = 0.77     b3 = 0.66 

Ranking of the product shown in the table no. 6 

Table No. 6 

Product (alternatives) Rank as per preference 

P8 I 

P3 II 

P1 III 

P6 IV 

P2 V 

P7 VI 

P5 VII 

P4 VIII 
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Case study 2. Let us assume that the customers requirement for a product car are expressed in terms of the attributes cost, 

maintenance cost (monthly) and mileage (miles/gal), Engine CC capacity, Warranty period, Aeasthectic look and safety 

features. The data on these cars are given in the following table No. 7 

Table No. 7: Product information with membership function in the case study 2 

Attribute→ 

 

Car Type ↓ 

Cost in 

Rs 

(lakh) 

µcost Mileage 

(km/lit) 

µmilg Engine 

(cc) 

µeng. Mainte- 

nance 

cost 

in Rs 

 

µmain Warraty 

(years) 

 

µwar. Aeasthe- 

tic look  

µal 

Safety  

Feature 

µsf 

P1 4.3 0.6 17 1.0 1190 0.7 1000 0.3 4 1.0 0.7 0.6 

P2 3.5 0.5 14 0.3 1120 0.8 700 0.9 5 0.5 0.6 0.7 

P3 4.0 1.0 16 0.8 1150 1.0 800 0.8 3 0.5 0.8 0.5 

P4 3.0 0.1 14 0.9 1000 0.4 500 0.9 3 0.5 0.4 0.5 

P5 4.5 0.5 19 0.8 1200 0.6 900 0.4 4 1.0 0.6 0.6 

P6 3.8 0.8 15 0.5 1140 0.9 600 1.0 3 0.5 0.5 0.7 

P7 4.8 0.1 20 0.6 1200 0.6 700 0.9 3 0.5 0.9 0.7 

P8 4.0 1.0 18 0.9 1160 0.9 700 0.9 4 1.0 0.6 0.5 

 

P‟ = {P1, P2, P3, P4, P5, P6, P7, P8} 

O = {Cost, Mileage, Engine CC, Maintenance, Warranty, Aesthetic look, Safety Precaution.} 

B = {b1, b2, b3, b4, b5, b6, b7, b8}  

All the products are rates with respect to the objectives. These rating are fuzzy sets expressed in Zadeh‟s notation  

O1 = {0.6/P1 + 0.5/P2 + 1/P3 +…..+ 1.0/P8} 

O2 = {1.0/P1 + 0.3/P2 + 0.8/P3 +…..+ 0.9/P8} 

O3 = {0.7/P1 + 0.8/P2 + 1.0/P3 +…..+ 0.9/P8}  

O4 = {0.3/P1 + 0.9/P2 + 0.8/P3 +…..+ 0.9/P8} 

O5 = {1.0/P1 + 0.5/P2 + 0.5/P3 +…..+ 1.0/P8} 

O6 = {0.7/P1 + 0.6/P2 + 0.8/P3 +…..+ 0.6/P8}  
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O7 = {0.6/P1 + 0.7/P2 + 0.5/P3 +…..+ 0.5/P8} 

Membership Function for each product wrt the objective as given in the figure 3 

Figure 3: Membership Function for each alternatives with respect to the objectives. 

            

Customer lists the preferences for each of the seven objectives as shown in the fig 4 

Fig. 4 : preference in the case study 2 

 

Preference for each of the three attributes. 

b1 = 0.9   b2 = 0.8    b3 = 0.6    b4 = 0.5  b5 = 0.5   b6 = 0.8      b7 = 0.7   

All the operation on the fuzzy set is performed according to the Zadeh‟s notation and standard fuzzy operation.  

1b  = 0.1     2b = 0.2    3b  =  0.4   4b   = 0.5  5b  = 0.5   6b  = 0.2    7b  = 0.3 

Decision measures are calculated for each alternatives according to the equation no. 6 which is formulated in the table no. 8 
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Table No 8.  Decision measures  

Product 

1

r

i

 ( ib ∪ Oi) 

D (P1) 0.5 

D (P2) 0.3 

D (P3) 0.5 

D (P4) 0.1 

D (P5) 0.5 

D (P6) 0.5 

D (P7) 0.1 

D (P8) 0.5 

 

After removing the tie in product selection as  discuss earlier we get the following ranking of the product as shown in the 

table no. 9 

Table No. 9: Final ranking of the product  

Product (alternatives) Rank as per preference 

P6 I 

P8 II 

P5 III 

P1 IV 

P3 V 

P2 VI 

P7 VII 

P4 VIII 

 

V Conclusion 

This paper helps the customer in product selection when multiple attributes are involved in decision making. Fuzzy Logic 

methodology could be used to overcome vague, ambiguous, uncertain information about product. The result shows that even 
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using more number of attributes in complex situation, it is possible to choose the product according to the preference. The 

weightage of the preference considering customer choices significantly guided the result. The above methodology can be 

used for ranking multi products with multiple attributes. This result a fast and simple approach with all the product ranked 

according to the preference. In rare case, when the attributes of two products are nearly same then product select at the same 

rank. 

Reference 

[1] Monczkil, R., Trent, R-. Handfield R., 1998, Purchasing and Supply Chain Management. South-Western college 

Publishing, New York. 

[2] Bellman B E, Zadeh L A, (1970) Decision making in a fuzzy environment, Mgt. Sci. (1974) : 141-164 

[3] Hwang, C.L, Yoon, K., 1981, Multiple Attributes Decision Making Methods and Applications. Springer, New York 

 

[4] Kaufmann. A., Gupta, M.M., 1991, Introduction to Fuzzy Arithmetic: Theory and Applications. Van Nostrand Rein-hold, 

New York. 

[5] Delgado, M., Verdegay, J-L., Vila, M.A-, 1992, Linguistic decision-making models. International Journal of lntelligent 

Systems 7, 479-492. 

[6] Saaty, T.L. (1980), The Analytic Hierarchy Process, McGraw-Hill, New York. 

[7] Zionts S (1988) Multiple criteria mathematical programming: An updated overview and several approaches. NATO ASI 

Series. F48, 135–167. 

[8] Liu, M.-T. (1995) Fuzzy models for industrial performance and customer satisfaction, The University of Texas at 

Arlington, 168 pages; AAT 9604010. 

[9] Wu H. H. (2002), “A comparative study of using grey relational analysis in multiple attribute decision making 

problems”, Quality Engineering, Vol.15, pp.209–217. 

 

[10] Chuu S-J ( 2004) Evaluating manufacturing flexibility using fuzzy multiple attribute decision making. J. Chinese Instt. 

Industrial Engg. 21 (6). 576-586. 

 

[11] Jamali, D. (2005). A study of customer satisfaction in the context of a public private partnership, International Journal 

of Quality & Reliability Management, vol. 24, no. 4, pp. 370-385. 

 



International Journal of Advanced Scientific and Technical Research              Issue 3 volume 6, Nov.-Dec. 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com. Page 316 
 

[12] Besharati B., Azarm S. and Kannan P.K. (2006), “A decision support system for product design selection: a generalized 

purchase modeling approach”, Decision Support Systems, Vol.42, pp. 333–350. 

 

[13] Isiklar G. and Buyukozkan G. (2007), “Using a multi- criteria decision making approach to evaluate mobile phone 

alternatives”, Computer Standards and Interfaces, Vol.29, pp. 265-274. 

 

 [14] Lin M., Wang C., Chen M. and Chang C. (2008), “Using AHP and TOPSIS approaches in customerdriven product 

design process”, Computers in Industry, Vol.59, pp.17–31. 

 

 [15] Yager, R. (1981). A new methodology for ordinal multiobjective decisions based on fuzzy sets, Decision Sci., vol. 12, 

pp. 589-600.  

[16] B. K. Mohanty, B. Bhasker “Product Classification in the Internet business – a fuzzy approach.” Elsevier Decision 

Support Systems 38 (2005) 611-619 

[17] Zadeh, L. (1965). “Fuzzy Sets”, Inf. Control, vol 8, pp 338-353 

 

 

 

 

 

 

 

 

 

 


