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Abstract 
The era of globalization has begun and organizations endeavor to increase their market share in 
the competitive environment. To achieve the mentioned goal, organizations should increase 
their effectiveness as a major strategy in order to improve their performance. Performance 
measurement as a managerial key can be used for monitoring activities in organizations. 
Vendors’ selection is one of the issues which influence the efficiency of organizations. Therefore, 
performance measurement of vendors plays a vital role in firms. Many conceptual and analytical 
models have been developed for addressing vendor selection problems. Hence, a suitable 
approach is needed to consider all the factors in order to select the most efficient vendor. In this 
paper, fuzzy logic controller as a robust and easy understanding approach is applied to 
transform the quantitative variable to linguistic terms in order to measure the vendors’ 
performance. Four criteria which can influence vendors’ performance are considered. The 
criteria are service quality, price, lateness deliveries and rate of rejected parts.  
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1. Introduction 
Supply chain management (SCM) is a process which tries to fulfill the customers’ request. SCM 
consist of suppliers, manufacturers, distributors, retailers and customers which product flow from 
downstream to upstream and information flows in both directions [1], [2]. Improving efficiency and 
effectiveness as the most valuable factors from the customers’ point of view are one of the major 
goals of SCM [3]. To achieve the mentioned goal, organizations should concentrate on improving 
their activities in order to increase their competitive advantages in the whole supply chain rather 
than the single firm. One of the crucial decision making problems in SCM is vendor selection which 
may influence organizations’ performance directly. Therefore, selecting the most suitable vendor at 
the right time by predetermined quota of allocation is one of the managers’ challenges [4].  
There must be an ongoing process to define the procurement requirement needed to support the 
company’s business plan and its operating model. The value of these requirements should be 
considered in addition to price of vendors’ products. The value of product quality, service levels, just 
in time delivery and technical support are some of the factors which can be considered in the 
process of vendor’s evaluation. Once there is an understanding of the current purchasing situation 
and an appreciation of what organizations needs to support its business plan and operating model, a 
search can be done for selecting the most suitable vendors. This way can help the organization to 
evaluate its vendors and identify the most efficient ones. [1] Vendor selection is the process which 
review, evaluate and choose the vendors to become a part of organization. It is one of the most 
important decision making problems, since selecting the suitable vendors significantly reduce the 
purchasing costs and improves corporate competitiveness. Evaluation methodologies have ranged 
from simple weighted scoring models to advanced mathematical programming models [5]. 
Appropriate vendors or suppliers selection is one of the fundamental strategies for achieving the 
quality of output in any organization, which has a direct influence on the company. The importance 
of vendor selection has been stated in the literature [6]. Vendor selection decisions are also an 
important component of production and logistics management in many firms. These decisions are 
typically complicated for several reasons. First, potential options may require to be assessed on 
more than one criterion. Dickson [7] identified 23 criteria that have been recognized by purchasing 
managers in various vendor selection problems. Wind and Robinson [8] concluded that most vendor 
selection decisions involved multiple criteria. Multi-criteria evaluation has been recognized to be 
particularly important in manufacturing strategies where criteria such as reliability of delivery and 
product quality have increased importance [9], [10]. The second complication of vendor selection 
decisions is that individual vendors may have different performance characteristics based on the 
different criteria. For example, the vendor who can supply an item for the least per unit price may 
not have the best delivery, quality or performance in compare with other vendors. The third 
complication surrounding the vendor selection decision comes from internal policy limitations and 
externally imposed system constraints placed on the purchasing process. Internal policy constraints 
exist either implicitly or explicitly in the purchasing process such as the number of vendors, 
minimum or maximum order quantities, the use of minority vendors, etc. Similarly, suppliers may 
impose some constraints in the buying process like their own minimum/maximum order quantities 
based on their production capacity or their willingness to be in contact with a particular firm. These 
constraints ultimately influence the number of vendors and the order quantities in purchasing 
function [11]. 
Partnership with better vendors can help organizations to improve their performance in different 
aspects. Therefore, for selecting the most suitable vendors, their performance should be measured. 
In vendor selection problem, a number of methods with different criteria have been developed and 
examined in SCM. Wind and Robinson [8] proposed a linear weighting method for choosing the best 
vendors. Gregory used previous works and linked them to a matrix to achieve a new approach to 
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solve the problem. During the recent years, some new approaches were proposed by scholars. Buffa 
and Jakson for measuring the price, quality and delivery, used goal programming (GP) algorithm to 
solve the problems. Sharma et al.  proposed a GP method for measuring price, quality and lead time 
under budget constraint to vendor selection. Data envelopment analysis, analytic hierarchy process 
and fuzzy logic are also the methods and approach which have been used in vendor selection 
problems [11].  
Fuzzy logic controller (FLC) is useful when the problem is too complex to be solved with 
quantitative approaches [4]. During the recent years, a number of researches have been done by 
applying fuzzy logic controller in order to measure vendors’ performance. FLC is also used for 
assessing suppliers and monitoring supply chain networks [12], [13], [14]. 
In this paper, service quality, average of late delivery times, price and rate of rejected parts are 
considered as the main factors which may influence vendors’ performance. Parasuraman model is 
also used to measure vendors’ service quality. Data are gathered through a checklist based on the 
five dimensions of SQ model and vendors’ performance is measured through fuzzy logic approach. 
The output of this approach is a score from twenty which shows the organization’s performance 
based on the mentioned criteria. 
 

 
2. Service Quality 
Service quality is a concept that has agitated considerable interest and discussed because of its 
difficulties in both defining and measuring it with no overall consensus. A number of different 
"definitions" has been stated to explain service quality concept. One that is commonly used to 
explain service quality is the extent to which a service meets customers’ needs or expectations [15]. 
Hence, Service quality can be defined as the difference between customer expectations of service 
and perceived service. If expectations are greater than performance, then perceived quality is less 
than satisfactory and hence customer dissatisfaction occurs [16].  
Numerous service quality literatures have studied conceptualization, measurement, 
implementation, and management of service quality. The concept of service quality was established 
after there had been a growing interest in the quality of goods served. Garvin [17] was amongst the 
first scholars who examined the quality concepts to cover both goods and services. Garvin explained 
the perceived quality as the subjective perception of quality through indirect measures of quality 
comparison. Gronross [18] introduced perceived service quality as a result of comparing the real 
experience with the expectation of a customer before consuming the service. Based on the perceived 
service quality concept Parasuraman et al. [16] applied premises from other previous studies to 
form their model of service quality. The ideas included a consumer had difficulty in evaluating 
service quality rather than goods quality, that a perception of service quality was developed from a 
comparison of consumer expectation with actual service performance, also quality evaluation 
involved the evaluation of both the process and outcome of service delivery. Consequently, the 
conceptual model study of Parasuraman et al. [16] presented five generic dimensions or factors 
which are as follows: [19] 
(1) Tangibles . Physical facilities, equipment and appearance of personnel. 
(2) Reliability. Ability to perform the promised service dependably and accurately. 
(3) Responsiveness. Willingness to help customers and provide prompt service. 
(4) Assurance (Including competence, courtesy, credibility and security). Knowledge and courtesy 
of employees and their ability to inspire trust and confidence. 
(5) Empathy (including access, communication, understanding the customer). Caring and 
individualized attention that the firm provides to its customers 
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3. Short Description of Fuzzy Inference System Approach 

The ‘‘pure fuzzy logic system’’ is the system where the fuzzy rule base consists of a collection of 
fuzzy IF–THEN rules, and the fuzzy inference engine uses these fuzzy IF–THEN rules to determine a 

mapping from fuzzy sets in the input universe of discourse nRU  to fuzzy sets in the output 

universe of discourse RV  based on fuzzy logic principles. The fuzzy IF–THEN rules are of the 
following form: 
 

 )(lR : IF x1 is 
lF1 and . . . xn is l

nF  

Then y is lG  
 

Where l

iF and lG are fuzzy sets, Uxxx T

n  ),....,( 1 and Vy are input and output linquistic 

variables, respectively, and l=1, 2, . . ., M. Practice has shown that these fuzzy IF–THEN rules provide 
a convenient framework to incorporate human experts’ knowledge. Each fuzzy IF–THEN rule of Eq. 

(1) defines a fuzzy set ll

n

l GxFxF .....1  in the product space VU  . The most commonly used 

fuzzy logic principle in the fuzzy inference engine is the so-called sup-star composition, described in 
detail in [15]. The mini-inference rule and product-inference rule are selected as good from an 
axiomatic strength point of view, and also because these inferences rules are computationally 
simple [15]. In our application, we will use the mini-inference type of inferences rules in our 
adaptive fuzzy system application. 
In order to use the ‘‘pure fuzzy logic system’’ in engineering systems where inputs and outputs are 
realvalued variables, the most straightforward way is to add a fuzzifier to the input and a defuzzifier 
to the output of the pure fuzzy logic system. 
The fuzzy rule base and fuzzy inference engine are the same as those in the pure fuzzy logic system. 
In the literature, this fuzzy logic system is often called the fuzzy logic controller since it has been 
mainly used as a controller. It was first proposed by [16], and has been successfully applied to a 
variety of industrial process and consumer products. A detailed description of this fuzzy logic 
system can be found in [15]. 
The Mamdani fuzzy logic system has many attractive features. First, it is suitable for engineering 
systems because its inputs and outputs are real-valued variables. Second, it provides a natural 
framework to incorporate fuzzy IF–THEN rules from human experts. Third, there is much freedom 
in the choices of fuzzifier, fuzzy inference engine, and defuzzifier, so that we may obtain the most 
suitable fuzzy logic system for a particular problem [15]. 

 

3. Fuzzy Logic in Vendor Performance 
Fuzzy logic is used in performance measurement especially for vendor performance. Kwong et 

al. [12] applied scoring method with fuzzy expert to supplier assessment in the industry. Mentioned 
approach has some advantages such as decreasing the errors with implementing the membership 
functions and evaluation of knowledge with utilizing the fuzzy rules. Lau et al. [13] is applied fuzzy 
to monitor the supply chain network for the reliable and accuracy reasons. Cahn and Qi [14] 
proposed an innovative method for performance measurement. They claimed that this method is 
beneficial for following reasons; first fuzzy helps to reduce the human errors in judgment and 
decision making and second, defuzzification provide benchmarking for the managers to analyze the 
effectiveness of the organization. Jain et al. [20] mixed genetic algorithm and FLC to optimize the 
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evaluation. Ohdar and Ray [21] applied data collection and genetic algorithm for supplier 
assessment. Unahabhokha et al. [22] presented fuzzy expert approach to develop forward looking 
performance measurement for delivery factor in SCM. The approach is developed for managers to 
establish a systematic way to predict future delivery performance in and identify potential 
problems in the company. According to the mentioned methods and approaches, in this paper fuzzy 
logic controller based on the data collection via the questionnaire developed to measure four 
criteria in vendor selection problems. The result of the research is shown how an organization can 
measure the performance at the moment with these four criteria. The next section is described the 
methodology of the work. 
 

4. Fuzzy Performance Measurement System for Vendor Selection 
FLC design is the major step in the methodology which includes: determining membership function 
and designing fuzzy rules. Following the process of membership function design and fuzzy rules are 
defined. 
 

4.1 Membership Function 
A fuzzy system is a system that works based on imprecise knowledge which is stated by 
linguistic variables. A membership function (MF) is a part of FLC that provides information 
which maps the inputted numbers onto the linguistic variables. A MF is basically a curve that 
defines how each point in the input space is mapped to a membership value (or degree of 
membership) between 0 and 1. For instance, “high” or ‘medium” value is referring to MF of 
the fuzzy set that each point in the curve shows a number between 0 and 1. In this paper triple 
membership function is defined with triangular shape with three MFs degree. Triangular 
membership function shape was chosen because it is most popular in the performance measurement 
[12], [13], [21]. Range of the membership function depended on the alternatives that were designed for 
each criterion in the questionnaire.  
4.2 Fuzzy Rules 
The rule base of the proposed FLC was defined in three steps; firstly, total numbers of 
interactions between the input variables of the FLC were defined. The numbers of rules were 
established based on the permutation with number of membership function and numbers of 
criteria. The numbers of factors are six and numbers of membership functions are four. The 
total amount of rules are 3^4 equal to 81 rules. The 
rules illustrate all estates between criteria and their relationships. The output of the rules are 
determined by experts in the company. Finally, rules and membership functions are entered 
in the MATLAB software and Mamdani type is chosen to evaluate the output of the company. 
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Figure 1. Membership Function in Vendor Selection 

5. Results 
In this paper, twelve P.V.C vendors of one of the Iranian companies in hose production industry are 
considered and analysed. The Data were gathered through some checklists and some interview with 
the managers’ of the company. The Data are presented in the Table 1.  
The results of analysing P.V.C vendors are shown in the Table 2. Based on the method of this paper, 
high numbers of output illustrate the poor performance and low numbers show high performance. 
Hence, the lowest number shows the best performance. According to the Table 3, vendor number 6 
has the highest level of performance. In contrast, vendors number 9 and 12 have the lowest level in 
comparison with others.  
 
 
 

Table1. Data for Vendor Selection Data 

Vendor 
Number 

Service Quality Price 
Lateness 

Deliveries 
Rate of Reject Parts 

1 25 29 14 3 
2 22 24 6 5 
3 82 30 8 6 
4 20 25.5 10 3 
5 57 29.5 20 8 
6 10 25 6 3 
7 28 24.5 14 4 
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8 47 28.5 12 4 
9 45 27 12 6 

10 39 27 24 4 
11 12 28.5 4 5 
12 35 27.5 10 8 

 
 

Table2. Output Performance for twelve P.V.C Vendors 

Vendor 
Number 

Output 
Performanc

e 

Vendor 
Number 

Output 
Performanc

e 

Vendor 
Number 

Output 
Performanc

e 

Vendor 
Number 

Output 
Performanc

e 

1 5 4 5.54 7 5 10 5 
2 5.96 5 5 8 5 11 5.89 
3 5 6 2.5 9 8.5 12 7.78 

 
5. Conclusions 

One of the success keys for managers is selecting the most appropriate vendors based on their 
performances. It has been proved that vendor selection may influence organization’s performance, 
product quality and services directly. Hence, this question is remained that, how indicators can be 
monitored in the organization? Which vendor is better in comparison with others? To answer the 
mentioned questions fuzzy logic controller is applied as a robust method in vendor selection 
problem. 
In this paper, four effective factors including service quality, price, lateness deliveries and rate f 
reject parts were considered in the performance measurement. Then, FLC approach, appropriate 
membership functions and fuzzy rules were used and defined in the MATLAB software. Finally, a 
framework for measuring performance was obtained that change the linguistic terms to 
quantitative variables.  
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