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Abstract  

 
Process of purchase or supply is one of the most important factors of competitiveness of companies. Therefore, 
the supply managers of companies are expected to select and evaluate the suppliers, to provide the company 
needs. Evaluation of suppliers based on only one factor is not possible and it is necessary to adopt a method that 
several factors simultaneously be evaluated. Suppliers can be evaluated by using different factors such as 
quality, on time delivery, price, type of service, national and international standards regard. In this paper, we try 
to use Taguchi loss function for conversion of qualitative factors into quantitative values, and use it to measure 
and compare suppliers. Then utilizing the loss function as a decision variable in Analytical hierarchy process for 
evaluation of suppliers in a completely practical method. In addition, a sample case study based on suppliers of 
a real company, is presented to display the real performance of model. 
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1. INTRODUCTION 
Quality of raw materials or parts purchased from suppliers or contractors often is one of the major concerns of 
manufacturers. Having suppliers that provide high quality parts or materials is vital for many of manufacturers 
[12]. In addition to the level of raw material’s quality, price is another significant factor for the manufacturers 
because of its effects on the price of final products. Although the purchase price does not cover all costs related 
to materials and final products, Procurement Unit will impose additional costs to the organization with poor 
quality of purchased materials or late delivery of and parts. So it is required that all parts and raw materials 
costs, including costs due to quality, non-time delivery and more, in addition to a unit price of raw materials, be 
considered for evaluation of suppliers. In research that has been done by Monczka R.M. and Trecha S.J., the 
system of performance evaluation of suppliers based on cost, is presented [1]. 
 
Level of after sales services quality and type of services provided for customers is another factor that should be 
mentioned, because the continuous improvement of service quality is an effective strategy for survival and 
success in the today’s competitive world. Since this is the quality factor, converting to quantity factor in order to 
evaluate the real needs of the customers is very important. Li MH has proposed two corrected quality loss 
function for measurement the level of quality service [5]. 
 
Based on the above subjects can easily receive that considering only one parameter for evaluation of suppliers, 
is not suitable. Procurement unit should try to find optimized suppliers. It is obvious that suppliers that offer 
lowest price or the lowest time of delivery or the best services, not necessarily are the best suppliers. Therefore, 
one of the vital activities of every purchase and logistic unit is evaluation and selection of one or more 
supplier(s) based on several factors simultaneously. When a desired supplier is diagnosed, suitable opportunity 
for fixation a long-term relationship is achieved; that is strategic score for manufacturers [3]. Although many 
experts have mentioned that suppliers' evaluation process is an important and strategic factor, however, most 
studies regarding the effects of supplier selection on organizations are limited to functional scopes.  
 
Financial scales are other decision-making systems in the evaluation of suppliers, especially when the 
manufacturers have strategies such as Just-In-Time (JIT) [10]. This is more important when manufacturers 
reduce their stock of material; because manufacturers increase their reliance to suppliers for on-time and 
appropriate parts delivery [6]. 
 
In this study, a simple method for evaluation and selection of suppliers with four factors studied simultaneously, 
quality, on-time delivery, price and service quality is presented. In this method, the four criteria mentioned 



above are converted to quantitative values according to the rules of Taguchi Loss Function and then are used as 
a combination of general parameter based on Analytical Hierarchy Process (AHP). A case study is used for 
evaluation of the model. 
 
2. Literature review of evaluation and selection of suppliers 
Existing methodologies for evaluation of suppliers are including research on the concepts, experiences and 
modeled actions. Cost, quality, delivery performance and service quality have been four important criteria for 
evaluation of suppliers in most of the studies. In researches involving "concepts", the strategic importance of 
suppliers evaluation and the relationship between costs, quality and delivery performance are emphasized [10]. 
Although both conceptual and experimental studies emphasize on strategic importance of suppliers evaluation 
and multiple considerations, however none of them offer a specific model for evaluation and selection of 
suppliers [14]. Some of these models are briefly presented: 
 
2.1 Cost-Ratio Model 
According to the Timmerman's belief that the cost is not only part's total purchase price, the Cost-Ratio model 
has been proposed by him [12]. In this model, all costs related to quality, delivery time and type of service are 
collected and are evaluated as a percent of the total price. Supplier, who has offered the lowest price, is 
introduced as the best choice. For this purpose, an accurate cost accounting system is very important and of 
course difficult.  
 
2.2 Models based on cost 
Monczka R.M. and Trecha S.J. found out that the price of raw materials is only a fraction of the cost of 
purchased raw materials, and because the evaluation and measurement of supplier’s performance should reflect 
sum of all trading and business costs with suppliers. Therefore, they introduced a supplier’s evaluation system 
based on cost that reflects the total real costs of commercial transactions with suppliers [1]. 
 
In this model, two indexes with the names Supplier Performance Index (SPI) and Service Factor Ranking (SFR) 
has been used. SPI shows the expenses of improper supplier’s performance related to on-time delivery, quality 
and price of materials. These costs are used to provide a numerical index for each of the main items such as 
quality, cost, delivery time and others, SPI index is calculated as follows: 
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SPI involves functional factors, which are not easy to be calculated in general, but have a vital role in success of 
supplier. This evaluation system can identify and describe the relative performance changes for a supplier. In 
addition, this system is able to describe the ability of suppliers in preserving and maintaining their performance 
in specific levels [1].  
 
2.3 Peripheral analysis of suppliers 
Thompson used a corrected weighting model in his next researches. In this method, the inherent uncertainty in 
ranking mechanism had been solved. The model was called Peripheral analysis of suppliers [11]. In this model 
using the Monte Carlo simulation technique instead of decider’s logic judgment, reduced the uncertainty in 
performance measurement. This simulation algorithm, catches random samples from the estimated range of each 
function, and then combines them according to the linear correction rules, with appropriate and relevant weights 
to make a distribution of total scores. This process can be repeated several thousand times for each supplier. 
Using Monte Carlo simulation method causes simple input data to evaluation model and output of this model 
considerably will uses more from supplier’s data. 
 
2.4 Taguchi loss function 
Low and Pi considered four decision-making criteria for suppliers' performance evaluation and they converted 
the factors to "Qualitative loss" using Taguchi loss function [8]. Qualitative loss is a common language and easy 
for understanding in decision-making process. Perhaps the only weakness point is that the weight of each factor 
is allocated based on a logical and reasonable method. In other words, in combination of qualitative loss values 
for estimation of total loss, qualitative loss for each of four factors is estimated based on a logical and 
reasonable method.  
 



3. Proposed model 
Based on past research, assessment and selection of suppliers, there are four prominent criteria are 1- Quality, 2- 
time delivery, 3- Price, 4- level of service quality (service). In this study also, the value of the function of four 
criteria used are Taguchi loss and then through the blower of analysis hierarchical process (AHP) to a final 
converter will be loss. 
 
3.1 Estimation of loss through Taguchi Loss Function  
Traditional methods, if the product dimensions and measurements of the technical specifications did, the 
product is accepted; otherwise the product was rejected. Quality losses that would occur only when deviations 
beyond product quality specifications of the result of the unacceptable product Looking. This tendency to 
stability loss and related costs are about to return the product technical specifications are. Taguchi (1988) 
suggests a more narrow view of characteristic accept-ability by indicating that any deviation from a 
characteristic’s target value results in a loss. If a characteristic measurement is the same as the target value, the 
loss is zero. Otherwise, after applying systematic activities to reduce the amount of deviation from the value, the 
amount of loss can help a second function is calculated [8, 9]. The loss can be measured by using a quadratic 
function, after which actions are taken to reduce systemically the variation from the target value [8]. 
 
3.2 Qualitative characteristic (QC) [15] 
Three types of loss functions may be used in the Taguchi loss function [2]. The first, the nominal value, is the 
best value. The proper function depends on the magnitude of variation, such variation being allowed in both 
directions from the target value. This target can be the centre or some shift in two-sided specification limits, 
called a two-sided equal-specification Taguchi loss function and two-sided with a specification-preference 
Taguchi loss function, respectively [4, 8]. Eq. 2 or Eq. 3 gives the Loss Function:  
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Here that loss is the amount of a special quality characteristic (y), m nominal amount of quality characteristic 
and k, k1 and k2 are the loss coefficients; that their amounts are the cost of a fixed range dependent characteristic 
is the characteristic width and quality. 
 
Other two functions, one-way function with the minimum technical specification and one-way function with the 
maximum technical specification, respectively, which are characteristic of type quality "smaller - better" and 
"bigger - better," are [4, 8].  Loss Function is calculated with following equations: 
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Here to calculate L(y), y and k values as equation (2) are defined. 
 
In a study, Quigley functions such as product quality evaluation for a guide in selecting suppliers have used [9]. 
Kethly used these functions to improve customer service used. 
 
3.3 Weighting through the analysis of hierarchical process  
An AHP is a scientific method for ranking alternative courses of action based on the decision-maker’s 
judgments concerning the importance of the criteria. An AHP is a decision-making method for prioritizing 
alternatives when multiple criteria must be considered. AHPs have been applied to a wide variety of decision 
areas, such as research-and-development project selection and evaluating alternative products [7]. 
 
The AHP process begins by determining the relative importance of the criteria in meeting the goals. Managerial 
judgments used to drive the AHP approach are expressed in terms of pairwise comparisons of items on a given 
level of the hierarchy with respect to their impact on the next higher level. Pairwise comparisons express the 
relative importance of one item versus another in meeting a goal or a criterion. Each comparison represents an 
estimate of the ratio of the weights of the two criteria being compared [7]. 
 



Suppose that there are n criteria that need to be weighted for decision-making; then there are 2)1( −nn  
judgments are required. The comparison matrix for these n criteria can be expressed as: 
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 And Matrix A is reciprocal and has all positive elements. Let matrix A be multiplied by WT, 
W = (W1, W2,…, Wn), thereby yielding 

0)( =×− TWInA                                                                  (7) 
 
Due to the consistency property, the system of homogeneous linear equations above has only trivial solutions. In 
general, the precise values of aij are unknown and must be estimated. In other words, human judgments cannot 
be so accurate that all ai are satisfied completely. In any matrix, small perturbations in the coefficients imply 
small perturbations in the eigenvalues. If A' is the estimation of A, and W' corresponds to A', then 

WWA ′=′′ maxλ                                                                  (8) 
Where λmax is the largest eigenvalue of A'. The value of W' can be obtained by solving the system of linear 
equations in Eq. 8 [1]. 
Finally, the quality losses of all the criteria for all the suppliers are calculated by Taguchi loss functions and the 
weights of all the decision criteria are obtained by the AHP process, the total loss of all the criteria to each 
supplier can be calculated by Eq. 9: 
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Where Lossj is the total loss of supplier j for all evaluation criteria, Wi is the weight of criterion i calculated from 
the AHP, Cij is the Taguchi loss of criterion i of supplier j. Then, ranking the suppliers from the smallest to the 
largest loss can be done, after which the best supplier can be obtained by selecting the one with the smallest 
loss. 
 
4. Case study results 
For this section to clarify this position and how Taguchi loss function method and AHP are used for evaluation, 
an industrial (Asaal San'at Co., Registration Number: 14714 With Symbol: ASL) in the field of Automotive 
Parts has been studied. The company products are gearbox internal parts (KIA Motors) that produce the 
different processes within the company, such as turning, Milling, Drilling and ... It is done. Due to volume 
production company and value analysis done, the company forced to use outside suppliers for some of its 
manufacturing processes. One of the production process that is required is CNC turning operations, the company 
has four suppliers: (Aluminum Ghata'aat Co., 14123, Mobtakeran Naghshe Jahan Co.: 20291, Azhin 
SazanCo.:17035 and Taban Tarash Sepahan Co.: 25107) uses. (In this study, respectively suppliers above letter 
abbreviation LGT, MNG, ZHS and TTS are known.) Company based on the requirements of this industry (ISO / 
TS 16949) and the need to determine the amount and level of each Ordering, wants this to evaluate and rank the 
suppliers. 
 
Concerning the quality, zero-percent-defects is the target of the manufacturer, in which case the upper 
specification limit can be set at 2% to indicate the allowable deviation from the target value. Zero-loss will 
occur at zero-percent-defective-parts and 100%-loss will occur at the specification limit of 2%-defectiveparts. 
Concerning on-time delivery, a large loss will occur to the manufacturer if the supplier delays delivering the 
parts, but only a small loss will occur if the supplier delivers the parts prior to the schedule requirement. This 
variation is allowed in both directions from the target value and can be set as the two-sided with specification 
preference Taguchi loss function model. However, in actual practice, the lead-time is short, and the loss when 
deliveries are delayed always attracts more attention. The property of delayed delivery is applied to the model, 
the specification limit of delayed delivery being two working days. This means that a 100% loss will occur if the 



supplier’s delivery is delayed two working days. One day is separated into four time-units when delay time is 
measured, meaning that every two hours’ delay is one delay unit. Concerning the price, a zero-loss will occur to 
the supplier if he or she provides the lowest parts among the suppliers and if as much as 20% of lowest price can 
be the tolerance of the specification. The loss will be 100% when price is up to 20% of the lowest price. The 
service factor is a qualitative criterion that is not easy to quantify. A service factor rating (SFR) method to 
measure the supplier service performance, as proposed by Monczka and Trecha (1988) [7], is employed in this 
study. The SFR includes performance factors that are difficult to quantify from a cost point of view, but they are 
important to the supplier’s success. These factors include the ability to resolve problems, availability of 
technical data, forwarding of correlation data, ongoing progress reporting, and responsiveness to return 
authorization and supplier response to corrective action. In practice, the appropriate personnel in departments 
such as purchasing, quality control, manufacturing and product engineering can rate these performance factors. 
The rating is, largely, a subjective assessment reflecting the individual’s actual experience with the supplier. For 
a given supplier, then, the ratings on all factors are summed and averaged to obtain a total service rating. The 
total number of points possible to obtain the supplier’s service factor percentage [1] then divides this figure. At 
this time, a supplier will be perfect in service if her service factor percentage is 100% and zero-loss occurs. 
Suppose that the specification limit of the supplier’s service factor percentage is 50%; then, the loss will be 
100%. The range value, the specification limit, and the relative range of the allowable deviation for each of the 
decision criteria are summarized in Table 1.  
 

Table 1: Decision variables for selecting a supplier 
Criteria Target value Range Specification limit 
Quality 0% 0%–2% 2% 

On-time delivery 0 0–8 8 
Price lowest 0–percent20 20% higher 

Service 100% 100%–50% 50% 
 

Calculating the value of k from Eq. 4 or Eq. 5 gives 250 000, 1.56, 2500 and 25 for quality, on-time delivery, 
price and service, respectively. For supplier LGT, the quality value is a 1.8% defective rate, which relates to 
1.8% deviation from the target value; the average delay time is one time-unit from the requirement target; the 
price is the lowest; the service grade gained is 90%. The characteristic value and relative value for the current 
four suppliers are summarized in Table 2. The relative value from Table 2 is entered into Eq. 4 or Eq. 5 as the 
value with the constant k previously calculated for these four characters, resulting in the individual Taguchi loss. 
The outputs of the Taguchi loss function for these four evaluation criteria for these four suppliers are presented 
in Table 3.  
 

Table 2: Characteristic and relative values of suppliers 
 Quality On-time delivery Price Service 

Supplier Value Relative 
Value Value Relative 

Value Value Relative 
Value Value Relative 

Value 
LGT  1.80% 1.80% 1.00 1.00 100.00 0.00% 90.00% 90.00% 
MNG 1.50% 1.50% 6.00 6.00 110.00 10.00% 72.00% 72.00% 
ZHS 1.00% 1.00% 2.00 2.00 118.00 18.00% 65.00% 65.00% 
TTS 1.40% 1.40% 6.00 6.00 108.00 8.00% 95.00% 95.00% 

 
Table 3: Supplier characteristic Taguchi loss 

Supplier Quality On-time delivery Price Service 
LGT 81.00 1.56 0.00 30.86 
MNG 56.25 56.25 25.00 48.23 
ZHS 25.00 6.25 81.00 59.17 
TTS 49.00 56.25 16.00 27.70 

 
In practical applications, a single value is desirable in order to allow a comparison of the utility of various 
suppliers. These four losses can be considered equally important and added together for comparison to rank the 
suppliers. However, such a comparison is generally unfair due to certain criteria that may be more important 
than others may. In AHP computation, suppose the pairwise comparison matrix for these four criteria is that 
shown in Table 4. The largest eigenvalue of this comparison matrix is λmax = 4.132, the weights of these four 
criteria being 0.462, 0.101, 0.304 and 0.133 for quality, on-time delivery, price and service, respectively. Then, 
the weighted Taguchi loss can be determined for these four suppliers, its ranking being as shown in Table 5. It 



can be concluded that Taban Tarash Sepahan Co.: 25107 (TTS) will be the best selection from the Taguchi loss 
function and the AHP multi-criteria decision process For Asaal San'at Company. 
 

Table 4: Pairwise comparison matrix of the four criteria 
Supplier Quality On-time delivery Price Service 

LGT 1.00 3.00 2.00 4.00 
MNG 0.33 1.00 0.33 0.50 
ZHS 0.50 3.00 1.00 3.00 
TTS 0.25 2.00 0.33 1.00 

 
Table 5: Weighted Taguchi loss and its ranking 

 Quality On-time delivery Price Service  

Supplier Weight Taguchi 
Loss Weight Taguchi 

Loss Weight Taguchi 
Loss Weight Taguchi 

Loss 
Weighted 

Loss 
Supplier 
Ranking 

LGT 0.462 81.000 0.101 1.563 0.304 0.000 0.133 30.864 41.685 2 
MNG 0.462 56.250 0.101 56.250 0.304 25.000 0.133 48.225 45.683 4 
ZHS 0.462 25.000 0.101 6.250 0.304 81.000 0.133 59.172 44.675 3 
TTS 0.462 49.000 0.101 56.250 0.304 16.000 0.133 27.701 36.867 1 

 
5. Conclusion 
In this paper, Taguchi Loss Function and analytical hierarchy process were used for evaluate and select 
suppliers. Decision criteria are 1-Quality, 2-On time delivery, 3-Price and 4-Service quality. Each performance 
criteria for each supplier converted to qualitative loss using Taguchi loss function. Analytical hierarchy process 
is used as a general framework for a balanced evaluation system formulation with different criteria. At the end 
of this paper, a case study is presented to display the practical performance of model. This evaluation system 
can practically be used for monitoring and evaluation of suppliers and describing an appropriate supplier with a 
simple and easy structure. In practice, managers must choose the factors that have most impact in achieving the 
organization's goals for evaluation and selection of suppliers and use the paired comparisons matrix. This 
manager’s behavior can be a very effective step to achieving the organization's goals. 
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