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Abstract 
 
One of the most important parts of supply chain management is selection of the best suppliers. Supplier selection is 
a group-decision making process in which it is under uncertain conditions in the real world. In this regard, this paper 
suggests a new method to prioritize potential suppliers. This method is Group-AHP evidential reasoning approach 
that considers uncertainty in three state of: incomplete, imprecise and ignorance in opinions of decision makers to 
score multiple criteria. The criteria can be quantitative or qualitative and the weights of them are computed by a 
Group AHP (G-AHP) method. Then, the approach aggregates their opinions and presents the final score of each 
supplier. Finally, suppliers and contract will be ranked and signed with top of them respectively. At the end, a 
numerical example is presented to show the efficiency of proposed approach. 
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1. Introduction 
Nowadays, efficient supply chain management has a key role in success of corporations in competitive market. In 
addition, supplier selection is one of the most important parts of supply chain management that is much extended in 
recent decade as suppliers play a key role in supply chain management, for example, the quality and price of final 
product have a direct effect on quality and price of suppliers.  

The various methods have been suggested to selection of suppliers as individual and integrated approach. According 
to Ho, Xu and Dey’s literature review, the most popular individual approach is Data Envelopment Analysis (DEA), 
followed by mathematical programming, AHP, fuzzy set theory, and so on (W. Ho et al. 2010). The latest methods of 
DEA were considered by stochastic performance measure (S. Talluri et al. 2006) and handled through imprecise data 
(R. Farzipoor 2007), (T. Wu et al. 2007). In integrated approach, more prevalent method is integrated AHP approach. 
AHP has been integrated with other techniques including ANN, DEA, fuzzy set theory, Goal Programming (GP) and 
multi-objective programming which the integrated AHP–GP approach is the most popular one. In AHP–GP approach, 
the output of AHP is the relative importance weightings of criteria and GP applies them to consider the resource 
limitations as Perçin applied an integrated AHP–PGP (Pre-emptive GP)    approach for supplier selection (S. Percin 
2006). Mendoza, Santiago and Ravindran presented an integrated AHP–GP approach to reduce a large number of 
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potential suppliers to a manageable number, rank the alternative suppliers with respect to five evaluating criteria and 
determine the optimal order quantity (A. Mendoza 2008). Also, Wu used Grey related analysis and D-S theory to 
solve supplier selection problem in a fuzzy group decision making which the inputs of this method are fuzzy numbers. 
Therefore, it firstly converts fuzzy numbers to interval numbers and aggregates them with Grey related analysis and 
D-S theory (D. Wu 2009). 

In real situation, uncertainty is one of the most important issues in which had less considered in recent papers. 
Unfortunately, it is a common mistake in supplier selection subject which many researchers do not consider 
uncertainty to solve their problems and subsequently it leads them have an insufficient result.  

The evidential reasoning (ER) approach is a method for multiple criteria decision analysis (MCDA) under 
uncertainties which it was proposed by Xu, Yang and Wang (D. Xu et al. 2006). This approach aggregates opinions of 
decision makers with different importance about criteria in three states of incomplete, imprecise and ignorance that 
each shows one kind of uncertainty. It improves the insightfulness and rationality of a decision making process by 
using a belief decision matrix (BDM) for problem modeling and Dempster–Shafer (D–S) theory of evidence for 
criteria aggregation. This approach allows decision makers to present their opinions independently about criteria. 

In this regard, this paper develops “Evidential Reasoning Approach” to solve a supplier selection problem in 
uncertainty conditions. In fact, the paper is organized as follows. In section 2, the developed evidential reasoning 
approach is proposed. At the end, the application of proposed approach is presented for supplier selection problem 
through a numerical example.  

 

2. Developed Evidential Reasoning Approach 
The evidential reasoning (ER) approach is a method for MCDA under uncertainties. It improves the insightfulness 
and rationality of a decision making process by using a belief decision matrix (BDM) for problem modeling and 
Dempster–Shafer (D–S) theory of evidence for criteria aggregation. This approach allows decision makers to present 
their opinions independently about criteria. The developed method is organized through five steps as follow: 

• Assigning weights to decision makers,  

• Computing weights of criteria by Group-AHP method  

• Collecting votes from decision makers on multiple criteria for each supplier 

• Using the ER rules to aggregate decision makers’ opinions  

• Ranking the final scores of suppliers.  

 

2.1 Assigning Weights to Decision Makers 
It is clear that decision makers (DM) are different from their expertise to experience. Therefore, the weight of each 
DM is determined by composition of his background, expertise and experience in related subject.  

 

2.2 Computing Weights of Criteria by Group-AHP Method 
In this step, first we should get a pairwise comparison matrix about criteria from each decision maker and aggregate 
them with Group AHP method. 

Suppose that presented pairwise comparison matrix about relative importance between criteria (i and j) by decision 
maker (k) is: 

           i, j = 1,2,…,n   ;   k =  1,2,…,m   (1) 

We know that in this matrix: 

X(ij) = 1   for all i=j                 (2) 
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X(ji) = X(ij)   for i≠j              (3) 

      

 (4) 

 
It is enough that each DM fills out the matrix. And then we should control inconsistency of each matrix. (Notice that 
acceptable inconsistency rate (IR) is between 0 and 0.1) 

Remindation: 

                     (5) 
 

             
         (6)    

λ is the eigenvalue of matrix X(ij) and E(λ) is the mean of eigenvalues. 

And IIR is as follow: 

 

Table1: Amount of IIR for different size of matrix (N) 

N 1 2 3 4 5 6 7 8 9 10 
IIR 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.45 

 

If all of eigenvalue be equal, the IR=0. 

After controlling the IR in each matrix we can aggregate them as follow: 

 

                                         
                                   (7) 

X'(ij) shows the final aggregation for importance weight between criteria. For example, if X'(12) = 3, it shows that the 
importance weight of first criteria is triple as much as second one.  k is the weight of decision maker k. notice that 
we should again compute IR for the matrix of X'(ij).  

At the end, normalize the matrix of X'(ij) which the mean of each row shows the importance rate of its criteria (wj).  

 

2.3 Collecting Votes from Decision Makers on Multiple Criteria for Each Supplier 
In this step, each DM should present his opinions about suppliers to criteria in the belief structure from table 2. 

 
Table2: Range of presented decision maker’s opinion 

Effect Ranking Effect Ranking 

Very Good 10 Low 5 

Good 9 Very Low 4 

Very High 8 Bad 3 

High 7 Very Bad 2 

Moderate 6 Worst 1 
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As mentioned in previous section, ER approach allows DMs to provide their subjective judgments in the following 
flexible ways: 

• A precise rating such as 4 can be written as {(4, 100%)}. Such an expression is referred as a belief 
structure in the ER approach. 

• A distribution such as 4 to 40% and 5 to 60% means that their opinions are assessed with respect to the 
criteria in which rating 4 and 5 are based on the degree of 40% and 60% respectively. Here the degrees 
of 40% and 60% represent the confidences (also called belief degrees) of the DM in his subjective 
judgments and the distribution can be equivalently expressed as {(4, 40%), (5, 60%)}. When all the 
confidences are summed to 100%, the distribution is named to be complete; otherwise, it is incomplete. 
For example, {(4, 40%),(5,50%)} is an incomplete distribution or called incomplete assessment where 
the missing information of 10% is referred to as local ignorance and could be assigned to any rating 
between 1 and 10 according to the Dempster–Shafer theory of evidence (G. Shafer 1976). 

• An interval such as 4–5 means that the rating of a supplier with respect to the criteria is between 4 and 
5. This can be written as {(4 − 5, 100%)}. 

• No judgment means the DM is not willing to or cannot provide an assessment for a supplier with 
respect to the criteria. In other words, DM’s rating could be anywhere between 1 and 10 and expressed 
as {(1–10, 100%)}. Such judgments are referred to as total ignorance. 
 

Obviously, the belief structures in the ER approach provide an easy-to-use and very flexible way for DMs to express 
their opinions and it can better quantify criteria than the traditional methodologies. According to the criteria, all 
suppliers can be evaluated through belief structures. In next subsection, we will see how the belief structures of each 
supplier which is provided by DM individually, can be synthesized into a group belief structure and how the group 
belief structures of each supplier can be aggregated into an overall belief structure by using a recursive interval ER 
algorithm. 

 
2.4 Using the Evidential Reasoning Rules to Aggregate Decision Makers’ Opinions 
Suppose that there are m decision makers (DM1, ... , DMm) that responsible for the assessment of p suppliers (S1, ..., 
Sp)  with respect to n criteria (C1, ..., Cn). Now, first each decision maker DMk is given a weight in subsection 2.1 
to reflect his relative importance. Next, each criterion Cj  is given a weight in subsection 2.2 by group AHP method 
to reflect its relative importance. If there is no sufficient reason or evidence to show the differences among DMs in 
their judgment qualities, the DM should be given an equal weight. Let (Hpq , βpq,j(K)) be the belief structure which 
is provided by DMk ( k=1,2,…,m) on the assessment of Si ( i=1,2,…,p) with respect to Cj (j=1,2,…,n):  

(Hpq , βpq,j(K)) = {(Hpq , βpq,j(K)) ; p=1,2,…,N ; q= p, p+1,…,N ; p<=q ; j=1,2,…,n }  (8) 
Where Hpp for p = 1–10 are the ratings defined for criteria assessment, Hpq for p = 1–9 and q = p + 1 to 10 are the 
intervals between Hpp and Hqq. All the ratings  Hpp for p = 1–10 and the intervals Hpq for p = 1–9 and q = p + 1 to 
10 together form a frame of discernment, which is expressed as: 

 

       

       (9) 

 

 

               (10) 
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The collective assessment of the k decision makers for each supplier with respect to each criteria is also a belief 
structure called group or collective belief structure which is indicated as (Hpq , βpq,j) where βpq,j is referred to as 
group or collective belief degree and determined: 

βpq,j =           (11) 
That  normalized weight of decision maker k. 

Please suppose that wj is the normalized weight of criteria j. Therefore, basic probability mass is assigned to interval 
Hpq: 

 mpq,j = wj . βpq,j (12) 
 mH,j = 1-  (13) 

 
In Equation (13) mH,j is the remaining probability mass that is unassigned to any evaluation grades after only 
related criteria has been taken into account. In other words, the mH,j represents the remaining role that other criteria 
can play in the assessment. The mH,j should eventually be assigned to grades in way that is dependent upon the 
importance of other criteria. To aggregate opinions of decision makers, first select two of them and aggregate them 
by Equation (14), Equation (15) and Equation (16):  

 

 

         (14) 
And, 

           (15) 
      (16) 

 
That n is the same as m, but for other criteria. Table 3 shows the spreadsheet that evidence m and n are placed in the 
first row and first column respectively. 
We use 1 / (k-1) to sure that Equation (17) is established. 

         (17) 
 

The combined probability masses are then combined further with the basic probability masses transformed from 
another belief structure in the same column of the belief relationship matrix. The above aggregation process is 
carried out recursively until the m belief structures in the same column are all aggregated. Such a recursive process 
is easy to implement on a Microsoft Excel worksheet. In next Table, you can see how three pieces of evidence can 
be recursively combined on a Microsoft Excel worksheet. If there are more pieces of evidence, they can be 
recursively combined in the same way. 
Let xpq ( p=0,.., 10; q=p,...,10 ) and xH be the final combined probability masses. Then the overall assessment for Si 

(supplier i) will be {(Hpq, ), p=0,…,10; q=p,…,10}, which is an aggregated belief structure and  are 
determined by 

 ,     p=0,…,10; q=p,…,10.       (18) 
 
The overall assessment can finally be characterized by an expected interval: 

   (19) 
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It represents the interval rating [EiL, EiU] of the importance of Si. All the other suppliers can be rated in the same 
way. 
 
 
 

Table 3: Spreadsheet:  Evidence “m” place in first row and evidence “n” place in first column 

 
 
2.5 Ranking the Final Scores of Suppliers 
The degree of preference is calculated through the Equation (20) developed by Wang, Yang and Xu (Y. M. Wang et 
al 2005): 
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       (20) 

 
Where a = [a1, a2] and b = [b1, b2] are two positive interval numbers. 
 
3. Numerical example 
In this section, this paper wants to present a numerical example to show how to apply the developed approach. 
Please suppose that there are three criteria, four DMs and three suppliers and it is desirable to rank the suppliers. 
According to Ho’s literature review the most important criteria are “quality”, “delivery” and “price” (W. Ho et al. 
2010). 
Suppose the weight of decision makers are: 0.3, 0.25, 0.2 & 0.25 and after collecting votes from decision makers 
about criteria, each of them presents a pairwise matrix and we should aggregate them with group AHP proposed in 
section 2.2. Finally the relative importance of each criterion is: quality (0.4) and delivery (0.3) and price (0.3). 
Table 4 shows opinions of decision makers per criteria per supplier. 
 

Table 4: A form that filled by decision makers 

 
Next, apply Equation (8) and Equation (11) to aggregate opinions of DMs for each criterion, then table 4 is 
converted to table 5. 
 

Table 5: Belief structure for each criterion (without specific DM) 

Potential 
suppliers 

Decision 
maker 

Weight 
(DMi) 

Quality Delivery Price 

S1 

DM1 30% {(5,50%), (7,50%)} {(1-3,70%), (4,30%)} {(3-5,70%)} 

DM2 25% {(4,30%), (5-7,70%)} {(2,30%),(3,40%), 
(4,30%)} - 

DM3 20% {(3-5,20%), (6,40%)} - - 

DM4 25% - {(8,50%) 
,(9-10,50%)} 

{(4,50%), 
(5,30%), (6,20%)} 

S2 

DM1 30% {(2,60%) , (3-5,40%)} {(3-5,60%),(5-6,40%)} - 

DM2 25% - {(4,50%), (5,30%) 
, (6-8,20%)} {(7,60%), (8,30%)} 

DM3 20% {(4,70%), (5-7,30%)} {(2,30%), (3-6,50%)} {(5-7,80%)} 

DM4 25% {(1-3,50%)} - {(6-8,50%), (9,50%)} 

S3 

DM1 30% {(8,90%)} {(5-7,40%), (8,60%)} {(6-8,70%)} 

DM2 25% {(7-9,85%), 
(9-10,15%)} 

{(4-6,70%), 
(7-9,30%)} 

{(3-6,40%), 
(6-8,60%)} 

DM3 20% - - - 

DM4 25% {(6,20%),(7-8,60%)} {(6,50%),(7,30%)} {(5,60%)} 

Potential 

suppliers 
Quality Delivery Price 

S1 

{(3-5,4%),(4,7.5%),(5,15%) 
(5-7, 17.5%),(6, 8%), 
(7, 15%),(1-10, 33%)} 

{(1-3,21%),(110,20%), 
(2,7.5%),(3,10%),(4,16.5%), 
(8, 12.5%),(9-10, 12.5%)} 

{(1-10, 54%),(3-5, 21%) 
,(4, 12.5%), 

(5, 7.5%),(6, 5%)} 

S2 

{(1-3, 12.5%),(1-10, 37.5%), 
(2, 18%),(3-5 , 12%), 
(4, 14%),(5-7, 6%)} 

{(1-10,29%),(2,6%), 
(3-5, 18%),(3-6, 10%), 
(4, 12.5%),(5, 7.5%), 
(5-6, 12%),(6-8,5%)} 

{(1-10, 36.5%), 
(5-7, 16%),(6-8, 12.5%), 

(7, 15%), 
(8,7.5%),(9,12.5%)} 
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By applying Equation (12) to Equation (18) and relative importance weight of criteria we can aggregate criteria for 
each supplier in table 6.  
 

Table 6: Belief structure for each supplier 

 
Finally, by applying Equation (19), we can compute interval score of each supplier in table 7.  
 

Table 7: Final score of each supplier 
 EL EU 
S1 3.534 6.741 
S2 3.238 6.67 
S3 5.166 8.153 

 
At the end, we can rank them by Equation (20) and the final result is:  S3 > S1 > S2.  
Table 3 shows it is better to select third supplier (S3), next first one (S1) and finally second one (S2). 
 
4. Conclusion 
Uncertainty is an important subject that cannot be eliminated from real situation, especially in group decision 
making. In this paper we focused on supplier selection problem and proposed a new method to rank potential 
suppliers. One of the benefits of this method is that decision makers can present their opinions freely and 
independently in three types as incomplete, imprecise and ignorance. This approach applied Group AHP method to 
weight criteria and ‘Dampster-Shafer’ aggregation rule to aggregate opinions from decision makers. At the end, a 
comprehensive numerical example including three suppliers, four decision Makers and three criteria was presented 
to rank potential suppliers and finally found 3rd supplier as the best to sign the contract. 
 
4. Future Research 
In this paper, we studied selection of the best supplier and at the end, presented the ranking of potential suppliers. 
Moreover, future researcher can study on: 

• Amount of purchase from each supplier 
• Composition of supplier and purchase sizes 
• Use Evidential Reasoning G-AHP for computing weights of criteria 
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