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ABSTRACT 
Nowadays, supplier selection and evaluation is one of the vital necessities in sourcing process of supply chain management due 
to its role in diminishing the excessive costs caused by unqualified suppliers. In this case, supplier selection is a multi criteria 
decision problem including both tangible and intangible criteria with a strategic view to support supply chain management 
strategies.In this paper an integrated decision making model is incorporated based on Multi-objective linear programming and 
Analytic Network Process under benefits, opportunities, costs and risks (BOCR) concept. In the first step, the decision model is 
constructed by 20 decision criteria and 4 strategic criteria, obtained from SCM functional strategies, and the priorities of 
suppliers will also be used as the parameters of the first objective function in the second step. The allocation process is 
completed by considering three objective functions: supply value, financial value, and delivery time value. The study which has 
been conducted in a major Asia car manufacturers, contributes not only to select the best suppliers but also to determine the 
amount of purchase to each high-priority supplier.   
Keywords: Supplier Selection; Multi-objective linear programming (MOLP); Analytic Network Process (ANP); 
BOCR; SWOT. 
 

1. INTRODUCTION 
Every organization needs its appropriate inputs to create the perfect outputs like products or services. Such substantial 
inputs have a great impact on organization`s profit margin and life cycle. Thus supplier selection and evaluation can be 
considered as a key factor to achieve the organization requirements. Likewise, having an efficient and effective 
cooperation between buyer and seller could be worthwhile to gain a competitive advantage in the outsourcing approach 
[20]. Accordingly, selecting a wrong supplier can have a far-reaching impact on a company, while an appropriate 
choice can open new windows of opportunity [15].   

Supplier selection is one of the most strategic concepts in supply chain management which plays an important role 
in logistic and production management. As an illustration, the accurate supplier selection can have a whopping 
reduction in the raw material cost, which is equal up to 70% of the product cost [5] so organizations are highly 
dependent to supplier selection process in the competitive environment [27]. 

Successful companies believe that supplier selection should be considered as the most important process in a supply 
chain [13]. Even though the researches on supplier selection have been boomed in recent years, most of them have 
focused on positive aspects of buyer-seller relationship. While, negative aspects in this relationship should be regarded 
to have an accurate analysis [1].  
      There are two steps on supplier selection problems; in the first step a supplier can provide all the needs of an 
organization. While, in the second step a supplier cannot completely fulfill the organization`s needs and prioritizing the 
suppliers will turn up. In this stage, the main consideration would be decision making about suppliers and allocating 
the order to the high-priority suppliers based on their production capacities. Thus, in this circumstance managers have 
to answer the questions like: which one of the suppliers are the best? And how much of the purchase could be delegated 
to the selected suppliers? [9]. 

Moreover, it must be noticed that supplier selection is a strategic decision [25] that affects the organization`s supply 
chain and should be in align with organization`s strategies. Meanwhile, considering the utmost level of the benefit and 
opportunity and avoiding the high risk or costly alternatives are two main angles of this analysis. The literature on 
supplier selection can be divided into two areas: 
     Firstly, the published experiments and papers on determining the criteria and indicators with respect to supplier 
evaluation. Primarily, Dikson [6] introduced 23 separated factors about decision making on selecting the supplier. 
These factors are independent of the product type. Ellram [8] proposed a new kind of criteria which create a strategic 
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linkage between supply chain members. These criteria comprise elements such as financial affairs, strategy, 
organizational culture, technology and the other factors. Garvin [10] suggested detailed functional criteria with their 
sub-criteria demonstrated namely quality, cost, just-in-time delivery, service, and flexibility. Min & Galle [21] 
developed a model on supplier selection with several criteria: finance, quality assurance, unpredictable risks, service 
performance, buyer-seller relationship, culture hindrances and commercial constraints. Tracey [29], concentrated on 
criteria such as quality, the rate of confidence on delivery and increasing the product performance aiming partnership 
selection. In addition, he proposed a continuous improvement plan in regard with developing the relations with 
suppliers. Reviews of the related literature suggest that a vast variety of criteria has been contributed to this field. 
Concerning this, the most significant common point of them is that the selected criteria should cover the organization`s 
targets.  

The second category of literature is about the utilizing of decision making techniques on the supplier selection. In 
this area, the proposed categorizing models of Timerman [28] have been known as the initial models. These models 
established based on supplier`s background and history regarding a series of criteria. Only if a supplier has a strength 
capability in a criterion, the plus point will be added. Otherwise, a minus point will be calculated on the criterion which 
the supplier is weak on. Consequently, the final score will be the sum of all scores acquired by a supplier.  

The next decision method generation is called linear-weighting methods developing by weighting the criteria and 
alternatives [4]. The linear-weighting methods are very simple and vividly depend on the decision maker’s judgment. 
The main drawback of these methods is that the weights of all criteria are similar. Also, these mathematic methods are 
criticized when intangible (qualitative) factors are inserted in a decision model.  
     To decline this scarcity and have a better analysis Ghodsypour and O’Brien [13] introduced a mixed decision model 
combining analytic hierarchy process (AHP) and linear programming in order to consider intangible criteria and 
allocate the amount of order within the suppliers. Their objective functions consist of maximization of total value of 
purchasing (TVP) and minimization of defect rate.  
     By following this study; Wang et al. [32] introduced an integrated AHP and goal programming approach to focus on 
TVP and total cost of purchasing of any supplier. Afterward, in Ustun and Demirtas [5] study this decision process was 
improved by an integration of ANP and multi-period multi-objective mixed integer linear programming (MOMILP). In 
this paper they introduced three strategic criteria and 13 decision criteria categorized based upon four clusters: benefits, 
opportunities, costs and risks. Also, the lot-sizing step is completed by three objectives: TVP, total defect rate and total 
cost of purchasing.  
     The most important element which has been neglected in previous studies [5], [12], [13], [32] is that the supply 
chain management strategies should be inserted in the decision model. In fact, they do not make any meaningful 
correlation between supplier evaluation and supply chain management (SCM) functional strategies. Furthermore, to 
have an efficient supplier evaluation the decision makers should take strategic products in their considerations in any 
supply chain. Strategic products require a more collaborative strategy between both the buyer and the seller [11]. 
      In this paper a comprehensive decision making model is extended by an integration of ANP and MOLP model to 
take strategic view into account. In the prioritization step the decision model is constructed for one strategic product by 
four strategic criteria obtained from SCM functional strategies and 20 decision criteria. It will be useful to determine 
priorities by ANP; AHP provides a systematic overview on decision problem where alternatives are prioritized by 
paired-comparison matrixes based on decision criteria. The main assumption of this technique is that the criteria are 
independent and there is no correlation between them so it is debated as the deficiency of this method. As a solution, 
Saaty [23] improved his model by considering the inner dependency between criteria and called it Analytical Network 
Process (ANP). “The Analytic Network Process (ANP) provides a general framework to deal with decisions without 
making assumptions about the independence of higher-level elements from lower level elements and about the 
independence of the elements within a level as in a hierarchy” [23]. 

The modified ANP structure in this paper is the BOCR model which can improve the solving process. This model is 
a hierarchal structure that focuses on Benefits, Opportunities, Cost and Risks merits in each decision problem [23]. The 
BOCR model has got a comprehensive and strategic view which covers the short term and long term, positive and 
negative and tangible or intangible features [18]. 
      In the allocation step the problem is solved by a multiple objective linear programming model for the strategic 
product. The objective functions are introduced based on SCM functional strategies and the priorities concluded from 
BOCR model particularly for the first objective function. The other objective functions are the goals determined by the 
management team in the SCM strategic planning process.  

As a case study and the numerical example SAIPA SAZEH-GOSTAR Company, which is the main supplier of 
SAIPA Automobile Industry Group with 600 suppliers, has been introduced. Since the competition between automobile 
industries has been increased in Middle East, a closer and long-term relationship with suppliers has been the concern of 
SAIPA SAZEH-GOSTAR managers.  

Thus, the main purpose of this study is to propose a comprehensive strategic model of supplier selection and 
evaluation, considering all kinds of factors. The outputs of this research can be listed as follow: 
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 The impressive criteria according to BOCR structure. 
 The importance rate of the criteria and the weight of them in the total model. 
 The total weight and priority of the suppliers. 
 The final proportion of procurement of each high-priority supplier. 
   

2. SUPPLIER SELECTION AND EVALUATION 
Supplier chain management encompasses all activities consisting of selecting, evaluating and analyzing suppliers with 
the purpose of decreasing the costs and risks of sourcing process and establishing a continuous improvement in 
operation and value of partnerships. In fact, supplier selection and evaluation is one of the most important parts of 
supply chain management process for creating a successful alliance [1].The SCOR model (Supply Chain Operations 
Reference) [26] is a model that can illustrate the supply chain and sourcing process covering the supplier selection.  

 
Figure1 SCM Processes Using SCOR. 

 
One of the major tasks in purchasing process is selecting and absorbing the long-term and strategic suppliers which 

can provide an organization`s needs. Besides, making the decision about the number of suppliers, their combination 
and the type of relationship would be a sophisticated task for all companies. The importance of this problem has been 
manifested within many pioneer organizations and most of them compile many strategies and procedures related to 
their supply chain. It should be considered that the supply chain strategy is influenced by the organization`s business 
strategy [26].Thus, it should be aligned with other strategies and the organization`s vision (Figure 2).  

 
 

Figure2 Influence of Overall Organizational Strategies on Functional Strategies 
As it is shown in Figure 3, supply chain strategy can be called as the result of purchasing and manufacturing 

strategies [3]. 

 
Figure3 House of SCM [26] 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 3, March 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 3, March 2013 Page 566 
 

 
Moreover, product classification in supply chain management has been regarded between scientists in recent years. 

For instance, in portfolio approach, products are categorized into clusters based on two criteria: Supply risk and 
importance level of purchase [16]. It implies that the importance level of a product in each organization is different in 
comparison with the other products and they can be categorized from routine to strategic product (Table1). 
 
  
 
 
 
 
 
 
 
 
 

3. ANALYTIC NETWORK PROCESS 

Analytic Network Process (ANP) is one of the multiple attribute decision making methods presented by Saaty to solve 
those kind of decision making problems in which interrelations and correlations between decision making levels 
(purpose, decision making criteria, sub criteria and alternatives) are considered [22].  

In Figure 4, two kinds of decision making structure are shown; hierarchal structure (shape (a)) and network 
structure (shape (2)). In this figure, clusters define decision making levels (purpose, decision making criteria, their sub-
criteria and alternatives). Also, direct lines or arches show the relations between decision making levels and a loop 
demonstrates inner dependency among elements of a cluster (W22). Moreover, there are feedback dependencies which 
show the effect of cluster 3 on cluster 1 and cluster 2 (W13, W23) (Wu & Lee, 2007). 

 
 

Figure 4 (a) AHP Structure and (b) ANP Structure[4] 
 

The ANP elaborates three kinds of super-matrixes to illustrate the relations and correlations among decision 
making levels and they determine relative importance of criteria and alternatives. A super-matrix is a detailed matrix in 
which each component shows the relation between elements of two decision making levels [30]. In fact, to determine 
the weight of elements in each level, the AHP uses paired comparison matrix, while the ANP employs super-matrix 
[31]. In other words, the super-matrix displays the effects of the elements on a specific element via a priority vector. 
The general format of a super-matrix is demonstrated in Figure 5. 

 
Figure5 The Standard Form of Supermatrix. 

Table1: Purchasing Portfolio [16]. 

Low High 

High Leverage 

Bottleneck Routine 

Strategic 

Importance of the 
purchase 

Supply risk 

Low 
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As mentioned above, all the relations between elements of decision making levels are evaluated by super-matrix 
however in many cases; the summation of the weights in a column is not unit. This form of super-matrix is known as 
unweighted super-matrix and should be changed into weighted super-matrix by multiplying the weight of each cluster 
by related elements in unweighted super-matrix. Finally, limit super-matrix should be brought to prioritize alternatives 
and decision criteria. For synthesizing all the interactions and obtaining the limit super-matrix, the weighted super-
matrix is raised to large powers [2]. 

 

 

4. BOCR STRUCTURE 
The positive and negative aspects of a decision should be considered in any decision making process. Some of those 
aspects are certain and definite but the others would be uncertain and probable. In ANP the positive and definite aspect 
is described as benefit but cost is certain and negative one. Also, the positive uncertainty is explained as an opportunity 
which could be revealed based on our decision and finally the negative and uncertain aspect is risk happening after 
taking a decision. All of four mentioned categories construct a Benefit, Opportunity, Cost and Risk (BOCR) model 
which is started by Benefits subnet and ended by Risks merit. Therefore, Saaty [22] proposed a model synthesizing the 
prioritized alternatives by combining the derived priority of alternatives based on each Benefit, Opportunity, Cost and 
Risk merits. After determining the scores of alternatives, the total priority can be calculated by any Additive, 
Probabilistic Additive, Subtractive, Multiplicative and Multiplicative Priority Powers formulas. These formulas are 
demonstrated as below where Bi, Oi, Ci and Ri represent final priority of alternative i under B, O, C and R and the b, o, 
c and r are the final weight of each merit [17]: 
 
1. Additive 

 
2. Probabilistic additive 

 
3. Subtractive 

 
4. Multiplicative priority powers 

 
5. Multiplicative 

 
 

5. THE PROPOSED MODEL 
As mentioned earlier, the integrated method proposes a two-stage model including supplier evaluation and order 
allocation. Figure 6 shows the algorithm of the integrated method. 

  

 
Figure6 Algorithm of the Proposed Mode 
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 5.1. First Stage: Build an ANP Model for Selecting the Best Suppliers 
Step (1): Define the decision goals and select the strategic product 
The main purpose of decision-making process is to define the decision goals; in this section the relevant information 
must be gathered to select the optimal alternative [14]. Furthermore, in order to decline the volume of calculations in 
the model, one of the critical products is selected by using Nominal Group Technique (NGT), with respect to the 
portfolio method mentioned in table1 [7].  
Step (2): Establish the strategic criteria and sub-criteria 
Strategic criteria are determined by experts` opinion after having a SWOT analysis on SCM functional strategies. 
These kinds of criteria are utilized to compare the benefits (B), opportunities (O), costs(C) and risks (R) control 
hierarchies.  

Then, the problem is decomposed into the control hierarchies and the main criteria are determined based on 
literature which can be declined to critical criteria. Also, the inner and outer dependency between criteria in each merit 
and alternatives should be considered and completed by using Nominal Group Technique (NGT) within experts [7]. 
Step (3): Calculate the relative priorities of criteria 
Perform pair-wise comparisons and compare the elements (criteria) in each cluster even the strategic criteria based on 
the proposed decision model.  
Step (4): Determine the priority of BOCR subnets and the final synthesis of alternatives  ̀priority 
Calculate the priority of each BOCR merits to determine the final priority of alternatives. Then, synthesis the overall 
priority of any alternative using all paired comparison matrixes and relative importance of BOCR merits. 
5.2. Second Stage: Build the Multi-Objective Linear Programming (MOLP) Model for Supplier Evaluation 
In order to build the mathematical model of the problem, the final objective functions, constraints and parameters of the 
model are determined as follow: 
Indices: 
i = 1, . . . , m index of goals; 
j = 1, . . . , n index of products;  
k = 1, . . . , omax index of suppliers 
 
Decision variables: 
xjk number of product j allocated to supplier k 
 
Intermediate variables: 
fi the weight of goal i 

negative deviation from goal i 
 positive deviation from goal i 

Wjk the final weight of supplier k in product j obtained by ANP model 
TSVP Total Supply Value of Purchase 
TFVP Total Financial Value of Purchase 
TTDV Total Delivery Time Value 
Spjk cost score of supplier k in product j 
djk delivery score of supplier k in product j  
Cjk production capacity of supplier k in product j  
Dj total demand of product j  
drjk scrapped rate of supplier k in product j   
Mj total defects of product j  
nojk  remained order of supplier k in product j  
Nj total remained demand of product j  
 
Objective functions: 
Goal (1): TSVP 
As the Wjk shows the final weight of kth supplier in jth product so the weight value of supplying the purchased products 
should be maximized. In other words, the most volume of orders should be allocated to the high-priority suppliers. 
Therefore, 
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Goal (2): TFVP 
The financial value of the purchased products should be maximized. By considering the first goal, it is probable that 
the high-priority suppliers would not be so perfect in terms of cost criteria which are considered by cost cluster in 
BOCR model. Spjk represents the cost dimension of the model and can be between 0 and 100. Therefore, 

 
Goal (3): TDTV 
 djk is the delivery time score of kth supplier in jth product(0≤ djk ≤100). Hence, the following objective means that the 
total value of delivery time should be maximized. Therefore, 

 
Constraints: 
The constraints of the model consist of production constraints and demand constraints which are illustrated as follows: 
Supplier capacity constraint:  
Each selected supplier in product j can produce it up to Cjk. Then, 
 

 
Defect rate constraint: 
Mj refers to the total amount of defects for product j that is produced by related suppliers. This constraint implies that 
the summation of scrapped products for product j should be less than Mj, 
 

 
Demand constraints: 
The total demand of each product should be compensated by suppliers. Therefore, the summation of allocations for 
each product j should be equal to Dj, 
 

 
Remained demand constraints: 
Each product has some remained order which is not supplied. This constraint tries to imply this limitation that the 
summation of the unproduced product by o suppliers for any product j can be up to Nj. Therefore,  
  

 
Upper limit of supplier: 
There is one problem that might occur in the proposed MOLP model. The number of suppliers of a specific product can 
be different from the other products. Therefore, 

 
 (14) 

 
No negativity constraints: 
 

 
                                   (15) 

6. THE APPLICATION OF THE MODEL 
The decision-making committee constitutes of 6 managers and experts from commercial, quality assurance and 
planning departments of SAIPA SAZEH-GOSTAR Company. All the comparison matrixes are filled out by them and 
they help us to determine the impressible criteria.  
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 6.1. First Stage 
    6.1.1. Define the Decision Goals and Select the Strategic Product 

The goal of this model is “select the best supplier” and the selected product to constitute the decision model is “front 
cushion component”. 

    6.1.2. Establish the Strategic Criteria and Sub-criteria 

By doing SWOT analysis the strategic criteria are determined. Also, the decision criteria are selected after reviewing 
the literature and considering the committee`s opinions (NGP technique) (Figure 7-11). 
 

 Figure7 The Supplier Selection Decision Model 
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    6.1.3. Calculate the Relative Priorities of the Criteria 

After constructing the model, all related paired comparison matrixes should be calculated. In order to complete all 
paired comparison matrixes, experts are asked to fill out a nine-point-scale questionnaire. Firstly, the strategic criteria 
are compared with regard to the decision goal here the question is “which strategic criterion is the most important one 
with regard to the goal? (Table2). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Secondly, there is a paired comparison between criteria in each cluster that the main purpose of filling out the 
matrix is forming the priority vector in any cluster. Table3 shows this matrix for all determined criteria in opportunity 
sub-structure. The main question in this step is that: how is the relative importance of criterion X in comparison with 
criterion Y on opportunity control sub-hierarchy? In other words we need to figure out which criterion produces the 
greatest opportunity to the organization. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Thirdly, if the inner dependencies are determined, the related paired comparison matrix for any criterion in each 

decision level must be calculated. For example, as it depicted in Figure 8, in benefit sub-hierarchy, ‘technology level’ 
affects ‘process capability’ and ‘flexibility’. Here the focal question is “Which one is impressed more when the level of 
technology goes up, process capability or flexibility?”(Table4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table2: Strategic Criteria Pair-Comparison Matrix 

 
Financial 
Resource 

Management 

Information 
Technology 

Improvement 

Supply Chain 
Improvement 

Supplier`s 
Technological 
Improvement 

Priorities 

Financial Resource Management 1.00 2.00 2.21 1.73 0.3905 
Information Technology 

Improvement 0.50 1.00 2.21 1.21 0.2516 

Supply Chain Improvement 0.453 0.453 1.00 0.587 0.1373 
Supplier`s Technological 

Improvement 0.578 0.826 1.73 1.00 0.2206 

Inconsistency rate = 0.0162 
 

Table3: Criteria Pair-Comparison Matrix Under Opportunities Subnet 

 Financial 
growth 

Ease of 
communication 

Technological 
improvement 

Joint 
growth 

Service support 
improvement 

Prioritie
s 

F. growth 1.00 0.453 2.44 2.00 0.694 0.1973 
Ease of 

communication 
2.21 1.00 2.00 2.44 1.00 0.2956 

T. improvement 0.41 0.50 1.00 0.333 0.311 0.0864 
Joint growth 0.50 0.41 3.00 1.00 0.50 0.1467 

Service support 
improvement 

0.44 1.00 3.21 2.00 1.00 0.2740 

Inconsistency rate= 0.0444 
 

Table4:Criteria Pair-Comparison Matrix Under Opportunities Subnet with Respect to Technology 
Improvement 

Technology 
improvement 

Financial 
growth 

Ease of 
communication 

Technological 
improvement 

Joint 
growth 

Service support 
improvement 

F. growth 0.000000 1.000000 0.833333 0.338811 0.666667 

Ease of communication 0.000000 0.000000 0.166667 0.405998 0.333333 

T. improvement 0.000000 0.000000 0.000000 0.096678 0.000000 

Joint growth 0.000000 0.000000 0.000000 0.000000 0.000000 

Service support 
improvement 

0.000000 0.000000 0.000000 0.158513 0.000000 

Inconsistency rate= 0.0253 
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Consequently, the final paired comparison matrix calculates the relative importance of alternatives according to any 
criterion yet these priority vectors cannot show the total priority of alternatives. Table 5 shows the paired comparison 
matrix based on service support improvement criterion. 

After determining all comparisons, the final weight of criteria in each BOCR subnet should be calculated. The 
“Super Decision” software helps decision makers to complete it accurately [24]. 
 
  
 
 
 
 
 
 
 
 
 

These priorities can demonstrate by unweighted super-matrix (UWM), weighted super-matrix (WM) and limit 
matrix (LM). The rows of the limit matrix illustrate the final weight of nodes (criteria, alternative) in the whole model. 
These super-matrixes are calculated in opportunities subnet for front cushion component, as follow (Table 6-9): 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table5: Alternatives Pair-Comparison Matrix with Respect to Technical and Services Support 
service support 
improvement Supplier I Supplier II Supplier III Priorities 

Supplier I 1.00 0.50 1.00 0.2558 
Supplier II 2.00 1.00 1.44 0.4587 
Supplier III 1.00 0.694 1.00 0.2855 

Inconsistency rate= 0.0108 
 

Table6:UWM Under Opportunities Subnet 

 
Alternatives Opportunities Criteria Goal 

Supplier I Supplier 
II 

Supplier 
III 

Financial 
growth 

Ease of 
communication 

Technological 
improvement 

Joint 
growth 

Service s. 
improvement Priorities 

Alternatives 

Supplier I 0.000000 0.000000 0.000000 0.370111 0.323889 0.349095 0.211060 0.255854 0.000000 

Supplier II 0.000000 0.000000 0.000000 0.330881 0.434862 0.460247 0.432764 0.458647 0.000000 

Supplier III 0.000000 0.000000 0.000000 0.299008 0.241249 0.190658 0.356176 0.285500 0.000000 

O. Criteria 

F. growth 0.000000 0.000000 0.000000 0.000000 1.000000 0.833333 0.338811 0.666667 0.197287 
Ease of 

communication 0.000000 0.000000 0.000000 0.000000 0.000000 0.166667 0.405998 0.333333 0.295539 

T. improvement 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.096678 0.000000 0.086430 
Joint growth 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.146726 

Service s. 
improvement 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.158513 0.000000 0.274017 

Goal Priorities 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
 

Table7:Cluster Matrix Based on Opportunities Cluster 

 Alternatives 
cluster 

Opportunities 
cluster 

Goal 
cluster 

Alternatives 
cluster 0.0 0.5 0.0 

Opportunities 
cluster 0.0 0.5 1.0 

Goal cluster 0.0 0.0 0.0 
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  6.1.4. Determine the Priority of BOCR Subnets and the Final Synthesis of Alternatives` Priority 

In BOCR structure the overall weights of subnets impress the final rate of alternatives. In this method, the relative 
importance weight of any subnet is calculated by rating method instead of paired comparison matrix. Saaty [23] 
proposed a five intensity categorized table used in “Super Decision” software. According to Table10 the importance 
lingual concepts are leveled from very low to very high and any BOCR subnet is compared by level of influence of 
strategic criteria. 
 
 
 
 
 
 

 
For instance, the question about benefits relating to information technology development is: “what is the importance 

level of benefits with respect to information technology development?” Table11 
 
 
 

Table10: Five Intensity Levels and Their Corresponding Values [19]. 

intensity level Very low Low Medium High Very 
high 

value 0.06 0.1 0.16 0.26 0.42 

Table8: WM Under Opportunities Subnet 

 
Alternatives Opportunities Criteria Goal 

Supplier I Supplier 
II 

Supplier 
III 

Financial 
capability 

boom 

Ease of 
communication 

Technological 
improvement 

Joint 
growth 

Service s. 
improvement Priorities 

Alternatives

Supplier I 0.000000 0.000000 0.000000 0.370111 0.161945 0.174547 0.105530 0.127927 0.000000 

Supplier II 0.000000 0.000000 0.000000 0.330881 0217431 0.230123 0.216382 0.229323 0.000000 

Supplier III 0.000000 0.000000 0.000000 0.299008 0.120625 0.095329 0.178088 0.142750 0.000000 

O. 
Criteria 

F. capability boom 0.000000 0.000000 0.000000 0.000000 0.500000 0.416667 0.169406 0.333333 0.197287 

Ease of 
communication 0.000000 0.000000 0.000000 0.000000 0.000000 0.833333 0.202999 0.166667 0.295539 

T. improvement 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.048339 0.000000 0.086430 

Joint growth 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.146726 
Service s. 

improvement 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.079275 0.000000 0.274017 

Goal Priorities 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

 

Table9: LM Under Opportunities Subnet 

 

Alternatives Opportunities Criteria Goal 

Supplier 
I 

Supplier 
II 

Supplier 
III 

Financial 
capability 

boom 

Ease of 
communication 

Technological 
improvement 

Joint 
growth 

Service s. 
improvement Priorities 

Alternatives
 

Supplier I 0.000000 0.000000 0.000000 0.370111 0.231333 0.232007 0.167547 0.195240 0.135467 

Supplier II 0.000000 0.000000 0.000000 0.330881 0.255248 0.259392 0.239834 0.254797 0.155890 

Supplier III 0.000000 0.000000 0.000000 0.290080 0.180086 0157250 0.190020 0.181542 0.116256 

O. Criteria 

F. capability 
boom 0.000000 0.000000 0.000000 0.000000 0.333333 0.297297 0.194803 0.263157 0.222838 

Ease of 
communication 0.000000 0.000000 0.000000 0.000000 0.000000 0.054054 0.131570 0.105263 0.155189 

T. improvement 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.028878 0.000000 0.038121 

Joint growth 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.059807 

Service s. 
improvement 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.047348 0.000000 0.116433 

Goal Priorities 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
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Finally, the overall weight and priority of any alternative can be calculated by one of the recommended formulas 
and in this article it is derived by additive formula (Table 12). 
 
 
 
 
 
 
 
 
 
 
 

 
Also, the final relative priorities of subnets and criteria are determined after calculating the total rates of subnets. 

The criteria with their weights in each BOCR merits have been categorized in Table 13.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table11: Rating of BOCR With Respect to Strategic Criteria 

 

Financial 
Resource 

Management 
(0.352875) 

Information 
Technology 

Improvement 
(0.337108) 

Supply Chain 
Improvement 

(0.113590) 

Supplier`s 
Technological 
Improvement 

(0.196427) 

Priorities 

Benefits Medium Very high Medium Very high b= 0.319592 
Opportunities Low Medium Very low Medium o= 0.191190 

Costs Very high High Medium Medium c= 0.342678 

Risks Low Medium Very low Very low r= 0.146540 
 

Table12: Relative Weight of Alternatives Under BOCR Merits and Final Priority of Them 
Product 
name 

Supplier 
name Benefits Opportunities Costs Risks 

 

Front 
cushion 

Component 

Supplier I 0.351495 0.332343 0.380522 0.307666 0.309871(2) 

Supplier II 0.364994 0.382446 0.213518 0.39641 0.399031(1) 

Supplier III 0.283511 0.285211 0.40596 0.295924 0.291098(3) 

 

Table13: Relative Weight of BOCR Subnets and Their Criteria 

Local 
priority Criterion subnet 

priority subnet Product 
category 

0.15386 Product quality 

0.319592 Benefits 

Strategic 

0.15372 Production capability 
0.23243 Quality assurance systems 
0.07888 Flexibility 
0.07217 Capability of supplying the emergency orders 
0.06874 On-time delivery 
0.24021 technology 
0.37617 Financial growth 

0.191190 Opportunitie
s 

0.26197 Improvement and ease of communication 
0.19655 Service support improvement 
0.10096 Joint growth 
0.06435 Technological Improvement 
0.62889 Purchase cost 

0.342678 Costs 0.18070 Supplier`s production pauses 
0.19041 Costumer dissatisfactions 
0.35407 Supplier`s Production limitations 

0.146540 Risks 
0.21028 Variation in price 
0.09940 Inconsistency 
0.21028 Cutting cooperation 
0.19526 Uncompleted order 
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6.2. Second Stage 
6.2.1. Construct the Mathematical Model 
In this stage the MOLP model was constructed for front cushion component. In order to determine the weight of goals 
in objective function, the three mentioned goals compared via a pair-wise comparison matrix. Also, the optimum 
amount of TSVP can be calculated by solving the mathematical model without considering the other goals. The final 
mathematical model is written as follow: 
 

+ 0.14  
s.t. 
 

  
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
The optimum amount of order for front cushion component is shown in Table14. 
 
 
 
 
 
 
 
 
 
 
 

7. CONCLUSION 
This article proposes a comprehensive decision-making model, completed by a multi-objective linear programming to 
select and evaluate the strategic suppliers. The decision model in the first stage focuses on the criteria which have been 
obtained from the literature, previous researches, and experts` opinions. The study has tried to be practical regarding all 
tangible and intangible, negative and positive, and short term and long term criteria. Besides, the criteria are 
categorized by benefits, opportunities, cost, and risks (BOCR) subnets based on ANP procedure for prioritizing the 
suppliers.  

In the second stage of this article, a mathematical model is elaborated to assign the suitable amount of order of each 
product to the high-priority suppliers according to the identified goals, derived from the outcomes of the decision model 
and SWOT analysis.  

Finally, SAIPA Company which is a car manufacturer is demonstrated as a case study to examine the practicality 
and accuracy of the integrated model. After gathering and analyzing the data, 4 criteria have been defined as high-
priority factors to evaluate supplier containing ‘Product quality’, ‘Financial growth’, ‘Purchase cost’, and ‘Supplier`s 
Production limitations’. Moreover, cost is the most important cluster for managers to prioritize a supplier based upon 
the strategic criteria consisting of ‘Information Technology Improvement’, ‘Financial Resource Management’, 

Table 14:The Amount of Front Cushion Component Order Allocated to 
Suppliers 

The amount of allocation Supplier Number Product name 

20000 Supplier I 
Front cushion 

component 20000 Supplier II 
0 Supplier III 
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‘Supplier`s Technological Improvement’, and ‘Supply Chain Improvement’ . Also, in the second stage it is tried to find 
the best allocation configuration to the high-priority suppliers in order to decline the supplying risk. The presented 
model can also be modified on the sourcing phase of supply chain management in other industries and help decision 
makers and managers to have a better evaluation of their suppliers.   

REFERENCES 
[1] Amy H.I. Lee, “A fuzzy supplier selection model with the consideration of benefits, opportunities, costs and risks”, 

International Journal of Expert systems with Applications, 36, pp.2879-2893, 2009. 
[2] Asan, U., & Soyer, A., “Identifying strategic management concepts: An analytic network process approach”, 

journal of Computers and Industrial Engineering, 56, pp.600-615, 2009. 
[3] Chopra, S., & Meinndl, P., Supply Chain Management: Strategy, Planning & operation. (3rd ed.), Pearson 

Prentice Hall, New Jersey, 2007. 
[4] De Boer, L., Labro, E., & Morlacchi, P., “A review of methods supporting supplier selection”, European Journal 

of Purchasing & Supply Management, 7, pp.75-89, 2001. 
[5] Demirtas Ezgi A. & Ustun Ozden, “An integrated multi objective decision making process for supplier selection 

and order allocation”, The International Journal of Management Science, 36, pp.76-90, 2008. 
[6] Dickson, G. W., “An analysis of vendor selection systems and decisions”, Journal of Purchasing, 2, pp.5–17,1966. 
[7] Dunham, R., “Nominal Group Technique: A user’s guide”, Madison, WI: University of Wisconsin, Business 

School, 1998.  
[8] Ellram, L.M., “The supplier selection decision in strategic partnerships”, Journal of Purchasing and Material 

Management, 26, pp.8-14, 1987. 
[9] Erdogmus, S., Kapanoglu, M., & Koc, E., “Evaluating high-tech alternatives by using analytic network process 

with BOCR and multiactors”, International Journal of Evaluation and Program Planning, 28, pp.391-399, 2005. 
[10] Garvin, D. A., “Manufacturing Strategic Planning”, California Management Review, Summer, pp.85-106, 1993. 
[11] Gelderman C. J., van Weele, A.J., “Purchasing Portfolio Models: A Critique and Update. The Journal of Supply 

Chain Management”,  41,  pp.19–28, 2005. 
[12] Gencer, C., & Gu¨rpinar, D., “Analytic network process in supplier selection: A case study in an electronic firm”, 

International Journal of Applied Mathematical Modeling, 31, pp.2475-2486, 2007.  
[13] Ghodsypour, Sh, & O’Brien, C., “A decision support system for supplier selection using an integrated analytic 

hierarchy process and linear programming”, International Journal of Production Economics, 56–57, pp.199–212, 
1998. 

[14] Hess, P., & Siciliano, J., Management: responsibility for performance, New York: McGraw-Hill, 1996. 
[15] Javanmardi, N., Kaboli, A., Mahdavi, I & Shirazi, B., “An economical multi- criteria decision-making process for 

supplier selection”, International Review of Business Research Papers, 7(5), pp.168-183, 2011. 
[16] Kraljic, P., “Purchasing must become supply management”. Harvard Business Review, September-October, 

pp.109-117, 1983. 
[17] Lee, A. H. I., Kang, H. Y., & Wang, W. P., “Analysis of priority mix planning for semiconductor fabrication 

under uncertainty”, International Journal of Advanced Manufacturing Technology, 28, pp.351–361, 2006. 
[18] Liang C., & Li Q.,” Manufacturing execution systems (MES) assessment and investment decision study”, In: 

Proceedings of 2006 IEEE international conference on systems, and cybernetics, Taipei, Taiwan, pp.5285–5290, 
2006. 

[19] Liang, Ch., & Li, Q., “Enterprise information system project selection with regard to BOCR”, International 
Journal of Project Management, 26, pp.810-820, 2008. 

[20] McCarthy I. P. & Anagnostou A., “The impact of outsourcing on the transaction costs and boundaries of 
manufacturing”, International Journal of Production Economics, 88, pp.61–71, 2004. 

[21] Mine, H. & Galle, W. P., “International supplier selection”, The Journal of Supply Chain Management, 22, pp.2-
8, 1994. 

[22] Saaty T.L., Decision making with dependence and feedback-the analytic network process. (2nd ed.), Pittsburgh, 
USA: RWS Publications, 2001.  

[23] Saaty, T. L., “Fundamentals of the analytic network process –Dependence and feedback in decision-making with a 
single network”, Journal of Systems Science and Systems Engineering, 13, pp.129-157, 2004.            

[24] Saaty, R. W., “Decision making in complex environment: The analytic hierarchy process (AHP) for decision 
making and the analytic network process (ANP) for decision making with dependence and feedback”, Pittsburgh: 
Super Decisions, 2003. 

[25] Sarkis, J., & Talluri, S., “A model for strategic supplier selection”, Journal of Supply Chain Management, 38, 
pp.18–28, 2002. 

[26] Stadler, H., & Kilger, C., Supply chain management and advanced planning, Concepts, Models, Software and 
Case Studies, (3rd ed.), Springer, Berlin, 2005. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 3, March 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 3, March 2013 Page 577 
 

[27] Singh Rajesh, & Sharma S.K., “Supplier Selection: Fuzzy-AHP Approach”, International Journal of Engineering 
Science and Technology (IJEST) 3(10), pp.7426-7431, 2011. 

[28] Timmerman, E., “An approach to vendor performance evaluation”, The Journal of Supply Chain Management, 
22, pp.2-8, 1986. 

[29] Tracey, M., “Empirical analysis of supplier selection and involvement”, Supply Chain Management: An 
International Journal, 6, 4, pp.174-188, 2001. 

[30] Tsai, W.H. & Chou, W.C., “Selecting management systems for sustainable development in SMEs: A novel hybrid 
model based on DEMATEL, ANP, and ZOGP”, International Journal of Expert systems with Applications, 36, 
pp.1444 -1458, 2009. 

[31] Wu W.W., & Lee Y.T., “Selecting knowledge management strategies by using the analytic network process”, 
International Journal of Expert systems with Applications, 32, pp.841–847, 2007. 

[32] Wang G, Huang SH, Dismukes JP., “Product-driven supply chain selection using integrated multi-criteria     
decision-making methodology”, International Journal of Production Economics; 91, pp.1–15, 2004. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


