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Abstract: 

The research aims to use one of the multi-criteria decision tools, which is the entrance to the fuzzy network 

analysis, to select the suppliers that the company should choose to provide it with the raw materials it needs 

to carry out its production activities related to the production of midwives. The research was based on a 

number of main criteria, which are six criteria (quality, cost, reliability, delivery, ethics and financial 

position) and binary comparisons were extracted to determine the importance of these criteria. A computer 

program based on the Matlab language was designed to apply the entrance and get the importance of the 

sub-criteria and take the opinions of eight experts in the company to get the results. 

The researcher reached a set of results, the most important of which is the need to choose the 

suppliers by focusing on the quality standard and the reliability standard, as it is the most important in 

choosing them to provide the company with the materials it needs to enter into the manufacture of the 

product that enables it to compete with other companies operating in the same industrial sector.  
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Introduction: 

The organization needs to use many tools, means 

and accurate scientific methods in making some 

of the multiple decisions, including the process of 

selecting the best suppliers who can be relied 

upon in providing the needs of materials for the 

purpose of continuing production operations and 

the success of the work of the supply chain and 

achieving success in the competitive environment 

of the company, so the process of evaluation and 

selection of suppliers is considered It is an 

important and frequently repeated process in 

industrial companies due to the large number of 

purchases, the need for raw materials and 

repeated demand. This makes dealing with 

suppliers and the selection process a repetitive 

process, which made the need to facilitate and 

take the appropriate method to conduct this 

process an urgent necessity by relying on 

accurate and clear scientific methods and 

approaches away from personal assessments. In 

the sixties of the last century, interest in issues of 

ambiguity and uncertainty emerged, and 

production management is one of those fields rich 

in using fuzzy logic methods and tools, especially 

in the fields of advanced manufacturing systems. 

The term fuzzy logic goes back to its roots in the 

theory of fuzzy sums, and perhaps the reason for 

the emergence of this logic lies in the problems 

arising from dealing with cases of uncertainty and 

inaccuracy of data so that traditional approaches 

are no longer effective in finding the best 

solutions to these problems, and on this basis, the 
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theory of fuzzy sums was developed As an 

effective algebraic mathematical method in light 

of a vague environment shrouded in high 

uncertainty, as despite the human efficiency in 

predicting the course of things at the level of 

description, but he lacks this efficiency in 

prediction in quantitative terms, which prompted 

the use of fuzzy relationships in this field, the 

fuzzy models Linguistics allow the possibility of 

translating verbal phrases into numerical phrases 

and thus quantitatively dealing with any situation 

of uncertainty. This confirms the importance of 

applying the theory of fuzzy aggregates in 

various fields, including in the field of selecting 

suppliers. One of the important methods used in 

selecting suppliers is the fuzzy network analysis 

method. The resulting ambiguous ANP enhances 

the potential of the ANP to deal with inaccurate 

and uncertain human comparison judgments. It 

allows multiple representations of uncertain 

human preferences, as clear, separator and 

ambiguous judgments and can find resolution 

from incomplete sets of binary comparisons. An 

important feature of the proposed method is that 

it measures the asymmetry of uncertain human 

preferences through an appropriate consistency 

index. At the same time, process capability 

indicators are presented to demonstrate and verify 

the feasibility and effectiveness of proposed 

methods in the future. The proposal can provide 

the best method for selecting suppliers, which 

reduces the cost to the company, facilitates the 

purchase case, and enables the company to 

achieve a competitive advantage.  

Theoretical Side: 

1- The concept of supplier selection 

It is the process of finding the right suppliers who 

can provide the organization with the right 

quality products or services at the right price, in 

the right quantities, and at the right time (Dargi 

etal.2014:692). These supplying companies are 

keen to improve and develop their own goods and 

services in order to be selected by the purchasing 

companies, and they are always working to meet 

the buyers' needs. Equipped companies face a 

problem when they do not have the necessary 

knowledge of what is expected of them, so they 

find it difficult to develop their companies, 

goods, capabilities and knowledge (Holm & Vo, 

2015: 1-2). The selection of suppliers is a 

decision process with the aim of reducing the 

initial pool of potential suppliers to the final 

choices. Decisions are based on the evaluation of 

suppliers based on different quantitative and 

qualitative criteria. The selection of suppliers 

may require searching for new suppliers or 

selecting suppliers from the existing pool of 

suppliers (Galankashi etal., 2015: 690). There are 

many roles that suppliers take on: manufacturing 

parts and components, assuring and insuring 

product quality in order to indirectly help manage 

the increased costs of their downstream partners. 

The capacity, cost or quality of suppliers of 

manufactured parts or components can 

significantly affect the overall performance of the 

entire supply chain (Sinio, 2017:13).  

The process of selecting suppliers is a 

strategic decision that includes risks and 

uncertainty due to its strategic importance and 

requires the participation of decision makers from 

the marketing and finance departments, as well as 

from the production management. One of the 

main goals of manufacturing companies is to 

achieve zero defect in production, so it is 

important to reduce the existing supply chain 

problems in order to achieve this goal (Gurung & 

Phipon, 2017: 72)).  

2- Criteria for selecting the supplier: 

The companies that make the purchase depend on 

a set of criteria that differ from the standards 

adopted by other companies, even those 

operating within the same industry sector, due to 

the different characteristics of the companies, 

their production goals and many other 

justifications (Ho et al., 2008:405). The criteria 

for selecting suppliers also change over time, and 

are also affected by environmental changes 

represented by technological, economic and 

political changes (Singh, 2012:35 & Sagar). The 

criteria that are critical in evaluating suppliers 

depend on the type of good or service and the 

purchase cases, which are either the purchase of 

new materials for the first time, modified or 

repeated purchases. The information required by 

each case varies. In the case of buying a new 

material from a new supplier, it is fraught with 
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great risk and requires an evaluation of all the 

approved standards. In the case of repeated 

purchase from a known supplier, the uncertainty 

is low and the evaluation is lower for the 

standards (Imeri, 2013: 64)) (Jokinen, 2009:3). 

Lummas & Vokurka, 1999) explained that these 

standards differ to some extent for suppliers of 

strategic commodities from non-critical 

commodities, and he divided these criteria into 

three categories: product quality factors, 

performance factors and general factors (Jokinen, 

2009:32). Recently, these standards have become 

increasingly complex. The realization that a well-

selected group of suppliers can make a strategic 

difference in a company's ability to provide 

continuous improvement in customer satisfaction 

is prompting the search for new and better ways 

to evaluate and select suppliers. The use of 

multiple suppliers also provides greater 

flexibility due to the diversity of the overall 

organization's requirements and enhances 

competitiveness among alternative suppliers.. 

Nowadays, it is important to structure the 

problem and explicitly evaluate relevant criteria 

before arriving at the final decision. It also 

divides the choice of supplier into quantitative 

and qualitative attributes. The selection of 

appropriate criteria also depends on the purchase 

status (Taherdoost etal,2019,1028)). And the 

most used criteria that were used in the research 

(quality, cost / delivery / reliability, ethics and 

financial position of the supplier).  

3- The entrance to the fuzzy network 

analysis FANP 

A- Multi-criteria decision 

      There are many cases where decisions are 

desirable and satisfactory to their makers which 

are examined and analyzed on the basis of several 

criteria. For example when choosing a 

transportation company one takes into 

consideration criteria such as monthly income, 

workplace and marital status. When planning 

production one takes into account objectives such 

as increasing income, reducing costs, reducing 

waste, and increasing employee satisfaction. 

Only one considers the criterion such as profit, 

cost, efficiency, time, etc. in the models such as 

linear planning, integer planning, non-linear 

planning, assignment and most of the classical 

models of operational research. On the other 

hand, in multi-criteria decision-making models, 

several criteria are used simultaneously to 

determine the best option. In the past two 

decades, multi-parameter decision-making 

models have been given special attention by 

researchers in the field of decision-making. These 

techniques can formulate the problems related to 

decision-making in the form of a decision-

making matrix and perform the necessary 

analyzes on it (Najafi & Naji, 2014:18). Multi 

Criteria Decision Making (MCDM) is a 

structured framework for analyzing decision 

problems characterized by multiple and 

conflicting objectives. Multi-criteria decision-

making techniques are well suited to dealing with 

management and planning problems and have 

also been used in environmental management, 

energy policy analysis, farm management, food 

security, forest management, natural area 

protection, water management, soil management 

and wildlife management, wetland management 

and National Parks Administration. The decision 

to choose an MCDM method must wait until the 

analyst and decision-makers understand the 

problem, possible alternatives, different 

outcomes, discrepancy between criteria, and the 

level of uncertainty in the data. Dag ˘deviren et 

al, 2010: 8144)).  

B - Fuzzy sets 

This theory was accepted in the 1960s 

and 1970s and was introduced by the scientist 

Lotfi Zadeh, writing: “The concept of the fuzzy 

set provides a convenient starting point for 

constructing a conceptual framework that in 

many respects parallels the framework used in the 

case of normal sets, but is more general than the 

latter. It has a much wider scope of application, 

particularly in the areas of pattern classification 

and information processing." Essentially, this 

framework provides a natural way of dealing with 

problems where the source of inaccuracy is the 

lack of well-defined criteria for class membership 

rather than the presence of random variables 

(Zimmermann, 2010: 318). Decision makers can 

easily assign different weights to different criteria 

for the supplier selection problem (Yücel & 

Güneri, 2008: 470).  
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Zadeh proposed the theory of fuzzy 

groups and introduced the concept of 

membership function. Fuzzy set theory deals with 

problems of real-world linguistic variables. The 

fuzzy trigonometric number appears as a triple (l, 

m, r) (Chang etal., 2011: 1853) as in Figure (1)  

 

Figure (1) Fuzzy Triangular Numbers 

The membership function is defined as  

 

And the list of binary comparisons that were 

adopted to study the relationships between the 

main and secondary criteria, depending on the 

fuzzy linguistic variables of the trigonometric 

function presented by the watchmaker, shown in 

Table (1)  

Table (1) Trigonometric variables  

No. The name of the 

linguistic variable 

in English 

Its value 

1 abs important (9,9,9) 

2 Very important (6,7,8) 

3 Important (4,5,6) 

4 Weak (2,3,4) 

5 Equal (1,1,1) 

 

c- Fuzzy network analysis 

 It is one of the multi-criteria decision-making 

methods introduced by the watchmaker in 1996 

(Yilmaz etal., 2011:257). It is a comprehensive 

decision-making technique that captures the 

results of dependence and feedback within and 

between groups of items. The Analytical 

Hierarchy Process (AHP) serves as the starting 

point for the ANP. The Analytical Network 

Process (ANP) is a more general form of AHP, as 

it includes feedback and interrelationships 

between decision attributes and alternatives. ANP 

is a coupling of two parts, where the first part 

consists of a control hierarchy or a network of 

criteria and sub-criteria that control interactions, 

while the second part is a network of influences 

between items and groups (Pal etal., 2013: 2671) 

The fuzzy mesh analysis process includes the 

following steps: 

1- Determining the main and sub-criteria.  

2- Determining the relationships between the 

main criteria (external relations) and subsidiary 

criteria (internal relations).  

3- Doing binary comparisons by experts.  

4- Calculation of the consistency constant for the 

expert matrix.  

5- Extracting prioteries for standards at the expert 

level.  

6- super matrix extraction.  

Application side: 

The network analysis approach was applied in Ur 

Company for the manufacture of midwives 

according to the previously mentioned steps, 

which are 1: Choosing the main and secondary 

criteria as shown in Table (2).  

 

main 

criterion 

Its 

symbol 

No. secondary criterion symbol criterion type 
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quality 

 

 

 

 

Q 

1 Conformance of specifications to 

specified standards 

Q1 qualitative 

2 Compliance of materials with 

special conditions 

Q2 qualitative 

3 Reliability Q3 qualitative 

4 The supplier obtained the ISO 

certificate 

Q4 qualitative 

 

Costs 

 

 

C 

 

1 Purchasing price C1 quantitative 

2 Discounts C2 quantitative 

3 Distribution cost (transportation ) C3 quantitative 

 

 

Delivery 

 

 

D 

1 On time delivery D1 qualitative 

2 Delivery Flexibility D2 qualitative 

3 waiting period D3 quantitative 

 

 

creditability 

 

 

R 

 

 

1 Company History R1 qualitative 

2 supplying sources R2 qualitative 

3 financial stability R3 qualitative 

4 The certificate obtained by the 

supplier 

R4 qualitative 

 

Financial 

Position 

FP 

 

1 Disclosure of financial records FP1 qualitative 

2 Financial stability and credit 

strength 

FP2 qualitative 

 

 

Ethics 

E 1 Supplier Legal Compliance E1 qualitative 

2 information disclosure E2 qualitative 

3 Ease of dealing E3 qualitative 

4 occupational health and safety 

systems 

E4 qualitative 

 

2/ Presenting the internal and external relationships between the main and sub-standards 

The relationships between the standards were identified by the company’s experts and shown in Figure (2).  
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3: pairwise comparisons were made for experts, and the weights and importance of the main and subsidiary 

criteria were obtained, as shown in Table (3).  

Table (3) Elementary Super matrix 
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4: The super matrix was extracted as shown in Table (4).  

Table (4) Super Matrix 

  

Conclusions: 

The main most important criterion is the quality 

criterion, where its sub-criteria obtained the 

highest weights, and this means that the company 

puts the specifications of the materials that are 

agreed upon with the supplier in the first place in 

order to be able to produce its products according 

to international specifications and standards, and 

that the most important sub-criteria for quality is 

reliability, that is The raw materials that the 

company deals with in the production of its 

product are midwives, and this indicates that the 

company is keen to provide its products with high 

quality, as quality is a necessity for the success of 

the company’s work, and then the suppliers’ 

application of specifications comes according to 

the special conditions desired by the company, 

and these conditions came to implement the 

customer’s desire In the specifications that must 

be available in the midwife product, as the 

company works and produces according to 

demand, the quality of the manufacturing 

processes as well as the quality of the products 

offered to the customer and the impact on 

customer satisfaction. 

The ethics criterion came in second place 

in terms of importance, as the company should 

deal with suppliers who have transparent 

behavior in dealing, revealing and giving all the 

information that shows the company’s position 

on the law and the ease of dealing with it and 

concluding contracts with it. The company may 

work to form partnerships with this supplier in the 

future.  

As for the third criterion, it was the 

reliability criterion for the supplier, which is 

represented by the company's long history and the 

sources of supply. Sometimes the supplier is a 

second party that the company deals with, such as 

contracting companies. And the criterion of the 

cost incurred by the company when it is supplied 

with materials by the supplier in relation to the 

purchase price, facilities and the discount that he 

obtains when purchasing in different quantities. 

Then comes the delivery standard because of its 

importance in delivering the final product to the 

customer on time. We believe that these standards 

are indicators to enable the organization to 

achieve competitive advantages as it is a local 

company with a long and deep-rooted history and 

one of the important companies in the Iraqi 

industrial sector.  

Refrences: 

1. Chang, B., Chang, C.W. and Wu, C.H., 

2011. Fuzzy DEMATEL method for 

developing supplier selection 

criteria. Expert systems with 

Applications, 38(3), pp.1850-1858. 

2. Dağdeviren, M. and Yüksel, İ., 2010. A 

fuzzy analytic network process (ANP) 

model for measurement of the sectoral 

competititon level (SCL). Expert systems 

with applications, 37(2), pp.1005-1014. 

3. Dargi, A., Anjomshoae, A., Galankashi, 

M.R., Memari, A. and Tap, M.B.M., 2014. 

Supplier selection: A fuzzy-ANP 

approach. Procedia computer science, 31, 

pp.691-700. 



3411       Journal of Positive School Psychology  

 

4. Galankashi, M.R., Chegeni, A., 

Soleimanynanadegany, A., Memari, A., 

Anjomshoae, A., Helmi, S.A. and Dargi, A., 

2015. Prioritizing green supplier selection 

criteria using fuzzy analytical network 

process. Procedia Cirp, 26, pp.689-694. 

5. Gurung, S. & Phipon, R. 2017 A Grey Based 

Decision Making Approach for Supplier 

Selection, Journal of Business and 

Management, NO. 19 (3), PP 72 – 75 

6. Ho, C., Nguyen, P. M., & Shu, M. H. (2008) 

Supplier Evaluation and Selection Criteria in 

the Construction Industry of Taiwan and 

Vietnam, Information and Management 

Sciences, NO. 18(4), PP 403-426 

7. Holm, T. L. & Vo, T. T. T. 2015 Supplier 

evaluation criteria: A comparative case 

stydy between the fashion retail industry and 

the subsea industry, A thesis submitted to 

gain the degree of  Master In Business 

Administration, Buskerud and Vestfold 

University College, Oslo. 

8. Imeri, S. (2013) Key performance criteria 

for vendor selection-A literature 

review, Management Research and 

Practice, NO. 5(2), PP 63 – 75. 

9. Jokinen, S. (2009) Supplier management in 

a multi-national utility company: 

Development of a supplier pre-selection and 

performance measurement system, thesis 

submitted to gain the degree of Master In  

Science in Technology, Helsinki University. 

10. Lummus, R. R., & Vokurka, R. J. (1999) 

Defining supply chain management: a 

historical perspective and practical 

guidelines, Industrial Management & Data 

Systems, N0.99(1), PP 11-17. 

11. Pal, O., Gupta, A.K. and Garg, R.K., 2013. 

Supplier selection criteria and methods in 

supply chains: A review. International 

Journal of Economics and Management 

Engineering, 7(10), pp.2667-2673. 

12. Sagar, M. K. & Singh, D. (2012) Supplier 

selection criteria: Study of automobile sector 

in India, International Journal of 

Engineering Research and 

Development, NO. 4(4), PP 34-39. 

13. Sainio ,Tuomas( 2017) Socially Sustainable 

Supplier Selection In Mineral Processing, 

Manufactured Spare Parts, Case: Outotec 

Lappeenranta University Of Technology 

School of Business and Management 

Master’s  thesis in Degree Program in 

Supply Management. 

14. Taherdoost, H. and Brard, A., 2019. 

Analyzing the process of supplier selection 

criteria and methods. Procedia 

Manufacturing, 32, pp.1024-1034 

15. Yilmaz, O., Gülsün, B., Güneri, A.F., 

Özgürler, Ş., Endüstri, B.Y. and Besiktas, 

M.B., 2011. Supplier selection of a textile 

company with ANP. In Int. Research. Conf. 

Trends in Development of Machinery and 

Associated Technology (Vol. 15, pp. 257-

60). 

16. Yücel, A., Besiktas, I. and Güneri, A.F., 

APPLYING FUZZY LOGIC 

APPROACHS TO SUPPLIER 

SELECTION PROBLEM IN SUPPLY 

CHAIN MANAGEMENT. 

17. Zimmermann, H.J., 2010. Fuzzy set 

theory. Wiley interdisciplinary reviews: 

computational statistics, 2(3), pp.317-332. 

  


