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Abstract 
The research aims to evaluate the suppliers at Diyala general electric 

industries company conducted in an environment of uncertainty and fuzzy 

where there is no particular system followed by the company, and also aims to 

use the problem of travelling salesman problem in the process of transporting 

raw materials from suppliers to the company in a fuzzy environment. 

Therefore, a system based on mathematical methods and quantity was 

developed to evaluate the suppliers. Fuzzy inference system (FIS) and fuzzy set 

theory were used to solve this problem through (Matlab) and the problem of 

the travelling salesman in two stages was also solved by the first stage of 

eliminating the fuzzing of the environment using the rank function method, 

while the second stage used the method of the nearest neighbor to solve the 

travelling salesman problem (TSP) by drawing a path that facilitates the 

process of transporting raw materials in the least time where the programming 

(Winqsb) was used. The most important thing that was reached is the 

mechanism of evaluating the suppliers by giving a percentage to each supplier 

and also their ranking where the supplier (Japanese company) got the first 

place and it was (87.3) ... etc. The raw materials process was used in the least 

time and obtained at the lowest time of the transfer, which is 292 minutes. 

Paper type: Research paper.  
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1-Introduction: 
The process of evaluating and selecting suppliers is one of the critical 

challenges facing procurement management in the supply chain and because of 

the increase in the number of evaluation criteria, the process of evaluating 

suppliers is more complex and the other reason is the fuzzy environment that 

the country is experiencing, especially the economic and security situation. 

Therefore, there is a need to design a model for evaluating suppliers that will 

enable them to deal with large amounts of standards. Communicate with 

purchasing managers as decision makers in the process of evaluating suppliers 

whose evaluation is in linguistic terms rather than expressing answers in 

numerical form and to overcome the fuzzing and inaccuracy in their 

assessments. The application of fuzzy logic is an appropriate tool in the process 

of evaluating suppliers. 

The traveling salesman problem (TSP) is one of the methods used that 

has attracted the attention of researchers over the past two centuries in the 

field of process research through the actual need of many productive sectors 

and companies that process or distribute their products. But sometimes we 

face problems in practice and the data are often inaccurate or uncertain, in 

which case uncertainty is an important factor in the decision-making of the 

problem in question, and often the human being is exposed to complex 

problems that require him to make the appropriate decision based on 

hypotheses and determinants that may be vague in nature. This has a 

significant impact on the process of making the right decision to solve any 

problem, and that is why we are studying fuzzy sets that have been addressed. 

This challenge is the most modern view in terms of application in various fields 

of application, theory and in various areas of life. The process of transferring 

raw materials from suppliers to the company is carried out through the use of 

the method of the TSP in the construction of a mathematical model that 

describes the problem as the method of the TSP in a fuzzy environment, which 

aims to address the problem. 

       Many researchers have addressed the process of evaluating suppliers 

in the fuzzy environment, including proposed ( Ashtarinezhad, Sarfaraz and  

Navabakhsh,2018) suggested the evaluation of the suppliers in order to 

improve the total performance of supply chain and increase the power of 

competitiveness, satisfaction and profitability of the company that are 

considered important and significant issues at the organizations. The main 

objective of this research is to help oil and gas industry in order to evaluate 

and categorize the suppliers, using Fuzzy Inference System. The present 

research is empirical in terms of purpose and descriptive-survey in terms of 

data collection. Three outstanding managers of procurement department of 

the company under examination have been selected. With regard to the fact 

that the number of identified sub-indices to categorize the suppliers are too 

many in relevant literature, the fuzzy dematel method was used to determine 

the weight and importance of each of the sub-indices suppliers. In the present 

paper, to evaluate and categorize the suppliers using Fuzzy Inference System, 

with MATLAB Software. 
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        (Agatz,Bouman and Schmidt, 2018) suggested fast and cost-effective 

delivery of goods delivered online is a logistical challenge, as many companies 

are looking for new ways to cross the last mile of their customers, and one of 

the most recently interesting technology-supported opportunities is the use of 

drones to support deliveries as the truck collaborates with a drone to make 

deliveries, leading to a new problem with the problem of a (TSP) vendor we 

call TSP with a drone, pilot.  In this research, they programmed this problem 

as a valid number program and developed many rapid experimental methods 

based on approximate inference status ratios and tested their performance by 

comparing solutions to optimal solutions for small cases, in addition to the 

inference was applied to many artificial cases of different characteristics and 

sizes. 

       (Chaitanya, Thomas and Xavier,2019) suggested a new learning-based 

approach for approximately solving the travelling salesman problem on 2D 

euclidean graphs. We use deep Graph Convolutional Networks to build 

efficient TSP graph representations and output tours in a non-autoregressive 

manner via highly parallelized beam search. Our approach outperforms all 

recently proposed autoregressive deep learning techniques in terms of solution 

quality, inference speed and sample efficiency for problem instances of fixed 

graph sizes. In particular, we reduce the average optimality gap from 0:52% to 

0:01% for 50 nodes, and from 2:26% to 1:39% for 100 nodes. Finally, despite 

improving upon other learning-based approaches for TSP, our approach falls 

short of standard Operations Research solvers. 

       (Herlina, Machfud, Anggraeni and Sukardi,2019) Shrimp agroindustry 

deals with processing raw shrimp into various frozen shrimp products. The 

production of frozen shrimp products are continuously produced based on 

consumer demand with uncertain pattern. To sustain this production, it is 

fundamental to enable supply of raw material to satisfy customer demand. 

Therefore, working integrated with suppliers to satisfy customer demand is a 

fundamental goal for shrimp agroindustry. A selection of suppliers in 

agroindustry is determined by three criteria, which are quality of raw 

materials, number of raw material arrival, and payment scheme. These 

criteria are used as a measurement to evaluate supplier performances by 

decision makers. To minimize uncertainty and subjectivity of decision makers 

when choosing suppliers, a fuzzy inference system method is proposed. The 

outcomes of the fuzzy inference system method are a set of rule base that is 

used to assess suppliers in shrimp agroindustry.  

2- Methods  and  procedure: 
2-1Fuzzy inference system(FIS): 

After Zadeh's theory in 1965, scientist Ibrahim Mamdani presented the 

theory of the fuzzy set theory (1975), the most common and complex type, one 

of the first control systems built by fuzzy set theory. Mamdani's theory is 

based on converting certain inputs into outputs using fuzzy logic based on 

blurry rules (If-Then rules). The system refers to the calculations used to 

evaluate blurry language descriptions using concepts such as membership 

functions, fuzzy Logic operators and if-then rules. Since rule-based logic is 

based on the representation of qualitative knowledge, there is a need to identify 
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it and the logic of blur allows us to relation the quantitative approach to 

qualitative representation (Bai,2006). 

The fuzzy inference system for a field consists of the following sections 

(Bai,2006) as follows: - 

1-Fuzzifier: - The inputs of this stage are real values that fall within a certain 

range of (0-1) because the(FIs) suffers from a lack of understanding of 

linguistic variables; it deals with only the numbers that fall between (0-1), so 

the inputs must be converted into numbers understood by the system using the 

functions of belonging and the outputs of this stage are called fuzzy input, 

which is the degree of affiliation of the input values that fall between  (0-1) . 

2-Fuzzy Rules: - The main part of the fuzzy inference system model is the rules 

and if- then fuzzy rules are used based on the knowledge of experts in each 

field. 

3-Interface engine: - Is the process of entering fuzzy (i.e. degrees of belonging 

obtained from the previous stage) and the output is fuzzy by taking into 

account the fuzzy rule and evaluating the part of the results based on the type 

of system used, which is a field system. 

4-Defuzzifier: - The input of this phase is the output of the previous phase, 

which is the fuzzy output, which is the result of the compilation of rule 

decisions into a single resolution, i.e. the fuzzy output is transformed into real 

value outputs. 

 

2-2 Membership Function 
Fuzzy groups are sole in their specific relationship, classifying the 

element within the group as continuous or discontinuous, and relationship 

functions can be formulated using graphs of different shapes (Sivanandam 

,2007). 

 And of types of relationship function (Ekel (2020, . 

Triangular Membership Function: This function has three parameters (a1, a2, 

a3) and is represented by the following equation  (1) :- 

 

   

{
 
 

 
 
     

     
                              

   
    

     
                                

                                          

                  (1) 

 

2-3 Methods to Defuzzifier: 
1-Center of Gravity (COG) or Center of Area (COA) 

Finds this method in the engineering center of the final decision COA in 

the Vi group of the external variable COA, i.e. the balance center of the z 

relationship function as a fuzzy value of the external variable COA as in 

equation (2) (kahraman, yavz,2010). 

    
∑   (  )  
 
   

∑   (  )
 
   

                                             ( )  
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2- Ranking Function for triangular fuzzy numbers  

The set of symbols used in the mathematical models expressed will first 

be defined as: a,b,c = numbers in a specific fuzzy group, we assume that 

A=(a.b.c) represents a triangular hazy number, the grade function for this 

fuzzy number is as in equation (3) (puri,2009): 

 ( ̃)  
 

 
   (       )                                        ( ) 

2-4 Concept supplier: 
The supplier is defined as an organization that supplies goods and 

services for the rest of( Dahwa,2010); suppliers are keen to develop their own 

products and services to be selected by purchasing organizations but when 

suppliers do not know what is expected of buyers, it is difficult for them to 

know what they need, because it is not easy to develop their organizations, 

products, abilities and skills in the required way, and this can create obstacles 

among processors who have the experience and knowledge to meet the needs 

and those who do not have them (Holm&Vo,2015). 

Choosing an effective supplier is the decision-making process and not 

only reduces the cost of materials but also increases the competitiveness of 

organizations, and the benefits of evaluating and selecting suppliers are: 

increased profitability, increased quality, increased overall performance and 

increased cooperative competitiveness (Nursal et al., 2016). 

2-5 Evaluating suppliers process: 
Organizations have tended to pay great attention to all types of 

supplying chains, which have prompted them to reconsider the role of their 

purchasing activities, as the process of selecting suppliers is a major influence 

on the purchasing results of organizations (Halldórsson, 2013). The first step in 

selecting suppliers is the process of evaluating suppliers, which is critical for 

the organization, affecting all processes of the supplying chain, and the process 

of selecting and evaluating suppliers is the process of finding suppliers to 

provide the buyer with goods and  quality services. The right price, in the 

required quantity and on time (Khaled al et, 2011). The process of selecting 

suppliers is also part of the management of suppliers and includes all activities 

necessary to select a specific supplier of basic materials, goods or services in 

the long or short term and on the basis of the capacity and offers of the suppler 

in order to generate competitive advantages (Moser,2007), as well as the 

decision-making process for selecting multiple suppliers (Thiruchelvam & 

Tookey,2011). Traditional supplier's evaluation models, which need to be 

differentiated in choosing the best supplier, are based on financial metrics with 

less focus on other tangible and intangible criteria (Pateriya & Verma, 2013). 

2-6 Steps to evaluate suppliers using the fog inference system: 
  The first step (determining the criteria for evaluating suppliers) 

The standards of evaluation of suppliers over the years are affected by their 

impact on changes in the company from changes in the environment, political 

or security situation, economic and social situation (Singh& Sagar,2012). Each 

organization has different criteria than the other, depending on the 

requirements of each organization and its area (Ho et al.,2008), and the choice 

of criteria for each organization depends on the assessment of suppliers on the 

type of goods and services (Imeri,2013). The focus was on some of the criteria 
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that suit the company's research sample and the most prominent criteria 

identified by purchasing managers at Diyala General Electric Industries 

Company are (Imeri,2013): 

1-Price 2-Quality 3-Delivery 4-Service 5- Similar Works 6-Country Origin 7- 

Use of Environmentally Friendly Materials 8-Ecosystem Management 

The second step (determining the fuzzy membership functions of the 

model) And to understand the model designed above answers taking into 

account some basic concepts:  

1-Functions of the fuzzy membership of the model: the function of membership 

is determined according to the performance of the supplier with regard to the 

criteria based on the opinion of decision makers (purchasing managers) 

(Amindoust and Saghafina, 2014). 

2-Membership functions to assess the performance of the suppliers: Five fuzzy 

variables representing the functions of membership in the first stage are 

applied to both the inputs and outputs of the fuzzy inference systems, namely 

(poor performance WP, low performance LMP, average MP performance, 

good GP performance, very good performance VGP) as in figure (1) through 

Matlab programming (Amindoust and Saghafina.2014). 

 

 
Figure (1) shows the form of membership functions for the performance of the 

suppliers in the first and second stage 

Then, in the second stage, five fuzzy variables are applied, representing 

the functions of membership to inputs, which are the same as the outputs of 

the first stage (Amindoust and Saghafina.2014). 

In the third stage, five fuzzy variables, representing the functions of 

membership are applied, namely, the outputs of the second stage to show seven 

fuzzy variables representing the functions of membership, namely the outputs 

of the third stage in the fuzzy inference system. Fuzzy output groups are in the 

form of language variables (very poor performance VWP, poor WP 

performance, low LMP average performance, average MP performance, high 

HMP average performance, good GP performance, very good VGP 

performance) as in Figure (2) through Matlab programming, (Amindoust and 

Saghafina.2014). 

0 1.6 3.3 5 8.3 6.6 10 

1 WP LMP MP 
GP VGP 

Performance evaluation 

Degree of 

belonging 

function 

between 

(0-1) 
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Figure (2) shows the form of membership functions for the performance of the 

suppliers in the third stage 

The third step (determining matrices to assess the performance of fuzzy 

suppliers)  

 Is to use a set of fuzzy rules based on expert knowledge to implement 

the fuzzy classification method. The rules are amended based on the 

preference of decision makers for the appropriate classification of processors, 

and the rules are also designed on the basis of the average concept of each 

fuzzy inference system (Amindoust and Saghafina, 2014). We clarify the rules 

of the first, second and third stages in tables (1) and(2). 

  

Table (1) Performance matrix equipped in the first and second stage 

The first stage 

VGP GP MP LMP WP Performance 

MP LMP LMP WP WP WP The 

second 

stage 
MP MP LMP LMP WP LMP 

GP MP MP LMP LMP MP 

GP GP MP MP LMP GP 

VGP GP GP MP MP VGP 

Source (Amindoust.et.: 2014,Supplire Evaluation Using fuzzy inference 

system) 

 

Table (2) Performance matrix equipped in the third stage 

The second stage 

VGP GP MP LMP WP     Performance 

MP LMP LMP WP      VWP WP         The 

Third 

stage 
MPأ MP LMP LMP      WP      LMP         

GP HMP MP LMP LMP MP 

GP GP HMP MP LMP GP 

VGP GP GP HMP MP VGP 

Source (Amindoust.et.: 2014,Supplire Evaluation Using fuzzy inference 

system) 
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The Fourth Step (determining the data entry matrix for each supplier) 

 Consists of a number of sub-steps as follows:  
1-Decision makers evaluate the performance of suppliers according to existing 

criteria, and to show decision makers' assessments to assess the performance of 

suppliers, language variables are used and converted into triangular fuzzy 

numbers, after which equation (4) (Amindoust and Saghafina,2014). 

 is used as follows:- 
J= Represents criteria where (j=1.2,...,n) 

 s=Represents suppliers as (S=1.2,...,s) 

 K= Represents decision makers or decision makers (purchasing managers) as 

(K=1.2,...,n). 

2- To compile the opinions of decision makers for each set of sustainability 

groups (economic and environmental); they can be found from the equation (5) 

average aggregated fuzzy numbers , and from the special equations to find 

each fuzzy number (a,b,c) to a limit in terms of finding the fog number The 

first (a) of equation (6), finding the second fuzzy number (b) of equation (7) 

and finding the third hazy number (c) of equation (8) (Amindoust and 

Saghafina,2014).  

   (     )                                        ( )   
       ∑   

 
                                  ( )  

      ∑                                    ( )
 
    

c=   ∑   
 
                                         ( )          

 

as follows: 

P: The row in the matrix represents Rp 

 q: The number of rows represents 

 a: The first fuzzy number 

 b: Is the second fuzzy number 

 c:Is the third fuzzy number 
 3 - After finding the fuzzy numbers for each row of the matrix of equation (1) 

where we get the misty assembly matrix as in the equation (9) where the fuzzy 

numbers of each decision maker and each criterion are  (ṝ11,ṝ12,…,ṝ1k). The 

average blurry numbers of decision makers per criterion are calculated as in 

Ṝ11  in the equation (10) and the equation (11) represents entry variables for 

each standard (x1, x2, ...xn) as follows(Amindoust and Saghafina ,2014): 

     [
       
   
       

]                       ( ) 

 

    (             )     (  )   
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2-7 The travelling salesman problem (TSP): 
 The method of the TSP is one of the methods used and that has 

attracted the attention of researchers over the past two centuries in the field of 

process research through the actual need of many productive sectors and 

companies that process or distribute their products; it is preferable to be 

processing or distribution of roads that have achieved better, less or more 

appropriate (cost, time, distance,... Etc.). From the 18th century to the present, 

researchers have increased interest in finding the perfect path through (n) 

cities so that the salesman visits each city only once before returning to the city 

from which he set off by determining the optimal path at the lowest time, cost, 

distance or everyone together( Jati, 2013). 

 

2-8 Methods of solving of the TSP:  
There are many methods to solve TSP varies in different entrances to 

solutions, efficiency of procedures, as well as results, but the solution method 

used in the current research is: - (Filip and Otakar, 2011,Bektas, 2006, 

Taha,2017) 

 Intuition and guesswork method: - is one of the ways to solve the TSP, which 

works to identify and find the lowest path among several paths in the number 

n of cities, and each city is visited only once, and then back to the city starting 

from it; this method has two branches (Filip and Otakar, 2011,Bektas, 2006, 

Taha,2017): 

1- The reverse round method 

2 - The Nearest Neighbor Method: A TSP method where it starts with the 

seller visiting a random city and then begins to visit the nearest city 

continuously until it completes the visit of all cities, and the nearest neighbor 

method is easy to implement and implemented quickly, but may sometimes 

pass shorter routes that can be easily observed and work as follows(Gutin et 

al,2002):    

Create all points as un visited points and select a random point, and 

then set them as the current point, then point the point as a visited point, and 

select the shortest route from the adjacent points from another point visited by 

the shorter route. After finishing if the seller visits all the points this means the 

solution is over, and if the final stages are low points, the tour is comparable in 

length with the first rounds, it can be said that the trip is feasible and 

reasonable (Gutin et al,2002). 

 

2-9 Mathematical model of the fuzzy TSP: 
The fuzzy TSP can be formulated as follows: (puri, 2009) 

Min     ∑ ∑                  
 
   

 
         

     

∑                                                                                   

 

   

 

∑                                                                        
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  The fuzzy traveler's salesman matrix can be represented on seven cities as in 

table 3 (puri, 2009). 

Table (3) matrix of the fuzzy TSP 

                      

 ̃       ̃       ̃       ̃       ̃       ̃       0    

 ̃       ̃       ̃       ̃       ̃      0  ̃         

 ̃       ̃       ̃       ̃      0  ̃       ̃         

 ̃       ̃       ̃      0  ̃       ̃       ̃         

 ̃       ̃      0  ̃       ̃       ̃       ̃         

 ̃         ̃       ̃       ̃       ̃       ̃         

   ̃       ̃       ̃       ̃       ̃       ̃         

 

3. A real practical example 
Diyala general company's electrical distribution converter 

production plant (400Kv/11) evaluates the suppliers in a random manner 

and without scientific methods studied according to an environmental 

controlled by fuzzy and uncertainties that affect the company in general. 

The decision-making process of hiring the supplier is one of the difficult 

and complex decisions, as the performance of the supplier is a critical 

factor in the success or failure of any organization and its impact on all 

activities of the organization, specifically with regard to the production 

costs and quality of the product and thus affects the volume of demand and 

the reputation of the organization. The modern orientation of international 

organizations is the adoption of a single supplier selected according to 

several criteria, where many criteria have been introduced in the trade-off 

between suppliers, which has made the evaluation process more complex 

and needs to be carefully narrated, examined, analysed and evaluated for 

each supplier and adopted high quality standards for evaluation and 

preference and building long-term relationships with the best supplier. The 

working methods used by the company in the process of transporting raw 

materials suffer many problems, including delays in the process of 

transporting raw materials due to the congestion and difficulties they face 

during the transportation process on the roads taken by the truck’s driver, 

and also the fuzzy environment of the entire Iraqi environment makes the 

transportation process fuzzy in nature and the process of transporting 

materials to the company affects the production process and thus causes 

delays in the delivery of orders to customers. The goal of the study is to use 

fuzzy inference systems in the process of evaluating the company's suppliers in 

the fuzzy environment where the evaluation criteria based on existing 

conditions and situations were combined from a sustainable point of view to 

two groups (economic and environmental) for each evaluation decision in the 

proposed method as well as the method of the nearest neighbour to solve the 

problem of the travelling salesman to identify and find the best path from the 

suppliers to the factory in a fuzzy environment. The data was collected from 

the procurement department, which consists of three sections: - 
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1 - Local Procurement Management Department.  

2- Department of Foreign Procurement Management. 

3- Management of the warehouse department  

That is, it consists of three managers, namely decision makers (i.e. 

opinion makers) who are responsible for the purchases at the factory. The data 

collection was carried out through interviews by the researcher with experts 

and procurement staff. The process of transporting raw materials from the 

suppliers to the factory is carried out to begin the production process of the 

electrical distribution converter (400Kv/11) and to complete the supplying of 

orders on them, which are subject to controls and laws, i.e. there are contracts 

and agreements between the suppliers and the company on the basis of which 

the goods are transported for delivery to the company. A group of suppliers 

were taken in Baghdad to check the transfer on the terms of the fuzzy 

traveling salesman to improve the transport mechanism. The data was 

obtained from Diyala Public Company and the areas of presence of the 

suppliers were identified, and we faced the problem of time where time cannot 

be precisely determined due to traffic conditions and therefore these times can 

be described as fuzzy numbers, so that the decision maker can find the shortest 

route (the least time) to transport raw materials from the supplier to the 

company, and the prevailing working time data for transportation work by 

transport companies was collected i.e. from 6 a.m. until 2:00 p.m. 

 

3-1 Application of the Fuzzy Inference System (FIS) to evaluate the suppliers 
in the fuzzy environment:  

to simplify the modus operable, we take one of the suppliers, for 

example, the supplier Aaqriquf, a local supplier, and after applying the steps 

of the fuzzy inference system to evaluate the suppliers, we got  table (4) for the 

suppliers (Aaqriquf). The following stages will be applied based on Matlab to 

obtain the evaluation of the suppliers. 

 

Table (4) The Linguistic variables to measure the opinions of decision makers 

and average decision-makers for the supplier (Aaqriquf) for each standard 

average decision-maker 

Average 

decision 

Decision-

maker (3) 

 Decision 

maker (2) 

Decision 

maker (1) 

Aaqriquf 

High Very high Medium Very high Cost 

Very good Very good Very good Very good Quality 

 Not 

satisfied to 

some extent 

 Not 

satisfied to 

some extent 

 Not 

satisfied 

with land 

 Not 

satisfied 

with land 

Service 

Medium Medium Medium Medium Delivery 

Very strong Very strong Very strong Very 

strong 

Similar orks 

Very good Very good Very good Very good Country of origin 

Harmless Harmless Harmless Harmless Use of environmentally 

friendly materials 

Very good Very good Very good Very good Management ecosystem 
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The first Stage 
 1- We enter Linguistic variables in the form of fuzzy numbers that the 

program understands for each criterion as well as for outputs as well as in 

figure (3) where this figure shows the five functions levels to evaluate each 

supplier according to the cost standard, which we coded by code (C) and is 

limited between (3-9).  

 
 Figure (3) shows the membership functions of the cost standard 

Figure 4 shows the five levels of membership functions to evaluate each 

supplier according to the quality standard, which we coded with the code (Q) 

and is limited to (0-10). 

 
Figure (4) shows the shape of the functions of Membership to the quality 

standard 

Figure 5 also shows the five levels of membership functions to assess the 

performance of each supplier and represents the outputs of the first economic 

group and is limited to (0-10).  
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Figure (5) shows the functions of Membership to female directors 

2-We make the if-then fuzzy rules for the first stage of the quality and cost 

criteria, which we have 25 bases, and figure (6) shows the rules (IF-THEN) 

which is (25) the fuzzy rule.  

 
Figure (6) shows the fuzzy rules IF-THEN and is (25) a base for cost and 

quality standards. 

3-Then we got the results of the first stage of the cost, quality and output 

criteria as described in the form (7), and that the results that appeared for the 

cost and quality criteria are (4.97), which means that the output of the first 

stage of the two criteria is average performance 

 
Figure (7) Results of the first stage of the cost and quality criteria 
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4-We repeat the previous steps in accordance with the service and delivery 

criteria and show the outputs representing the Second Economic Community 

where the results for the service and delivery criteria were (4.97), i.e. average 

performance. We repeat the same steps to the criteria for similar works and 

origin and show the outputs representing the third economic group where the 

results were for the two similar business standards and the origin is (8.3) i.e. 

very high performance. We repeat the same steps to the criteria for the use of 

environmentally friendly materials and ecosystem management and the 

outputs representing the environmental group show that the results of the 

environmentally friendly materials and ecosystem management standards 

were (4.97), i.e. average performance 

The second stage 
1-We start with the second stage and each of the four groups that were 

produced in the first stage will be grouped together to represent the inputs of 

the second stage. That is, the criteria (cost and quality) will be grouped and 

C.Q is the first economic group with (service and delivery) and (S.D) 

represents the second economic group to show one group (n1) and compile 

standards (similar business and origin) and represents the SW.CO) economic 

group third with (use of environmentally friendly materials and ecosystem 

management) and represents (U.M) the environmental group to appear as one 

group (n2(. 

2-We then introduce language variables in the form of fuzzy numbers 

understood by the program for the group (C.Q) as well as for outputs as well 

as in figure (8) where this figure shows the five levels of functions to evaluate 

each supplier by group (C.Q) and confined between (0-10) 

 
Figure(8) The functions of membership to a group standard (C.Q) 

Figure 9 shows the five levels of membership functions for evaluating each 

supplier by group (S.D) and confined between (0-10). 
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 Figure (9) showing the form of group membership functions (S.D) 

Also, figure (10) shows the five levels of membership functions to assess the 

performance of each supplier and represents the outputs of the group (n1) and 

is limited between (0-10)  

 
Figure (10) shows the functions of membership to the group outputs (n1) 

 

3-Now we make the if-then fuzzy rules for the second stage of the group (C.Q) 

and group (S.D) in which we have 25 bases, and then we got the results of the 

first stage of the group (C.Q), the group (S.D) and the group outputs (n1) as 

described in the figure (11), and the results that emerged for the group (C.Q) 

and the group (S.D) are (5.01). This means that the output of the first group 

(n1) is an average performance. 
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Figure (11) show group second stage Results (C.Q) and Group (S.D) 

4-We do the same steps that we did in the second stage of the group groups 

(C.Q) an group (S.D) we also return to the group, groups (SW.CO) and the 

group (U.M) to show the second group (n2) whose results were (6.59) which 

means that the performance of this group (n2) in the second stage is good. 

 

The third stage 
 1- The outputs of the second stage, which consist of two groups group (n1) 

(economic) and the second group (n2) (economic and environmental) are 

grouped and introduced in the third stage where we enter the functions of 

membership for each group resulting from the outputs of the second stage and 

consist of five functions as in figure (12), (13) and (14) that illustrate the five 

end functions of the group (n1) and represent the inputs of the third stage 

limited to me (0-10). 

 
Figure (12) show the functions of membership of the group (n1) 

 

Figure (13) shows the five functions of membership to the group (n2) and 

represents the inputs of the third stage and the limited (0-10) 
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 figure (13) shows the functions of membership of the group (n2) 

 

Figure (14) shows the seven membership functions of the third stage outputs, 

which are limited between (0-100). 

 
Figure (14) show the special membership functions of the outputs of the third 

stage 

2- We make the if-then fuzzy rules for the second stage of the group, groups 

(n1) and group (n2) which we have 25 rules and after the application of the 

rules we get the results of the third stage of the group (n1) and the group (n2) 

and the outputs represent the evaluation of the order of the supplier Aaqriquf 

and as described as (15), and the results that emerged (62.3) mean that the 

performance of the supplier (Aaqriquf) is a high average performance. 
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Figure 15 shows the results of the third stage 

3-2 Application of the approach of the nearest neighbor to the method of 
TSP in the fuzzy environment: 

 the decision variables of the matrix of the traveling salesman has been 

clarified basic variables as in table (5) according to a specific matrix 

 

Table (5) shows the resolution variables on which the matrix will be built 

                      

 ̃       ̃       ̃       ̃       ̃       ̃       0    

 ̃       ̃       ̃       ̃       ̃      0  ̃         

 ̃       ̃       ̃       ̃      0  ̃       ̃         

 ̃       ̃       ̃      0  ̃       ̃       ̃         

 ̃       ̃      0  ̃       ̃       ̃       ̃         

 ̃         ̃       ̃       ̃       ̃       ̃         

   ̃       ̃       ̃       ̃       ̃       ̃         

 

 where each of: 

 X0: factory site (Diyala General Electric Industries Company) Hadid in 

Diyala  

 X1: the site of the first supplier (Wadi Al Rahma) 62nd Street in Baghdad. 

 X2: The site of the second supplier (Aird najm alearab Company) Karadat 

Dakhil in Baghdad. 

 X3: The site of the third supplier (Al-Nassif Company) Hayu Alwahda in 

Baghdad 

 X4: The site of the fourth supplier (Mushtal aleiraq Company) Karadat 

Dakhil in Baghdad. 

 X5: The site of the fifth supplier ( Maktab alaindimaj  alshaamil) Earasat 

Alhindih in Baghdad. 

 X6: Location of the sixth supplier (Aaqriquf office) Sank  in Baghdad. 

 

 The resolution variables are defined as: - Xij: refers to the decision variable 

from the site (i) to the source (j) for example: - 
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 (x01): - refers to the decision variable from the company to the site of the 

supplier (Wadi Al Rahma) and so on for all variables from the company to the 

supplier or vice versa from the supplier to the company. 

  CIJ:: Refers to the fuzzy time, which is a measured and calculated amount per 

minute that separates the knot (i) from the knot (j) 

 

3-3 Building the matrix of the fuzzy TSP:  
The matrix is fuzzy numbers processing i.e. three fuzzy numbers that 

have been processed and defuzziness using the triangular ranking function 

according to the equation (10) as well as depending on the time of exit of the 

truck three times, which is (morning, noon, evening) i.e. time is limited 

between A=(a,b,c) each represents the time of exit in the sense of: 

A= If the truck exits between (7am to 9am) 

 b= if the truck goes out between the period (9am to 11pm) 

 c= if the truck exits between the period (11pm to 2pm)  

 And that the data on the time taken to transport raw materials were 

taken per minute for the transfer from the suppliers to the company as well as 

the time it took to go from one area to another as in table (6) obtained through 

interviews as well as to see the reality of the workflow and record the data. 

 

Table (6) shows the triple-minute fog time between the plant (Diyala General 

Electric Industries Company) and the suppliers' areas of presence 

 
Aaqriquf Maktab 

alaindimaj  

alshaamil 

Mushtal 

aleiraq 

Al-Nassif Aird 

najm 

alearab 

Wadi Al 

Rahma 

Company Location 

(50,70,90) (80,95,102) (80,95,110) (100,130,140)  (60,75,98) (90,115,120) (0,0,0) Company 

(60,75,82) (40,50,64) (55,65,75) (95,105,120)  (30,50,62) (0,0,0) (60,80,100) Wadi Al 

Rahma 

(70,80,102) (9,12,15) (18,20,30) (35,45,55)  (0,0,0) (60,85,94) (90,110,120) Aird najm 

alearab 

(35,45,71) (25,35,41) (10,15,20) (0,0,0)  (67,75,95) (20,25,34) (115,120,129) Al-Nassif 

(50,60,70) (15,25,35) (0,0,0) (22,27,32)  (20,30,36) (18,20,26) (100,120,136) Mushtal 

aleiraq 

(19,24,33) (0,0,0) (12,16,20) (40,50,60)  (12,14,16) (15,18,25) (90,120,130) Maktab 

alaindimaj  

alshaamil 

(0,0,0) (25,35,61) (29,37,45) (7,10,17)  (55,66,81) (30,40,46) (110,115,120) Aaqriquf 

For example, we will take the first fuzzy time from the company to the 

supplier Wadi Al Rahma, where the fuzzy time for it is (90,115,120) minutes; 

now, we apply the equation of the triangular ranking function (3) as follows 

    
(            )

 
 (دقيقة)      

 

Where the top of the triangular ranking function (110) minutes 

appeared, which is the time it takes for the salesman to leave the company to 

the office of Wadi Al Rahma, and we remove the fuzzy data of other supplier 

and that the data of the matrix after the removal of the fuzziness is shown in 

table(7).  
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Table (7) shows the time after processing the minute-long fuzzy between the 

company and the suppliers' areas of presence 

X6 X5 X4 X3 X2 X1 X0 Location 

70 93 95 125 77 110 0 X0 

73 51 65 106 48 0 80 X1 

83 12 22 45 0 81 91 X2 

49 34 15 0 78 26 121 X3 

60 25 0 27 29 21 119 X4 

25 0 16 50 14 19 115 X5 

0 39 37 11 67 39 115 X6 

 
4- Discussion of Results 

This section will discuss the two stages: evaluating the suppliers and 

equipping the company with the raw materials. 

Stage 1: We repeat the three stages of each supplier according to the data of 

each supplier and according to the fuzzy inference system and use the method 

of de-fuzziness (COA) as in equation (2) where we prepare table (8), which 

represents the final results of all the suppliers who are (16) equipped and 

explains the final results we have obtained for each supplier as well as the 

order of each supplier from the best to the least performing. Table (8) shows 

the evaluation of the performance of each supplier as well as the order of each 

supplier for the rest of the supplier according to the specified criteria where 

the supplier (Japanese company) received the first place and the percentage of 

its performance towards the company according to all standards is (87.3) 

followed by the supplier (Aird Najm Alearab ) in second place and in third 

place equipped (German MR company), ... etc. 
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Table 8 shows the performance evaluation of each suppliers and the 

performance arrangement of each supplier 

 

Suppliers  

Arrangement   

Suppliers 

performance ratio 

Suppliers 

2 75.5 Aird Najm Alearab 

7 61.8 Maktab Alaindimaj  

aAshaamil 

9 50.2 Coz Hao Chinese 

5 63.1 Mushtal Aleiraq 

6 62.3 Aaqriquf 

14 38.1 Wadi Al Rahma 

3 74.7 German MR 

4 73.9 L.A.E Italian 

12 49.1 System Ticked 

8 50.5 Turkish Kyler 

13 49.0 Al-Nassif 

16 37.7 Sharikat Zad Alkhalij 

15 37.8 Saudi Factory 

1 87.3 Japanese 

11 49.5 Flash Steel 

10 50.0 Italian Sudsby 

 

Stage 2: After the de-fuzziness as in table (7) the optimal solution to the 

problem of the travelling salesman (TSP) was found in a closer to-neighbor 

way through winqsb as shown in table (9). 

 

Table (9) shows the value of the time reduction function and the contribution 

values of each decision variable to the function after applying the nearest 

ongoing method of solving the TSP in Winqsb 

the contribution values of decision variables Z The type of function 

                             

                      

292 

minutes 

  

reduces the time 

 

 The value (Z=292) minutes or the equivalent (four hours and 52 

minutes) represents the optimal path, which is the lowest time for the TSP 

from the company to the supplier Aaqriquf, then the supplier company Al-

Nasif and then the supplier company Mushtal Aleiraq was equipped with the 

office of Wadi Al Rahma, then equipped with the company Aird Najm Alearab 

and then Maktab Alaindimaj Alshaamil and then return to the company as 

described in table (9) and on this basis the path will be as follows:- 
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5- Conclusion: 
Fuzzy logic and fuzzy numbers helped to explain the fuzzy Iraqi 

production environment, which in nature lacks certainty and solutions that are 

accepted in a short time. Fuzzy logic and the permanence of membership 

helped evaluate the suppliers according to the standards of each supplier as 

well as the order of each supplier from the best to the least performed where 

the supplier (Japanese company) got the first place and the percentage of its 

performance towards the company according to all standards is (87.3) followed 

by the supplier (Land Company Star Of Arabs) in second place and in third 

place supplier (German MR),... etc. Also, the fuzzy traveling salesman's 

method helped and using the nearest neighbor's method to get as little time as 

possible to transport raw materials from the suppliers to the company, 

representing the minimum that the driver reaches the company after passing 

all the suppliers as (292) minutes. 

 

References 
1-Agatz.Niels, Bouman.Paul and  Schmidt.Marie, (2018), Optimization 

Approaches for the Traveling Salesman Problem with Drone. 

2- Ashtarinezhad, Sarfaraz and Navabakhsh,(2018), Supplier evaluation and 

categorize with combine Fuzzy Dematel and Fuzzy Inference System. 

3- Amindoust and Saghafina, (2014), Supplier Evaluations Using fuzzy 

Inference systems, In book supply chain management under fuzziness 

(pp.3-19),Verlag Berlin Heidelberg,springer. 

4-Bai and et, (2006) , Advanced fuzzy logic Technologies in industrial 

application springer scines, Business Media,LLC 

5-Bektas , Tolga (2006) , The multiple traveling salesman problem: an 

overviewof formulations and solution procedures , International Journal Of 

Management Science 

6- Chaitanya Joshi1, Thomas Laurent and Xavier Bresson1,2019, An Efficient 

Graph Convolutional Network Technique for the Travelling Salesman 

Problem, Preprint. Work in progress. 

7-Dahwa,(2010), Investigation of how procurement practices influence business 

survival: analysis of buyer-supplier relationships in Zimbabwe's banking 

industry, A thesis submitted to gain the degree of doctoral In Business 

Administration, University of Southern – Australia 

8-Ekel, Pedrycz, Pereira (2020),Multicriteria Decision Making under 

Conditions of Uncertainty,  Printed in the United States of America ,PP.35-36  

9-Filip , Exnar and Otakar , Machan ,(2011) , The Travelling Salesman 

Problem and its Application in Logistic Practice , Wseas Transactions On 

Business and Economics , Vol.8 , No.4 , PP.163-174 . 

10-Gutin, yeo, Zverovich, (2001), Traveling salesman should not by greedy: 

domination analysis of greedy-type heuristics for the TSP, Discrete Applied 

Mathematics 117 (2002),81-86. 

11- Herlina, Machfud, Anggraeni and Sukardi,(2019), Fuzzy inference system 

for evaluating supplier in shrimp agroindustry, broad Exposure to Science and 

Technology. 



 

 

 

 

 

Journal of Economics and Administrative Sciences Vol.27 (NO. 130) 2021, pp. 1-24 
   

  

23  

 

   

 

 

 

 12-Ho, Nguyen and Shu, (2008) Supplier Evaluation and Selection Criteria in 

the Construction Industry of Taiwan and Vietnam, Information and 

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

13-Holm and Vo ,(2015), Supplier evaluation criteria: A comparative case 

study 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 

14- Imeri, S, (2013), Key performance criteria for vendor selection-A literature 

review, Management Research and Practice, NO. 5(2), PP 63 – 75. 

15- Jati, Gilang Kusuma and Manurung , Ruli and Suyanto, (2013) , Discrete 

Firefly Algorithm for Traveling Salesman Problem: A New Movement Scheme 

, Swarm Intelligence and Bio-Inspired Computation 

16-Khaled, A. A., Paul, S. K., Chakraborty, R. K. & Ayuby, M. S. ,(2011), 

Selection of suppliers through different multi-criteria decision making 

techniques, Global Journal of Management and Business Research, 11(4), PP 

1-12. 

17- Kahraman C., Yavuz M., (2010) , Production Engineering and 

management under fuzziness , springer science , Business media , LLC 

18- Moser. R, (2007), Strategic purchasing and supply management: A 

strategy-based selection of suppliers, Germany, Springer Science & Business 

Media 

19- Nursal, Omar and Mohd Nawi,(2016), Criteria Requirement for IBS 

Vendor Selection, International Journal of Supply Chain Management, NO. 

5(2), PP 108-114. 

20- Pateriya and Verma, (2013) Supplier selection methods for small scale 

manufacturing industry: A Review, International Journal of Science and 

Research, NO. 2(4), PP 319-322 

21-Puri,Jolly,(2009),"FUZZY LINEAR PROGRAMMING AND ITS 

APPLICATIONS",INDIA 

22- Singh and Sagar,(2012), Supplier selection criteria: Study of automobile 

sector in India, International Journal of Engineering Research and 

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

23- Sivanandam , Deepa , and et., introduction to fuzzy logic, using MATLAB, 

(2007), Springer science , Business Media , LLC. 

24- Taha.H, (2017) , Operations Research An Introduction , 10
th

 , New Jersey:  

Prentice Hall 

25-Thiruchelvam and Tookey, (2011), Evolving trends of supplier selection 

criteria and methods, International Journal of Automotive and Mechanical 

Engineering, N0. 4(1), PP 437-454 

 
 
 
 
  
  



 

 

 

 

 

Journal of Economics and Administrative Sciences Vol.27 (NO. 130) 2021, pp. 1-24 
   

  

24  

 

   

 

 

 

نهصُبػبت انكٓشثبئٍة انؼبية فً ششكة دٌبنىنحقٍٍى انًجٓزٌٍ اسحخذاو الاسحذلال انضجبثً   
 
 

 صفا باسم عائد                                                                       الباحث/  د. وقاص سعد خلف            أ.م.

 كلية الادارة والاقتصاد / جامعة بغداد
 قسم الإدارة الصناعية

 كلية الإدارة والاقتصاد /جامعة بغداد
 بحوث عمليات / قسم الإحصاء                                                        ماجستير طالبة

dr.wakkas1@coadec.uobaghdad.edu.iq safawithali@gmail.com 

     
Received:8/9/2021            Accepted: 26/9/2021         Published: December / 2021 

 

ًُصَّف ْزا انؼًم يشخص جحث اجفبقٍة انًشبع الاثذاػً                   4.0انؼًٕيً انذٔنً  انحشخٍص  -غٍش ججبسي  -ََست ان
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 :البحث ستخلصم

ٌسٕدْب ججشي فً ثٍئة نهصُبػبت انكٓشثبئٍة  انؼبية دٌبنى ششكة فًٌٓذف انجحث نحقٍٍى انًجٓزٌٍ 

اسحخذاو يشكهة َظبو يؼٍٍ جحجؼّ انششكة ٔأٌضب ٌٓذف انى  ذحٍث لا ٌٕج (Fuzzyانغًٕض ٔانضجبثٍة )

الأٔنٍة يٍ انًجٓزٌٍ ( فً ػًهٍة َقم انًٕاد Travelling Salesman problemسجم انجٍغ انًسبفش )

نزنك جى ٔضغ َظبو ٌسحُذ انى أسبنٍت سٌبضٍة ٔكًٍة نحقٍٍى انًجٓزٌٍ، حٍث جى  فً ثٍئة ضجبثٍة انى انششكة

( َٔظشٌة الاػذاد انضجبثٍة (Fuzzy inference system(FIS)اسحخذاو َظبو الاسحذلال انضجبثً 

(Fuzzy set theory فً حم ْزِ انًشكهة يٍ خلال ثشَبيج )(Matlab)  ٔأٌضب جى حم  يشكهة سجم

دانة انشجت أسهٕة ثبسحخذاو انجٍئة ًشحهحٍٍ  ثبنًشحهة الأٔنى انحخهص يٍ ضجبثٍة انجٍغ انًسبفش ث

(Ranking function ايب انًشحهة انثبٍَة فحى اسحخذاو طشٌقة أقشة جبس نحم يشكهة سجم انجٍغ ، )

الأٔنٍة ثأقم ٔقث حٍث جى اسحؼًبل ثشَبيج َقم انًٕاد انًسبفش ٔرنك يٍ خلال سسى يسبس ٌُسَٓم ػًهٍة 

(WinQsb) اْى يب جى انحٕصم انٍة ٌ َبحٍة جقٍٍى انًجٓزٌٍ ثإػطبء َسجة نكم يجٓز ٔأٌضب جشجٍجٓى حٍث .

انًٕاد ( ٔ...انخ. ايب ػًهٍة 87.3حصم انًجٓز )انششكة انٍبثبٍَة ( ػهى انًشججة الأٔنى ٔكبَث َسجحّ )

 ( دقٍقة .292انُقم ْٕٔ ) الأٔنٍة ثأقم ٔقث حٍث جى اسحؼًبل ثشَبيج جى انحصٕل ػهى اقم ٔقث نؼًهٍة

 

جقٍٍى انًجٓزٌٍ، َظشٌة انًجًٕػة انضجبثٍة، َظبو الاسحذلال انضجبثً،  المصطلحات الرئيسة للبحث:

  انشجت انًثهثٍةدانة يشكهة سجم انجٍغ انًسبفش، 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 *انجحث يسحم يٍ سسبنة يبجسحٍش

mailto:dr.wakkas1@coadec.uobaghdad.edu.iq
mailto:dr.wakkas1@coadec.uobaghdad.edu.iq
mailto:safawithali@gmail.com
mailto:safawithali@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

