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ABSTRACT
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With the use of this method, it was demonstrated how important it is for the company 
to know how to select a reliable supplier when we require raw material for our work 
process The Topsis methodology was applied because it is a practical method and the 
most appropriate to solve this problem. At the moment of applying this methodolo-
gy, we generated which are the levels of importance that the company requests to se-
lect one of them, more than anything are factors or points that each company choo-
ses for a better management of its resources, thus taking care of the part of time and 
money. In the industry where this observation will be made, the main levels of impor-
tance requested are the following: Quality, Time, Price and Reliability of the supplier. 

RESUMEN
Palabras Claves:
Proveedores, TOPSIS, Materia 
Prima y Planificación. 

Con el uso de este método se demostró la importancia que tiene para la empresa la selección 
de un proveedor a la hora de solicitar o pedir materia prima. Se aplicó la metodología Topsis 
ya que es un método práctico y es el que mejor se adapta para resolver este problema. Al 
momento, de aplicar esta metodología, generamos cuales son los niveles de importancia que 
la empresa solicita para seleccionar uno de ellos, más que nada son factores o puntos que 
cada empresa elige para un mejor manejo de sus recursos, cuidando así la parte de tiempo 
y dinero. En la industria donde se hará esta observación, los principales niveles de impor-
tancia solicitados son los siguientes: Calidad, Tiempo, Precio y Fiabilidad del proveedor.
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Introduction

At present, the relationship between client and provider usually ends because the client has an obser  v a -
tion or complaint about the service or product that he receives from the provider. It is convenient that both the 
company and the assigned provider aspire to strengthen this relationship and communication, thus making the 
stability of both parties stronger and conformable.

When we talk about supply chain management, we refer to all that management or network that makes up 
a large part of the supply chain in a company. This has the objective or benefit of managing the flows of the 
chain within the processes, the raw material, as well as the finished products, we refer to this as the first inputs 
and outputs.

The Supply chain methodology or supply chain is a series of processes that go from a customer placing an 
order for a service or product, until that service or product is delivered to him. Although we know it is un-
derstood that there are different levels of depth within this method, since when we talk about this process it is 
necessary to start from the collection of the raw material to be able to elaborate the determined product in the 
company or rather since the raw material is in processing until it is delivered to the customer.

Nowadays, all companies have the same objective, which is to obtain a more stable or reliable supply chain, 
thus making their product more competitive in the market, but as we well know, every system must be linked 
to the care of the monetary or economic of the company, that is, to have a competitive supply chain and in such 
a way that it does not exceed the established costs.

This is due to the fact that the industrial sector is more demanding, as well as the needs or demands of the 
client are more and more. The term Lean Manufacturing is widely used in the industrial field, this is because 
it has tools capable of strengthening the industry, making it more efficient and effective in its processes and in 
its personnel, making it increase its competitiveness before others and the market. 

Currently the focus is on the supply chain and value generation, therefore, buyers must focus on the total cost 
and delivery and not only on the price as was done previously. Buyers should rely more on the performance 
of suppliers rather than making decisions based on price [1].

In this document it is contemplated to evaluate through the TOPSIS method the ways by which we are guided 
to be able to evaluate the different suppliers of the maquiladora industry, of which we will focus on quality, 
price-quantity and efficiency. What is sought to do with this method is to know what factors we have to con-
sider selecting a better supplier, currently in the industry there are problems due to lack of coordination to 
choose the type of supplier that is more feasible, cheaper but that in turn this give us good quality in terms of 
raw material and services.

The development of this method begins with the choice of a part number with which the company works, this 
part or piece number has different suppliers, both national and international, to which when implementing the 
TOPSIS method we will deduce what are the factors that we require and which of all is more capable.

It is important to determine that the supplier selection problem can be determined in four main sections: a) 
define the problem, b) establish the attributes that will be evaluated c) evaluate the different suppliers through 
the use of techniques and finally d) Choice end of a supplier [2].
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It is mentioned that at this stage you can make use of an investigation to obtain a list of the main suppliers that 
have influence in the market for both the component and service that you want to obtain. 

Materials and Methods

Suppliers are those who provide all small, medium, and large companies with material, financial resources, as 
well as human resources, to generate or carry out their daily operations.

The material resources that we can obtain from the supplier are raw materials, machinery and equ ment, tools, 
maintenance services, among many others, but the most common are usually those mentioned. Among human 
resources we refer to all labor, speaking from operators and administrators who do the business process itself, 
finally, the financial resource is that amount that the company requires to be able to continue producing its 
product or service.

It is basically important to define or establish that there are two clearly different types of providers. We can 
find those of goods, which are those that contribute, those that offer and supply a place with components or 
tangible items [3].

But on the other hand, there are service providers such that, as their name suggests, they do not offer any 
material or machinery but rather a simulation that allows customers to carry out their activity with total satis-
faction.

Logistics in the supply chain

It’s critical to realize that developing supply chains and logistics is talking about two different tools, but even 
so, both fulfill the same objective. When speaking of Supply chain, we generalize it in a broader way or at a 
global level to which logistics is only an indispensable part of it.

As we well know, logistics is the fundamental part of any process within the supply chain since this is what 
plans, controls the flow of material, is what carries out the process and therefore stores goods and services, 
adding that. This information is relevant to that topic from the source of origin of the material to its consump-
tion point, this with the objective of satisfying the market.

The utilization of this trip through the production of value, in other words, value produced for clients, part-
ners, and firm shareholders. Every aspect of logistics’ value is fundamentally based on the terms of the time 
and space it creates. We know that all raw material or finished material does not generate value by being in 
one place, but in order to generate value, it must be in the possession or consumption of the client when he 
requires it [4].

Difference between Logistics and Supply chain

More than anything, logistics is the one that refers to obtaining and delivering raw materials, and at the same 
time this generates the shipment and transport of your product or customer service, while on the other hand 
when we refer to Supply chain we refer to a broader concept since we cover the organizations, methods, tools 
implemented in the distribution of this product or service. On the other hand, logistics is usually either imple-
mented internally or externally.
One of the systems used in the company where the problem arises is the SAP system, which is a viable tool 
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for obtaining data in a more real and correct way. In this we can obtain the raw material, the state in which our 
inventory is, as well as a series of lists with the names of our current suppliers, but more than that, SAP is an 
infinity of tools to use only depending on the needs that the company has to implement this system.

SAP is a software or system considered in the management of processes, developed faster solutions under a 
system or a database acting in a fluid way your information before the different departments or organizations.
This system is one of the most current and used within the industry, but not everyone is able to stick to the 
difficult use that this can generate.

One of the advantages that we can obtain from this software is the statistical capacity it provides, just as it can 
be compatible with any other tool, including Excel graphs, but like any system, it has disadvantages from the 
point of view of each organization. One of them is, as mentioned before, not everyone adapts to the way this 
software works, it turns out to be more confusing when implementing it, as well as generating high costs since, 
as it is a new system, therefore its prices are high [5].

Lastly, this software is constantly being updated, which is why for some users it generates annoyance or frus-
tration.

Importance of new suppliers

It is important that as a company one always has alternative routes, this so that at the time of not having the 
supplier or he cannot supply us with material or therefore he cannot offer us a service adequate to our needs, 
on this occasion the second supplier or in this case a new supplier can make the solution of this problem fea-
sible [6].

In recent times we have observed that when implementing or collaborating with a new supplier association, 
these tend to be superior in terms of communication or tend to have greater attention in a certain way than 
those that we had already established over time.
That is to say, these new suppliers are more prepared, they obtain more resistant or higher quality materials, 
the service is more complete, that is, lower costs in exporting and importing the material, delivery time and 
load, which are measured by tons or size of the material, as well as their prices are usually reasonable in rela-
tion to other suppliers, since some can raise or vary their prices, but others lower them due to competition, as 
shown in table I.

Table I: Advantages and disadvantages of a single or multiple provider

Single source supplier Several suppliers

Ensures the continuity of supply in case of prob-
lems. Lower supplier changeover costs. Ability to 
contact suppliers whose capacity cannot absorb the 
entire demand.

Easier to coordinate relationships, improve material flow, etc. 
Closer relationship with the supplier-customer, since there 
is a certain trust or inion in relation to previous orders. 
More uniform quality, delivery times and services.

Avoids the risk of overdependence Improved supplier accountability.

Methodology for the selection of suppliers

According to the ISO 9001 standard, it establishes that suppliers must be assessed and chosen by the organi-
zation based on their capacity to deliver goods in line with business requirements [7].
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To consider supply management as a source of advantage within the supply and supply chain, it requires more 
efficient logistics processes. Its strategy must be aligned to the strategy and objectives that the company has 
as such. A series of relevant criteria are set for price, quality, forms of payment that stand out from the com-
petition itself [8].

On the other hand, when selecting a supplier, it can be the result of good or bad practices, since in it we can 
find diversity of materials or services offered, that is, materials with quantitative and qualitative differences in 
terms of demand and services that they generate or offer.

Mutually beneficial supplier relationships

The company must take measures to strengthen the company-supplier relationship, thus strengthening the su-
pply chain between them, thus not generating long-term friction or differences. Certain actions can be applied 
to suppliers, which are the following [9]:

1. Establish fluid and coordinated communication, as well as create a relationship of mutual trust and colla-
boration between both parties.

2. Engage the supplier to indicate what can be improved in terms of their needs to help them more effectively 
meet the requirements of the product or service that we are requiring. A good practice is the improvement of 
communication as this is usually taken by both parties in a non-urgent or non-important way, but we know 
that this action generates the reduction of doubts or possession of bad information collected by the supplier 
or client.

3. Establish a reliable system for measuring the competence of suppliers, which allows the particular monito-
ring of the most important suppliers. The information obtained should be used not only to select providers, but 
to help them improve what is not right.

Request for information to meet suppliers

Taking into account a compilation of data of the possible suppliers in which direct or telephone contact with 
the supplier is initiated, to request appointments with managers requesting the necessary information on the 
aspects of the suppliers, this to make our selection more agile or go discarding in a more partial way the infor-
mation or conditions in which its material or service is found [10]

It is necessary to verify that the product or service offered by the supplier establishes levels of trust in the 
market, that is, that it is verified that the product or service to be offered is of quality and durability, taking into 
account the price of the product that is going to dispose.

Currently there is a way or faster way to obtain this information with the help of a request for information (RFI) 
which is a document to collect information about what we are requesting. These types of tools are usually 
beneficial for any company that does not have knowledge about its possible suppliers and therefore requires 
a more viable and timely solution, just as it does not generate monetary value at the time of implementation.
Another of the alternatives that we can obtain is to generate a general supplier profile, requesting general cha-
racteristics, for example, its prestige before other clients and the market, experience, or references of another 
client. Investigate their levels of reputation and compliance, as well as their trajectory in the industrial sector.
Another even more important thing is its technical capacity, to which we refer with this, it is the number of 
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personnel that this demand and their possible training or training.

As opposed to that, technology takes a very important role in the customer-supplier relationship since it is 
responsible more than anything for the improvements in communication and understanding that it establishes, 
as well as through systems capable of attending in a general way what the client requires, that is, the specifi-
cations, costs and percentages that the material or service will generate are obtained more clearly.

Customer-supplier relationship

Customer-supplier relationships have evolved over time via means of development in the chain of supplies. 
Management of the supply chain is based on trust and commitment, for which it requires that certain factors be 
met. Among the use of these factors is a limited number of suppliers that allows working closely and creating 
an environment of cooperation and trust [11]

The reduction of suppliers may result in a decrease in the variation in the provisions offered by the supplier, 
which results in a reduction of waste, rework and the need for control or inspection. Similarly, a reduction 
in administration costs is achieved and a long-term relationship is fostered when the results are satisfactory, 
explains [12]

To improve or obtain a closer relationship with the supplier, it is necessary that we maintain or implement 
methods to be more in contact, that is, to engage in the use of tools such as emails, prolonged visits to the com-
pany, social networks, among others. The most common mistakes that are made when trying to relate to the 
customer and supplier is that the supplier neglects or does not fully meet the needs that he seeks for his com-
pany, maintain long response and delivery times, and lastly, close communication between both parties [13].
It is important to take care of every relationship, for which we must generate reliability and always be on the 
lookout for what the client requires, since this will be the one that will generate monetary goods and provide 
material goods, although we make it clear that we have to look for alternatives that favor us both economic 
and relational parts.

Research Methodology

Technique for Order of Preference by Similarity to Ideal Solution: TOPSIS Methodology

It is a multi-criteria decision method  (MCDA) for selecting alternatives that was proposed by [14] and it is 
based on the idea that a decision-making problem with multiple criteria can be solved by prioritizing the pro-
blem posed. This method deals with the problem of establishing an order in the alternatives using the idea of 
distance to the ideal alternative and the anti-ideal one.

Decision making is the process by which a choice is made between two or more actions or alternatives in 
order to provide a solution to a problem. All our actions, conscious or not, are the result of some decision. 
The information we collect to understand an event helps us in turn to develop good judgments when making 
decisions about similar events.
Benefits of TOPSIS:

1. TOPSIS can assess a lot of data, options, or standards.

2. Since TOPSIS provides for explicit balance and interactions between attributes, changes to one attribute can 
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be countered by changes to others.

3. Unlike other MCDA tools, TOPSIS provides a preferred ranking of alternatives along with a numerical 
value in order to help users better grasp the differences and similarities between the alternatives.

4. Out of all MCDA techniques, TOPSIS has the fewest rank reversals, according to the simulation compari-
son.

The TOPSIS Method’s key component is the assignment to maximum and minimum priorities of the weights 
of each criterion. So that a weight is added to each attribute which will represent its contribution to said pro-
blem, and which allows assigning a weighted value to each alternative in order to obtain a ranking or an order 
in said solution.

TOPSIS Application

He identified the following application areas of TOPSIS [15]:

1. Logistics and supply chain management.
2. Systems for design, engineering, and production.
3. Marketing and commercial management
4. Environmental and Safety Management.
5. Control of human resources.
6. Management of energy.

MCDA

One definition of multi-criteria decision analysis (MCDA) as a process for assessing options based on indivi-
dual criteria and combining them into an overall evaluation. The MCDA can be used in multiple contexts and 
is useful in various fields of work. The standards are used to assess each alternative’s choice in relation to the 
objective. Criteria of one or more preference grading scales to the real problem can also be defined. Scales can 
be classified as continuous scales, discrete scales, ordinal scales, or cardinal scales [16].

The four steps of the MCDA methodology can be thought of as a nonlinear recursive process:

1. Defining the problem
2. Identifying preference or criteria
3. Aggregating preference
4. Ordering alternatives

The use of methodologies such as MCDA considerably simplify the solution of the problems presented in said 
company, as well as allowing the people in charge of this implementation to make better decisions or expand 
their possibilities. One of the objectives of this methodology is to facilitate the comparisons or evaluations that 
will be applied, these being transparent, weighted and, above all, analytical [17]

This allows a more rigorous assessment between the different selected attributes, so it can be said that deci-
sion-making is made more rationally.
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This methodology allows both the provider and the client to have a clearer and more objective view of their 
needs so as not to generate erroneous interpretations that could stain the stability or reliability established by 
both parties.

Participants

The purchasing and supplier quality area participates in this study, as well as a student and company personnel 
in the engineering area.

Instruments

According to the information obtained through the personnel in charge of the position, the company has more 
than 1,600 suppliers, of which they are located within Ciudad Juárez, El Paso Tx, and external. They change 
providers approximately every two years, this is due to their availability or due to problems that have occurred 
in terms of deliveries.

This maquiladora industry to choose a supplier is based more than anything on criteria such as cost and how 
much material will be obtained, as well as the efficiency that it provides and how good its quality and delivery 
is, what we want to do with this method is to observe the different ways in which a supplier is evaluated and 
why taking these criteria is so important.

The problem presented in this text is the way or the said factors that are taken into account when selecting 
suppliers. The factors on which the company as such was based to choose the supplier are: Quality, Price, 
Time and Reliability. For this we will use the formula established in the TOPSIS method, which is based on 
establishing the decision matrices, as well as the normalization of the matrix [18]this study aims at selecting 
suppliers among SMEs (Small and Medium Enterprises.

In the table II there are establish the weights to evaluate the suppliers.

Table II. Weights to evaluate the suppliers.

Weighting % 0.8 0.6 0.8 0.7

STEP 1: Establish the Decision Matrix. 

This step is represented by alternatives and criteria, these types of criteria are constituted by their level or 
degree of importance, table III.
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      Table III. Types of criteria constituted by level or degree of importance

  Max min min Max

Suppliers Ranking C1 C2 C3 C4

P1 2.0 4.5 27.11 2 50

P2 3.0 50 35.15 2 78

P3 5.0 30 27.8 3 30

P4 4.0 25 13.08 4 30

P5 1.0 30 18.5 2 65

  83,366 5.706.707 608.276

2 STEP: Normalized Decision Matrix

We apply the following equation (1) to obtain our normalized matrix, in which we can find a set of alter-
natives and a set of criteria, as show the table IV.

Vij=(Wj)*(Rij)  ,for i=1,2,…,m;j=1,2,…n   (1)

Table IV. Set of alternatives and a set of criteria.

Suppliers C1 C2 C3 C4

P1 0.540 0.475 0.329 0.414

P2 0.600 0.616 0.329 0.645

P3 0.360 0.487 0.493 0.248

P4 0.300 0.229 0.658 0.248

P5 0.360 0.324 0.329 0.538

STEP 3: Make a weighted normalized decision matrix.

With the following equation (2) we can obtain the data of the Normalized Weighted matrix and the Normal-
ized weights [19]such as degree, betweenness, and closeness centralities, they all have some limitations. 
Recently, technique for order performance by similarity to ideal solution (TOPSIS, as show in  Table V.

𝑋𝑋𝑖𝑖𝑖𝑖 =
𝑋𝑋𝑖𝑖𝑖𝑖

�∑ 𝑥𝑥𝑖𝑖𝑖𝑖2𝑚𝑚
𝑖𝑖=1

         (2) 
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Table V. Normalized weights of the matrix resulting from the equation.

Suppliers C1 C2 C3 C4
P1 0.135 0.119 0.082 0.103
P2 0.150 0.154 0.082 0.161
P3 0.090 0.122 0.123 0.062
P4 0.075 0.057 0.164 0.062
P5 0.090 0.081 0.082 0.134

4 STEP: In this step the positive ideal solution A+ and the negative ideal solution A- of the matrix are 
identified by means of equation 3, [20]Battery energy saving With systems (BESS.

𝐴𝐴+ =  ��max
𝑖𝑖
𝑣𝑣𝑖𝑖𝑖𝑖 | 𝑖𝑖є 𝐽𝐽� , �min

𝑖𝑖
𝑣𝑣𝑖𝑖𝑖𝑖 | 𝑖𝑖є 𝐽𝐽′� , 𝑖𝑖 = 1,2, … . ,𝑚𝑚�   = {𝑣𝑣1

+, 𝑣𝑣2
+, … , 𝑣𝑣𝑛𝑛+} (3) 

 𝐴𝐴∓ =  ��min
𝑖𝑖
𝑣𝑣𝑖𝑖𝑖𝑖 | 𝑖𝑖є 𝐽𝐽� , �max

𝑖𝑖
𝑣𝑣𝑖𝑖𝑖𝑖 | 𝑖𝑖є 𝐽𝐽′� , 𝑖𝑖 = 1,2, … . ,𝑚𝑚�   = {𝑣𝑣1

−, 𝑣𝑣2
−, … , 𝑣𝑣𝑛𝑛−}  

With the equation two types of vectors are obtained, as shown in table VI:

Table VI. Types of vectors obtained of the matrix’.

A+ 0.150 0.057 0.082 0.161

A- 0.075 0.154 0.164 0.062

                                                          

5 STEP: Determined are the matrix’s positive ideal solution S+ and negative ideal solution S- as shown 
in table VII:

Table VII. Determined are the matrix’s positive ideal solution and negative ideal.

suppliers S+ S- Ci Ranking

P1 0.086 0.168 0.661 2

P2 0.097 0.181 0.652 3

P3 0.139 0.178 0.561 5

P4 0.149 0.216 0.591 4

P5 0.070 0.185 0.726 1

                                                             

Conclusion

In short, once the weighting and attributes to be selected have been established, we can see at a glance that the 
supplier with which it is most convenient for us to have a close company-supplier relationship is with the P5, 
since it meets the requirements that the company seeks, given that it adheres to the attributes which are quality, 
reliability, price and waiting time, the previous results shown are based on these attributes, as we well know, 
every company will always look for a way to take care of its economic assets , but thus obtaining levels of 
confidence regarding the quality of the raw material obtained. Therefore, we can conclude that the objective we 
wanted to reach was achieved, since we wanted a solution or a more accurate way of selecting a single supplier 
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who could give us all the benefits based on our attributes or requirements.

Recommendations

It is recommended that in this type of problem, criteria or attributes are established that help us as a company 
to have control in the supply chain, the TOPSIS method is a decision-making tool that helps us to have a quick 
response to what we were looking for, but just as there are various methodologies that we can apply for so-
lutions to this type of case, or just as we can compare the use of TOPSIS with another methodology to verify 
which is more feasible or if both are similar to the answer. What is expected with this methodology is to have 
greater knowledge or control over when it is more convenient for us as a company to request raw material 
from the supplier, this would help us to be more efficient in our processes.

Future works

As technology and demand advance, the authors’ job is to update the applied methodology, since as time pro-
gresses, new providers may emerge that offer better products, services, or processes, so it will be necessary to 
apply this technique again to be able to provide a solution to the problems that arise during the course.
Acknowledgment

This research is attached to the Autonomous University of Ciudad Juárez in the Department of Engineering, 
CU multidisciplinary division Institute with the help of the degree advisor as well as the teacher in charge of 
the subject. Data provided by the maquiladora company located in Ciudad Juárez, Chihuahua.

References

[1] R. M. Ilyas, D. K. Banwet, and R. Shankar, “Value Chain Relationship - A Strategy Matrix,” Supply   
Chain Forum An Int. J., vol. 8, no. 1, pp. 56–72, 2007, doi: 10.1080/16258312.2007.11517176.

[2] J. DeBoer, R. Panwar, and J. Rivera, “Toward A Place-Based Understanding of Business Sustainability: 
The Role of Green Competitors and Green Locales in Firms’ Voluntary Environmental Engagement,” 
Bus. Strateg. Environ., vol. 26, no. 7, pp. 940–955, 2017, doi: 10.1002/bse.1957.

[3] A. Meyer, W. Niemann, and K. Peckover, “Supply Chain Agility: a Conceptual Framework Towards 
Leagility,” 1st African Oper. Manag. Conf., pp. 1–16, 2017.

[4] C. N. Wang, V. T. Nguyen, H. T. N. Thai, N. N. Tran, and T. L. A. Tran, “Sustainable supplier selection 
process in edible oil production by a hybrid fuzzy analytical hierarchy process and green data 
envelopment analysis for the SMEs food processing industry,” Mathematics, vol. 6, no. 12, 2018, doi: 
10.3390/math6120302.

[5] B. GÜRSOY, “Modelling of just-in-time distrubution network under raw material quality and time 
constraints,” Sigma J. Eng. Nat. Sci. – Sigma Mühendislik ve Fen Bilim. Derg., vol. 39, no. 3, pp. 
313–321, 2021, doi: 10.14744/sigma.2021.00019.

[6] H. Fatorachian and H. Kazemi, “Impact of Industry 4.0 on supply chain performance,” Prod. Plan. Control, 
vol. 32, no. 1, pp. 63–81, 2021, doi: 10.1080/09537287.2020.1712487.

[7] M. Obeso, R. Hernández-Linares, M. C. López-Fernández, and A. M. Serrano-Bedia, “Knowledge 
management processes and organizational performance: the mediating role of organizational learning,” 
J. Knowl. Manag., vol. 24, no. 8, pp. 1859–1880, 2020, doi: 10.1108/JKM-10-2019-0553.



17

Jaqueline Camacho-Acosta, Luis Asunción Pérez-Domínguez , Jorge Enrique Herrera-Rubio , Mayra Verónica Linares-Gil, Juan Manuel Madrid-Solorzano

Respuestas, 28(2), May-August 2023, pp.6-17 ISSN 0122-820X - E ISSN: 2422-5053

[8] O. Morell-Santandreu, C. Santandreu-Mascarell, and J. García-Sabater, “Sustainability and kaizen: Business 
model trends in healthcare,” Sustain., vol. 12, no. 24, pp. 1–28, 2020, doi: 10.3390/su122410622.

[9] R. E. Gergin, I. Peker, and A. C. G. Kısa, “Supplier Selection By Integrated Ifdematel-Iftopsis Method: 
a Case Study of Automotive Supply Industry,” Decis. Mak. Appl. Manag. Eng., vol. 5, no. 1, pp. 169–
193, 2022, doi: 10.31181/dmame211221075g.

[10] A. Fallahpour, K. Y. Wong, S. Rajoo, A. M. Fathollahi-Fard, J. Antucheviciene, and S. Nayeri, “An 
integrated approach for a sustainable supplier selection based on Industry 4.0 concept,” Environ. Sci. 
Pollut. Res., p. 4, 2021, doi: 10.1007/s11356-021-17445-y.

[11] A. Paulraj, I. J. Chen, and C. Blome, “Motives and Performance Outcomes of Sustainable Supply Chain 
Management Practices: A Multi-theoretical Perspective,” J. Bus. Ethics, vol. 145, no. 2, pp. 239–258, 
2017, doi: 10.1007/s10551-015-2857-0.

[12] E. M. Frazzon, C. M. T. Rodriguez, M. M. Pereira, M. C. Pires, and I. Uhlmann, “Towards Supply Chain 
Management 4.0,” Brazilian J. Oper. Prod. Manag., vol. 16, no. 2, pp. 180–191, 2019, doi: 10.14488/
bjopm.2019.v16.n2.a2.

[13] C. T. Chen, C. T. Lin, and S. F. Huang, “A fuzzy approach for supplier evaluation and selection in 
supply chain management,” Int. J. Prod. Econ., vol. 102, no. 2, pp. 289–301, 2006, doi: 10.1016/j.
ijpe.2005.03.009.

[14] S. Enginoğlu, F. Karaaslan, and S. Memiş, “A new approach to group decision-making method based on 
TOPSIS under fuzzy soft environment,” J. New Results Sci., vol. 8, no. 2, pp. 42–52, 2019.

[15] M. Keshavarz-Ghorabaee, M. Amiri, E. K. Zavadskas, Z. Turskis, and J. Antucheviciene, “A comparative 
analysis of the rank reversal phenomenon in the EDAS and TOPSIS methods,” Econ. Comput. Econ. 
Cybern. Stud. Res., vol. 52, no. 3, pp. 121–134, 2018, doi: 10.24818/18423264/52.3.18.08.

[16] X. Liu and L. Wang, “An extension approach of TOPSIS method with OWAD operator for multiple 
criteria decision-making,” Granul. Comput., vol. 5, no. 1, pp. 135–148, 2020, doi: 10.1007/s41066-
018-0131-4.

[17] R. Depczynski, “MCDA based approach to supplier evaluation - Steel industry enterprise case study,” 
Procedia Comput. Sci., vol. 192, pp. 5081–5092, 2021, doi: 10.1016/j.procs.2021.09.286.

[18] H. Gupta and M. K. Barua, “Supplier selection among SMEs on the basis of their green innovation 
ability using BWM and fuzzy TOPSIS,” J. Clean. Prod., vol. 152, pp. 242–258, 2017, doi: 10.1016/j.
jclepro.2017.03.125.

[19] J. Hu, Y. Du, H. Mo, D. Wei, and Y. Deng, “A modified weighted TOPSIS to identify influential nodes in 
complex networks,” Phys. A Stat. Mech. its Appl., vol. 444, no. xxxx, pp. 73–85, 2016, doi: 10.1016/j.
physa.2015.09.028.

[20] R. Manickam, “Prediction of Hybrid Wind Farms using Fuzzy TOPSIS Analysis,” REST J. Emerg. trends 
Model. Manuf., vol. 8, no. 2, pp. 68–75, 2022, doi: 10.46632/jemm/8/2/2.


