
Citation: Fernandes, P.G.;

Quelhas, O.L.G.; Gomes, C.F.S.;

Júnior, E.L.P.; Bella, R.L.F.;

Junior, C.d.S.R.; Pereira, R.C.A.;

Basilio, M.P.; Santos, M.d. Product

Engineering Assessment of Subsea

Intervention Equipment Using

SWARA-MOORA-3NAG Method.

Systems 2023, 11, 125. https://

doi.org/10.3390/systems11030125

Academic Editors: Shixuan Fu,

Bo Yang and Alex Zarifis

Received: 24 January 2023

Revised: 21 February 2023

Accepted: 24 February 2023

Published: 25 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

systems

Article

Product Engineering Assessment of Subsea Intervention
Equipment Using SWARA-MOORA-3NAG Method
Pedro Gall Fernandes 1,* , Osvaldo Luiz Gonçalves Quelhas 1 , Carlos Francisco Simões Gomes 1 ,
Enderson Luiz Pereira Júnior 1, Ricardo Luiz Fernandes Bella 1 , Claudio de Souza Rocha Junior 1,
Ruan Carlos Alves Pereira 1 , Marcio Pereira Basilio 2,* and Marcos dos Santos 3,*

1 Department of Production Engineering, Faculty of Engineering,
Praia Vermelha Campus, Federal Fluminense University, Niteroi 24210-240, Brazil

2 Military Police of the Rio de Janeiro, Rio de Janeiro 21941-901, Brazil
3 Military Institute of Engineering, Rio de Janeiro 21941-901, Brazil
* Correspondence: pedrogfernandes2@gmail.com (P.G.F.); marciopbasilio@gmail.com (M.P.B.);

marcosdossantos@ime.eb.br (M.d.S.)

Abstract: Oilfields must increase their production due to the current price of oil barrels. The sale of
these oilfields by big companies enabled new companies to enter the exploration and production
segment of brownfields to increase oil and gas production through subsea intervention projects.
However, these projects require specific product development that involves technical requirements
that the engineering department must analyze. This research aims to apply the SWARA-MOORA-
3NAG multicriteria decision analysis (MCDA) method in analyzing the technical proposals of subsea
intervention equipment for ordering suppliers according to the engineering requirements defined at
the initial stage of the projects of an oil and gas company. The research methodology was divided into
five stages: (1) identification of the problem through observation of the current process and interviews
with engineers; (2) data collection through bibliographic research in the Scopus database; (3) problem
modeling; (4) proposition of the solution with the application of the SWARA-MOORA-3NAG method;
and (5) analysis of the results found. The application of the SWARA-MOORA-3NAG method brought
a new ordering of suppliers to the analyzed case, enabling comparison between the method previously
used by the engineering department and the method proposed by this research, emphasizing that the
MCDA methods can be inserted into the analysis processes of technical proposals in the engineering
department of the company analyzed.

Keywords: engineering requirements; oil and gas; decision making; MCDA; SWARA-MOORA-
3NAG; product development; subsea intervention

1. Introduction

The increase in the price of a barrel of oil since 2020 has attracted oil and gas companies
to focus on brownfields despite the decline in the production of wells in these fields.
Traditionally, when these wells begin to decline, oil and gas companies abandon them due
to the risk of unwanted water or gas production that is difficult to remediate [1]. However,
the subsea intervention in these wells became viable for production recovery due to the
profit margin with the current oil and gas prices. This strategy was used by companies in
Brazil, such as Trident, Perenco, and Karoon, to purchase brownfields from Petrobras.

In order to increase the production of brownfields, oil and gas companies seek compa-
nies capable of carrying out subsea interventions, to develop solutions that allow the growth
of production safely. In this development scenario, these contracted companies develop
products with the involvement of several suppliers who must follow the requirements
defined by the engineering department. During this product development process, there
is an initial stage in which suppliers prepare technical and commercial proposals, which
are submitted to the company specializing in subsea intervention to evaluate whether they
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meet the requirements defined by the engineering department. However, when technical
proposals from the suppliers have similar scopes of supply, each technical detail will be
essential to identify the best recommendation.

The oil and gas extraction process is complex and involves many risks in terms of
investment, environment, and human resources. The choice of a company with high
technical capacity is of fundamental importance to the whole process. The decision-making
group of an oil company needs to have precise and quality information to help in the
decision-making process. A predominant factor, in this case, is the systematization of
data, which is a critical factor for implementing artificial intelligence (A.I.) tools to support
decision making. To avoid the analysis depending exclusively on human factors such
as knowledge of the defined requirements, the possibility of using multicriteria decision
analysis (MCDA) emerges to assist the decision-maker in choosing the most technically
suitable supplier in the requested scope. In the last few years, we have observed a growth
in the integration of machine learning methods with multicriteria methods to improve
the elicitation of the weights attributed by decision-makers to the criteria used in decision
support models: as an example, we cite the research developed by Souza Rodrigues et al. [2]
that developed an algorithm called Ranking Trees, which merges some steps of machine
learning with the random forest technique, to elicit all parameter combinations of the
ELECTRE II, III, and IV methods. This process presents the decision-maker with an
optimized ranking of solutions, increasing the quality of the decision. Another example of
decision-maker interaction with artificial intelligence is the work of Floriano et al. [3], who
developed the 3MO-AHP algorithm using the nondominated sorting genetic algorithm
III (NSGA-III) to deal with the inconsistency problem of the AHP method. Another
application can be observed in the research of Basilio et al. [4], where they integrated the
latent Dirichlet allocation (LDA) method with the ELECTRE-I method to identify criminal
demands, helping decision-makers of police organizations to choose the best strategies to
fight crime.

Regarding the oil and gas industry, an integration of A.I. and MCDA can be observed
in the research developed by Eke et al. [5] to identify and evaluate multiple options
for decommissioning oil platforms. Furthermore, MCDA can be inserted into product
development processes to predict software defects during development, as asserted by
Özakıncı and Kolukısa Tarhan [6]. The integration of artificial intelligence with operations
research methods allows the decision-maker to virtually test and economically evaluate
the attractiveness of adopting evolving technologies in full-field offshore developments,
as reported by Basilio et al. [7], using the method of “model-based systems metaheuristic
engineering” (MBSME).

Basilio et al. [8–10] reported that decision making is endogenous to humans. Through-
out the day, we make numerous decisions consciously and unconsciously. We make
decisions from the color of the tie we will wear to whether or not we will acquire some
asset, for example. We want to reinforce the idea that we daily make simple and complex
decisions in several knowledge areas [8–13] and that making decisions is inherent to human
life. Decision support methods have been and will continue to be developed and improved
to support managers in company decision making. Numerous methods have been devel-
oped over the last 50 years, such as AHP, TOPSIS, VIKOR, PROMETHEE, and ANP. As
recorded by Basilio et al. [8], these five methods are the most used in several areas of knowl-
edge, the highlight being the AHP method. According to de Assis et al. [9], “the literature
reports the growth of new techniques and the integration with fuzzy sets and associations
to reduce the discretion of the decision-maker regarding weight elicitation” (p. 2). Thus,
decision-makers have at their disposal a myriad of methods such as MAUT, ELECTRE-MOr,
SMART, UTA, MACBETH, ELECTRE, NAIADE, ORESTE, REGIME, ARGUS, TACTIC,
EA FAHP, MELCHIOR, PAMSSEM, EVAMIX, QUALIFLEX, PCCA, MAPPAC, PRAGMA,
PAC-MAN, IDRA, G-COPRAS, DRSA, SPOTIS, SIMUS, COMET, DARIA-TOPSIS, MABAC,
MAIRCA, SF-AHP, WASPAS, TODIM, and SAPEVO-M [14–24].
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When a particular MCDM method is finally recommended for a specific application, it
is observed that its solution accuracy and ranking performance are seriously influenced by
the value of its control parameter, as stated by Kahraman et al. [25]. The general objective
of this research is to apply the hybrid method SWARA-MOORA-3NAG in analyzing
technical proposals of subsea intervention equipment for ordering suppliers according
to the engineering requirements defined in the initial stage of the projects of an oil and
gas company. The choice for this method is due to the report by Hermogens [26], which
states that the new proposal works, considering the original ordering of the MOORA
method. According to Hermogenes [26], the new approach simplified the process. The
SWARA-MOORA-3NAG also uses two more normalizations in its model; thus, in addition
to presenting the results considering a single ordination, without disregarding MOORA
and Tchebycheff’s ordination, the three normalizations applied to the model guarantee
more excellent safety in decision making. As a contribution, the method eliminates the
need to perform sensitivity analysis on the results, as reported by Hermogens [26]. The
engineering department of this company performs this technical analysis, and there is no
inclusion of the cost and delivery time criteria in the ordering, limiting the investigation to
the technical scope of the proposals received by the suppliers.

In order to achieve the general objective, the following specific objectives were defined:
(1) to identify the problems encountered in the analysis of the technical proposals of the
suppliers; (2) to propose a multicriteria decision analysis method to assist engineers in this
analysis; and (3) to apply the SWARA-MOORA-3NAG method and analyze the results
obtained with its implementation.

This article is structured as follows: Section 2 briefly describes the methods. Section 3
presents the description of the problem. Section 4 reports the main applications of multicri-
teria methods applied to the oil and gas sector. Section 5 describes the proposed solution
with the application of the SWARA-MOORA-3NAG method. The main discussions are
summarized in Section 6.

2. Literature Review

The bibliographic research carried out in the Scopus database was fundamental to the
literature review since the MCDA methods can assist in ordering suppliers in the technical
scope according to the established engineering requirements. The need to combine existing
MCDA methods with the particularities of each project is important to achieve success, as
performed by Janowska-Renkas et al. [27] in the combination of the methods EA FAHP
(extent analysis fuzzy analytic hierarchy process) and FuzzyTOPSIS (fuzzy technique
for order preference by similarity to an ideal solution) in the optimal selection of high-
performance concrete for monolithic beam structures of bridges.

Numerous MCDA methods have been developed in recent decades and are currently
applied in various domains, such as their use to prioritize the redesign of streets in Quebec
City, Canada [28]. The benefits of implementing these methods can also be found at the
national level in Pakistan, where its application in energy shortages to order renewable
sources of green hydrogen can help the country find the solutions for this problem [29].

Different sectoral investments in energy must be made in more suitable areas of
cities, and recent concepts such as smart cities are also using MCDA methods for selecting
locations for electric vehicle charging stations [30]. In addition, it was observed that for
energy-efficient home projects, a concept adopted by smart cities, there is an increase in
environmental impact in the construction and demolition phases, and MCDA methods
can order solutions so that this impact is as small as possible [31]. Complementing this
discussion, we can report on the work of Wang et al. [32], who used a combination of
DEA window analysis and the Malmquist index approach to assess the efficiency of the
cybersecurity industry.

MCDA methods can also be associated with product development projects, such
as prioritizing technical design and engineering requirements using the quality function
deployment (QFD) tool to ensure quality during product and service development to meet
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customer needs [33]. The QFD tool transforms these customer requirements into technical
requirements and evaluates the product parameters of the competitor’s product to meet
customer requirements by increasing their satisfaction [34]. One of the possibilities of
applying the QFD tool was proposed by Vongvit et al. [35], by using Fuzzy-QFD technique
to insert design changes in a 3-axis CNC (computerized numerical control) machine to
make it a 5-axis machine that meets customer requirements.

Among the options for using MCDA methods, we highlight the proposal of a model
for evaluating business projects for admission to an incubator, in which there is the possi-
bility of classification in order of selection priority through the combination of momentum
methods to build prospective scenarios and the AHP-TOPSIS-2N method to classify al-
ternatives [36]. In the case of startups, Simões et al. [37] use the combination of cognitive
mapping and the decision expert (DEX) technique to evaluate the growth potential of
startups, bringing together a panel of experienced entrepreneurs and business investors to
identify and articulate the criteria to be considered in the evaluation and classification of
these startups.

In several industries, MCDA has been widely applied, as we can report in sustain-
able supplier selection (SSS), where Dang et al. [38] integrated spherical fuzzy analytical
hierarchical process (SF-AHP) and grey complex proportional assessment (G-COPRAS) to
assess and choose a possible supplier based on their capability to adapt to the COVID-19
epidemic sustainably.

In the oil and gas industry, as presented by Barata et al. [39], MCDA methods can be
used to classify the degree of organizational sustainability of supplier companies, high-
lighting the advanced level of maturity of these companies in the context of sustainability.
Additionally, in this same industry, Miri Lavasani et al. [40] emphasize the importance of
using the AHP method to estimate the weights needed to group the sources of nonpar
proportional risks to identify acceptable risks in offshore wells. Among the various options
of existing MCDA methods, this research addresses the application of the hybrid method
SWARA-MOORA-3NAG in analyzing technical proposals for subsea intervention projects
in the oil and gas industry.

3. Methodology

The methodology applied to this research was elaborated to identify the problem,
present solutions to solve it, and finally, determine whether the proposed solution met the
research objective. Figure 1 shows the structure of the methodology used.

The first step is identifying the problem by observing the company’s current process
analyzed in this research. Through this observation, it was determined that the ordering
of suppliers performed by the engineering department, in the analysis of technical pro-
posals, presented criteria in which there were no weights to be associated with technical
requirements, and that they could impact the decision of the best supplier for the projects
of subsea intervention. This observation was confirmed in unstructured interviews with
three engineers responsible for these technical analyses, who emphasized the need to apply
improvements in this analysis. This interview was conducted on 8 November 2022, with the
question, “What is your assessment of the methodology of analysis of technical proposals
sent by suppliers used by the company currently?” Although they agree that the current
methodology helps identify the requirements requested, these engineers commented that
different weights should be inserted in the criteria adopted due to the degree of importance
of each requirement.

Then, with the problem identified, it was necessary to conduct bibliographic research
that associated MCDA methods with product development. This bibliographical research
was carried out using the Scopus database in November 2022 with the search string
“requirements” and “design” and “multi-criteria decision analysis (MCDA)”, in which the
15 most recent articles were chosen, including the five most cited articles in this database.
The reading of these papers facilitated the literature review on the theme proposed by
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this research, to identify the applications of MCDA methods in the product development
processes in several industries.

The third stage was modeling the problem identified, to describe it in detail with
the help of tools such as rich picture and mind map. The fourth step was structuring the
solution by applying the hybrid method SWARA-MOORA-3NAG. Finally, the results were
analyzed in the last step so that the ordering proposed by the hybrid method chosen was
adjusted for the process of the analyzed company.
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4. Description of the Problem

Ordering suppliers in the public administration’s bidding processes or the quotation
stages in remote administration is fundamental for choosing products or services that meet
the customer’s expectations. However, in some processes, the criterion weight of the cost
and lead time sent by these suppliers is greater than other technical criteria. In this scenario,
the contracting company can opt for the lowest cost and shorter lead time without having
a detailed technical analysis that ensures the reliability of what is being offered. Generally,
the technical analysis is performed by a team with technical knowledge, who compares
the requirements requested in the technical specification with the technical proposal of the
supplier. The cost and lead time analysis depends on evaluating other teams, such as the
supply chain and projects.

In order to analyze this scenario in the company chosen for this research, it was
observed that the engineering department is responsible for elaborating a technical spec-
ification of the product to be developed with all the requirements of the project. This
technical specification is sent to the supply chain department, which directs it to the
suppliers to submit the commercial and technical proposals. While technical proposals
are analyzed by engineering, the commercial proposals are verified by supply chain and
project departments.

Based on the process of the company analyzed, it was found that the ordering of
suppliers indicated by the engineering team had a technical characteristic in which ful-
filling the requested requirements was fundamental to the project’s success. However,



Systems 2023, 11, 125 6 of 15

the proposed ordering was based on requirements that had the same weight, through a
document generated in Microsoft Excel, as shown in Table 1. Additionally, the definitions
of the requirements proposed in this research are based on the documentation already used
by the company analyzed, following systems engineering principles. The evaluation of
suppliers followed the requirements list included in the technical specification document
sent to the vendors.

Table 1. Technical analysis used by the company.

Number Criteria
Suppliers

A B C

1 Industrial Standards 100 90 80
2 Design Requirements 87 100 90
3 Functional Requirements 100 90 100
4 Manufacturing and Materials 80 100 100
5 Test 90 100 100
6 Marking, Storage, and Transportation 100 80 100
7 Documentation 100 90 80

Average In Accordance With Technical
Specification 94% 93% 93%

The score entered ranges from 0 to 100, according to the requirements requested
by engineering in the technical specification sent to the supplier. For example, if there
are 100 design requirements and the vendor has submitted a technical proposal with
87 requirements met, the score will be 87. In addition, the technical analysis of suppliers
consists of the structuring of seven requirements that must be checked in the technical
proposal received. The engineering department prepared the description of each condition
according to Table 2.

Table 2. Description of technical requirements.

Criteria Description

Industrial standards Identify whether the technical proposal sent by the supplier has references to the
standards requested in the project requirements.

Design

Check if the product design requirements are in accordance with the requirements
requested. These requirements are essential to ensure the compatibility of the
interfaces of the project equipment, such as meeting the mechanical and electrical
characteristics of the components.

Functional
Check if the functional requirements of the product are in accordance with the
requirements requested. These requirements are fundamental to meet the
operational parameters defined in the project.

Manufacturing and materials
Analyze whether the proposed manufacturing method meets the design
requirements and whether the materials are in accordance with the mechanical
properties defined by engineering.

Test Check if the acceptance criteria of the tests are in accordance with the project.

Marking, storage, and transportation Analyze the presence of the criteria for marking, storage, and packaging necessary
for transportation in the technical proposal.

Documentation Check if the documentation of projects such as design and manufacturing
databooks were submitted in the technical proposal.

If all the requirements proposed by the engineering team had the same weight, there
would be no need to use the MCDA methods since the analysis methodology proposed
by engineering would meet the ordering requirements. However, it was found that this
method was problematic because the non-inclusion of all project documentation by the
supplier, such as the design databook, could not have the same weight as meeting the
design requirements. It was observed that some suppliers chose not to provide the design
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databook due to some information that was considered as the intellectual property of
each supplier, and it differentiated them from its competitors. Therefore, the ordering
proposed by engineering could be improved so that there was the inclusion of weights
by requirements, and in this case, the MCDA methods become fundamental to assist the
engineering department in choosing the best technical proposal.

To assist in this stage of the identification of problems, two structuring tools were used:
rich picture and mind map. The rich picture was fundamental for the macro analysis of the
problem, in which the interruption of an oil well’s production allows the implementation
of several solutions for subsea intervention so that it returns to its maximum production,
as shown in Figure 2.
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Additionally, the mind map (e.g., Figure 3) was essential for the visualization of the
requirements that are fundamental to the engineering department in the analysis of the
technical proposal sent by suppliers, so that the best solution is chosen for the return to
production of the oil well.
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5. Proposal of the Solution
5.1. Theoretical Foundation for the SWARA-MOORA-3NAG Method

According to Keršuliene et al. [42], the SWARA (step-wise weight assessment ratio
analysis) method allows the inclusion of the expert’s opinion about the significant propor-
tion of the attributes in the rational decision determination process. Regarding the MOORA
(multiobjective optimization based on ratio analysis) method, the multiple objective op-
timization, which refers to a matrix of alternative responses to objectives, is essential for
the alternatives to be classified according to the index obtained [43]. In addition to the
SWARA and MOORA methods, Hermogenes et al. [44] add two normalizations to the
existing normalization, and also present an overall absolute ordering represented by the
3NAG identification in the method.

Keršuliene et al. [42] define that the SWARA method begins with defining and ordering
the criteria. The decision-maker determines the most relevant criterion according to their
perception, then compares it with the other criteria by ranking priorities. The reported
values in these views are called SJ . Equation (1) presents the step in which it is necessary to
calculate the coefficient KJ from the value SJ .

KJ = SJ + 1 (1)

For example, if the most important criterion is the functional requirement and the
second most important is manufacturing requirement and materials, which is 5% less
important than the functional requirement, this means that SJ of the functional requirement
will be zero and the SJ of manufacturing and materials requirements will be 0.05. Therefore,
KJ of the functional requirement will be 1, and the KJ of manufacturing and materials
requirements will be 1.05. Then, in Equation (2), xj−1 are the attribute weight, and the
weights are recalculated, in which KJ will be equal to 1 for the first criterion, and for the
other criteria, it is necessary to divide the result WJ of the previous criterion by KJ of the
criterion that is being analyzed.

WJ =
xj−1

KJ
(2)

Finally, the final weight is calculated according to Equation (3).

qj =
WJ

∑ WJ
(3)

The MOORA method proposed by Brauers and Zavadskas [43] is also known as the
matrix of responses of the different alternatives for different objectives, where xij is the
response of alternative j to objective i, i = 1, 2, 3 . . . , n and j = 1, 2, 3 . . . , m. Equation (4)
represents the dimensionless number of the normalized response NXij in the interval
between zero and one, in which the alternative is better when closer to zero.

NXij =
Xij√

∑m
j=1 xij2

(4)

The answers are added in maximization and subtracted in minimization according to
Equation (5).

NYj =
i=g

∑
i=1

NXij −
i=n

∑
i=g+1

NXij (5)

where i = 1, 2, 3 . . . , g corresponds to the objectives of maximization and i = g + 1,
g + 2, . . . , n to the objectives of minimization. All the values of criteria are added to each
j alternative, and, in the end, the total subtraction of these criteria for each alternative is
performed. After performing these steps for all alternatives, you can order them to define
the best options. Equation (6), proposed by Brauers and Zavadskas [43], measures the
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distance ∝ between the alternatives and the reference point by the metric Tchebycheff
Min-Max, where ri = the ith coordinate from the reference point of the maximum objective.

∝= min(j)
{

max(i)
∣∣∣r− NXij

∣∣∣} (6)

After applying the SWARA, MOORA, and metric Tchebycheff Min-Max methods,
Hermogenes et al. [44] propose subtracting the distances from the alternatives to verify
the absolute ordering as a result of the first normalization from the MOORA method,
according to Equation (7). This equation belongs to the 3NAG method, in which it adds
two normalizations to the normalization performed by the MOORA method, as well as
including three orders to propose the overall absolute ordering.

OAN1 = Aijm − Aijm−max (7)

where OAN1 is the cardinal value of each alternative in absolute ordering in the first
normalization, Aijm is the cardinal value of the alternative observed in the MOORA method,
and Aijm−max is the metric Tchebycheff Min-Max calculation of the cardinal value of the
alternative. After this first absolute ordering, Hermogenes et al. [44] recommend applying
the method a second time. However, in the second normalization stage, N2

ij, which is the
ratio of the element by the sum of the elements, should be used, as per Equation (8).

N2
ij =

aij

∑ aij
(8)

After normalization with this new equation, it is necessary to apply the method to the
end, when new absolute orderings will be checked according to Equation (9), where OAN2
is the cardinal value of each alternative in absolute ordering in the second normalization.

OAN2 = Aijm − Aijm−max (9)

Next, it is necessary to apply the methods for the third and final time, using the same
values of the decision matrix, in which the equation of the third normalization stage, N3

ij,
is the ratio of the element by the maximum value observed in the analyzed criterion, as
presented in Equation (10).

N3
ij =

aij

maxaij

(10)

After normalization with Equation (10), it is necessary to apply the method to the end
to find the new absolute ordering as indicated in Equation (11), where OAN3 is the cardinal
value of each alternative in absolute ordering in the third normalization.

OAN3 = Aijm − Aijm−max (11)

Finally, Hermogenes et al. [44] emphasize that during the analysis of the results of
absolute orderings generated from each normalization, it is necessary to add the values
observed for each alternative, as presented in Equation (12).

OAG =
j=m

∑
j=1

OANn (12)

where OAG represents the value of the overall absolute ordering of each alternative, in
which j = 1 and j = m indicate that the sum begins in the first alternative and extends
to the last analyzed alternative. Additionally, OANn indicates the absolute orderings
analyzed in the previous steps, represented by the sum of OAN1, OAN2, and OAN3 for
each alternative analyzed. Hermogenes et al. [44] mention that although the method uses
three normalization processes, the simplicity in its execution still remains because only the
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normalization equations must be changed in each cycle to obtain a more robust result that
helps the decision-maker.

5.2. Practical Application

In order to apply the SWARA-MOORA-3NAG method, the SM-3NAG software pro-
posed by Hermogenes et al. [44] was used to sort the suppliers. Initially, the alternatives
were inserted in the software as suppliers A, B, and C. Then, the criteria were included
in order of preference, with the classification of monotonic cost or profit. The monotonic
cost criterion (C) defines that the higher the value, the worse it will be for the alternative.
In contrast, the monotonic criterion of profit (P) means that the higher the value, the bet-
ter it will be for the alternative. Table 3 presents the information in the software for the
monotonic criteria of cost and profit.

Table 3. Definition of criteria.

Criteria

Order of Preference Description Monotonic of Cost (C) or
Profit (P)

1st Functional requirements P

2nd Design requirements P

3rd Manufacturing and materials P

4th Test P

5th Industrial standards P

6th Marking, storage, and
transportation P

7th Documentation P

After defining the alternatives and criteria, the weights of each criterion were inserted
into the software according to Table 4.

Table 4. Evaluation of criteria weights.

Criteria Weight Assessment

Functional requirements Reference criterion

Design requirements 0% worse than functional requirements, so they
have the same weight

Manufacturing and materials 5% worse than design requirements

Test 10% worse than manufacturing and materials

Industrial standards 30% worse than the test

Marking, storage, and transportation 50% worse than industrial standards

Documentation 70% worse than marking, storage, and
transportation

The choice of criteria weights was based on the importance of each requirement in the
proposal submitted by the suppliers. The functional and design requirements are important
to ensure that the product proposed by the supplier meets the project’s requirements.
Despite its relevance, the definition of the manufacture method and raw material used has
a lower weight than the functional requirements and design because the suppliers can offer
different materials or change the manufacturing process but still meet the product’s design
and functional characteristics. The tests are mandatory for product delivery. However, the
suppliers do not always detail these tests at this design stage because the technical details
will still be discussed in the project’s progress.
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Additionally, the industrial standards have mandatory or recommended requirements,
so suppliers would not need to include the recommended requirements by the standard in
their proposal. Generally, the functional and design requirements defined by the engineer-
ing team already follow the mandatory requirements of the applied industrial standard.
Despite its importance, the criterion of marking, storage, and transport was also not con-
sidered as critical as the other criteria mentioned. Finally, some suppliers choose not to
submit all the design and manufacturing documentation of the project because it contains
intellectual property that differs from competitors, so it obtained the lowest weight among
the chosen criteria.

6. Discussion of the Results and Final Considerations

After the definition of the weights, the data in Table 1 were included in the software
so that the ordering and normalization of the SWARA-MOORA-3NAG method could be
performed. After the software was run, the criteria weights were obtained according to
Table 5.

Table 5. The final weight of criteria.

Criterion Final Weight SWARA

Functional requirements 0.1927

Design requirements 0.1927

Manufacturing and materials 0.1835

Test 0.1668

Industrial standards 0.1283

Marking, storage, and transportation 0.0856

Documentation 0.0503

Table 6 shows the absolute orderings in each normalization and the overall abso-
lute ordering, indicating that supplier C presented the best technical proposal to the
engineering department.

Table 6. Absolute ordering.

Suppliers
Absolute

Normalization
Sorting 1

Absolute
Normalization

Sorting 2

Absolute
Normalization

Sorting 3

Overall
Absolute
Ordering

C 0.5668 0.3282 0.9193 1.8143

B 0.5628 0.3259 0.9098 1.7985

A 0.5469 0.3167 0.8849 1.7485

Note that the normalizations of the three absolute orderings did not change the overall
absolute ordering, keeping vendor C as the first option, vendor B as the second, and vendor
A as the last option. Comparing Table 3 with Table 1 presented in Section 4 of this paper,
it is observed that prior to implementing the hybrid method, the ordering made by the
engineering department would choose supplier A as the best option, since the criterion
used had the same weight for all the requirements evaluated in the technical proposal.
Therefore, the application of the hybrid method SWARA-MOORA-3NAG made it possible
to insert the weights of the criteria to be ordered so that the decision-maker can use this
information to differentiate supplier C from supplier B since, according to Table 1, suppliers
B and C had the same score in the analysis previously made by the engineering department.

This research applied the concepts of the hybrid method SWARA-MOORA-3NAG in
the analysis of technical proposals of subsea intervention equipment to meet the following
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specific objectives: (1) to identify the problems encountered in the analysis of the technical
proposals of suppliers; (2) to propose a multicriteria decision analysis method to assist
engineers in this analysis; and (3) to apply the SWARA-MOORA-3NAG method and
analyze the results obtained with its implementation.

The identification of the problem showed that the analysis of technical proposals
carried out by the engineering department of the analyzed company required improve-
ments in the choice of the most technically suitable supplier according to the requirements
requested. In addition, the proposition of the multicriteria decision analysis method
SWARA-MOORA-3NAG, as well as the theoretical basis applied to this method, allowed
a new analysis methodology to be carried out by the engineers. Finally, applying the
SWARA-MOORA-3NAG method presented a new absolute ordering different from the
previous ordering process used by the engineering department.

Additionally, the relationship between humans and A.I. (artificial intelligence), as MCDA
methods, should exist in a social system in which humans will always actively participate in
some decision-making loops that will influence the operations of A.I. [45]. Then, carefully
questioning and evaluating whether A.I. deployment is beneficial from a team perspective
is important when applying the MCDA methods in the current process [46–52]. Even if
the SWARA-MOORA-3NAG aids in the decision making of the best supplier to attend the
technical requirements, the definition of the weight for each requirement depends on the
human factor with proper technical knowledge.

The contributions of this research to the organizational scope of the company can be
verified in the analysis processes carried out after the insertion of SWARA-MOORA-3NAG,
emphasizing the importance of defining the weights of the criteria to engineers to assist in
decision making. In relation to the academic field, this research contributed to the approach
of a new hybrid method of MCDA in the oil and gas industry, presenting results that can be
analyzed by several researchers for new applications. Compared to other MCDA methods,
SWARA-MOORA-3NAG contributes to eliminating the possibility of doubts because of the
proposal to run three normalizations, bringing more confidence to decision-makers in the
scope proposed in this research.

It is important to highlight that this study is limited to a process of the engineering
department of the company analyzed, and the cost and delivery time criteria were not
inserted as criteria of the hybrid method applied, because they were not part of the scope
of technical analysis performed by the engineering department. Finally, the researcher
interested in applying this methodology can evaluate scenarios in other departments, such
as the project or supply chain, to apply SWARA-MOORA-3NAG with the inclusion of
the cost and delivery time criteria and evaluate whether it will affect the overall absolute
ordering presented in this article.
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COPRAS Complex proportional assessment
CRITIC Criteria importance through intercriteria correlation
DARIA-
TOPSIS

Data variability assessment technique for order of preference

by similarity to ideal solution
DEX Decision expert
DRSA Dominance-based rough set approach
EA FAHP Extent analysis fuzzy analytic hierarchy process
ELECTRE Élimination et choix traduisant la realité (French)
ELECTRE-
MOr

Élimination et choice traduisant la realité-multicriteria sorting method

with ordinal weight input and multiple decision maker
FuzzyTOPSIS Fuzzy technique for order preference by similarity to an ideal solution
G-COPRAS Grey complex proportional assessment
MACBETH Measuring attractiveness by a categorical-based evaluation technique
MABAC Multi-attributive border approximation area comparison
MAIRCA Multi-attributive ideal-real comparative analysis
MCDA Multicriteria decision analysis
MCDM Multicriteria decision making
MODM Multiobjective decision making
MOORA Multiobjective optimization by ratio analysis
MULTIMOORA MOORA plus the full multiplicative form
NAIADE Novel approach to imprecise assessment and decision environment
PCCA Pairwise criterion comparison approach
PROMETHEE Preference ranking organization method for enrichment of evaluation
QFD Quality function deployment
SAPEVO-M Simple aggregation of preferences expressed by ordinal vectors

group decision making
SF-AHP Spherical fuzzy analytical hierarchical process
SIMUS Sequential interactive modelling for urban systems
SPOTIS Stable preference ordering towards ideal solution
SWARA Step-wise weight assessment ratio analysis
WASPAS Weighted aggregated sum product assessment
WPM Weighted product model
WSM Weighted sum model
TODIM Tomada de decisão interativa multicritério (Portuguese)
TOPSIS Technique for order of preference by similarity to ideal solution
VIKOR Visekriterijumska optimizacija i kompromisno resenje (Serbian)
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