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Abstract. Nowadays, the economic crisis affecting the countries makes more important the selection process of investment
projects. Such is the case of Ecuador where the Multi-annual Public Investment Plan 2017-2021 establishes indicative amounts
of public investment that are projected to be executed annually to achieve each of the nine strategic objectives of the National
Development Plan that pay tribute to the Sustainable Development Goals of the UN. This plan has certain weaknesses that may
not allow an effective and efficient choice at the same time. Which entails a scenario of uncertainty for the Ecuadorian investment
process. So we dare to say that a classic selection of investment projects is not suitable. Therefore, there is a need for a decision-
making support tool that allows the most effective and optimal selection of the projects of greater importance and scope based
on multiple, specifically defined criteria. Thus, the main objective of this research is to develop a selection process for investment
projects based on multicriteria decision methods in a plithogenic environment. If an adequate method is determined for the
selection of an investment project in an environment of uncertainty based on Plithogeny, it will be possible to provide an effective
tool that optimizes the decision-making process. For this, the plithogenic versions of the AHP and TOPSIS methods will be
adopted.
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1 Introduction

Decision-makers often face problems of choosing alternatives with complicated, intangible, and conflicting
criteria. To choose the best alternative, they generally rely on multicriteria decision-making methods where
priorities of contradictory tangible and intangible criteria are managed based on experts to define and assess
potential courses of action. Decision-making consists of the choice by one or more individuals of the best
alternative among a set of possible solutions. A traditional approach suggests the existence of a certain group of
restrictions generated by resource limitations, where the value of the decision variables that satisfy these
restrictions constitutes what is called the feasible or achievable set that may or may not be finite [1].

Usually, to determine the best alternative, a criterion function is defined that adequately reflects the preferences
or desires of each of the decision-makers which requires a process [2]. The first step is dedicated to the search for
specific technical information and the second step to the preferential judgments of the group of decision-makers.
Which is usually optimized by mathematical techniques [1]. This process acquires great connotation on the subject
of investments, where resources are used to achieve benefits or profits, which constitutes its main objective for the
formation of fixed social capital, technical capital, and technical staff [3].

It is well known that to invest people must have financial, material, and human resources, so the decision to
execute them or not imposes a challenge of conscience [2]. Investments increase through interest, dividends, shares,
appreciation of assets (increase in value) when you have savings, the portion and duration of those savings must
be visualized, before deciding to invest and define where to use those resources [3]. Therefore, it is said that
carrying out investments implies the acceptance of risks that must be analyzed, hence the importance of using
strategic projection tools and techniques.[2]. So that they deal with the current situation in the market, social
inequality, environmental problems, and the global economic crisis that is on the rise, as well as the appearance of
Covid-19, has paralyzed the economy on the planet [2].
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There are several types of investment [3]:

1. In the financial or capital field

2. Inthe real estate, business, or production and project field.

3. Inthe field of personal education and, in projection, education for when people have sons and daughters

and provisions for retirement.

4. Ingoods that increase in value over time

However, regardless of the type of investment involved, it needs to be previously evaluated, since
implementing a project without this step could generate a significant loss of resources, which could even lead to
bankruptcy due to debt or financial inability to sustain it with own resources [4-6]. Therefore, the decision-making
process, in general, adopts the following flow of activities, where it can be seen that the investment idea is
materialized in an investment project.
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Figure 1. Concept map of the decision-making process for investment projects. Source: Own elaboration (CmapTools software output).

Investment projects are nothing more than documents that include everything related to the execution of the
investment idea. The details must be presented in a systemic, qualitative, and quantitative way that allows
evaluating investment feasibility from all dimensions. It includes all the elements that allow qualitative and
quantitative judging of the advantages and disadvantages of allocating resources to a specific initiative. From the
content capable of being exposed, the decision-making capacity is developed, and alternative scenarios are
designed to complement the decision-makers opinion when evaluating the investment. The correct design of this
document depends on the skills of the person who will execute it and the characteristics of the investment.

On the side of the person who prepares this investment project, it is said that he must have preparation in the
techniques of investment projects to collect, create, and systematically analyze a set of economic antecedents that
allow judging by experts or algorithms its feasibility for the start-up just as people must design projects with ethical
criteria so that the studies base their feasibility in practicealways considering the perspective from the project
design and evaluation process to develop decision-making capacity and design alternative scenarios. All this so
that the investment project resulting from their work can translate responsibility when assuming a project
development contract.

On the document side, it is said that this study should determine all the elements that make it possible to
evaluate exhaustively:

e  The market feasibility to place the product or service that would be developed in the project based on the

analysis of the sub-markets and the commercial strategy and the investments and expenses involved. A
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strategy in pessimistic environments, where the life cycle of a project is contemplated: idea, pre-
investment, investment, and a study of supply and demand (consumer, market, competition)

The capacity and location of the investment project, as well as the investments and related costs. The
financial viability of the project is based on projected financial statements with a financial-economic
study where its source of financing (modalities, types) is exposed. As well as costs and expenses: analysis
of the cost of capital, determination of the project income budget, expenditure budget, breakeven point.
Execute an organizational and legal study of the investment project and determine the corresponding
investments and expenses Basic engineering (Technical study, description of the project and its purposes,
Dimensioning and location, technological alternatives, Description of the production process,
Determination of the project equipment, and machinery), as well as its structure and schedule and impact.

b

Project Economic
i Engineering Aspects L
Elgt:gf'giiton Feasibility and
Process Impact

Market Analysis

Figure 2. Aspects for the development of investment projects.

According to those above, the idea of an investment project can lead to three possible scenarios after evaluation
through the selection process [4]:

Do the project: The economic, social, environmental, legal, and market feasibility is confirmed, that is,
the project is viable, profitable, so it is decided to do it within the planned deadlines.

Do not do it: Situations are observed where there is infeasibility for the project (it may be its non-
profitability, non-compliance with regulations, due to its negative impact on the environment, or the
reluctance of the community).

Postpone it: It is observed that the project meets the conditions to carry it out, however, it is not pertinent
to execute it within the planned period (it may be due to the economic, social, political environment,
among others). The project is good, but for contingency reasons, it is better to postpone it for a while until
the conditions are feasible for its development.

At present, the economic crisis that affects the countries makes even more important this process of selecting
the investment projects to be carried out. Mainly due to the need to allocate human, material, financial resources,
even time, in an feasible investment that provides a positive impact on society [2]. That is why the Republic of
Ecuador has implemented a Multi-annual Public Investment Plan 2017-2021, which is part of the National
Development Plan "A whole lifetime" for the medium term [7]. The 2017-2021 Multi-annual Public Investment
Plan establishes indicative amounts of public investment that are projected to be executed annually to achieve each
of the nine strategic objectives of the National Development Plan that contribute to the UN Sustainable
Development Goals [7, 8] and the criteria for prioritizing investment projects are established:

Poverty reduction

Closing territorial gaps

Employment generation

Generation of complementarity with private initiatives

Increase in systemic productivity that contributes to the strengthening of non-traditional exports

The intensity in national inputs: majority use of raw material of national production, without encouraging
increased imports

This plan has certain weaknesses since the Investment Plan does not include a list of projects, nor the costing
of individual projects, it only considers indicative estimates of investment amounts added by a strategic axis of the
National Development Plan. Similarly, it does not detail the localization of public investment nor does it include
product and/or results in indicators. Just as it does not include a list of projects in order of priority and/or
prioritization criteria. What does not allow an effective and efficient choice at the same time.
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A situation that, along with the current shortage where the resources of this plan must be consciously allocated
according to the economic crisis caused by the Covid-19 pandemic in the country, is a problem to analyze. This
turns into an unprecedented scenario for the Ecuadorian investment process, which provokes an environment of
uncertainty. As a result, it can be said that a classic selection of investment projects is not convenient, which
denotes the need to have a decision-making support tool to make the most effective and optimal selection of
projects of greater importance and scope based on multiple, specifically defined criteria. Thus, the following
problem is proposed:

Multi-criteria decision methods are used to assess decision alternatives in a context with different conflicting
objectives and an uncertain environment. The use of these methods allows both objective and subjective
knowledge, defined in terms of quantitative and qualitative variables, to be integrated into decision-making [1].
As a complement to these methods, neutrosophic logic is used in its plithogenic version that studies the origin,
nature, and scope of neutralities, environments of uncertainty, and their interactions. This part, Plithogeny,
advocates for the connections and unification of theories and ideas in varied fields of science [9]. Plithogeny is the
genesis or origin, creation, formation, development, and evolution of new entities from dynamics and mergers of
multiple contradictory and/or neutral and/or non-contradictory previous entities. Plithogeny advocates for the
connections and unification of theories and ideas in varied fields of science. The "Knowledge" is taken as “Entities”
in various fields, such as social sciences, technical sciences, theories of arts and letters[10-12].

Which is convenient according to the environment in which the problem is developed. Therefore, it leads to
establishing as the main objective of this research: the development of a selection process for investment projects
based on multicriteria decision methods in a plithogenic environment. The hypothesis supports this that if an
adequate method is determined for the selection of an investment project in an environment of uncertainty based
on Plithogeny, it will be possible to provide an effective tool that optimizes the decision-making process. To
achieve this objective, the following activities must be carried out:

1. Establish a case study for the selection of a multicriteria method for expert-based decision making

2. Create an algorithm merging the chosen multicriteria method with the plithogenic sets to guarantee the
effective choice of a selection project according to the 2017-2021 Multi-annual Public Investment Plan.

2. Case study
2.1 Decision-making process

Decision-making is the study of the identification and choice of alternatives based on the values and
preferences of the decision-maker. Making a decision implies that there are alternatives to consider and it is
convenient to choose the one that best suits the goals, objectives, desires, values , and all this in a short time
according to the characteristics of the decision-maker [1].

2.2 Multi-criteria decision methods

According to [2, 13] multicriteria methods are especially used to make decisions in the face of problems made
up of intangible aspects. These methods do not consider the possibility of finding an optimal solution to a problem,
but based on preferences and predefined objectives, the central problem of multicriteria methods consists of
selecting the best alternatives, accepting alternatives that seem “good” and reject those that seem "bad" and
generate a ranking of the alternatives (from the best to the "worst"). When the objective functions take an infinite
number of different values that lead to an infinite number of possible alternatives of the problem, it is called
Multiobjective Decision, while those problems in which the decision alternatives are finite are called Discrete
Multicriteria Decision problems [13]. Discrete Multicriteria Decision problems are the most common in reality
and are used to carry out an evaluation and decision regarding problems that, by nature, admit a finite number of
solution alternatives, and is going through [13]:

A stable, generally finite set of alternatives

A family of evaluation criteria that allow evaluating the alternatives

A decision matrix that summarizes the evaluation of each alternative

A methodology or model of aggregation of preferences in a global synthesis
A decision-making process

There is a great heterogeneity of the methods, so it is advisable to determine a priori before executing the
exercise, which of these are appropriate for the fulfillment of the main objective raised at the beginning of the
investigation. A bibliographic analysis is then applied through the UCINET software where the presence of these
methods in similar investigations was studied. The results are shown below [2, 13-29]:
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Figure 3. Bibliometric analysis on the multicriteria methods used for the selection and prioritization of investment projects.

As we can see, the Analytic Hierarchy Process (AHP) is the multicriteria decision method with the highest
level of presence within the bibliographic references analyzed. Being rated by [15] as a mixed and complex method,
which reaffirms the need for application in this case since the variables to be handled: selection criteria, are
subjective and qualitative. It is then decided to develop the project selection method based on the AHP. Which
taking into account the uncertain environment discussed will be executed in its plithogenic extension for the
convenience of the analysis provided by the latter.

3. Methods

After studying the case, it is convenient to define the methods used for this research.

Analysis and synthesis: to establish the case study and the elaboration of the conclusions.

Method of Abstraction: for the elaboration of the investigation procedure.

Hypothetical - Deductive: for the formulation of hypotheses.

Scientific Observation Method: for the diagnosis of the problem and in the design of the investigation.
Interviews and questionnaires: to obtain information for the execution of specific objectives.
Document review

Brainstorming

Bibliometric analysis: for the analysis of the consulted bibliography.

3.1 Basic notions of Neutrosophy and Plithogeny

[12, 30-46] Let U be a universe of discourse, and P a non-empty set of elements, P < U. Let A be a non-
empty set of uni-dimensional attributes A = {aq, a5, ...,a,}, m > 1, and « € A is a given attribute whose
spectrum of all the possible values (or states) is the non-empty set S, where S can be a set of finite discrete, S =
{s1,52, .51}, 1 <1< oo, or infinitely numerable set S = {s;,s,,...,Sx}, Or an infinitely uncountable set
(continuous), S =]a,b[, a < b, where ] ... is any open, semi-open, or a closed interval set of real numbers or
another set.

Let V be a non-empty subset of S, where V is the range of all attribute values needed by experts for the
application. Each element x € P is characterized by the values of all attributes inV = {vy,v,,...,v,}, forn > 1.

In the set of attribute values, V in general, there is a dominant attribute value determined by experts in its
application. Calling an attribute value dominant means that it is the most important attribute value that experts are
interested in.

Each attribute value v € V has a corresponding degree of membership d(x, v) of the element x, to the set P,
concerning some given criteria.

The degree of membership can be a fuzzy degree of membership, a fuzzy intuitionist degree of membership,
or a neutrosophic degree of membership to the plithogenic set.

Therefore, the membership degree function of the attribute value is:

Vx € P,d: P XV = P(]0,1]%), (1)

Such that d(x, v) is a subset of [0, 1]%, where P ([0, 1]%) is the power set of [0, 1]%, where z = 1 (fuzzy degree
of membership), z = 2 (intuitionistic fuzzy degree of membership), or z = 3 (neutrosophic degree of membership).

Let [V] = 1 be the cardinality. Letc: V x V — [0, 1] be the attribute value contradiction degree function
between any two attribute values v, and v,, denoted by c(v,, v,), and satisfying the following axioms:

c(vy,v4) = 0, the degree of contradiction between the same attribute values is zero;
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c(vq,vy) = c(vy,vy), cOmmutativity.

We can define a fuzzy attribute value contradiction degree function (c as before, we denote by cg to distinguish
it from the following two), an intuitionistic fuzzy attribute value contradiction degree function (cjp: VXV —»
[0,1]%), or more generally, a neutrosophic attribute value contradiction degree function (cy : VXV - [0,1]3),
the latter one can be used to increase the complexity of the calculation, but also to increase the accuracy.

The degree of contradiction between the values of the one-dimensional attributes is mainly calculated. For
multidimensional attribute values, we can divide them into their corresponding one-dimensional attribute values.

The attribute value contradiction degree function helps the plithogenic aggregation and plithogenic inclusion
(partial order) operators to obtain a more accurate result.

The attribute value contradiction degree function is designed in each field where a plithogenic set is used
according to the application to be solved. If ignored, the aggregations still work, but the result may lose precision.

So, (P,a,V,d, c) is called a plithogenic set

1. Where"P"isaset, "a" is an attribute (multi-dimensional in general), "V" is the range of values of the attribute,
"d" is the degree of appurtenance of the attribute value of each element x to the set P for some given criteria
(x € P), and "d" means "dg" or "d;z" or "dy", when it is a degree of fuzzy appurtenance, an intuitionistic
fuzzy appurtenance, or a degree of neutrosophic appurtenance, respectively, of an element x to the plithogenic
set P;

2. "c"means "cg" or "cig" or "cy"', when it is a fuzzy attribute value contradiction degree function, intuitionistic
fuzzy attribute value contradiction degree function, or neutrosophic attribute value contradiction degree
function, respectively.

Functions d(-,) and c(-,-) are defined according to the applications that experts need to solve.

Then, the following notation is used:

x(d(x,V)), where d(x,V) = {d(x,v),for everyv € V},Vx € P

The attribute value contradiction degree function is calculated between each attribute value concerning the
dominant attribute value (denoted by vp) in particular, and for other attribute values as well.

The attribute value contradiction degree function c evaluated between the values of two attributes is used in
the definition of plithogenic aggregation operators (intersection (AND), union (OR), implication (=), equivalence
(&), inclusion (partial order), and other plithogenic aggregation operators that combine two or more degrees of
attribute values based on a t-norm and a t-conorm.

Most plithogenic aggregation operators are linear combinations of one fuzzy t-norm (denoted by Ag) with
one fuzzy t-conorm (denoted by V), but nonlinear combinations can also be constructed.

If the t-norm is applied over the dominant attribute value denoted by vy, and the contradiction between vy
and v, is c(vp, v,), then v, is applied over the attribute value as follows:

[1 - C(VD'VZ)] : tnorm(VD:VZ) + C(VD' Vz) ' tconorm(VD:VZ): (2)
Or, by using symbols:

[1 = c(vp,v2)] - (vp Ap V) + c(vp,V3) - (Vp VE V), 3)

Similarly, if the t-conorm is applied on the dominant attribute value denoted by v, and the contradiction
between vy and v, is c(vp, v,), then on the attribute value v, it is applied:

[1 - C(VD'VZ)] : tconorm(VD'VZ) + C(VD'VZ) : tnorm(VD'Vz): (4)
Or, by using symbols:
[1 —c(vp,v2)] - (vp VE V) + ¢(Vp,V2) - (Vp Af V2), (%)

The plithogenic neutrosophic intersection is defined as:

(ay,az,33) Ap (by, by, b3) = (31 Ar bl,% [(az Apb2) + (az Ve by)] a3 Vi b3)7 (6)
The plithogenic neutrosophic junction is defined as:

(ag,az,a3) Vp (by, by, bg) = (31 \%: bp% [(az Apby) + (az Ve by)], a3 Ag b3)’ (7)

In other words, concerning what applies to membership, the opposite applies to non-membership, while in
indeterminacy the average between them applies.
Plithogenic neutrosophic inclusion is defined as follows:
Since the degrees of contradiction is c(a;,a;) = c(az,a;) = c(by,by) = c(by,bs) = 0.5, it applies
a, = [1—c(a;,a;)]by 0ra, = (1 —0.5)b, ora, = 0.5b,, while c(a;,a3) = c(by,bs) = 1.
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Having a; < b, the opposite is fulfilled for a; > bs, hence (a;,a,,a3) <p (b4,b,,bs) if and only ifa; <
b,,a, = 0.5b,, and a5 = bs.
3.2 AHP and TOPSIS method in its plithogenic version

AHP: Hierarchical Analysis Process (AHP) [1, 2, 13, 14, 16, 18, 19, 21, 47-56]
a) Make a pairwise plithogenic comparison matrix as defined in equation 7 according to the linguistic terms.

- 1 £ A )]
A: H

an1 an2 1

Where the condition &; = ;" established for the investment operator is satisfied:

Language expression Plithogenic number
Low significance (0.10, 0.70, 0.80)
Equal importance (0.30, 0.40, 0.80)
Robust importance (0.50, 0.40, 0.60)
Very robust significance (0.70, 0.30, 0.10)
Absolute significance (0.90, 0.10, 0.10)

Table 1. Saaty scale translated to a plithogenic triangular scale

If more than one expert makes the evaluation, then w1, w2,..., wn are replaced by
Wy, Wo, -+, WaWq, Wy, -+, WhW1, W5, -+, Which are their corresponding weighted geometric mean values,
see Eqg. 1. and Eq. 2. The weights obtained are not necessarily expressed in normal form, therefore, we
have the option of calculating equivalent normalized weights or, such that wy, )/, w{ = 1or Y., w{ =
1.

a) For each line of the pairwise comparison matrix, determine a weighted sum based on the sum of the
product of each cell by the priority of each alternative or corresponding criterion. For each line, divide its
weighted sum by the priority of its corresponding alternative or criterion.

b) Determine the mean Kmax of the result of the previous stage

c) Calculate the consistency index (CI) for each alternative or criterion

cl = I{max -m (9)

m—
Where m is the number of alternatives
d) Determine the Random Index (RI)

Number of alternatives for Random Number of alternatives Random

decision n index for decision n index
3 0.58 7 1.32
4 0.9 8 1.41
5 1.12 10 1.49
6 1.24

Table 2. Random index for the calculation of the consistency coefficient

The TOPSIS method for plithogenic numbers consists of the following, assuming it is a set of alternatives
and it is a set of criteria, where the following steps will be carried out: A = {py, py, ..., PG = {B1, Bz, .., B}

Linguistic term SVNN
Very Important (MI) (0.9,0.1,0.1)
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b)

d)

€)

f)

Important (1) (0.75, 0.25, 0.20)
Media (M) (0.50,0.50,0.50)
Not Important (NI) (0.35, 0.75, 0.80)
Very Not Important (MNI) (0.10,0.90,0.90)

Table 3. Linguistic terms represent the evaluation of the criteria in the alternatives.

Construction of the plithogenic decision matrix
Each dij is calculated as the aggregation of the evaluations given by each expert using the weights of the
AHP Saaty of each criterion with the help of equations 7 and 8 and tables 1 and 2. In this way, a matrix
D = (dij) is obtained ij, where each dij is: (i = 1,2, .., m; j = 1,2,..., n).(uf;, 15, vf;
Normalize the decision matrix
Suppose that the weight of each criterion is given by W = (w1, w2,..., wn), where wj denotes the relative
importance of the criterion wj. If it is the evaluation of criterion wj by the t-th expert. Then Equation 10
is used to add those with the weights. The construction of the normalized matrix will be as follows:wjt =
(a;, bjt’ C]F )W]t
fij
W/Z?ﬂfig‘
Where: wij is the normalized value for the qualification of alternative i against criterion j and fij is the
indicator of each alternative i against each indicator j.
Construction of the plithogenic decision matrix of the weighted average of unique values concerning the
criteria.
Determine the ideal positive and negative solutions.
s* = (x{,X3, ... Xjy) itimplies, s = (%Z}‘zl{(ai]- - aj")z + (by — b]-")2 + (12)
1
2)\z2
(Cij - C]+) })
1
_ - - — _ 1 N2 N2 \2)\2
s” = (X1,Xz, ...X]-+1) namely, s; = (ngn=1 {(ai]- —a ) + (bi]- — b; ) + (ci]- = ¢ ) Dz (13)
To calculate the Relative Proximity Index (Ri), it is done as follows. The proximity coefficient of each
alternative is calculated concerning the positive and negative ideal solutions.
Ri(Ak, A1) = 2 (14)
The alternatives are ordered from highest to lowest, under the condition that Ri is the optimal solution.—

For the conversion of plithogenic numbers into sharp, the following equation will be continued:

S([T,LF]) = # (15)

3.3 Algorithm developed for the selection of investment projects in a plithogenic
environment

Obijective: to offer an efficient choice of investment projects that pay tribute to the National Multi-
year Investment Plan by prioritizing them. This level of prioritization will be obtained through the
following processes:

Establishment of criteria and sub-criteria for project evaluation:

a) Selection of criteria: according to questionnaires, documentary review, and bibliometric analysis.

b) Apply the plithogenic AHP technique to determine the level of importance (weights) between
subcriteria (single)

c) Apply the plithogenic AHP technique to determine the level of importance (weights) between criteria
(single)

d) Multiply the matrices of each of the sub-criteria by one of the criterion to which it belongs to determine
an overall level of importance (weights).

Evaluation of investment projects: First, decision maker must declare the criteria and their respective weights
(results of the previous step), the alternatives (number of projects to be selected through the evaluation = and the
experts to participate. Then execute the plithogenic TOPSIS analysis and expose the ranking of the evaluated
projects to carry out selection.
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4 Application of the model

The criteria are the relevant dimensions that significantly affect the objectives and express those involved in
decision-making [13]. According to the bibliometric analysis performed [2, 13-23]. In section 2.2 of this document,
it was observed that there is a tendency to evaluate projects based on the following criteria and aspects:

Criteria

Sub-criteria

Socio-environmental

Economic-
Financial

Technicians

Market study

Obijective 3- Good health: Guarantee a healthy life and promote well-being for all of all
ages.

Obijective 6- Clean water and sanitation: Guarantee the availability of water and its
sustainable management and sanitation for all.

Goal 7- Affordable and sustainable energy: Guarantee access to affordable, safe,
sustainable, and modern energy for all.

Objective 12- Responsible consumption and production:
consumption and production patterns.

Goal 13- Climate Action: Adopt urgent measures to combat climate change and its
effects.

Impact on quality of life (poverty, health, employment, education, etc.)

The number of people who benefited

Economic-financial indicators (Net Social Value, Internal Rate of Return, Cost/Benefit,
Investment Payback Period, among others)

Budget

Financing sources

Equipment-Technology

Execution time

Necessary resources (human, material)

Location (micro and macro location)

Project Type

Position before the competition

Commercial benefits (prestige, brand consolidation, innovation)

Customer satisfaction

Guarantee sustainable

Table 4. Criteria and subcriteria for the selection of investment projects

According to the above, the degree of cardinality is calculated: 7x3x5x3 = 315
The AHP method will be applied for each of the criteria set forth. The result of the process is shown below:

Criteria Socio-environmental Economic-Financial Technicians Market study | Weights

Socio- Equal importance Absolute significance | Absolute significance Absolute 0.18
environmental significance

Economic- 1 Equal importance Very robust Very robust 0.19
Financial (0,90; 0,10; 0,10) significance significance

Technicians 1 1 Equal importance Absolute 0.15
(0,90; 0,10; 0,10) (0,70,0,30,0,10) significance

Market study 1 1 1 Equal 0.15
(0,90; 0,10; 0,10) (0,70,0,30,0,10) (0,90; 0,10; 0,10) importance

Table 5. Application of the AHP to the criteria

In the same way, the weights were calculated for each of the sub-criteria, the final results of the process are shown
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below:
Partner- WEIG Economic- WEIG Technicians WEIG Market WEIG
environment HT Financial HT HT study HT
al
Objective 3 0.10 Economic- 0.12 Equipment- 0.12 Position 0.16
financial Technology before the
indicators competition
Goal 6 0.15 Budget 0.19 Execution time 0.16 Business 0.17
benefits
Goal 7 0.15 Financing 0.19 Resources 0.14 Customer 0.18
sources satisfaction
Goal 12 0.15 Location 0.19
Quality of 0.21 Project Type 0.22
life impact
Goal 13 0.20
Benefited 0.21

Table 6. Results of the application of the AHP technique in the sub-criteria

To confirm the validity of the procedure in each of the binary comparisons, its consistency was analyzed,
obtaining the following values respectively: (0.07; 0.09; 0.08; 0.065; 0.059) <0.10, therefore it is accepted.

Then we proceed to the multiplication of matrices between the criteria and sub-criteria and then to the weighting
of them to obtain the global input weights to the TOPSIS technique that will be used for the evaluation and selection
of investment projects.

Not. Sub-criteria Weights

1 Objective 3- Good health: Guarantee a healthy life and promote well-being for all of | 0.036642444
all ages.

2 Objective 6- Clean water and sanitation: Guarantee water availability and its | 0.05411483
sustainable management and sanitation for all.

3 Goal 7- Affordable and sustainable energy: Guarantee access to affordable, safe, | 0.051868009
sustainable, and modern energy for all.

4 Objective 12- Responsible consumption and production: Guarantee sustainable | 0.053992697
consumption and production patterns.

5 Goal 13- Climate Action: Adopt urgent measures to combat climate change and its | 0.070404688
effects.

6 Impact on quality of life (poverty, health, employment, education, etc.) 0.072981582

7 Number of people benefited 0.075290383

8 Economic-financial indicators (Net Social Value, Internal Rate of Return, Cost / | 0.043197325
Benefit, Investment Payback Period, among others)

9 Budget 0.071653038

10 Financing sources 0.068875919

11 Equipment-Technology 0.035920985

12 Execution time 0.05050696

13 Necessary resources (human, material) 0.043482424

14 Location (micro and macro location) 0.057575976
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15 Project Type 0.06803746
16 Position before the competition 0.045358783
17 Commercial benefits (prestige, brand consolidation, innovation) 0.048425688
18 Customer satisfaction 0.051670808

Table 7. Result of the calculation of the overall weighted weights for each sub-criterion for the evaluation of the projects

To better illustrate the method, we proceed to take as an example four projects called A, B, C, and D. Then, to start
the application of the plithogenic TOPSIS, the variables are declared:

e Criteria: 18

e Alternatives: 4

e  Experts: 10

Weighted Weights Alternatives to evaluate
Criteria Project A Project B Project C Project D
Objective 3 | 0.036642444 | (0.10,0.90,0.90) (0,9;0,1;0,1) (0,75, 0,25, 0,20) | (0.50,0.50,0.50)
Objective 6 | 0.05411483 | (0,35; 0,75; 0,80) (0,9;0,1;0,1) (0.50,0.50,0.50) | (0.50,0.50,0.50)
Objective 7 | 0.051868009 | (0.10,0.90,0.90) | (0,75, 0,25, 0,20) | (0,75, 0,25, 0,20) | (0,75, 0,25, 0,20)
Objective 12 | 0.053992697 | (0,35; 0,75; 0,80) | (0,75, 0,25, 0,20) | (0.50,0.50,0.50) | (0,75, 0,25, 0,20)
Impacton | 0.070404688 | (0,35; 0,75; 0,80) (0,9;0,1;0,1) (0,75, 0,25, 0,20) | (0.50,0.50,0.50)
Quality of
Objective 13 | 0.072981582 | (0.10,0.90,0.90) | (0,75, 0,25, 0,20) | (0.50,0.50,0.50) | (0,75, 0,25, 0,20)
Benefitted | 0.075290383 | (0.10,0.90,0.90) (0,9; 0,1; 0,1) (0.50,0.50,0.50) | (0.50,0.50,0.50)
Economic- | 0.043197325| (0.10,0.90,0.90) | (0,75, 0,25, 0,20) | (0.50,0.50,0.50) | (0.10,0.90,0.90)
financial
indicators
Budget | 0.071653038 | (0.10,0.90,0.90) | (0,75, 0,25, 0,20) | (0.50,0.50,0.50) | (0.10,0.90,0.90)
Funding | 0.068875919 | (0.50,0.50,0.50) (0,9; 0,1; 0,1) (0.50,0.50,0.50) | (0.10,0.90,0.90)
sources
Equipment- | 0.035920985 | (0.50,0.50,0.50) | (0,75, 0,25, 0,20) | (0,75, 0,25, 0,20) | (0,75, 0,25, 0,20)
technology
Execution | 0.05050696 | (0.50,0.50,0.50) (0,9;0,1;0,1) (0,75, 0,25, 0,20) | (0,75, 0,25, 0,20)
Resources | 0.043482424 | (0,35; 0,75; 0,80) (0,9;0,1;0,2) (0.50,0.50,0.50) | (0.50,0.50,0.50)
Localization | 0.057575976 | (0.10,0.90,0.90) | (0,75, 0,25, 0,20) | (0.50,0.50,0.50) | (0.,9;0,1;0,1)
Type of 0.06803746 | (0,35; 0,75; 0,80) 0,9;0,1;0,1) (0.50,0.50,0.50) | (0.10,0.90,0.90)
project
Position in | 0.045358783 | (0,35; 0,75;0,80) | (0,9;0,1;0,1) (0.50,0.50,0.50) | (0.50,0.50,0.50)
front of
competence
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Business 0.048425688 | (0.10,0.90,0.90) (0,9;0,1;0,1) (0.50,0.50,0.50) | (0.50,0.50,0.50)
benefits
Client 0.051670808 | (0.10,0.90,0.90) (0,9;0,1;0,1) (0.50,0.50,0.50) | (0.50,0.50,0.50)
satisfaction
Table 8. Step 1. Experts’ assessment (median)

Weighted criteria SIP SIN
Objective 3 0.025576794 0.005683732
Objective 6 0.040591761 0.016236704
Objective 7 0.029606243 0.007791117
Objective 12 0.03312247 0.015689591
Impact on Quality of life 0.04766518 0.019066072
Objective 13 0.047603727 0.012527296
Benefitted 0.05831968 0.012959929
Economic-financial indicators 0.034460629 0.009068587
Budget 0.05716115 0.015042408
Funding sources 0.053351058 0.011855791
Equipment-Technology 0.019387525 0.012754951
Execution time 0.030541282 0.016967379
Resources 0.032616348 0.013046539
Localization 0.040007334 0.008890519
Type of project 0.055221561 0.012271458
Position in front or competence 0.034023813 0.013609525
Business benefits 0.037510376 0.008335639
Client satisfaction 0.040024036 0.00889423

Table 9. Steps 2-6 of the TOPSIS
TOPSIS Proj A Proj B Proj C Proj D

S+ 0.031446823 0 0.01853756 | 0.02132344

s- 0 0.03144682 | 0.0168575 | 0.01060924

Ri 0 1 0.47626692 | 0.33223761

Level of prioritization and 4 1 2 3

ranking of the projects selection

Conclusion

At present, the economic crisis affecting the countries makes the selection process of investment projects to
be carried out more critical. Such is the case of Ecuador, where the Multi-annual Public Investment Plan 2017-
2021 establishes indicative amounts of public investment that are projected to be executed annually to achieve
each of the nine strategic objectives of the National Development Plan that pay tribute to the Sustainable
Development Goals of the UN. However, this plan has certain weaknesses that may not allow an effective and
efficient choice at the same time. Which entails a scenario of uncertainty for the Ecuadorian investment process.
It can be said that the objective of this research was met by responding to the problem, developing a three-step
model for the selection of investment projects in a plithogenic environment using discrete multicriteria decision

methods. From its application we may conclude that:

1. In the case of comparison of criteria, for experts, it is more important to choose a project that shows
favorable economic-financial indicators and in turn, is compatible with the Socio-environmental
indicators that contribute to the implementation of the Sustainable Development Goals.

2. Inthe case of the separate analysis, it is evident that the experts consulted give greater importance to the
budget, financing sources, client satisfaction, location, type of project, impact on quality of life and the
number of people benefited.

3. During the TOPSIS, as an example, it was confirmed that, in a weighted way, the experts give greater
importance to the impact quality of life, the fulfillment of objective 13 of Sustainable Development
"Climate Action" which means adopting urgent measures to fight climate change and its effects, the
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number of people benefited and the budget.

References

[1] S.Bernal Romero and D. F. Nifio Sanabria, "Modelo multicriterio aplicado a la toma de decisiones representables en
diagramas de Ishikawa," Trabajo de grado presentado como requisito para obtener el titulo de Ingeniero Industrial,
Facultad de Ingenieria, Universidad Distrital Francisco José De Caldas, Bogota, Colombia, 2018.

[2] G. Norat Estrada, B. M. Gonzalez Nufiez, M. Valdés Pefia, M. Y. Leyva Vazquez, and O. Pérez Pefia, "Bases para el
disefio de un procedimiento para el control econémico de las inversiones con medios propios mediante AHP Saaty-
Topsis," presented at the 10ma Conferencia Cientifica Internacional Universidad de Holguin, Holguin, Cuba, 2021.

[3] Ficensa, ";Qué es la inversion y cudl es su importancia?,” in Banco Ficensa vol. 2021, Ficensa, Ed., ed. Honduras:
Banco Financiera Centroamericana, S.A., 2021.

[4] P. Orellana Nirian, "Proyecto de inversion," in Economipedia, Economipedia, Ed., ed, 2020.

[6] C.E. Herrera CucaitaandJ. R. Norefia Angel, "Implementacién de un médulo de gestion de proyectos para el sistema
AS/400," 2016.

[6] J.E.Ricardo, N. B. Hernandez, R. J. T. Vargas, A. V. T. Suntaxi, and F. N. O. Castro, "La perspectiva ambiental en
el desarrollo local," Dilemas contemporaneos: Educacion, Politica y Valores, 2017.

[71 CEPAL. (2021, 2021). Plan Plurianual de Inversién Pudblica 2017-2021 de Ecuador. Available:
https://observatorioplanificacion.cepal.org/es/planes/plan-plurianual-de-inversion-publica-2017-2021-de-ecuador

[8] Organizacion de las Naciones Unidas. (2021, 2021). Incorporando los ODS en los planes de estudio de educacion
superior. Available: https://www.un.org/

[9] F. Smarandache, An introduction to the Neutrosophic probability applied in quantum physics: Infinite Study, 2000.

[10] F. Smarandache, Physical plithogenic set. APS Annual Gaseous Electronics Meeting Abstracts, 2018.

[11] G. A. Gémez, J. V. Moya, and J. E. Ricardo, "Method to measure the formation of pedagogical skills through
neutrosophic numbers of unique value," Revista Asociacion Latinoamericana de Ciencias Neutrosoficas. ISSN 2574-
1101, vol. 11, pp. 41-48, 2020.

[12] G.A.Gomez, J. V. Moya, J. E. Ricardo, and C. B. V. Sanchez, "Evaluating Strategies of Continuing Education for
Academics Supported in the Pedagogical Model and Based on Plithogenic Sets," Neutrosophic Sets and Systems, vol.
37, pp. 16-23, 2020.

[13] V. S. Salas Villegas. (2011) Modelo de priorizacion de proyectos de inversion publica con enfoque multicriterio:
caso SEMAPA. PERSPECTIVAS. 63/90. Available: http://Awww.redalyc.org/articulo.0a?id=425941257004

[14] J. Aznar Bellver and F. Guijarro Martinez, Nuevos métodos de evaluacion: modelos multicriterios Valencia, Espafia:
Universitat Politécnica de Valéncia, 2012.

[15] Slide ToDoc. (2021). Metodologia Multicriterio para la Priorizacion y Evaluacion de Proyectos

[16] C. A. Yajure Ramirez. (2016) Comparacion de técnicas de ponderacion de criterios en metodologias de toma de
decisiones multicriterio aplicadas a la jerarquizacion de tecnologias renovables. Revista Tecnoldgica ESPOL — RTE.
17-27.

[17] A. Diaz Rodriguez and V. Ripoll Feliu, "Evaluacién de inversiones en Cuba," Harvard Deusto Business Research,
vol. VI, pp. 54-68, 2017.

[18] J. A. Gomez Romero, R. Soto Flores, and S. Gardufio Roman. (2019) Determinacién de las Ponderaciones de los
Criterios de Sustentabilidad HidroEléctrica Mediante la Combinacién de los Métodos AHP y GP Extendido.
Ingenieria.

[19] R. A. Martinez Aza. (2020) Anaélisis de viabilidad de implementacion de proyectos de energias renovables. Ciencia
Unisalle. Available: https://ciencia.lasalle.edu.co/ing_electrica/587

[20] S. I. Huilcapi and D. N. Gallegos. (2019) Importancia del diagndstico situacional de la empresa. Espacios. 11-23.
Available: https://www.revistaespacios.com

[21] P. Casaban Panells, "Aplicacion de la técnica de Proceso Analitico Jerdrquico (AHP) de andlisis de decision
multicriterio a la seleccidn de carteras de proyectos de una empresa del sector de las energias renovables.," Trabajo
de Fin de Grado en Ingenieria en Organizacion Industrial, Escuela Superior de Ingenieria Industrial Valencia,
Universidad Politécnica de Valencia, Escuela Superior de Ingenieria Industrial Valencia, 2020.

[22] A. Mas Basnuevo, L. Ramos Morales, F. Gonzalez Pérez, M. Piloto Farrucha, M. Sanchez Sanchez, and E. Orozco
Silva, "Decision multicriterio para la evaluacion y seleccion de proyectos de ciencia e innovacion,” 2014, vol. 25,
2014-03-12 2014.

[23] J. A. Arroyo Osorno and G. Torres Vargas. (2009) Una propuesta metodoldgica para la seleccion de proyectos de
construccion de caminos rurales. Publicacién Técnica.

[24] C.A.R.Medina, B. E. T. Ortiz, and M. E. V. Cérdova, "Anélisis del debido proceso en la clausura de los locales de

atencion al publico utilizando andlisis Pestel combinado con AHP de Saaty," Universidad y Sociedad, vol. 12, pp.
398-404, 2020.

Ariel Romero Fernandez, Gustavo Alvarez Gémez, Sary del Rocio Alvarez Hernandez, William Roberto Alvarez
Arboleda and Adonis Ricardo Rosales Garcia. Selection of Investment Projects in a Plithogenic Environment.


http://www.un.org/
http://www.redalyc.org/articulo.oa?id=425941257004
http://www.revistaespacios.com/

276 Neutrosophic Sets and Systems {Special Issue:Impact of neutrosophic scientific publication in Latin American

context}, Vol. 44, 2021

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]
[38]
[39]
[40]
[41]

[42]

[43]
[44]

[45]

[46]

M. A. Q. Martinez, D. T. L. Rugel, C. J. E. Alcivar, and M. Y. L. Vazquez, "A Framework for Selecting Classification
Models in the Intruder Detection System Using TOPSIS," in International Conference on Human Interaction and
Emerging Technologies, 2020, pp. 173-179.

S. X. S. Mufioz and M. A. Q. Martinez, "A Framework for Selecting Machine Learning Models Using TOPSIS," in
Advances in Artificial Intelligence, Software and Systems Engineering: Proceedings of the AHFE 2020 Virtual
Conferences on Software and Systems Engineering, and Artificial Intelligence and Social Computing, July 16-20,
2020, USA, 2020, p. 119.

J. M. Beltran Ayala, G. F. Acurio Hidalgo, and P. S. Alulema Zurita, "Método AHP de Saaty para determinar los
factores del quantum indemnizatorio por dafio inmaterial en materia penal en Ecuador,” Revista Universidad y
Sociedad, vol. 13, pp. 249-256, 2021.

A.P.Lopez, M. L. Vazquez, and J. R. H. Hernandez, "Pedestrian Traffic Planning with TOPSIS: Case Study Urdesa
Norte, Guayaquil, Ecuador," in International Conference on Human Interaction and Emerging Technologies, 2020,
pp. 69-76.

B. M. G. Nufiez, O. P. Pefia, and M. Y. L. Vazquez, "Seleccion de indicadores medioambientales mediante técnicas
de decision multicriterio neutrosoficas," Revista Asociacion Latinoamericana de Ciencias Neutrosoficas. ISSN 2574-
1101, pp. 56-64, 2021.

M. Abdel-Basset, M. El-hoseny, A. Gamala, and F. Smarandachec, "A novel model for evaluation Hospital medical
care systems based on plithogenic sets,” Artificial Intelligence In Medicine,, vol. 100, p. 101710, 2019.

M. Grida, R. Mohamed, and A. H. Zaid, "A Novel Plithogenic MCDM Framework for Evaluating the A Novel
Plithogenic MCDM Framework for Evaluating the Performance of 10T Based Supply Chain,” Neutrosophic Sets and
Systems,, vol. 33, pp. 323-341, 2020.

R. E. Atencio-Gonzalez, J. C. de-JesUs-Arrias-Afiez, J. E. Coronel-Piloso, and O. I. Ronquillo-Riera, "Prioritization
of the Social Approach of Employment Modeled by Plithogenic Sets," Neutrosophic Sets and Systems,, vol. 37, pp.
184-192, 2020.

G. Alvarez-Gémez, J. Viteri-Moya, J. Estupifian-Ricardo, and C. B. Viteri-Sanchez, "Evaluating Strategies of
Continuing Education for Academics Supported in the Pedagogical Model and Based on Plithogenic Sets,"
Neutrosophic Sets and Systems,, vol. 37, pp. 16-23, 2020.

S.Gomathy, D. Nagarajan, S. Broumi, and M. Lathamaheswari, "Plithogenic sets and their application in decision
making," Neutrosophic Sets and Systems,, vol. 38, pp. 453-469, 2020.

F. Smarandache, Plithogenic Set, an extension of crisp, fuzzy, intuitionistic fuzzy, and neutrosophic sets-revisited:
Infinite Study, 2018.

M. Abdel-Basset, R. Mohamed, A. E. N. H. Zaied, and F. Smarandache, "A Hybrid Plithogenic Decision-Making
Approach with Quality Function Deployment for Selecting Supply Chain Sustainability Metrics," Symmetry,, vol.
11, p. 903, 2019.

F. Smarandache, "Plithogenic Set, an Extension of Crisp, Fuzzy, Intuitionistic Fuzzy, and Neutrosophic Sets —
Revisited," Neutrosophic Sets and Systems,, vol. 21, pp. 153-166, 2018.

F. Smarandache, Plithogeny, Plithogenic Set, Logic, Probability, and Statistics. Brussels: Pons, 2017.

L. K. B. Villanueva, D. A. V. Intriago, L. K. A. Gdmez, and A. M. I. Moran, "Business Plan for Entrepreneurs, Actors
and Organizations of Social and Solidarity Economy based on Neutrosophic AHP-SWOT," Neutrosophic Sets and
Systems, vol. 37, p. 27, 2020.

S.D. A. Gémez, J. F. G. Garcia, and B. P. Guanolema, "Linking Neutrosophic AHP and Neutrosophic Social Choice
Theory for Group Decision Making," Neutrosophic Sets and Systems, vol. 37, pp. 389-398, 2020.

A.-B. Mohamed and M. Mohamed, "Multi-criteria group decision making based on neutrosophic analytic hierarchy
process: Suggested modifications,” Neutrosophic Sets and Systems, vol. 43, 2021.

C. P. Cisneros Zufiga, R. C. Jiménez Martinez, and L. R. Miranda Chévez, "Neutrosophic Analytic Hierarchy
Process for the Control of the Economic Resources Assigned as Alimony,," Neutrosophic Sets and Systems, vol. 37,
pp. 80-89, 2020.

L. A. Cortés, M. R. H. Ruiz, and M. P. M. Rodrigo, "Neutrosophic Multicriteria Method for Evaluating the Impact
of Informal Trade on the “Mariscal de Puyo” Market," Neutrosophic Sets and Systems, vol. 37, pp. 277-286, 2020.
F. Smarandache, "Plithogenic Probability & Statistics are generalizations of MultiVariate Probability & Statistics,"
Neutrosophic Sets and Systems, vol. 43, pp. 280-289, 2021.

R. E. Atencio Gonzélez, J. C. d. J. Arrias Afiez, J. E. Coronel Piloso, and O. I. Ronquillo Riera, "Prioritization of the
Social Approach of Employment Modeled by Plithogenic Sets " Neutrosophic Sets and Systems, vol. 37, pp. 184-
192, 2020.

G. D. J. Bastida Tello, R. Comas Rodriguez, and J. L. Garcia Delgado, "Selection of Non- Pharmacological
Treatments for mild Cognitive Impairmentin older Adults with Neutrosophic-AHP," Neutrosophic Sets and Systems,
vol. 37, pp. 132-140, 2020.

Ariel Romero Fernandez, Gustavo Alvarez Gémez, Sary del Rocio Alvarez Hernandez, William Roberto Alvarez
Arboleda and Adonis Ricardo Rosales Garcia. Selection of Investment Projects in a Plithogenic Environment.



Neutrosophic Sets and Systems {Special Issue:Impact of neutrosophic scientific publication in Latin American 277
context}, Vol. 44, 2021

[47]
(48]
[49]
[50]
[51]

[52]

[53]
[54]
[58]

[56]

M. Abdel-Basset, M. Mohamed, and F. Smarandache, "An extension of neutrosophic AHP-SWOT analysis for
strategic planning and decision-making," Symmetry, vol. 10, p. 116, 2018.

G. Ramirez, C. Ovando, and J. A. Lino Gamifio. (2019x) Modelo de gestion de servicios de cémputo en la nube para
las compafiias de consumo. Ciencias Humanas y Sociales.

A. Hatami Marbini and S. Saati, "An application of fuzzy TOPSIS method in a SWOT analysis,” Mathematical
Sciences, vol. 3, pp. 173-190, 2014.

N. Tabares Urrea, G. Ramirez Flores, and J. C. Osorio Goéez, "AHP Difuso y TOPSIS para la seleccion de un
proveedor 3PL considerando riesgo operacional,”" Revista EIA, vol. 17, pp. 1-17, 2020.

A. Mendoza, C. J. Solano Payares, D. Palencia, and D. Garcia, "Aplicacion del proceso d jerarquia analitica (AHP)
para la toma de decision con juicios expertos," Ingenieare, vol. 27 (3), pp. 348-360, 2019.

S. E. LApez Cuenca, "Andlisis de factibilidad y pertinencia del programa de Maestria en Administracion de Empresas
con mencion en Innovacion mediante el modelo AHP difuso," Universidad de las Fuerzas Armadas ESPE. Carrera
de Ingenieria Comercial., 2017.

A. Arquero, M. Alvarez, and E. Martinez, "Decision Management making by AHP (analytical hierarchy process)
trought GIS data," IEEE Latin America Transactions, vol. 7, pp. 101-106, 2009.

T. Abdessamad, "Master en Organizacion Industrial y Gestion de Empresas. Capitulo 4: El método AHP," Escuela
Técnica Superior de Ingenieros de Sevilla "Universidad de Sevilla™, 2020.

A. Maldonado and A. Realyvasquez, "Seleccion de fresadoras con TOPSIS usando ponderaciones de AHP,"
ResearchGate, 2011.

S. Contreras Rodriguez, "Importancia de los mapas conceptuales para la organizacién y representacion de los
contenidos en las Ciencias de la Informacion " Biblios, vol. 45, 2011.

Received: March 9, 2021. Accepted: May 6, 2021

Ariel Romero Fernandez, Gustavo Alvarez Gémez, Sary del Rocio Alvarez Hernandez, William Roberto Alvarez
Arboleda and Adonis Ricardo Rosales Garcia. Selection of Investment Projects in a Plithogenic Environment.



