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Abstract
The main idea of this study is the development of a quadripartitioned neutrosophic relations(properties)-based on decision-
making method to recommend the most influential factor that affects energy prices in Colombia during pandemic. For
supporting the results, we take some particular cities which are located in Colombia where prices of energy have been
affecting before, during and after Covid-19 pandemic. The result provides evidence on the feasibility of the proposed method
in recommending the influential factors that affect energy prices.
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Introduction and Preliminaries

The notion of soft set theory which was introduced by
Molodtsov (1999) has offered plenty of tools for dealing
with uncertain, fuzzy, not clearly defined objects. Zhang
(1994) presented the idea of bipolar fuzzy sets in which he
proposed a new branch to study cognitive modelling and
multi-agent decision analysis. Besides, bipolar fuzziness
was studied as well as interval-based bipolar fuzzy logic was
defined which generalizes a real-valued bipolar fuzzy logic
by allowing interval-based linguistic variables. Shabir and
Naz (2013) defined the notion of bipolarity of information
in the soft sets. They defined bipolar soft sets and their
basic operations of union, intersection and complementation
for bipolar soft sets were studied. Riaz and Hashmi
(2019) prevailed the concepts of intuitionistic fuzzy sets,
Pythagorean fuzzy sets and q-rung orthopair fuzzy sets
and these had numerous applications in several fields
from real life. Unfortunately, these theories have their
own limitations associated to the membership and non-
membership grades. To eradicate these restrictions, they
introduced the concept of linear Diophantine fuzzy set with
the addition of reference parameters. This idea removed
the restrictions of existing methodologies and the decision
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maker can freely choose the grades without any limitations.
Ramot et al. (2002) introduced a new innovative concept
which was called complex fuzzy set. This approach is
absolutely different from other researchers, where Ramot et
al. extended the range of membership function to unit disc
in the complex plane, unlike the others who limited to [0, 1].
Hence, Ramot et al. added an additional term called the
phase term to solve the enigma in translating some complex-
valued functions on physical terms to human language and
vice versa. After this, AL-Husban et al. (2020) presented a
brief overview of the bipolar complex fuzzy sets which is an
extension of bipolar fuzzy set theory. These new operations
defined over the bipolar complex fuzzy sets some properties
of these operations.

Inspired by these notions, the notion of neutrosophic
sets which were introduced by Smarandache (1998) have
given successful mathematical tools in solving uncertain
and imprecise problems. These sets have further extended to
complex neutrosophic sets by Ali and Smarandache (2015)
where amplitude terms and phase terms were introduced.
In 1995, starting from philosophy (when Smarandache fret-
ted to distinguish between absolute truth and relative truth
or between absolute falsehood and relative falsehood in
logics, and respectively between absolute membership and
relative membership or absolute non-membership and rel-
ative non-membership in set theory), he began to use the
non-standard analysis. Also, inspired from the sport games
(winning, defeating, or tie scores), from votes (pro, con-
tra, null/black votes), from positive/negative/zero numbers,
from yes/no/NA, from decision-making and control theory
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(making a decision, not making, or hesitating), from
accepted/rejected/pending, etc. and guided by the fact that
the law of excluded middle did not work any longer in
the modern logics, he combined the non-standard analysis
with a tricomponent logic/set/probability theory and with
philosophy. From these notions, many neutrosophic stud-
ies have been done by many researchers in different fields
of real, applied and pure sciences. For instance, Grana-
dos and Dhital (2021a) studied a new type of convergence
in double sequences by using neutrosophic normed space;
Granados (2021), Granados (2020), and Granados and Dhi-
tal (2021b) used the notion of neutrosophic topological
space to define new idea of open set; Das et al. (2021)
proposed a new concept on neutrosophic algebra by apply-
ing pentapartitioned neutrosophic Q-ideals of Q-algebra,
Das et al. (2021) took the idea of quadripartitioned neu-
trosophic sets to introduced a new notion of topological
space which was called topology quadripartitioned topolog-
ical spaces, finally Granados (2021a) and Granados (2021b)
used the notions of neutrosophic measure theory and neu-
trosophic probability theory to define new ideas on random
variables. Additionally, researchers have investigated other
notions such that neutrosophic queueing theory in Zeina
(2020a) and Zeina (2020b) this is one branch of neutro-
sophic stochastic modelling. Furthermore, researchers have
also studied neutrosophic time series prediction and mod-
elling in many cases like neutrosophic moving averages,
neutrosophic logarithmic models, and neutrosophic linear
models (Alhabib and Salama 2020a; 2020b; Cruzaty et al.
2020). The quadripartitioned neutrosophic set (when n=4)
is a particular case of the neutrosophic refined set (Smaran-
dache 2013). Smarandache extended the neutrosophic set to
refined [n-valued] neutrosophic set, and to refined neutro-
sophic logic, and to refined neutrosophic probability, i.e.,
the truth value T is refined/split into types of sub-truths such
as T1, T2,..., similarly indeterminacy I is refined/split into
types of sub-indeterminacies I1, I2,..., and the falsehood F

is refined/split into sub-falsehood F1, F2,.... For more ideas,
see Smarandache (2013).

The present paper is organized as follows. Next, we
briefly remain some basic definitions of neutrosophic
sets, quadripartitioned neutrosophic sets, quadripartitioned
single-valued neutrosophic sets, complex quadripartitioned
neutrosophic sets. In “Single-Valued Quadripartitioned
Neutrosophic Properties for Decision-making”, the compu-
tation procedures of quadripartitioned single-valued neutro-
sophic property for decision-making are presented. “Appli-
cation” presents the application and implementation of the
proposed method to factors that affect energy prices before,
during and after (2019–2021) Covid-19 in a city in Colom-
bia. Finally, the last section, some future research topics
are provided. The model presented in this article is a bet-
ter decision-making application than the decision-making

approach presented by Chaw et al. (2020), given that it
presents another degree of membership called contradiction
and in this way allows a better visualization of the unknown
in the study of these objects.

Next, we recall some well-known notions which were
introduced by Chatterjee et al. (2016) and they are useful for
the development of this paper.

Definition 1.1 (Chatterjee et al. 2016) Let X be a uni-
verse of discourse and x ∈ X, then a quadripartitioned set
G in X is characterized by truth membership function T ,
contradiction membership function C, ignorance member-
ship function I and falsity membership function F . The
T , C, I and F are real standards or non-standards subsets
of ]−0, 1+[, and T , C, I, F : X →]−0, 1+[. Hence, the
neutrosophic set can be represented by

G = {(x, TG(x), CG(x), IG(x), FG(x)) : x ∈ X}.

Remark 1.2 There is no restriction on the sum of T , C, I, F ,
therefore −0 ≤ TG(x) + CG(x) + IG(x) + FG(x) ≤ 4+.

Definition 1.3 (Chatterjee et al. 2016) The form of a
quadripartitioned single-valued neutrosophic set G over a
universe of discourse X is given by

G = {(x, TG(x), CG(x), IG(x), FG(x)) : x ∈ X},

where TG(x), CG(x), IG(x), FG(x) : X → [0, 1] with
−0 ≤ TG(x) + CG(x) + IG(x) + FG(x) ≤ 4+ for all x ∈
X. Quadripartitioned single-valued neutrosophic number is
denoted by G = (a, b, c, d), where a, b, c, d ∈ [0, 1] and
a + b + c + d ≤ 4.

Definition 1.4 (Ali and Smarandache 2015) A complex
neutrosophic set G, defined on a universe of discourse
X, which is characterized by a complex-valued truth
membership function TG(x) with a phase of periodicity,
contradiction membership function CG(x) with a phase
of periodicity, complex-valued ignorance membership
function IG(x) with a phase of periodicity, and a complex-
valued falsity membership function FG(x) with a phase
of periodicity in G for any x ∈ X. The values of
TG(x), CG(x), IG(x) and FG(x) and their sum may be all
within the unit circle in the complex plane and so is given as

TG(x) = pG(x)enμG(x)

CG(x) = sG(x)enαG(x)

IG(x) = qG(x)enνG(x)

FG(x) = rG(x)enωG(x),

where pG(x), sG(x), qG(x) and rG(x) ∈ [0, 1] are
amplitudes such that −0 ≤ pG(x) + sG(x) + qG(x) +
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rG(x) ≤ 4+. The complex quadripartitioned neutrosophic
set G can be expressed as follows

G = {(x, TG(x) = gT , CG(x) = gC, IG(x) = gI , FG(x)

= gF ) : x ∈ X},
where TG : X → {gT : gT ∈ G, |gT | ≤ 1}, CG :
X → {gC : gC ∈ G, |gC | ≤ 1}, IG : X → {gI : gI ∈
G, |gI | ≤ 1}, FG : X → {gF : gF ∈ G, |gF | ≤ 1} and
|TG(x) + CG(x) + IG(x) + FG(x)| ≤ 4.

Definition 1.5 (Ali and Smarandache 2015) Let G and H

be two complex quadripartitioned neutrosophic sets over the
universal sets X and Y , respectively. The Cartesian product
of G and H which is denoted by G × H , is given by

G × H = {〈(x, y), TG×H (x, y), CG×H (x, y), IG×H (x, y),

FG×H (x, y)〉 : (x, y) ∈ X × Y },
where TG×H (x, y) is a complex-valued truth membership
function, GG×H (x, y) is a complex-valued contradiction
membership function, IG×H (x, y) is a complex-valued
ignorance membership function and FG×H (x, y) is a
complex-valued falsity membership function;

TG×H (x, y) = min(pG(x), pH (y))ek min(μG(x),μH (y)),

CG×H (x, y) = min(sG(x), sH (y))ekmin(αG(x),αH (y)),

IG×H (x, y) = max(qG(x), qH (y))ek max(νG(x),νH (y)),

FG×H (x, y) = max(rG(x), rH (y))ekmax(ωG(x),ωH (y)).

(1.1)

Definition 1.6 (Ali and Smarandache 2015) Let G and
H be two complex quadripartitioned neutrosophic sets
over the universal sets X and Y , respectively. A complex
quadripartitioned relation (property) from G to H is a
complex quadripartitioned neutrosophic subset of G ×
H . Therefore, a complex quadripartitioned neutrosophic
relation (property) from G to H is represented by R(G, H),
where R(G, H) ⊂ G × H is indicated as the set of orders
sequence as follows

R(G, H) = {〈(x, y), TR(x, y), CR(x, y), IR(x, y),

FR(x, y)〉 : (x, y) ∈ X × Y },
where for all x ∈ X and y ∈ Y , TR(x, y) = pR(x, y)

ejμR(x,y), CR(x, y) = sR(x, y)ejαR(x,y), IR(x, y) =
qR(x, y)ejνR(x,y) and FR(x, y) = rR(x, y)ejωR(x,y). The
values of TR(x, y),

CR(x, y), IR(x, y) and FR(x, y) are within the unit cir-
cle in the complex plane. Besides, both the amplitude
terms pR(x, y), sR(x, y), qR(x, y), rR(x, y) and the peri-
odicity terms μR(x, y), αR(x, y), μR(x, y), ωR(x, y) are
real-valued such that pR(x, y), sR(x, y), qR(x, y), rR(x, y)

∈ [0, 1] and 0 ≤ pR(x, y) + sR(x, y) + qR(x, y) +
rR(x, y) ≤ 3.

Remark 1.7 The complex quadripartitioned neutrosophic
properties consider four memberships of neutrosophic sets
that reflect the relations between two quadripartitioned
complex neutrosophic sets. Memberships of T , C, I, F of
complex quadripartitioned neutrosophic sets are not only
considered as a unit circle in the complex plane but
also considered amplitude terms and periodicity terms in
a unit circle. These properties could be applied to the
MCDM problem that is germane with the characteristics
of complex numbers. In the following section, we propose
quadripartitioned single-valued neutrosophic properties that
are purposely applied to decision-making.

Single-Valued Quadripartitioned
Neutrosophic Properties for
Decision-making

For the purpose of solving the MCDM problem, a
computational procedure is proposed in this section. In
this procedure, a complex quadripartitioned neutrosophic
property is converted to a quadripartitioned single-valued
neutrosophic property. The steps are proposed as follows:

Let X be a set of criteria and Y be a set of alternatives.
Let G and H be the two quadripartitioned complex
neutrosophic sets over X and Y , respectively.

Steps:

(1) Identify input data in complex quadripartitioned neu-
trosophic sets in which G and H are over X and Y ,
respectively.

(2) Compute the complex quadripartitioned neutrosophic
properties, R(G, H) of G × H where × indicates
the Cartesian product of two complex quadripartitiones
neutrosophic sets.

(3) Convert the complex quadripartitioned neutrosophic
properties to quadripartitioned single-valued neutro-
sophic properties and calculate the membership values
by applying the weighted aggregation values and phase
terms. The conversion equations are given as

TR(x, y) = w1pR(x, y) + w2(1/2π)μR(x, y),

CR(x, y) = w1sR(x, y) + w2(1/2π)αR(x, y),

IR(x, y) = w1qR(x, y) + w2(1/2π)νR(x, y),

FR(x, y) = w1rR(x, y) + w2(1/2π)ωR(x, y), (2.1)

where TR(x, y) is a truth membership function, CR(x, y)

is a contradiction membership function, IR(x, y) is a
ignorance membership function and FR(x, y) is a fal-
sity membership function in quadripartitioned single-
valued neutrosophic property, R(G, H), respectively.
pR(x, y), sR(x, y), qR(x, y) and rR(x, y) are amplitude
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terms and μR(x, y), νR(x, y), ωR(x, y) and αR(x, y) are
the phase terms in the quadripartitioned single-valued neu-
trosophic property R′(G, H). w1 and w2 are the weighted
aggregation values for amplitude terms and periodicity
terms, respectively, wherew1+w2 = 1 andw1, w2 ∈ [0, 1].
(4) Construct the quadripartitioned single-valued neutro-

sophic properties matrix for x ∈ X and y ∈ Y as
follows:

R(x, y) =

⎡
⎢⎢⎢⎢⎢⎣

y1 y2 · · · yn

x1 (x1, y1) (x1, y2) · · · (x1, yn)

x2 (x2, y1) (x2, y2) · · · (x2, yn)
...

...
...

. . .
...

xn (xn, y1) (xn, y2) · · · (xn, yn)

⎤
⎥⎥⎥⎥⎥⎦

where the rows represent the independent variables and
the columns represent the dependent variables.

(5) Construct the normalized quadripartitioned single-
valued neutrosophic property matrix b using the
following equation:

T + C + I − F .

Now, the normalized quadripartitioned single-valued
neutrosophic properties matrix, R∗ is obtained.

(6) Find the scores, Si by taking the sum for each of the
row, xi of R∗.

(7) Determine the highest score, max Si . The highest score
indicates the most influential criteria.

The above computational procedures are then imple-
mented in the following section in a case of energy prices
before, during and after Covid-19 pandemic (2019–2021) in
a city in Colombia.

Application

The energy demand in Colombia and in the world is
increasing, as there is a large population and industrial
growth, requiring energy consumption and bringing with
it economic, social and environmental problems. Before
the covid-19 pandemic, energy consumption in Colombian
homes was not so high, in the quarantine the demand
for it increased since everyone was in their homes due
to confinement presented by the ONS and president of
Colombia, it is from here that energy consumption and its
price was affected by different factors. For more studies
related to energy in Colombia and the world, we refer
the reader to Blanco et al. (2020), Giraldo et al. (2018),
Aikhuele et al. (2021), Sánchez-Zarco et al. (2019), and Ali
et al. (2020).

Implementation

In this sub-section, we present the computational procedures
used to obtain the most influential criteria that affect energy
prices before, during and after covid-19 (2019–2021) in a
city in Colombia. The implementation of the computational
procedures is given as follows.

First, we define the set of criteria ( fluctuations in energy
prices before, during and after covid-19) (see 3.1) and set of
alternatives (Others sort of energies) (see 3.2).

(3.1)

(3.2)

Step 1: Identify the input data given in complex quadri-
partitioned neutrosophic sets. X is the set of factors or
criteria that contributed to fluctuations in energy prices
before, during and after covid-19 and Y is the set of alterna-
tives that measure energy prices in other cities in Colombia.
Now, consider G and H are two complex quadriparti-
tioned neutrosophic sets with four complex-valued mem-
bership functions, such as complex-valued truth member-
ship function, complex-valued contradiction membership
function, complex-valued ignorance membership function
and complex-valued falsity membership function. The four
membership functions represent “strong influence”, “weak
influence”, “average influence” and “minimal influence”,
respectively. In this property, the periodicity of input data is
36 months. The terms truth amplitude, contradiction ampli-
tude, ignorance amplitude and false amplitude measure the
membership degree of the impact of the criteria to alter-
native, respectively. The terms truth periodicity, ignorance
periodicity, contradiction periodicity and false periodicity
denote the phases in which the factors influence the energy
prices’ alternatives. Periodicity is the period where it can
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determine the factors strongly influencing the alternatives
or has average influence on the alternatives or the time in
which the factors have minimal influence on alternatives.
Since the periodicity terms in R(G, H) represent periods
and R(G, H) represents the property between the factors
affecting energy prices before, during and after covid-19 in
a city in Colombia and the alternatives within the time frame
of 36 months, then, in each complex quadripartitioned neu-
trosophic value, the range of each of the truth, contradiction,
ignorance and false phase terms should be between 0 and
1. It is defined that complex quadripartitioned neutrosophic
numbers with respect to factors for G and H are defined as
follows:

G =
{
0.8em2π(23/36), 0.3em2π(8/36), 0.4em2π(6/36), 0.3em2π(17/36)

a
,

0.4em2π(3/36), 0.1em2π(12/36), 0.9em2π(15/36), 0.7em2π(7/36)

b
,

0.1em2π(16/36), 0.5em2π(11/36), 0.4em2π(3/36), 0.1em2π(5/36)

c
,

1.0em2π(32/36), 0.6em2π(3/36), 0.7em2π(7/36), 0.3em2π(15/36)

d
,

0.6em2π(30/36), 0.2em2π(22/36), 0.8em2π(25/36), 1.0em2π(22/36)

e
,

0.1em2π(35/36), 0.5em2π(15/36), 0.2em2π(1/36), 0.1em2π(27/36)

f

}

and

H =
{
0.1em2π(13/36), 0.4em2π(18/36), 0.3em2π(16/36), 0.8em2π(7/36)

g
,

0.2em2π(13/36), 0.4em2π(2/36), 0.7em2π(25/36), 0.3em2π(17/36)

h
,

0.4em2π(26/36), 0.7em2π(21/36), 0.7em2π(30/36), 0.4em2π(15/36)

i
,

0.7em2π(3/36), 0.4em2π(35/36), 0.1em2π(17/36), 0.4em2π(5/36)

j
,

0.3em2π(33/36), 0.5em2π(2/36), 0.8em2π(24/36), 0.8em2π(26/36)

k
,

0.4em2π(25/36), 0.1em2π(25/36), 0.7em2π(17/36), 0.4em2π(17/36)

l

}
.

The complex quadripartitioned neutrosophic value for x1
is 0.8em2π(23/36),

0.3em2π(8/36), 0.4em2π(6/36), 0.3em2π(17/36) and for
y1 is 0.1em2π(13/36), 0.4em2π(18/36), 0.3em2π(16/36),

0.8em2π(7/36). For the truth membership value between x1
and y1, the minimal amplitude terms and periodicity terms
are degree 0.1 and 13 months, respectively. For the contra-
diction membership value, the minimal amplitude term and
periodicity terms are degree 0.3 and 8 months. The maxi-
mal amplitude terms and periodicity terms in the ignorance
membership value are degree 0.4 and 16 months. The max-
imal amplitude terms and periodicity terms in the falsity

membership value are degree 0.8 and 17 months. There-
fore, the properties between x1 and y1 are constructed. The
other complex quadripartitioned neutrosophic properties
are constructed similarly by applying (1.1).

Step 2: Compute the complex quadripartitioned neu-
trosophic properties, R(G, H) of G × H . The properties
R(G, H) are employed to investigate the affecting energy
price alternatives. The property R is the Cartesian product
of sets X and Y , and it is given by

R(G,H) =
{
0.1em2π(13/36), 0.3em2π(8/36), 0.3em2π(16/36), 0.3em2π(17/36)

(a, g)
,

0.2em2π(13/36), 0.3em2π(2/36), 0.7em2π(25/36), em2π(17/36)

(a, h)
,

0.4em2π(26/36), 0.3em2π(21/36), 0.4em2π(30/36), 0.3em2π(17/36)

(a, i)
,

0.7em2π(23/36), 0.3em2π(35/36), 0.1em2π(17/36), 0.3em2π(17/36)

(a, j)
,

0.3em2π(23/36), 0.3em2π(2/36), 0.8em2π(24/36), 0.8em2π(26/36)

(a, k)
,

0.4em2π(23/36), 0.1em2π(8/36), 0.7em2π(17/36), 0.4em2π(17/36)

(a, l)
,

0.1em2π(3/36), 0.1em2π(12/36), 0.9em2π(16/36), 0.8em2π(7/36)

(b, g)
,

0.2em2π(3/36), 0.1em2π(2/36), 0.9em2π(25/36), 0.7em2π(17/36)

(b, h)
,

0.4em2π(3/36), 0.1em2π(12/36), 0.9em2π(30/36), 0.7em2π(15/36)

(b, i)
,

0.4em2π(3/36), 0.1em2π(12/36), 0.9em2π(17/36), 0.7em2π(7/36)

(b, j)
,

0.3em2π(3/36), 0.1em2π(2/36), 0.9em2π(24/36), 0.8em2π(26/36)

(b, k)
,

0.4em2π(3/36), 0.1em2π(12/36), 0.9em2π(17/36), 0.7em2π(17/36)

(b, l)
,

0.1em2π(13/36), 0.4em2π(11/36), 0.4em2π(16/36), 0.8em2π(7/36)

(c, g)
,

0.1em2π(13/36), 0.4em2π(2/36), 0.7em2π(25/36), 0.3em2π(17/36)

(c, h)
,

0.1em2π(16/36), 0.5em2π(11/36), 0.7em2π(30/36), 0.4em2π(15/36)

(c, i)
,

0.1em2π(3/36), 0.4em2π(11/36), 0.4em2π(17/36), 0.4em2π(5/36)

(c, j)
,

0.1em2π(16/36), 0.5em2π(2/36), 0.8em2π(24/36), 0.8em2π(26/36)

(c, k)
,

0.1em2π(16/36), 0.1em2π(11/36), 0.7em2π(17/36), 0.4em2π(17/36)

(c, l)
,

0.1em2π(13/36), 0.4em2π(3/36), 0.7em2π(16/36), 0.8em2π(15/36)

(d, g)
,

0.2em2π(13/36), 0.4em2π(2/36), 0.7em2π(25/36), 0.3em2π(17/36)

(d, h)
,

0.4em2π(26/36), 0.6em2π(3/36), 0.7em2π(30/36), 0.4em2π(15/36)

(d, i)
,

0.7em2π(3/36), 0.4em2π(3/36), 0.7em2π(17/36), 0.4em2π(15/36)

(d, j)
,
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0.3em2π(32/36), 0.5em2π(2/36), 0.8em2π(24/36), 0.8em2π(26/36)

(d, k)
,

0.4em2π(25/36), 0.1em2π(3/36), 0.7em2π(17/36), 0.4em2π(17/36)

(d, l)
,

0.1em2π(13/36), 0.2em2π(18/36), 0.8em2π(25/36), 1.0em2π(22/36)

(e, g)
,

0.2em2π(13/36), 0.2em2π(2/36), 0.8em2π(25/36), 1.0em2π(22/36)

(e, h)
,

0.4em2π(26/36), 0.2em2π(21/36), 0.8em2π(30/36), 1.0em2π(22/36)

(e, i)
,

0.6em2π(3/36), 0.2em2π(22/36), 0.8em2π(25/36), 1.0em2π(22/36)

(e, j)
,

0.3em2π(30/36), 0.2em2π(2/36), 0.8em2π(25/36), 1.0em2π(26/36)

(e, k)
,

0.4em2π(25/36), 0.1em2π(22/36), 0.8em2π(25/36), 1.0em2π(22/36)

(e, l)
,

0.1em2π(13/36), 0.4em2π(15/36), 0.3em2π(16/36), 0.8em2π(27/36)

(f, g)
,

0.1em2π(13/36), 0.4em2π(2/36), 0.7em2π(25/36), 0.3em2π(27/36)

(f, h)
,

0.1em2π(/36), 0.7em2π(21/36), 0.7em2π(30/36), 0.4em2π(27/36)

(f, i)
,

0.1em2π(/36), 0.4em2π(15/36), 0.2em2π(17/36), 0.4em2π(27/36)

(f, j)
,

0.1em2π(/36), 0.5em2π(15/36), 0.8em2π(24/36), 0.8em2π(26/36)

(f, k)
,

0.1em2π(/36), 0.1em2π(15/36), 0.7em2π(17/36), 0.4em2π(27/36)

(f, l)
}.

This means the complex quadripartitioned neutrosophic
value which is given by

0.1em2π(13/36), 0.3em2π(8/36), 0.3em2π(16/36), 0.3em2π(17/36)

(a, g)
,

it can be interpreted that the energy supply does not
strongly influences the hydroelectric alternative energy
before, during and after Covid-19. The complex-valued
truth membership function 0.1em2π(13/36) represents that
there is a low influence with degree 0.1 and this influence
span of 13 months is considered a middle-point time
of influence, complex-valued contradiction membership
function 0.3em2π(8/36) represents that there is a low
affectation in using of this energy with degree 0.3 and this
influence span of 8 months is considered a very short time
of influence, the complex-valued ignorance membership
function 0.3em2π(16/36) indicates that it is unable to
determine if there is an influence of the supply on the
hydroelectric or not with a degree of 0.3, and this influence
is not evident for 16 months. For the complex-valued
falsity membership function, 0.3em2π(17/36) indicates the

low influence with degree 0.3 and the influence period is 17
months.

Step 3: Convert the complex quadripartitioned neutro-
sophic properties to quadripartitioned single-valued neutro-
sophic properties. To estimate the objective weights of each
criterion: wi = Ci∑m

i=1 Ci
. After some calculations, consider

that the weighted aggregation value for amplitude term is
w1 = 0.8 and for periodicity terms is w2 = 0.2, then con-
vert the complex quadripartitioned neutrosophic property
R(G, H) to quadripartitioned single-valued neutrosophic
properties R′(G, H) using (2.1). Then, by the complex
quadripartitioned neutrosophic value

0.1em2π(13/36), 0.3em2π(8/36), 0.3em2π(16/36), 0.3em2π(17/36)

(a, g)
,

we have

TR(a, g) = w1pR(x, y) + w2(1/2π)μR(x, y)

= 0.8(0.1) + (0.2)(1/2π)(2π)(13/36)

= 0.152

CR(a, g) = w1sR(x, y) + w2(1/2π)αR(x, y)

= (0.8)(0.3) + (0.2)(1/2π)(2π)(8/36)

= 0.284

IR(a, g) = w1qR(x, y) + w2(1/2π)νR(x, y)

= (0.8)(0.3) + (0.2)(1/2π)(2π)(16/36)

= 0.328

FR(a, g) = w1rR(x, y) + w2(1/2π)ωR(x, y)

= (0.8)(0.3) + (0.2)(1/2π)(2π)(17/36)

= 0.334

Step 4: Construct the quadripartitioned single-valued
neutrosophic properties matrix for x ∈ X and y ∈ Y .
The quadripartitioned single-valued neutrosophic properties
matrix is obtained by converting all the membership values
of complex quadripartitioned neutrosophic properties using
a weighted equation. So,

(TR(a, g), CR(a, g), IR(a, g), FR(a, g))

= (0.152, 0.284, 0.328, 0.334).

Step 5: Construct the normalized quadripartitioned
single-valued neutrosophic property matrix. The quadripar-
titioned single-valued neutrosophic property matrix is as
follows,



Process Integration and Optimization for Sustainability

R(x, y) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

g h i j k l

a (0.15, 0.28, 0.32, 0.33) (0.35, 0.28, 0.45, 0.17) (· · · ) (· · · ) (· · · ) (0.26, 0.38, 0.10, 0.15)
b (0.25, 0.18, 0.32, 0.24) (0.1, 0.01, 0.13, 0.22) (· · · ) (· · · ) (· · · ) (0.13, 0.25, 0.42, 0.18)
c (0.10, 0.28, 0.42, 0.14) (0.15, 0.38, 0.03, 0.02) (· · · ) (· · · ) (· · · ) (0.11, 0.15, 0.22, 0.14)
d (0.05, 0.1, 0.2, 0.2) (0.25, 0.26, 0.32, 0.34) (· · · ) (· · · ) (· · · ) (0.14, 0.32, 0.23, 0.13)
e (0.2, 0.22, 0.16, 0.04) (0.17, 0.27, 0.44, 0.29) (· · · ) (· · · ) (· · · ) (0.02, 0.28, 0.12, 0.24)
f (0.15, 0.23, 0.06, 0.44) (0.19, 0.22, 0.43, 0.16) (· · · ) (· · · ) (· · · ) (0.36, 0.21, 0.25, 0.41)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

and normalized quadripartitioned single-valued neutro-
sophic property matrix is given by

(3.3)

Step 6: Find the scores, Si by taking the sum for each of
the row xi of R∗, we have

(3.4)

Step 7: Determine the highest score, max Si . It can be
seen that the highest score, is 2.63 which is corresponding
to supply. Hence, the “Supply” is the most influential factor
that affects the prices of energy in a city in Colombia before,
during and after Covid-19. Besides, in (3.4), we can see
that another factor that affects the prices of energy in a city
in Colombia before, during and after Covid-19 is “Country
economic rate”, which means that “Supply” and “Country
economic rate” are the most influential factors which affect
the prices of energy in Colombia during pandemic of Covid-
19.

Remark 3.1 To understand in a simple way the use
of decision-making by using neutrosophic sets, true
membership function can be understood as the people who
energy prices did not get affected, but those people who
energy prices were affected for any factor, can be considered
as false membership function. Nonetheless, there was
an indeterminacy which was divided into ignorance and
contradiction. Contradiction can be used for prices which
were reported as Colombian’s energy control and the prices

which were received by some customer. Ignorance can be
employed as the discount that some people had to receive,
but did not know that they had this discount, and they ended
up paying high prices.

Next, we present comparison of our proposed model with
some present models.

Type of Neutrosophic
Set

Uncertainty Falsity Indeterminancy Indeterminancy
is Bifurcated

NS (Smarandache
1998)

� � � x

NFS (Das et al.
2020)

� � � x

INS (Bhowmik and
Pal 2009)

� � � x

NSS (Kumar 2013) � � � x

SVNS (Smarandache
1998)

� � � x

QSVNS (proposed) � � � �

Notations:

• NS: Neutrosophic Set
• NFS: Neutrosophic Fuzzy Set
• INS: Intuitionistic Neutrosophic Set
• NSS: Neutrosophic Soft Set
• SVNS: Single-Valued Neutrosophic Set
• QSVNS: Quadripartitioned Single-Valued Neutro-

sophic Set

Remark 3.2 As you can see, the advantage of this method
is that indeterminacy can be bifurcated and restricted to
some membership function depending of the problem. For
instance, indeterminacy could be divided into unknown and
contradiction, or another sort of indeterminacy that the
problem comes up with.

Conclusion

This study provides several significant contributions to
the fundamental knowledge of relations (properties) in
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neutrosophic sets theory and also its application. In this
paper, we considered a case where prices of energy were
affected by covid-19 before, during and after this happened.
The quadripartitioned single-valued neutrosophic property
which was proposed in this study deals with several
opportunities to be explored in future research. The
proposed property could be applied to plenty of fields
of study in solving real-world issues such as pattern
recognition, big data, and stochastic process. For future
studies, we propose to extend this method to n-refined single
valued and to compare that new method with the method
defined in this paper. Also, this method can be improved and
applied in new real situations.
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