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Abstract

Business sustainability has become a global imperative in response to the environmental, social, and economic chal-
lenges facing our world. In this context, the measurement and evaluation of business sustainability have become crucial
to guide the actions of organizations towards more responsible and sustainable practices. However, the lack of specific
measurement instruments for specific regional contexts may limit the ability of companies to evaluate and improve
their sustainability performance. In this paper, we present the design of a business sustainability measurement method
adapted to the context of Tarma, Peru. Tarma, a region located in the heart of the Peruvian Andes, is characterized by
its cultural, environmental, and economic diversity, making it a unique context to address business sustainability. This
article proposes a method for measuring business sustainability based on the Neutrosophic 2-tuple Linguistic Model,
which includes an aggregation operation based on a NeutroAlgebra generated by Combining Functions in Prospector.

Keywords: Sustainability Business; Neutrosophic 2-tuple Linguistic Model; Computing with Words; NeutroAlgebra,
NeutroGroup; Prospector; OffUninorm; Offset

1 Introduction

Tarma, known as the "Pearl of the Andes", is a picturesque and dynamic region that is home to a variety of indus-
tries, from agriculture to tourism. Agriculture is a predominant economic activity in the region, with crops such as
potatoes, corn, cereals, and fruits playing a crucial role in the food security and livelihood of the local population.
Furthermore, sustainable tourism has emerged as a growing industry in Tarma, taking advantage of its stunning
natural landscapes and rich cultural heritage.

Despite the importance of business sustainability in Tarma, the lack of measurement tools specific to the local
context has been a limitation for companies seeking to evaluate and improve their performance in this area. Adap-
tation of existing measurement methods often does not reflect the unique realities of Tarma, underscoring the need
to develop a business sustainability measurement method that is sensitive to local conditions and culturally relevant.

In this paper, we describe a method of measuring business sustainability in the context of Tarma, Peru. This process
involved a comprehensive review of existing literature on business sustainability, as well as consultations with
local experts and business owners to ensure the relevance and validity of the indicators included in the method.
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The method developed in this study has the potential to be a valuable tool for companies in Tarma, Peru, and other
similar regions, seeking to evaluate and improve their sustainability performance. By providing a tool adapted to
the local context, we hope to encourage more responsible business practices and contribute to the sustainable
development of the region. We designed the method to satisfy certain conditions. The simplicity of use is basic
because the tool will be used by entrepreneurs who are not specifically experts in mathematics. The other compo-
nent to consider is accuracy, we consider that this is achieved using neutrosophic tools since decision-making has
uncertainty and indeterminacy as components. If they are excluded, paradoxically, less accurate models will be
obtained. The third characteristic is that the results can be aggregated. That is why we select linguistic models to
be used by decision-makers. A very popular linguistic model is the 2-tuple Linguistic Model which is an example
of Computing with Words proposed by L. Zadeh [1-2]. In these models, accuracy is not lost in the aggregation of
the results, preserving the symbolism of the operations.

A Neutrosophic 2-tuple Linguistic Model is a generalization of this model, which includes three components, one
of truthfulness, another of indeterminacy, and a third one of falsity [3-5]. This allows greater accuracy in the model
results. It is also essential to have within the model a way to aggregate the results, for this we propose an algebra
generated by a Combining Function in Prospector [6-8]. NeutroAlgebras are algebraic structures defined by F.
Smarandache where the elements satisfy the axioms, properties, definitions, theorems, etc. only partially [9-14].

The Combining Function used in Prospector has historical importance in the use of expert systems, in this case,
applied to the mining field. It is also an example of uninorm, which generalizes the fuzzy t-norm and t-conorm to
both interval [0, 1] and interval [—1, 1] [15]. OffUninorms are uninorms defined in an interval [m,n] where
m,n € R [16]. This allows aggregation in the context of offsets, which are fuzzy, intuitionistic fuzzy, or neutro-
sophic sets defined outside of [0, 1] [17].

One of the properties of uninorms based on Prospector's Combining Function is that it allows the generation of
NeutroAlgebras, specifically NeutroGroups, and that it has found applications in various contexts, especially social
ones.

In summary, with this work, we propose to measure business sustainability in Tarma, Peru with elements of the
Neutrosophic 2-tuple Linguistic Model. These results are aggregated using a Cayley table of a NeutroAlgebra
where indeterminacy is included. The proposed method is friendly and easy to use by decision-makers since it is
based on natural language. It is sufficiently accurate because it incorporates uncertainty and indeterminacy. An
aggregation operation based on a NeutroGroup is also proposed [7-8, 17].

The article contains the following structure, a Preliminaries section summarizes the concepts of the Neutrosophic
2-tuple Linguistic Models and NeutroAlgebras. Section 3 explains the details of the proposed method, which is
illustrated with an example. In the last section, the conclusions of the article are given.

2 Preliminaries

This section contains the basics of the Neutrosophic 2-tuple Linguistic Model and NeutroAlgebras needed to un-
derstand this article.

2.1 Neutrosophic 2-tuple Linguistic Model

Definition 1. ([2-4]) Let S = {so, Sty e sg} be a set of linguistic terms and Be[0, g] a value that represents the
result of a symbolic operation, then the linguistic 2-tuple that expresses the information equivalent to f is ob-
tained using the following function:

A: [0,g] » Sx[-0.5,0.5)

AB) = (s; ) 1)

Where s; is such that i = round(B) and a = B — i, € [—0.5,0.5) and “round” is the usual rounding operator, s;
is the index label closest to  and a is the value of the symbolic translation.

It should be noted that A~1: (S) — [0, g] is defined as A™(s;, ) = i + a. Thus, a linguistic 2-tuple (S) is identified
with its numerical value in [0, g].

Suppose that S = {s, ...,sg} is a 2-Tuple Linguistic Set (2TLS) with odd cardinality g+1. It is defined as
(st,a),(s1,b), (sp,c) € Land a, b, ¢ €[0, g], where (st,a), (s;,b), (sg, ¢) € L independently expresses the de-
gree of truthfulness, indeterminacy, and falsehood by 2TLS. 2-Tuple Linguistic Neutrosophic Number (2TLNN)
is defined as follows:
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= {(sr; @), (51,0, s, ) @

Where 0 < A~ (sg,a) < g 0 < A7 (s;,b) < 8,0 < A7 (sp, ) < g and 0 < A~ (spa) + A7 (5,b) +
A‘l(sFi,c) <3g

The scoring and accuracy functions allow us to rank 2TLNN.

Let1, = {(st,,), (s1,,b), (sg,, ©)} be a 2TLNN in L, the scoring and accuracy functions in 1, are defined as fol-
lows, respectively:

3

S(ll)zA{ng_l(sTl'a)_A_1(511'b)_A_l(SFl'C)],A_l(S(ll)) € [0,g] ®)

2

H(h):A{Ml(ST1'3>‘A'1<SF1‘)], AT (H(,) € [0,g] @)

2.2 NeutroGroups generated by OffUninorms

The theory of NeutroAlgebras introduced by F. Smarandache generalizes the classical theory of Algebra and Par-
tial Algebras within the framework of Neutrosophy [9]. NeutroAlgebras continue to study algebraic structures
based on ordered pairs formed by a set of elements and an operation. The main difference between NeutroAlgebras
concerning the others is that they contain at least one NeutroAxiom, which is an axiom where there are two types
of elements, those that comply with the axiom and those that do not comply with it.

Continuing with the main idea of Neutrosophy, given an Algebra (axiom) <A>, there exists a triad (<A>, <NeutA>,
<AntiA>) where the algebra (axiom) <A> is 100% true or true for all elements, NeutroAlgebras (NeutroAxioms)
<NeutA> are also admitted that are satisfied only by a part of the elements, while AntiAlgebras (AntiAxioms)
<AntiA> are not satisfied by any of the elements of the set.

This new approach to one of the most classic branches of mathematics constitutes a challenge to the understanding
of these new ideas. Keep in mind that classical algebra is based on mathematical logic where only 100% true
axioms are admitted.

A uninorm is a mapping that generalizes the definitions of t-norm and t-conorm. Where there is a neutral element,
it is commutative, associative, and non-decreasing concerning each of the components. In [18] it is generalized to
the field of neutrosophy and in [16] it is generalized even more to the field of OffSets, which are sets defined
outside the interval [0, 1] or [—1, 1] and in general, are defined for intervals [m, n] where m,n € R, in particular
for [-n, n] where the neutral is e = 0.

By setting n > 0, a NeutroGroup can be defined from the Combining Function of Prospector, which is the function
used to aggregate elements of a well-known Expert System obtained to model mining problems. This NeutroGroup
contains the symbolic element | within its structure which means indeterminacy.

Specifically, we will use the NeutroGroup with the operation @ for the elements G =
{-5,-4,-3,-2,-1,0,1,2,3,4,5,1}. This operation is commutative, associative and the null element is 0. In
addition, the following properties derived from the properties of the generating OffUninorm are fulfilled, taking
only the truthfulness component:

® Ifx,y <O0thenx @5y < min(x,y),

Ifx,y > 0then x @5 y = max(x,y),

Ifx<O0andy > 0orifx>0andy < 0, we have min(x,y) < x ®s y < max(x,y).

Vx €G,x P 0 =x.

(-5 Bs5=5@s (-5 =1

In [7] is summarized in the following Cayley Table:
Table 1: Cayley table corresponding to @s. Source: [7].

Ds | -5 -4 -3 -2 -1 0 | 1 2 3 4 5
-5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 |
-4 -5 -5 -5 -5 -4 -4 -4 -4 -3 -2 0 5
-3 -5 -5 -4 -4 -4 -3 -3 -2 -1 0 2 5
-2 -5 -5 -4 -3 -3 -2 -2 -1 0 1 3 5
-1 -5 -4 -4 -3 -2 -1 -1 0 1 2 4 5
0 -5 -4 -3 -2 -1 0 | 1 2 3 4 5
| -5 -4 -3 -2 -1 I | | | | | |
1 -5 -4 -2 -1 0 1 | 2 3 4 4 5
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2 -5 -3 -1 0 1 2 | 3 3 4 5 5
3 -5 -2 0 1 2 3 | 4 4 4 5 5
4 -5 0 2 3 4 4 | 4 5 5 5 5
5 | 5 5 5 5 5 | 5 5 5 5 5

3 Proposed Measurement Method

To design a business sustainability measurement method specific to the context of Tarma, Peru, it is essential to
identify predictors that reflect the unique characteristics of the region and the particular concerns of local busi-
nesses. Here are the fundamental predictors that will be considered:

F1. Environmental impact: This predictor would evaluate the impact of business activities on the local environment,
such as waste management, consumption of natural resources (water, energy), and greenhouse gas emissions.
Given the mountainous environment and the importance of biodiversity in Tarma, the conservation of natural
resources and the reduction of the ecological footprint could be key aspects.

F2. Social responsibility: This predictor would focus on the company's actions to contribute to the social and
economic well-being of the local community. It could include measures such as local job creation, support for
community initiatives, promotion of gender equality, and respect for labor rights. Given the cultural diversity in
Tarma, sensitivity to local needs and values would be crucial.

F3. Economic profitability: Although business sustainability is not limited to economic considerations, financial
viability remains an important factor. This predictor would evaluate the ability of companies to maintain a balance
between economic profitability and sustainable practices. In the Tarma context, where agriculture is a key eco-
nomic activity, indicators related to resource use efficiency and income diversification could be relevant.

F4. Adaptation to climate change: Given the vulnerability of the Tarma region to the effects of climate change,
indicators related to the ability of companies to adapt and mitigate these impacts could be critical. This could
include measures such as implementing resilient agricultural practices, crop diversification, and climate risk man-
agement.

F5. Innovation and technology: This predictor would assess the degree to which companies in Tarma are adopting
innovative practices and sustainable technologies in their operations. This could include the use of advanced agri-
cultural techniques, such as precision agriculture or agroecology, as well as the incorporation of clean technologies
in other economic sectors.

The expert must evaluate each of the above aspects on a linguistic scale that S =
{S_s5,S_4,S_3,5_2,5_1,50,S1, S2, S3, S4, S5} Individually means the following, shown in Table 2:

Table 2: Linguistic meaning of each element of the S scale.

Scale element Linguistic Meaning
S_g Extremely Low
S_4 Very Low

S_3 Low

S_ Somewhat Low
S_1 Lower than High
So As Low as High
Sq Higher than Low
S, Somewhat High
S3 High

S4 Very high

Sg Extremely High

In this method, another scale of importance of the expert's opinion is added, which is shown in Table 3 with the
Scale W= {W—S' W_y, W_3, W_3, W_1, Wy, Wy, Wy, W3, Wy, WS}'
Table 3: Linguistic meaning of each element of the W scale

Scale element Linguistic Meaning

W_g Extremely Insignificant

W_y Very Insignificant

W_s Insignificant

w_, Somewhat Insignificant

w_q More Insignificant than Important
Wy As insignificant as important

wy More Important than Insignificant
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w, Somewhat important
W3 Important

w, Very important

ws Extremely important

The elements that are part of the measurement are:

The group E = {el, €y, ep} denotes the p > 0 experts who measure the sustainability of the company, the
town, the region, etc.

F = {F,,F,, F;,F,, F5} are the five factors to measure.
Therefore, the steps to measure economic sustainability are as follows:

Economic Sustainability

1. Each expert e; is associated with a weight on the scale shown in Table 3 depending on their knowledge of
the factor to be measured F;. Let us denote this weight by w;; (i = 1,2,...,p;j = 1,2,...,5). In this case, to
maintain the simplicity of the measurement, it is accepted a single value of W'.

2. Each expert e; evaluates each factor in a triad of elements in Table 2, that is, we have a;; (i = 1,2,...,p;
Jj = 1,2,...,5) is the evaluation of the ith expert on the jth factor, where a;; = (STU'SIU' spij) and
STyj»S13j SFy; € S.

3. Anindex a;; is associated with (s,, s, s¢), so taken r, s, t € {—5,—4,-3,-2,-1,0,1,2,3,4,5}:

ind;; =r @5 s Ds (—t) 5)

See that ind;; € G.

4. The evaluation of each expert for each factor is calculated using the formula given in Equation 6:

_ ind;j+indy,;
al-j = fll (6)

That is, the mean is calculated between ind;; calculated in Equation 5 and indwij which is the index of the
weight on the scale W associated with the expert, regarding his/her knowledge about this factor.

5. The evaluation of each factor is given by the formula given in Equation 7:

P a;;
a4 === (7)

Also, to convert it to an integer so @; € [—5, 5], formula 8 is used:

& = round (d]-) (8)
6. To calculate economic sustainability in general, formula 9 should be used:
A= a Ds @ Bs a3 s a, Ds as €))

Based on the operation in Table 1.

7. Alis aresult in the set {—5,—4,—-3,—-2,-1,0,1,2,3,4,5,I}. If this is a numerical value it is interpreted as
s, on the S scale.

8. If A =1, it is interpreted as disagreement in the experts' opinion and they are asked to repeat the process.
For example, a Neutrosophic Delphi method and others can be found in [19-21]. This can serve as a guide on
what to do in case of disagreement.

Figure 1: contains the flowchart of the proposed method.
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Figure 2: Flowchart of measuring economic sustainability method.
Next, we will illustrate this measurement method with an example.
Example 1. Suppose we have 3 experts on economic sustainability. Table 4 contains the results of the weights
associated with each of them for each factor and the evaluation for each of the factors.
Table 4: Evaluation of each factor and the weights associated with each expert.

Expert/Fac- | F1 F2 Fs Fa Fs

tor

€1 (51,80, 5-1)(W2) | (52,51,5-2)(W1) | (51,52,5-2)(W2) | (51,82,5-2) (W_1 | (S3,52,5-4) (W)
€2 (53,52,5-3) (W_z | (S4,S3,5-5)(W3) | (5-1,S0,S1)(W1) | (S2,51,5-3)(W3) | (S4,S3,5-3)(Wp)
€3 (s2,81,8-3)(W1) | (So0,S1,5-1) (| (s1,82,5-2)(W_q | (S2,51,5-4)(W3) | (S5,84,5-5)(W_»

w_q)
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Table 5: Evaluation of each factor and the weights associated with each expert.

Expert/Factor F1 F2 F3 F4 Fs
€1 2 2.5 3 1.5 3.5
€2 1.5 3.5 —0.5 3.5 2.5
€3 2.5 0.5 1.5 4 1.5
The final indices for each of the factors are given below in Table 6.
Table 6: Values obtained for &; and @;.
Factor F1 F2 Fs F4 Fs
g 2 2.1667 1.3333 3 2.5
o 2 2 1 3 2

Finally, from Equation 9 we have A = 5. Note that according to the characteristics of the operator @, extreme
results will be obtained, either with optimism when all the values are positive or with pessimism when all the
values are negative. So, this method will be more valuable when the final values are of different signs and non-
extreme values, therefore, when there is more indeterminacy between individual opinions. This is related to the
interpretation of the Combining function for Prospector, where values indicate evidence and extreme evidence (5
or -5 in this case) exercises a veto over other values. For example, A = -1 @;2P; -3P;0P;1=-1
[22,23,24].

4. Conclusion

The measurement of economic sustainability has gained great importance today because it is a guarantor of the
good economic performance of a locality. To objectively determine the state of business sustainability in the region
of Tarma, Peru, we propose a method that is easy to apply by decision-makers due to its simplicity. This is based
on the Neutrosophic 2-tuple linguistic model where linguistic values are taken into account in the form of a triad
that measures, in addition to the evaluation of truthfulness, also one of indeterminacy and falsity, which improves
the accuracy of the evaluation. These indices were aggregated with the help of an operator on the indices defined
by a NeutroGroup generated by the Combining function of Prospector. This last feature allows us to take advantage
of the properties of uninorms and OffUninorms such as commutativity and associativity, and an indeterminacy
value can be obtained as output when the result is contradictory. We should point out that this method is more
useful when the values associated with the factors have different evaluations in terms of being positive or negative,
and that in these cases the NeutroGroup tends to compensate for the results. The use of this NeutroGroup is an
approach to a function that was used in a classic Artificial Intelligence tool such as Prospector.
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