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Abstract. The purpose of this research is to demonstrate the usefulness of using neutrosophic logic in determining ambiguities
in legal texts. To do this, the aim is to carry out an analysis of a legal text through the use of neutrosophic operators to determine
the existence of indeterminacies or ambiguities that may be the subject of deficiencies in the legal field. The use of neutrosophic
correlation operators made it possible to identify a set of highly relevant elements that, according to the assessment of experts,
must be subjected to mandatory evaluation in the process of analysis and interpretation of legal documents. The incorporation
of neutrosophic numbers was particularly significant when examining in detail the language contained in legal clauses and
provisions in order to detect vague, ambiguous, or general terms. This study has provided solid evidence of the effectiveness
and versatility of the method when applied in the legal field.
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1 Introduction

The proper interpretation of legal documents and contracts holds significant importance in the legal and con-
tractual field. Precise comprehension and execution of legal and contractual provisions are vital to maintain the
stability and efficacy of the legal and contractual framework. The precise interpretation of these documents is a
complex process that requires deciphering a dense and technical language, where each word and phrase can have
substantial effects on one's rights, responsibilities, and duties.

However, the existence of indeterminacies or ambiguities in legal texts is a recurring concern in the legal field
and can have significant consequences. These indeterminacies refer to situations in which legal provisions do not
clearly specify how they should be applied in particular circumstances, giving rise to divergent interpretations. On
the other hand, ambiguities arise when a word, phrase, or clause in a legal text may have multiple meanings or is
not precise enough for application in a specific context.[1], [2]

These erroneous or ambiguous interpretations of legal texts and contracts can lead to conflicts, litigation, and
legal disputes that can be costly both in financial and time terms. Furthermore, lack of clarity in interpretation can
undermine confidence in the legal system and in the enforcement of contractual agreements, which in turn can
negatively affect the stability of business relationships and the protection of individual rights.

Neutrosophic logic can be a valuable tool in these cases [3]. Neutrosophic logic is a branch of logic that was
developed to deal with ambiguity, uncertainty, and vagueness in decision-making and knowledge representation.
It was proposed by the mathematician and philosopher Florentin Smarandache in the 1990s [4]. This theory is
based on the idea that truth and falsehood may not be the only truth values in complex or uncertain situations. It
introduces a third truth value, called "indeterminate," which represents the uncertainty or ambiguity inherent in a
statement.[5]

In neutrosophic logic, neutrosophic sets are used to express and manipulate uncertain or ambiguous information.
A neutrosophic set is a set in which each element is assigned three values: true, false, and indeterminate [6]. These
values allow to represent the ambiguity of a statement or the uncertainty about its truth or falsity. Commonly,
neutrosophic logic is applied through neutrosophic logical operators that act on neutrosophic sets [7]. These oper-
ators include neutrosophic negation, neutrosophic conjunction, and neutrosophic disjunction, among others. These
operators allow logical operations to be performed with indeterminate truth values.[8]

An important aspect of neutrosophic logic is its ability to handle situations in which truth values are not binary,
that is, not limited to true or false. This is especially useful in fields where ambiguity and uncertainty are common,
such as artificial intelligence [9], decision-making in uncertain environments [10], and natural language interpre-
tation.[11]
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Consequently, neutrosophic set theory can be useful in expressing and managing uncertainty in the interpreta-
tion of legal texts. By assigning neutrosophic truth values, ambiguity, and indeterminacy in legal clauses and
provisions could be quantified. This would facilitate a more accurate understanding of the uncertainty inherent in
legal language and could allow interpreters to address it more transparently and fairly.[8], [12], [13]

The purpose of this work is to demonstrate the benefits of using neutrosophic logic in determining ambiguities
in legal texts. In this sense, correlation coefficients are a very important tool for judging the relationship between
two objects. These coefficients have been widely applied to data analysis and classification, decision-making,
pattern recognition, etc. [14]. The present carries out an analysis of a legal text through the use of neutrosophic
operators to determine the existence of indeterminacies or ambiguities that may be the subject of deficiencies in
the legal field.

In this article, the preliminary aspects of neutrosophic logic and SVNS are first discussed, as well as the for-
mulas for the analysis of correlation coefficients defined in the domain of single-valued neutrosophic sets. Subse-
quently, the bases on which the analysis is carried out are established, the results achieved are presented and the
conclusions derived from the study are produced.

2 Preliminaries

Definition 1. [15] Let X be a space of points (objects), with a generic element in X denoted by x. A neutro-
sophic set A in X is characterized by a truth-membership function TA(x), an indeterminacy-membership function
IA(X), and a falsehood-membership function FA(x). The functions TA(X), IA(x) and FA(x) are real standard or
nonstandard subsets of] —0, 1+ [, i.e., TA(X): X —] —0,1+ [, IA(x): X —] =0, 1+ [, and FA(x): X —] -0, 1+ [.
There is no restriction on the sum of TA(X), IA(X), and FA(x), so there is —0 < sup TA(x) + sup IA(x) + sup FA(x)
<3+

It is difficult to apply the neutrosophic set to practical problems. Therefore, in [16-20] Wang introduced the
concept of a single-valued neutrosophic set (SVNS), which is an instance of a neutrosophic set, to be used in real
scientific and engineering applications. Below is the definition of an SVNS.

Definition 2. Let X be a space of points (objects) with generic elements in X denoted by x. An SVNS A in X
is characterized by a truth-membership function Ta(X), an indeterminacy-membership function 1a(x), and a falsity-
membership function Fa(x) for each point x in X, Ta(X), 1a(X), Fa(x) € [0, 1]. Thus, A SVNS A can be expressed
as

A={Xx, Ta(X), 1a(X), Fa(X) [x € X}

Then, the sum of Ta(x), 1a(X), and Fa(x) satisfies the condition 0 < Ta(X) + Ia(X) + Fa(x) < 3.

Definition 3. [16] The complement of an SVNS A is denoted by A° and is defined as

Ac = {x, FA(x), 1 —TA(x), TA(X) [x € X}

Definition 4. [16] A SVNS A is contained in the other SVNS B, A € B if and only if Ta(x) < Tg(X), la(x) >
I8(X), and Fa(x) > Fg(x) for every x in X.

Definition 5. [16] Two SVNSs A and B are equal, writtenas A=B, ifandonlyif AcBand B < A

2.1 Correlation coefficient of SVNSs

Definition 6. [17] For any two SVNSs A and B in the universe of discourse X = {x1, X2, . . ., xn}, the
correlation coefficient between two SVNSs A and B is defined as follows:

M(4,B) = =¥, [¢i(1 — AT) + 9, (1 = AL) + 1;(1 — AF)] (1)

Where

3 — AT, — ATpay

t 3- ATmin - ATmax '

3—=A6; — Al
3- Almin - AImax '
_ 3 - AFl - AFmax
L 3_AFmin_AFmax’

AT; = |Ty(x) — Te(x)|,

Al = |14(x) — I (x|,

AT; = |Ty(x;) — Tp(x;)|,

ATpin = ming|Ty(x;) — T (x|,

P =
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Al = ming|1,(x) — Ig (x|,
AFpin = ming|Fy(x;) — Fp(x)l,
ATpax = max;|Ty(x;) — T (x|,
Alpax = maxi|,(x;) — Ig(x)],
AFpax = max|Fy(x;) — Fp(x))|,

forany xie Xandi=1,2,...,n

However, the differences of importance are considered in the elements in the universe. Therefore, it is neces-
sary to take into account the weight of the element xi (i= 1, 2,..., n). In the following, we introduce a weighted
correlation coefficient between SVNSs.

Definition 7. [17] Let wi be the weight for each element xi (i= 1, 2, . . ., n), wi €[0, 1], and >, w; = 1, then
we have the following weighted correlation coefficient between the SVNSs A and B:

M, (A,B) = S 3, wili (1 — AT) + 9, (1 = AL) + P;(1 - AF)] )

2.2 Decision-making method using the correlation coefficient of SVNSs.

In the multiple attribute decision-making problem with single-valued neutrosophic information, the character-
istic of an alternative Ai (i =1, 2, ..., m) on an attribute Cj (j = 1, 2,..., n) is represented by the following SVNS:

Ai = {Cj,TAi (C)),14i (C)),FAi (CHICj € C,j = 1,2,...,n}

where TAi (Cj),14i (Cj),FAi (Cj) € [0,1] and 0 < TAi (Cj) + IAi (Cj) + FAi (Cj) < 3forCj €
C,j=12,..,nandi=12...,m

For convenience, the values of the three functions Tai (Cj), lai (Cj), Fai (C;) are denoted by a single-valued
neutrosophic value (SVNV) dj = <tj;, ijj, fi> (i=1,2, ..., m;j=1, 2, ..., n), which is usually derived from the
evaluation of an alternative A; with respect to a criterion C; by the expert or decision maker. Thus, it is possible to
elicit a single-valued neutrosophic decision matrix D = (dij)mxn.

In multiple attribute decision-making problems, the concept of an ideal point has been used to help identify the
best alternative in the decision set. Although the ideal alternative does not exist in the real world, it does provide
a useful theoretical construct against which to evaluate alternatives.[18-21-22-23-24]

In the decision-making method, an ideal SVNV can be defined by dj* =<t* i*, fi*>=< 1, 0, 0 >

(1=1,2,...,n)inthe ideal alternative A*. Hence, by applying Equation (2) the weighted correlation coefficient
between an alternative A; (i =1, 2, .. ., m) and the ideal alternative A* is given by
" 1 .
M, (4;,A) = 32)=1 Wj[d’ij(l —At;) + @i;(1 = Aig) + (1 - Afij)] (3)
Where
3 — Aty; — Aty max
bij = 73— — ,
3 Atimin Ati max
3 — Aiy; — Al max
Pi

B 3_Aiimin_Aiimax’
o 3_Aﬁj — A max
' 3_Aﬁmin_Afimaxl

7

All] - |lU - l';) ,

afy = 1fy = Ol

— 7 *
Ati min — mmj|tl~j — t]

1

Aiimin = mm]|ll] - l';| ,
Afi min = miny|fi; —ff

— *
Ati max — max]-|ti]- — t] ,

)
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Aiimax = manlii]' — l.;| B

Afimax = malefij - f}*l ’

fori=1,2,...,mandj=1,2,..., n By the correlation coefficient My, (Ai, A*) (i =1, 2, ..., m), it is possible
to obtain the ranking order of all alternatives and determine which are the best one(s).

4 Results

In order to conduct a study, it is imperative to carry out a meticulous selection of the elements to be subjected
to analytical scrutiny within the realm of legal documents. Through a process of brainstorming and group discus-
sion, the experts devise a list of six criteria for analysis that are of vital relevance to the purposes of the research
in question. This criteria selection procedure is crucial in the stage of defining the variables of the study, allowing
the subsequent evaluation and quantification of the key factors that affect the quality and clarity of the legal doc-
uments under analysis. In this sense, the elements defined by the experts include:

1. Cross References and Definitions: Analyze whether the legal text includes clear cross-references to other
sections and precise definitions of key terms. The lack of these references may contribute to ambiguity.

2. Clarity of Language: Clarity of language is essential. Evaluates whether the legal text is written in a way
that is understandable to the parties involved, without the need for specialized legal knowledge. Clear
language helps reduce ambiguity.

3. Presence of Vague or Ambiguous Terms: Identifies terms or phrases that may have multiple interpreta-
tions or whose meanings are not clearly defined in the context of the contract. Vague or ambiguous terms
may lead to disputes.

4. Lack of Specificity in Certain Provisions: Examines whether the legal text lacks specific details in certain
clauses or provisions. Lack of specificity can lead to uncertainty about the parties' obligations and rights.

5. Possibility of Diverse Interpretations: Consider how different parties involved may interpret the legal text
in different ways. If there are multiple possible interpretations, it is an indication of ambiguity.

6. Inconsistencies and Contradictions: Look for inconsistencies or contradictions within the legal text. If
there are parts of the contract that appear to conflict with each other, this can lead to ambiguity and inde-
terminacy.

To carry out the analysis of the selected elements and determine which of them exerts a more significant influ-
ence, three specific evaluation criteria were chosen. First, the criterion of "impact on the level of ambiguity/inde-
terminacy" (C1) was selected. This criterion is designed to assess the extent to which each alternative contributes
to the ambiguity or indeterminacy observed in the legal text. Ambiguity and indeterminacy are critical factors that
can affect the quality and effectiveness of the legal document, and it is necessary to understand their origin and
extent.

The second criterion, called "degree of influence on understanding™ (C2), focuses on analyzing the level at
which each element influences the general understanding of the legal text by the parties involved. Effectively
understanding the content of a contract or legal document is essential to avoid misunderstandings and future dis-
putes, so this criterion examines the ability of the elements to facilitate or hinder such understanding.

Finally, the third criterion, titled "potential for negative legal consequences” (C3), focuses on evaluating the
potential of each of the alternatives to give rise to adverse legal consequences. This includes the possibility of
triggering litigation, disputes, or breaches of contract. Alternatives that have the greatest potential to generate legal
problems are identified as priorities since their rectification or clarification can help prevent costly disputes and
protect the interests of the parties involved.

To evaluate the elements based on the selected criteria; it has been arranged that the experts complete a short
form in order to obtain precise evaluations. In addition, they have been asked to weigh the importance of each of
the criteria in relation to the others. This weighting is of vital importance since it allows quantifying the relevance
of each criterion in the evaluation process.

In this sense, experts have been required to specify the extent to which they consider that a specific alternative,
denoted as "Ai", does or does not fit a particular criterion, represented as "Cj". The options provided for evaluations
are "good" (Tx), "bad" (Fx), or "unsafe" (I1x). The choice of one of these options provides a clear indication of the
expert's perception of the suitability of the alternative for the criterion in question.

It is important to highlight that equal weight (wj=0.33) has been attributed to all the evaluated criteria, which
guarantees equitable consideration of each of them in the evaluation process. This methodology provides a solid
foundation for data collection and analysis. In this way, it is expected to facilitate informed decision-making in
relation to the prioritization and improvement of elements in legal texts.
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In the outlined analysis process, the calculation of the arithmetic mean is applied to the evaluations provided
by the experts. This involves the aggregation of the ratings given by each expert in relation to the criteria and
alternatives under consideration. The results of these collective evaluations yield a decision matrix called "D",
which is generated as a consequence of this process and is presented below.

[(0.3; 0.2; 0.3) (0.3; 0.2; 0.3) (0.1; 0.2; 0.5)]
|(0.4; 0.2; 0.2) (0.7; 0.1; 0.2) (0.6; 0.2; 0.3)|
[¢0.4; 0.3; 0.2) (0.5; 0.2; 0.3) (0.6; 0.1; 0.2)|
[(0.3; 0.2; 0.3) (0.1; 0.2; 0.5) (0.4; 0.2; 0.2)]
|(O.2; 0.3; 0.5) (0.3; 0.2; 0.3) (0.3; 0.2; O.3)|
(0.4; 0.2; 0.2) (0.4; 0.2; 0.2) (0.6; 0.1; O.Z)J
In accordance with what is described for the development of the method and obtaining the results, the values

of the operators ¢, y, and y are determined to obtain the correlation coefficients, as defined by the method. Tables
1 and 2 show the results of such operations.

D =

Table 1: Minimum and maximum values of variation in the membership functions of truth, falsity, and indeterminacy. Source: own elaboration.

Al A2 A3 A4 TOS5 A6

ATmin - 0.7 03 04 06 07 04
Almin - 03 02 02 0.2 03 0.2
AFmin - 02 01 01 0.2 02 01
ATmax 0.9 06 0.6 09 08 06
Almax 05 03 03 05 05 0.2
AFmax 02 02 03 0.2 03 02

Table 2: Values of ¢, p, and y for each selection alternative. Source: own elaboration

Crimes ol 02 03 pl n2 n3 vl y2 g3
Cross References and Definitions 100 100 086 100 1.00 091 1.00 1.00 1.05
Language Clarity 086 100 095 100 100 096 096 1.00 1.00

Presence of Vague or Ambiguous Terms  0.90 095 1.00 1.00 096 1.00 0.92 0.96 1.04
Lack of Specificity in Certain Provisions 0.93 0.80 1.00 096 087 100 1.00 1.00 1.00
Possibility of Diverse Interpretations 0.93 100 100 091 100 1.00 0.96 1.00 1.00

Inconsistencies and Contradictions 090 090 1.00 100 100 1.00 096 096 104

Thus, through the application of equation (3), the values corresponding to the correlation coefficients
M,,(A;, A*) are derived. Table 4 shows these calculated values and presents a ranking based on the scores obtained.

The use of equation (3) allows an accurate measurement of the correlation between the evaluated alternatives
and the reference alternative, which provides a quantitative basis for the comparison and classification of the al-
ternatives. These correlation coefficients are valuable decision-making tools as they highlight the relative relation-
ships of each alternative to the reference alternative, contributing to objective evaluation and selection of the best
options.

Table 3: Weighted correlation coefficients. Source: own elaboration

Analyzed elements M coefficient
Cross References and Definitions 0.55
Language Clarity 0.71

Mario R. Aguilar M, Nivela O. Emver, Rosa E. Chuga Q, Nemis G. Arias. Nemis. Neutrosophic Interpretation of
Legal Texts and Contracts



134 Neutrosophic Sets and Systems {Special Issue: Neutrosophic Advancements
And Their Impact on Research in Latin America}, Vol. 62, 2023

Analyzed elements M coefficient

Presence of VVague or Ambiguous Terms  0.67
Lack of Specificity in Certain Provisions  0.56
Possibility of Diverse Interpretations 0.55

Inconsistencies and Contradictions 0.69

In this case, it can be observed that the element "Language Clarity" obtains the highest weighted correlation
coefficient, with a value of 0.71, which indicates a strong positive correlation with the quality and clarity of the
legal text. This suggests that language clarity is a critical factor in improving document quality. On the other hand,
elements such as "Presence of Vague or Ambiguous Terms" and "Inconsistencies and Contradictions" also present
significant correlation coefficients (0.67 and 0.69, respectively), which positions them as important elements to
consider in the improvement process.

Clarity of Language, Inconsistencies and Contradictions, and Presence of Vague or Ambiguous Terms were
the three elements that stand out as having the greatest influence on the quality and clarity of legal texts. These
results support the need to address these three elements with priority in the process of reviewing and improving
legal texts. By doing so, the quality, clarity, and effectiveness of legal documents can be improved, reducing am-
biguity and mitigating potential adverse legal consequences.

4.1 Ilustrative example

As part of the analytical methodology employed, a practical case study was conducted with a plastics industry
firm situated in the city of Puyo. Four legal specialists with expertise in contract regulations regarding this partic-
ular industry sector participated in the study to analyze the company's compliance with applicable legal provisions.

As part of this practical study, experts examined and evaluated a particular employment contract. They were
asked to provide their evaluations through a form in which the adequacy of the document in question had to be
considered.

Table 4 shows the results obtained after the evaluation of one of the experts using the linguistic criteria de-
scribed in [19]. To carry out this evaluation, the evaluation elements obtained previously were taken as reference.

Table 4: Neutrosophic evaluation of employment contract carried out by an expert k

Inconsistencies
and Contradic-
tions

Presence of Vague

Language Clarity or Ambiguous Terms

Description of tasks
Working hours
Salary policy
Trial period
Benefits and advantages
Termination Policy
Confidentiality policy

(0.90, 0.10, 0.10)
(0.90, 0.10, 0.10)
(0.70, 0.25, 0.30)
(0.90, 0.10, 0.10)
(0.70, 0.25, 0.30)
(0.80, 0.15, 0.20)
(0.60, 0.35, 0.40)

(0.60, 0.35, 0.40)
(0.50, 0.50, 0.50)
(0.90, 0.10, 0.10)
(0.50, 0.50, 0.50)
(0.70, 0.25, 0.30)
(0.80, 0.15, 0.20)
(0.80, 0.15, 0.20)

(0.90, 0.10, 0.10)
(0.50, 0.50, 0.50)
(0.70, 0.25, 0.30)
(0.70, 0.25, 0.30)
(0.80, 0.15, 0.20)
(0.90, 0.10, 0.10)
(0.60, 0.35, 0.40)

It is important to highlight that, in this specific case, the criteria previously identified in the initial analysis
were used. However, it is crucial to recognize that each legal document may have particularities and distinctive
characteristics that make certain criteria and elements acquire differentiated importance in the analysis process. In
other words, the suitability of the criteria identified in this practical study may vary depending on the particularities
of each contract, highlighting the need to consider and adapt the analysis approach according to the specific char-
acteristics of each legal document.

The evaluation table used neutrosophic numbers to evaluate the elements of an employment contract in con-
sideration of the selected criteria. Each entry in the table comprises three values that represent the expert's percep-
tion in terms of affirmation, indifference, and denial, respectively. The results derived from this analysis allow the
researchers to determine that, according to the expert, both the "Description of Tasks" and the "Work Schedule"
exhibit adequate levels of clarity in the contract. However, there is some uncertainty or areas for improvement
regarding the clarity of the terms related to the "Salary Policy", "Benefits and advantages"”, and "Confidentiality
Policy".

Mario R. Aguilar M, Nivela O. Emver, Rosa E. Chuga Q, Nemis G. Arias. Nemis. Neutrosophic Interpretation of
Legal Texts and Contracts



Neutrosophic Sets and Systems {Special Issue: Neutrosophic Advancements 135
And Their Impact on Research in Latin America}, Vol. 62, 2023

On the other hand, concerning the presence of vague or ambiguous terms, the expert shows a particularly
critical attitude in relation to the "Working Schedule” and the "Trial Period", assigning low affirmation values.
This implies that the expert identifies aspects that are confusing or ambiguous in these elements of the contract.
Finally, regarding inconsistencies and contradictions, the expert tends to point out areas for improvement, mainly
in relation to the "Working Schedule™ and the "Confidentiality Policy". This suggests that the expert perceives the
existence of certain areas where these elements of the contract could present inconsistencies or contradictions.

In summary, according to the expert's neutrosophic evaluation, some elements, such as "Description of Tasks"
and "Work Schedule”, stand out for their clarity of language. However, there are significant concerns regarding the
presence of vague or ambiguous terms and potential inconsistencies in various elements of the contract, suggesting
areas that may require review and improvement to ensure a clearer and more coherent employment contract.

4 Discussion

The results obtained confirm that neutrosophic logic appears to be an invaluable tool in the interpretation and
evaluation of legal documents. Its importance lies in its ability to deal with the uncertainty and ambiguity inherent
in legal language, allowing for more accurate and detailed analysis of the terms and conditions in legal documents.

In the context of contract interpretation, neutrosophy offers a structured way of handling situations where a
term or clause can be interpreted in multiple ways. The use of neutrosophic numbers allows interpreters to express
their level of conviction or belief in a particular interpretation. This is especially relevant in the analysis of contracts,
commercial agreements, or court rulings, where nuances and subtleties are critical. In these settings, it is possible
to observe that neutrosophy helps address semantic ambiguity by allowing evaluators to express how confident
they are in a given interpretation, which can be crucial for making informed decisions.

Ultimately, neutrosophy provides an analytical framework that promotes a more accurate and systematic inter-
pretation of these documents, which in turn helps reduce the risk of conflicts and litigation arising from misunder-
standings or ambiguities. Clarity in the interpretation and evaluation of legal documents is essential to ensure
compliance with laws and the protection of the rights of the parties involved, which highlights the significant
usefulness of neutrosophy in the field of law and jurisprudence.

Conclusion

In the field of legal sciences, it is common to face vagueness and indeterminacy when analyzing legal docu-
ments. In such situations, the level of scrutiny by jurists and other stakeholders takes on a critical role. This study
has highlighted the usefulness of neutrosophic logic for the identification of evaluation criteria for legal documents
and their subsequent interpretation. The use of neutrosophic correlation operators has made it possible to identify
a set of highly relevant elements that, according to the assessment of experts, must be subjected to mandatory
evaluation in the process of analysis and interpretation of legal documents.

This study has provided solid evidence of the effectiveness and versatility of the applied method in the legal
field. The use of single-valued neutrosophic numbers to carry out the analysis has practically validated the applica-
bility of neutrosophic set logic. It is recommended to explore and adopt other multi-criteria methods related to the
multiple dimensions of neutrosophic logic, in order to delve deeper into the study area and its applicability to real
problems.
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