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Abstract. Softcomputing is an extension of different concepts and techniques that try to overcome the difficulties
presented by real problems that are imprecise, uncertain and difficult to categorize. The use of Softcomputing
contributes to clarify that this term is not in itself a precise definition, but is a mixture of techniques, tools and methods
that converge among themselves and each process has a specific objective. Within the group of Softcomputing
techniques that are frequently used in linguistic modeling, for the treatment of uncertainty and the recovery of
information, there is Neurocomputing, Probabilistic Reasoning, Fuzzy Logic and now neutrosophic Logic. In the
present work, the combination of Softcomputing and neutrosophic logic is presented, for the neutrosophic linguistic
modeling, in the treatment of uncertainty and information recovery, by means of a diffuse ordinal linguistic
approximation. Modeling is performed by the linguistic information aggregation operator LOWA, which performs
flexible modeling in the treatment of uncertainty and the evaluation of the proposed linguistic information retrieval.
For this reason, the objective of this work is to deal with uncertainty in the process of recovering information.
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1 Introduction

The interpretation of data, texts and contexts has become a great challenge for the achievement of human and
professional development, emerging various informatic tools and philosophical theories that try to transform this
reality.

Uncertainty and problem solving are a major issue in the effectiveness of the information management process.
Incomplete information needs to be treated in order to reduce bias in all information management processes;
therefore, it needs to be treated in order to obtain accurate results in all processes where incomplete and inaccurate
information is present [1].

The treatment of uncertainty has become a process of different dimensions, a process that was not carried out
until the terms related to the Theory of Probability were conceived. By recognizing from the Theory of Probability,
the dimensions defined by [2] and [1], it was that uncertainty began to be dealt with.

According to the diversity that uncertainty presents, different types of uncertainty were established, where
from that moment on, its classification began according to Bonnisone and Tong [3]. This uncertainty classification
focused on knowledge imperfection, imprecision and incomplete information.

The imprecision and incomplete information, has been used frequently in different branches of science,
specifically it has been used to indicate the absence of a value. Essentially imprecision indicates the existence of
a value that cannot be measured in its entirety, and uncertainty reveals the fact of a subjective formulation about
the veracity of a fact which is not known with certainty.

The need to consider uncertainty in the process of solving problems, bearing in mind that it may be present in
the data of a given problem, as in the knowledge used to solve different types of problems, was that the
development of various methods of solving uncertainty began.

One of the techniques that has become an effective way to deal with uncertainty, especially when represented
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by inconsistency in the data is Neutrosophy. Neutrosophy is a new branch of philosophy [4] that studies the origin,
nature and scope of neutrality, as well as its interactions with different ideational spectra.

Neutrosophy has formed the basis for a set of mathematical theories, which generalize the use of neutrosophic
logic [4], neutrosophic sets, neutrosophic probability, neutrosophic statistics and multiple practical applications. It
constitutes one of the most far-reaching applications at present, to deal with uncertainty and in particular
neutrosophic logic [5].

Neutrosophic logic is a non-probabilistic approximate reasoning method [6], which is defined as an extension
of fuzzy logic and facilitates the modeling of qualitative information in an approximate manner. Its success is
mainly due to the possibility of solving complex and poorly defined problems which, by means of traditional
methods, are difficult to solve; among the problems to be solved is the treatment of uncertainty and the retrieval
of information.

Information retrieval is dedicated to the storage and retrieval of documents that are not quantitative in nature,
i.e. documents with vague and imprecise information. Therefore, in view of this problem, it is recommended to
make use of Softcomputing techniques, tools, tools and methods [7].

It is in this context of information retrieval that the development of Softcomputing begins. Softcomputing aims
to take advantage of the knowledge of a problem that leads to imprecision and uncertainty, to achieve greater
profit, strength and solution.

The main disciplines that converge with Softcomputing are Neurocomputation and Probabilistic Ratio, Fuzzy
Logic and now Neutrosophic Logic. Neutrosophic Logic according to [4] is a logic in which each proposition is
T% true, 1% indeterminate, and F% false.

Based on the above, in the present work, the use of neutrosophic logic is proposed, for the linguistic modeling
in the treatment of uncertainty for the recovery of qualitative information. Linguistic modeling has frequently been
used in problems where phenomena related to human perceptions and relationships (design, taste, fun, etc.) are
evaluated.

2 Preliminaries

2.1 Neutrosophic Linguistic Modeling

In human perceptions and relationships, words from natural language (beautiful, ugly, sweet, salty,
sympathetic, many, few, others.) are used instead of numerical values to emit refer valuations. For this reason the
use of neutrosophic linguistic modeling is proposed, which has as its theoretical basis the theory of neutrosophic
sets and the theory of diffuse sets, techniques that have proved effective in evaluating aspects of qualitative nature
[8].

Linguistic variables are used to represent the qualitative aspects whose domain of expression are sets of words
or linguistic terms according to [9]. A linguistic variable according to [10]and Herrera and Herrera-Viedma, is
characterized by a syntactic value or label and by a semantic value or meaning.

The label is a word or phrase belonging to a set of linguistic terms and the meaning of that label is given by a
diffuse subset in a universe of discourse. Since words are less precise than numbers, the concept of linguistic
variable is a good proposal to characterize those phenomena that are not suitable to be evaluated through numerical
values.

The methodology to be used in neutrosophic linguistic modeling for the treatment of uncertainty in information
retrieval follows a diffuse ordinal linguistic approach, an approach that constitutes a technique designed to model
the qualitative aspects of a given problem. In a diffuse ordinal linguistic approach, the set of finite labels S =
{S;,i € H = 0,K, T} is assumed, totally ordered in the normal sense and with an odd cardinal (7 or 9 labels) [11].

The central label represents an approximate value of 0.5 and the rest is located symmetrically around it. The
semantics of the labels are defined based on the ordered structure of the set of labels when considering the pair par
(si, St—;) which means; which is also informative.

Each label has associated a neutrosophic number in the interval [0,1], this neutrosophic number is defined by
a trapezoidal membership function represented by a 4- tuple a;, b;, a; ;. The first two parameters indicate the
interval in which the value of belonging is 1; the third and fourth indicate the amplitude to the left and to the right
of the distribution), with the following properties:

1. Order:§; = S;ifi =)

2. Negation: Neg(S;) = S, with j =T —i
3. Maximum: MAX (Si, S]) = Si lfSL = SJ
4. Minimum: MIN (S;, ;) = S; if §; < §;

2.2 LOWA operator

For the aggregation of linguistic values the operator LOWA is used, which is an ordinate-do operator based
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on symbolic computation [11]. It operates on labels, and considers only the order of them and not their associated
semantics. The LOWA operator is defined as:

LetA = {ay,...,a,}, the set of labels to add, then the LOW A operator, ® is defined as @ (a4,...,a,) =
W .BT =CM™{wy, b,k = 1,....m}=w; 0b; ®(1 -w;)0C,, — 1{Byp,bh,h = 2,...,m}.
ey

Where; W = [wy,...,wp,] is a vector of weights, such that, w; € [0,1]yX;w; = 1.8, = w,/CTwy),
h =2,...,m,yB = {by,..., by} is an ordered vector associated with 4, such that, B = o(4) =
{as(1) - 1a5(m)}> where ao (j) < ao (i) Vi < j, ois a permutation about A. Cy,, is the convex combination
operator of m labels and if m=2, then C2{wi, bi,i = 1,2} = wlOsj@D (1-wl)® si = sk,suchthatk =
min{T,i + round (Wl - (j — i))}sj,si € S,(j = i), Where; round is the rounding operator, y b1 = sj,
b2 = si.Siwj = 1ywi = 0withi # jVi,that Cm{wi, bi,i = 1,...,m} = bj.

The LOWA operator is an or-and operator [12], operating between the MIN and MAX operators. In the
neutrosophic linguistic modeling proposed in this paper, this operator is used to evaluate Boolean queries and to
classify OWA operators according to how they operate between the and and the or, as proposed by Yager [15],
who defined a measure of orness, associated with vector W, as shown in equation 1.

orness (W) = ﬁZZ‘zl(m — k)wy ?2)

Set to a W, the closer the OWA operator's behavior is to or closer will be its orness measure to 1; the closer it
is to an and, the closer it will be to 0. An OWA operator with a lot of non-zero weights in the first positions,
behaves like an or (orness> 0.5), however the one presented in the last positions behaves like an and [13, 14].

3. Neutrosophic linguistic modeling framework

Based on the above, Figure 1 shows the components for neutrosophic linguistic modeling framework useful
for the treatment of uncertainty in information retrieval.

Database Consults Evaluations

Figure 1: Components for linguistic modeling in the treatment of uncertainty and information retrieval. Source: Own preparation.

- The Database for the neutrosophic linguistic modeling in the treatment of the uncertainty and the recovery of
the information is necessary to store the documents and the representation of their informative contents whose
components are the index terms and their weights. These weights indicate the concepts induced by the terms
regarding the index of the documents.

- Consultations make it easier for users to specify their information needs by formulating queries.

- Evaluations are performed to evaluate documents for each query using an equality function, where a Recovery
status value is assigned to each document.

According to the components described above, it is possible to carry out neutrosophic linguistic modeling to
deal with uncertainty and recover the information. This modeling supports weighted linguistic Boolean queries,
which solves the inconvenience of AND and OR operators, inconveniences that are given because they operate
Vegy restrictively and very inclusively, respectively.

76For the proposed neutrosophic linguistic modeling, in the first place, a diffuse ordinal linguistic approximation
is defined as in [15]. The terms of the queries are weighted by linguistic labels interpreted as significant limits
constituting linguistic weights.

Linguistic weights are interpreted as limits to be satisfied in the equalization between documents and
consultations. The Boolean operators AND and OR are modeled using the linguistic information aggregation
operator LOWA [16], which facilitates the flexibility of the consultation evaluation process. Retrieved documents
are classified into notability classes, identified by language tags.

3 Case Study

According to the components defined in Figure 1, the Database for neutrosophic linguistic modeling in the
treatment of uncertainty and information retrieval stores the documents D={di,....dm} and their respective
representations R={R,....... ,Rdm}. The documents are represented by index terms T={t,,..., t,}. Each term has an
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associated weight describes the content of the documents and is represented through the numerical indexation
function that assigns to each document dj and to each index term ti a numerical weight between 0 and 1, this
function is shown through the expression 2.

F: DxT - [0,1] (2)

Where;

F(dj, ti) is a weight that represents the degree to which ti in dj is significant.
F(dj,ti) = 0 implies that the document dj, is not represented by you.
F(dj,ti) = 1 implies that the document is perfectly represented by you
F(dj,...,ti) € (0,1) represents the different intermediate significant degrees.

The Database in the present work contains seven documents D={d1,...,d7}. The documents are indexed by the
indexation function F which assigns the following weights to each term in the documents:
Rd1l = 0.7/t5+0.4/t6 + 1/t7; Rd2 = 1/t4+ 0.6/t5 + 0.8/t6 + 0.9/t7; Rd3
=0.5/t24+1/t3+0.8/t4; Rd4 = 0.9/t4 + 0.6/t6 + 1/t7; Rd5
0.7/t3+1/t4+ 0.4/t5+0.8/t9 4+ 0.6/t10; Rd6 = 1/t5+ 0.99/t6 + 0.8/t7; Rd7
0.8/t5+ 0.02/t6 + 0.8/t7 + 0.9/t8

The queries, as component 2, defined in Figure 1, are performed from the linguistic labels stored in the
Database. Each query is expressed as a combination of weighted index terms, connected by the Boolean operators
AND (A),OR (V),y NOT (—), and weighted by language tags. The linguistic variable "Relevance" is then used to
model the linguistic weights, defined by the neutrosophic linguistic approach. For this purpose, a set of ordered
labels is considered that are denoted as S to express the linguistic weights.[17] The linguistic variable "Relevance"
is used to model linguistic weights, defined by the neutrosophic linguistic approach.

The query itself is considered as a Boolean expression whose components are 2-tuples < ti, ci >belonging to
the set, TxS; ti € T,, where ci is a value of the linguistic variable "Relevance", associated to a limit semantics
[18].

The Q set of reliable queries is defined by the following syntax rules:

Vq =< ti,ci >ETxS - q € Q

Vg,peEQ—->qAp€EQ

Vg,p€EQ->qVpEeEQUl

Vg eQ—--(q) €Q

All credible queries q € Q are only those obtained by applying the above rules.

DR WD

Therefore, from the linguistic variables stored in the Database, the query shown in expression 3 is obtained.
q = ((t5,VH) A (t6,L)) v (t7,H) 3)

Through the consultation produced, the representation of the documents is obtained expressed in linguistic
form.
Label: Rd1 = H/t5+ M/t6 +T/t7; Rd2 =T/t4+ M/t5+ H/t6 +VH/t7; Rd3
=M/t2+T/t3+ H/t4; Rd4 =VH/t4 +VL/t6 +T/t7; Rd5
=H/t3+T/t4+M/t5+ H/t9+ M/t10; Rd6 =T/t5+ EH/t6 + H/t7; Rd7
=H/t5+ EL/t6 + H/t7 +VH/t8

Once the query is obtained, component 3 is executed, relative to the evaluation, for this purpose the sensitivity
parameter K=2 is assumed, which means the distance between the linguistic values. Therefore, the evaluations are
carried out according to the symmetric limit semantics expressed by gl, which is nothing more than an
equalization function different from the classical functions associated with limit semantics, which are increasing
monotonous.

In this case the semantics is symmetrical with respect to the central limit values (S7,;) which means that g1
is increasing in Label (F) for limit values greater than (Sy,,) and decreasing in Label(F) for limit values that are
less than (S7,,). K is a sensitivity parameter defined to control the importance of the proximity or distance between
Label(F) and sbexpression in the final result. The higher the value of K, the smaller the importance of the distance.
If K= 1 means that symmetrical limit semantics are not applied. Then, the evaluations according to the symmetrical
limit semantics expressed by g1 are:

1. Ex(<t5VH>d1)= VH,E x(<t5VH >,d2) =H,E * (< t5,VH >,d5) = H,E *
(< t5,VH >,d5) = H,E » (< t5,VH >,d6) =T,E » (< t5,VH > d7) =VH

2. Ex(<t6,L>dl)=ME=*(<t6,L>d2)= ME*(<t6,L>d4)=VH,E *(<t6,L>,db6) =
L Ex(<t6,L>d7)=VH
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3. Ex(<t7,H>dl)=TEx(<t7,H>d2) =VHE (< t7,H > d4) =T,E « (< t7,H >,d6) =
H,E (< t7,H>d7)=H

The evaluation of sb expression (t5,VH) A (t6,L) through @ with W = [0.3,0.7] is:

1. E % (< t55 VH >A< t6,L >,d1) = ® (VH,M) = H; 2.E % (< t5,VH >A< t6,L >,d2) =

& H,M)=M

2. E*(<t5VH >A< t6,L >, d4) = &(N,VH) = VL; 4.E x (< t5,VH >A< t6,L >,d5) =
@ (H,N)=VL

3. E* (< t5VH>A<t6,L >,d6) = & (H L) =M; 6.E * (< t5VH > A< t6,L >,d7) =
® (H,VH)=H

Finally, the complete query is evaluated by using the operator @ with W = [0.7,0.3]:

1. Ex(q,d1)= & (H,T) = EH; 2.E *(q,d2) = ® (M,VH) = H; 3.E = (q,d4) = @ (VL,T) = VH
2. Ex (q,d5)= @ (VL,N) = EL; 5.E * (q,d6) = @ (M,H) = H; 6.E * (q,d7) = & (H,H) = H

It is demonstrated with the result obtained, when making use of the operators Max and Min are less strict, with
which the following result is obtained.
[RSV1 =T,RSV2 =VH,RSV4 =T,RSV5 = N,RSV6 = H,RSV7 = H]

The operator LOWA, when applied to model the evaluation of the neutrosophic connectives AND and OR in
the evaluation process of the consultations, indicates that it is in front of the use of the Soft-computing techniques,
which are introduced in the recovery of the information and contribute to eliminate the too strict evaluation of the
operators that model the neutrosophic connectives, which is useful in the treatment of the uncertainty.

Conclusion

In this paper, the neutrosophic linguistic modeling was presented for the treatment of uncertainty in the
recovery of information based on an ordinal neutrosophic linguistic approach that accepts linguistic weighted
Boolean consultations. This neutrosophic linguistic modeling takes advantage of the property of being an operator
of the LOW A operator, used to aggregate ordinal linguistic information. The LOWA operator is applied to model
the evaluation of the logical AND and OR connectives in the query evaluation process. In this way, Softcomputing
becomes effective in the retrieval of information and it is possible to eliminate the too strict evaluations of the
operators that model the neutrosophic connectives, which is advantageous in the treatment of uncertainty.
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Abstract. Operational risk is linked to the financial risks of companies. Financial risks are identified as credit risk, liquidity risk,
market risk and operational risk, and they significantly affect the operations and results of entities, particularly those with
investments. The measurement of operational risk in a qualitative manner implies probability associated with a potential loss of
resources, which are linked to the economic and financial management of the institutions. For an adequate detection of risks,
techniques, tools and methods applicable to knowledge must be used, such as Neutrosophy, which is favorable for interpreting
knowledge that comes from linguistic terms. For this reason, the objective pursued in this work is to detect the operational risk
in corporate financial management, for administrative excellence through the use of Neutrosophy.

Keywords: Financial risk, administrative excellence, business success, decision making, profitability - risk, Neutrosophy.

1 Introduction

Operational risk contributes to the uncertainty boom. Factors contributing to this uncertainty are diversification of
activities and complexity of new products, complexity of mergers and acquisitions of products, complexity of new sales
channels, large-scale globalization, automation of processes, outsourcing of activities and, above all, constant regulatory
changes in institutions [1].

One definition of operational risk that leads to uncertainty was that of [2], which refers to operational risk as a changing,
dynamic and complex process in the environment of financial institutions. Characteristics that lead to uncertainty due to
its dynamism.

In accordance with the present concern with operational risk and the uncertainty associated with it, there was motivation
on the part of the British Banker Association for the emergence of the first risk regulation through internal models.
Subsequently, the second consultative document for the new Basel Accord was created, which established a causal
definition, risk of loss arising from inadequate or failed internal processes, people or systems or from external events.

This type of risk includes legal risk, but excludes strategic, systematic and reputational risks, as well as the opportunity
cost associated with operational failures and indirect losses, due to their difficult quantification. Therefore, it was
demonstrated that operational risk is an element that can result from internal (related to errors in processes, systems and
people) or external events.

The operational risk to be identified, in an institution, requires two parameters that characterize it and contribute to its
quantification, these parameters are:

- Severity or amount of loss

- Frequency or probability
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For the detection of operational risk, in corporate financial management for administrative excellence, it is required to treat
the category present in it, which is uncertainty. In order to do this, it is necessary to follow a process that begins with the
realization of controls, in order to concretize the objectives of risk management and determine the most relevant factors;
consequently, initiatives that articulate efforts and responsibilities are required [3]. The characteristics of these controls are
dined in a Database, which is useful for the stored results to offer an adequate response on the information needs requested and,
in particular, on the probability of present operational risk.

The authors [4], refer that the database for the detection of operational risk should include information about
the amount of loss reported, the description of the event that caused the operational risk, the type of event, the
business unit to which it corresponds, the date of the loss and the time when it was recorded, the date on which the
event ended, management actions taken, recovery (insurance and other mechanisms) and loss estimation
adjustments.

Once the data are obtained, risk indicators are designed, defined from the information stored in the Database,
in order to reflect the exposure to risks in a specific institution. The combination of these indicators and the rest of
the data stored will reveal a risk profile, at the desired extraction level, paying attention to those activities that
require greater vigilance. The role of these indicators, in terms of monitoring and control, is fundamental. To this
end, they must be combined with control diagrams.

Based on the above, this paper proposes the use of neutrosophy for the detection of operational risk in corporate
financial management. For administrative excellence, in particular the neutrosophic logic is used because it allows
financial risk analysis with a more structured view of operational risk when the information available is uncertain.
Neutrosophic logic provides a rigorous theoretical framework for the treatment of vague, incomplete and
subjective information or the treatment of qualitative information, which is a constant in the analysis of financial
risks and many real-world problems.

Neutrosophic logic is an extension of Fuzzy logic that was created by Zadeh, as an extension of classical or
Boolean logic, to allow the modeling of processes that possess a certain degree of uncertainty. The neutrosophic
logic offers a different vision to the one given by the classic logic, it constitutes a tool that allows obtaining
numerical values from qualitative variables in most of the financial models, it is defined as a domain integrated by
variables associated to a neutrosophic set of values through a function of belonging.[5]

Neutrosophic logic is flexible and tolerant of data imprecision. It is based on natural language and can be
constructed from expert knowledge. The elements that form part of a set to a certain degree are called the degree
of belonging [6]. Each variable that intervenes as a hypothesis in a rule has a domino associated with it, which can
be divided into the number of neutrosophic conjunctions that the expert considers appropriate. All these partitions
have a linguistic variable associated with them.[7]

This technique is a multivalued logic, by means of which the notions of human thought and more common in
natural processes are considered as frequent, very frequent or infrequent, and can adopt a mathematical
formulation.

2 Preliminaries

In this section, we briefly review Neutrosophic Numbers and Neutrosophic Matrix concepts. Afterwards, we shall
present relations amongOperational risks and Neutrosophic Cognitive Maps.

2.1 Neutrosophic Number and Neutrosophic Matrix

A statistical neutrosophic number is a number of the following form [8]:

N=d+i )

Where d is the determined part and i is the indeterminate part [9]. For example s: a=1+1 if i€[5,5.4] the number
is equivalent to a€[6,6.4].

A neutrosophic matrix, on the other hand, is a matrix where the elements a = (a;;) have been replaced by
elements at (R U I), where (R U I)is an intiger neutrosophic ring [10]. 81

A neutrosophic graph is a graph in which at least one arc is a neutrosophic arc [11]. The neutrosophic adjacency
matrix. The arcs mean: 0 = no connection between nodes, [0,1] = connection between nodes, I = indeterminate
connection (unknown if it is or not). Such notions are not used in fuzzy theory, an example of which is shown
below:

)
oo o

I
1
0
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