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Abstract: "Big data" refers to large, diverse, and intricate data sets that are challenging to store, 

handle, and visualize for use in subsequent procedures or outcomes. The practice of analyzing and 

assessing vast amounts of data in order to find significant trends and principles is known as data 

mining. Data mining is crucial to many human endeavors because it can uncover valuable patterns 

that were previously undiscovered. Numerous machine learning algorithms are frequently 

employed in this context. Neutrosophic set theory (NS) is currently acknowledged as one of the most 

successful methods for resolving the aforementioned issues when paired with nature inspired 

metaheuristic algorithms and machine learning techniques. Neutrosophic set theory (NS), which is a 

generalization of interval fuzzy sets, has attracted a lot of interest in the data mining and machine 

learning fields during the last ten years because of its many uses. In order to remove ambiguity from 

data, add more precise data values, and increase the accuracy and efficiency of mining techniques, 

researchers have been inspired to integrate neutrosophic group theory (NS), which addresses 

natural ambiguity, into machine learning algorithms and nature-inspired metaheuristic algorithms. 

Numerous studies on the combination of machine learning methods and neutrosophic set theory 

(NS) have been submitted for publication. This has inspired us to provide an overview of the 

research on using NS in conjunction with metaheuristic and machine learning techniques to tackle 

data mining problems between 2020 and 2025. 

Keywords: Big Data; Data Mining; Machine Leaning; Interval Fuzzy Sets; Neutrosophic Set; 

Metaheuristic. 

 

1. Introduction 

Over the past few decades, huge data sets have expanded rapidly due to the rapid advancement of 

database and computing technologies. However, the number of highly dimensional datasets and 

rapid, high-accuracy data mining applications has increased significantly. One of the most 

important steps in knowledge discovery in databases (KDD) is data mining, which is used to 

identify useful patterns from massive data sources. Data mining employs a range of techniques and 

algorithms to identify and extract interesting patterns from the enormous data collection. Over the 

past 20 years, data mining has drawn a lot of attention because of its importance in a variety of 
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domains, including decision-making, healthcare, education, chemical engineering, climate change, 

kidney failure, hand gesture identification, COVID-19, and other applications. 

    We live in the age of data, where every detail is connected to a database, and our lives are 

recorded digitally[1]. For instance, there are many different kinds of data in the present electronic 

world, such as data from the Internet of Things (IoT), cybersecurity, smart cities, business, 

smartphones, social networking sites, healthcare, COVID-19, and many other sources. types of 

real-world data and machine learning techniques, which are expanding every day. Many intelligent 

applications in the relevant disciplines can be built by making inferences from these data. Many 

intelligent applications in the relevant disciplines can be built by making inferences from these data. 

An intelligent and self-sufficient cybersecurity platform, for instance, can be developed using the 

right cybersecurity data[2]; Similarly, context-aware, customized smart smartphone apps can be 

developed using pertinent smartphone data; and so on [3]. As a result, there is an urgent need for 

real-world applications that manage data technologies and processes that can swiftly and effectively 

retrieve knowledge or important information from data. 

In the fields of data analysis and computer science, metaheuristics and machine learning (ML) 

have advanced significantly in recent years, which typically allows programs to function 

intelligently. Machine learning (ML), one of the most popular technological developments in the 

so-called fourth industrial revolution, frequently enables systems to learn and grow from experience 

without the need for special design. In the discipline, learning algorithms can be divided into four 

main categories: supervised, unsupervised, semi-supervised, and reinforcement learning [4]. 

      These teaching strategies are growing in popularity every day. In general, a machine learning 

solution's effectiveness and efficiency depend on the kind and characteristics of the data as well as 

the capabilities of the learning techniques. Machine learning methods for classification analysis, 

regression, data grouping, feature engineering and reducing dimensionality, rule-based association 

learning, or learning by reinforcement can all be used to efficiently build data-driven structures[5]. 

Furthermore, artificially produced neural networks, which are part of a broader category of machine 

learning methods and are able to perform intelligent data processing, are the source of deep 

learning[6]. As a result, selecting a learning algorithm that is suitable for the intended use in a 

particular field might be challenging. This can be explained by the fact that different learning 

algorithms have different objectives, and depending on the characteristics of the data, different 

learning algorithms may even yield different outcomes within the same category[7]. Understanding 

the fundamentals of machine learning techniques is essential for applying them in a wide range of 

real-world application fields, such as cybersecurity services, IoT systems, business and 

recommendation systems, smart cities, healthcare and COVID-19, context-aware structures, 

agricultural sustainability, and many more. Numerous machine learning methods and approaches 

are employed to address data mining tasks. Numerous industries, including decision-making [8, 9], 

medical sector [10-15], agriculture [16-19] , financial [20-22],engineering[23-25], and other sectors.  

One of the most effective approaches for solving data mining problems at the moment is 

thought to be using metaheuristic algorithms. These algorithms are typically referred to as the 

quickest method of problem-solving because they have high capabilities for selecting the best and 

most practical solution from among all feasible options. Combining optimization methods with 

metaheuristic algorithms can help us select the best options from a large pool of viable ones with the 
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least amount of numerical work. There are numerous metaheuristic algorithms accessible, and these 

algorithms are categorized into five categories according to some paper [26]. In recent years, a large 

number of metaheuristics (MHs) have appeared, grabbing the interest of many scholars. They have 

been demonstrated to be successful in addressing a variety of optimization problems, such as 

scheduling issues, parameter extraction from solar photovoltaic models, milling manufacturing 

optimization issues, green coal production issues, feature selection issues, optimum power flow 

issues, etc.  Because metaheuristic algorithms can handle a wide range of complicated issues, such 

as continuous optimization problems, discrete optimization problems, and others, many academics 

were highly motivated to apply and modify them to address data mining-related challenges. The 

most urgent data mining issues, including feature selection, clustering, association rules, and others, 

were commonly solved by metaheuristics twenty years ago. 

Academics are turning to neutrosophic theories as a workaround because, despite the fact that 

machine learning algorithms and metaheuristics have made significant advancements in solving 

real-world issues and data mining hurdles, the uncertainty associated with the data in these and many 

other problems persists in making it difficult to find the most effective approach.  

Smarandache provides a domain area made up of three different subsets, referred to as neutrosophic sets, 

to reflect the different kinds of uncertainty. Neutrosophic sets are defined as those in which every 

component of the universe has a score between 0 and 1 for certainty, uncertainty, and 

indeterminacy[27].While vagueness is expressed by true and false values, the ambiguity idea reflects 

degrees of adhering and non-belonging to the neutrosophic sets and makes a distinction between 

absoluteness and relativeness. By using this notation, neutrosophic sets can manage the system's 

unpredictability and lessen the paralysis brought on by conflicting data. Therefore, one could argue 

that this feature is the single most significant benefit offered by neutrosophic sets in comparison to 

the many other kinds of fuzzy extensions[28].  

Neutrosophic sets can be used to define domain areas by using truth, falseness, and ambiguity 

values. In the presence of uncertainty, this field allows various computing processes to be executed 

independently. NSs have attracted a lot of interest from researchers. Researchers have shown a 

deal of interest in NSs because of their ability to handle uncertainty [29-32]. According to the above, 

neutrophilic logic has been shown to be a crucial method for removing ambiguity. As a result, other 

scholars have used and altered it to tackle practical issues and data mining difficulties. Therefore, 

based on the significance and promise of "Machine Learning and Metaheuristic" to assess the data 

mentioned above in the 2019–2025 timeframe, we provide a comprehensive overview of various 

machine learning algorithms that are integrated with neutrosophic set theory and can be used to 

enhance an application's intelligence and capabilities in this article. 

The following is a summary of the main contributions made by this paper: 

 - Defining the area of our research by considering the nature and properties of different 

real-world data kinds and the capacities of different learning techniques. 

- To offer a thorough understanding of machine learning techniques that can be used to 

improve a fueled by data application's intellect and capabilities. 

- To offer a thorough understanding of metaheuristic techniques that can be used to improve a 

fueled by data application's intellect and capabilities. 

 The rest of the paper is organized in this manner. The second part discusses neutrophilic set 

theory. The third section provides a more extended definition and presentation of the data types 
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machine learning techniques. We describe metaheuristic methods in the following fourth section. 

The integration of machine learning and metaheuristic techniques with neutrosophic theory to 

real-world problems is reviewed and explained in the fourth section that follows. In the 

section, we list some research questions and potential directions for further research, and the final 

portion concludes our study. 

2. Neutrosophic Set Theory 

Many of the bits of information produced by apps that simulate the real world are insufficient, inaccurate, 

ambiguous, and inconsistent. It is possible that the uncertainty stems from incomplete data, data 

collection problems, or random chance. Numerous modern theories and approaches, such as fuzzy set 

(FS) theory, intuitive fuzzy set (IFS), statistical and probabilistic theories, and para-consistent logic theory, 

have been put forth to address such confusing data. However, these conjectures are restricted to 

addressing a single inaccurate aspect of a problem rather than tackling the entire issue within a single 

framework. For instance, the FS can only manage ambiguous and hazy data; it cannot tolerate any gaps or 

inconsistencies in the data it is processing. It is therefore recommended to use the neutrosophy 

methodology, a branch of philosophy that combines the ideas of logics, statistical methods, probability, 

and set hypotheses, to address such problems within a single framework. The neutrosophic notion was 

first introduced by Smarandache toward the end of the 1990s[33].  

Fuzzy sets are thought to be generalized to neutrophilic sets [34]. Based on the ideas of neutrosophy, 

neutrosophic logic reflects indeterminacy by using a novel framework called "Neut-A" to address some 

issues that fuzzy logic cannot. The easiest way to characterize fuzzy logic is as a type of two-valued logical 

reasoning in which propositions do not necessarily need to be true or untrue, but rather can have a truth 

degree between 0 and 1. More "uncertainty" is often present in IF logic and neutrosophic logic than in any 

other logic [35]. 

As a result, all three components (T, I, and F) can be equally over-flooded (simmering) across 1, or 

"1+," or under-dried beneath 0 (freezing), or "0," according to neutrosophic logic. This allows one to 

discern between relative truth and true truth, as well as among relative falsity and absolute untruth. 

This results from inadvertent factors that could be hidden by certain ignorance or 

recommendations[36]. According to Smarandache, "neutrosophy is a new field of philosophy that 

explores the genesis, nature, and extent of neutralities, in addition to their connections with other 

ideational spectra." The neutrosophy concept considers fuzzy logic, incomplete likelihood, and 

classical logic as examples of varied value logic. Since it resolves the ambiguity of the evidence or 

language error that has been confirmed by numerous witnesses, Neutrosophy is more consistent 

with human reason. The concept of "Neutrosophy" often refers to the study of the nature, source, 

and extent of neutralities as well as their interactions. One aspect of neutrosophy is represented by 

the neutrosophic set. Every event that the neutrosophy theory explains has a degree of truth, a 

degree of falsehood, and a degree of uncertainty; these three degrees should be evaluated 

from each other. The neutrosophic set has gained recognition as a complete, perfect, and 

structure in recent years[37].  

The neutrosophic theory simulates each proposition to ascertain its degrees of truth ambiguity 

and falseness  . Neutrosophic theory has acquired popularity as a reaction to a number of 

real-world problems concerning ambiguity, inaccuracy, vagueness, insufficiency, inconsistency, and 
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indeterminacy. The neutrosophic reasoning handles extremely unpredictable and ambiguous information. 

As a result, the neutrosophic theory is used to solve issues with indeterminacy in numerous other fields. 

To deal with uncertainty, we wish to define the neutrosophic variable using specified concepts.  

According to the mathematical neutrosophic set concept, each element  in the neutrosophic set 

 has three memberships degrees as mentioned above, these memberships are falling under the 

following constraints: 

                                                                     (1) 

                                                                 (2)                                                          

Equations limiting a type 1 of neutrosophic fuzzy set are as follows: 

                                                                      (3)                                                                                          

                                                                                                                                    

                                                                          (4)                                                                                                                                         

                                                                  (5)                                                              

The following formula forces the third categorization, a neutrosophic intuitionistic set of type 2: 

                                                                           (6)                                                                                                                              

                                         (7)  

                                                                  (8)   

   Three functions are highlighted by the neutrosophic set: membership, non-membership, and 

indeterminacy. Three membership functions (truth (T_C (u), falseness F_C (u), and indeterminacy I_C 

(u)) are required for each element u in C in order to build a neutrosophic set C in universal set U. Each 

of these membership functions falls inside the range [0, 1]. Figure 1 shows how four sets classical, 

fuzzy, intuitionistic fuzzy, and neutrosophic relate to one another.        

                    

 
Figure 1. Generalization from classical set to neutrosophic set. 
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3. Machine learning techniques types 

Machine learning is the study of computer algorithms that allow machines to autonomously 

learn new skills and improve over time. It is generally regarded as a subfield of artificial intelligence. 

Machine learning algorithms allow the systems to make decisions independently without external 

help. These decisions are made by sorting through intricate data to find significant underlying 

trends. Supervised, unsupervised, reinforcement, and a hybrid algorithmic approach known as 

semi-supervised learning are the four primary categories of machine learning algorithmic 

approaches. The learning process, the type of data used as input and output, and the problem that is 

resolved all influence these kinds of algorithms. Certain hybrid approaches and other popular 

methods offer a logical progression of machine learning problem formats[38]. 

Supervised learning can be applied when the variables are inputs and the data are output goal 

values. The algorithm learns the mapping function from the input to the output. Because densely 

labeled data samples are readily available, it is a costly approach for applications with sparse 

data[39]. Unsupervised learning can be applied when the data is only given as an input and there are 

no associated output variables [40]. These techniques illustrate the underlying patterns in the data to 

help us better grasp its characteristics [41].  Reinforcement learning is applied while completing a 

sequence of choices that culminate in a final reward. During the learning cycle, an intelligent agent is 

rewarded or punished for the tasks it does. Its goal is to maximize the total gain. 

Between supervised and unsupervised learning techniques, the semi-supervised learning 

strategy falls somewhere in the center. These kinds of algorithms are trained using both labeled and 

unlabeled data. In a typical scenario, there is very little labeled data and a large percentage of 

unlabeled data. In essence, similar data are first clustered using an unsupervised learning technique, 

and then the remaining unlabeled data is classified using the already obtained labeled data [42]. 

Figure 2 indicates the types of machine learning algorithms. 

 
Figure 2. Machine learning algorithms. 
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4. Metaheuristic algorithms 

Metaheuristic algorithm is a problem-solving technique that is characterized by stochasticity. It 

can be considered a block box and a problem-independent technique that can be applied to a wide 

range of complex real-world optimization problems. Most real-world optimization problems are 

highly non-linear, multimodal and multi-objective associated with complex constraints. This type of 

algorithms seeks to mimic the natural behaviors of beings or phenomena by primarily using 

randomness and mathematical operators. Nature is full of objects, biological systems and organisms 

with specific characteristics that permit them to carry out their assigned function 

successfully. Researchers exploit these characteristics to develop metaheuristic algorithms. 

Generally, the search process for optimal solutions using any metaheuristic has a stochastic nature. 

To achieve optimal solutions, metaheuristic must achieve equilibrium between two key factors: the 

exploration phase and the exploitation phase. In the first phase, metaheuristics seek to generate 

random operators that discover different search space regions. In the second phase, metaheuristics 

intensify the search around an excellent solution to obtain the optimal one. The two phases are the 

two primary components of any metaheuristic algorithm for effectively exploring the search space 

for promising solutions and escaping from local optima. There are numerous metaheuristic 

algorithms accessible, and these algorithms are categorized into five categories according to some 

papers[26]. 

-Evolutionary Based Algorithms (EAs) are methods that built using the following genetic 

operators like mutation, selection, crossover and elimination in its population-based. 

-Swarm Based Algorithms (SAs) Multi-agent structures depending on the intelligent and 

collaborative interactions between living communities of animal or insect species. 

-Physics-based Algorithms (PAs), In order to create physical algorithms, the researchers 

have modeled the physics rules that underlie various natural events. 

-Human-based Algorithms (HAs) were inspired by the social activities and behaviors of 

human, such as politics, athletics, social interactions, and illnesses. 

-Mathematics based Algorithms (MAs) these methods frequently use mathematical 

equations, frameworks, or phenomena to direct the search for the best answers. 

Figure 3 shows the classification of the metaheuristic algorithms. 
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Figure 3. Classification of MH algorithms. 

5. Neutrosophic logic integrated with metaheuristics and machine learning algorithms for 

tackling the problems of the real world 

As previously illustrated in figures 2 and 3, the discipline of data mining encompasses a wide 

variety of metaheuristic and machine learning techniques, such as supervised, unsupervised, 

semi-supervised, and reinforcement learning. Large-scale, intelligent data analysis is also possible 

using deep learning, a subset of a broader class of machine learning algorithms. Thus, this study's 

primary contribution is to clarify the ideas behind various approaches to integrating machine 

learning and metaheuristic with neutrosophic logic. Furthermore, the mechanisms can be used in a 

wide range of real-world fields, such as intelligent cities, cybersecurity, e-commerce, healthcare, and 

agriculture, among many others. This is due to It is known that when it comes to accuracy in the 

analysis of vast volumes of data, consistency, ambiguity, and inconsistency present challenging 

problems during the data processing stage. Neutrosophic logic has shown a significant ability to 

model this complex information. Many machine learning and data mining techniques have been 

proposed to deal with this kind of contaminated data during the preprocessing stage.  

However, there aren't many studies that deal with the erroneous and inconsistent data that 

exists during the modeling stage. However, this paper offers a comprehensive review of all the work 

that has been done on the translation of machine learning techniques from the neutrosophic 

environment to the crisp numerical space. Furthermore, we discuss how machine learning 

techniques using Neutrosophic logic are incorporated into and contribute to the modeling of faulty 

information, as well as how these models affect data mining problem solving and real-world 

scenarios.  
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Scholars hurriedly compiled a large number of research publications, including neutrosophic 

logic with metaheuristics and machine learning algorithms in the field of the data science. Thus, it 

provided us with inspiration to begin this survey paper. Some of the research publications on 

neutrosophic based machine learning algorithms from 2019 to 2025 were mentioned in Table 1.  

Table 1. An overview of some neutrosophic based machine learning algorithms and data mining 

algorithms for tackling real world problems. 

No Ref Methodology Dataset Advantages shortcomings 

1 [43] This study presents a novel 

hybrid multi-deep transfer 

and machine learning 

(HMDTML) method for 

evaluating chest X-rays for 

COVID-19 case diagnosis in a 

probabilistic single-valued 

neutrosophic hesitant fuzzy 

set (PSVNHFS) environment. 

It does this by combining 

localization-based decision 

(DLBD) with fuzzy weighting 

using zero inconsistency 

(FWZIC). 

 

Two data sets are used the 

first dataset has 660 CXR 

scans and the second has a 

total of 5679 CXR scans 

 

The model is very 

reliable and robust.  

 

Initially, the EDM 

and dynamic 

localization decision 

matrix can only be 

converted into a 

PSVNHS-EDM using 

a single fuzzy 

approach (PSVNHS). 

Second, due to the 

imprecise and 

unclear nature of the 

data, it was 

determined that FS 

with DBLD was 

necessary.  

2 [44] This work introduces a novel 

decision-making structure 

that blends Neutrosophic 

Triplets (NTs) with the 

Technique for Order of 

Preference by Similarity to 

Ideal Solution (TOPSIS) in 

order to address the 

limitations of 

decision-making methods 

while handling unclear 

information. Green supplier 

selection, a critical area of 

sustainable supply chain 

management, serves as an 

example of the advantages of 

the proposed method. 

A large dataset comprising 

more than 400 check values. 

 

The smart TOPSIS 

technique is low in 

processing complexity 

and offers a high degree 

of accuracy.  

The study also clarifies 

the execution time of 

different methods, 

emphasizing that the 

Smart TOPSIS method 

stands out due to its 

significantly lower time 

complexity. 

This study's flaws 

stem from the 

assumption that the 

recommended clever 

method will always 

perform well in a 

range of 

decision-making 

situations. This 

necessitates a 

thorough analysis 

and validation across 

several different 

application domains. 

 

3 [45] This article shows that the 

hyper soft set and the 

multi-polar interval-valued 

A collection of shopping 

websites used to evaluate 

this approach. 

This approach works 

well with combinations 

that boost computer 

Not mentioned 
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neutrosophic set can be 

merged. This can be applied 

to DM problems with a 

number of characteristics. We 

also create similarity metrics 

for multipolar interval-valued 

neutrosophic hyper soft sets 

(mPIVNHSs). K-Nearest 

Neighbor (KNN), a machine 

learning technology, is also 

used to establish ranking 

when selecting locations for 

new retailers. Because they 

take advantage of the 

possibility of each data point's 

likeness, they are helpful in 

daily life. 

 efficiency, combine 

several decision-making 

processes, and modify 

the framework to 

account for changing 

data kinds and 

uncertainties. 

 

4 [46] In this study, the authors 

present a trust model that 

uses the neutrosophic 

weighted product 

methodology (WPM), used by 

industrial internet of things 

IIoT applications, to assess the 

confidence score of devices 

linked to the IIoT. The 

suggested approach assesses 

device reliability based on 

temporal experiences, 

geographical expertise, and 

behavioral patterns learned 

from IIoT devices. 

Furthermore, the framework 

recommends classifying the 

collected properties using 

K-NN clustering in 

conjunction with 

neutrosophic support vector 

machines (SVM). The 

proposed neutrosophic SVM 

algorithm, which can also 

precisely identify the trust 

The authors use five 

correlated sensors to 

simulate different IIoT 

device features. One 

hundred industrial IoT 

devices have been included 

in the dataset.  

 

The simulation's results 

show that the proposed 

trust model is more 

successful in detecting 

IIoT device misconduct. 

The proposed 

neutrosophic SVM 

method has a 100% 

accuracy rate. 

 

 

The industrial trust 

computation's 

scalability problems 

are not addressed. 
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borders, generates the final 

trust score. 

5 [47] This work proposes a 

computer-aided diagnosis 

system for the detection of a 

malignant cancer skin lesion 

and introduces a novel 

method for histogram 

equalization for picture 

improvement. The 

segmentation procedure 

combines a 

thresholding-based technique 

with a pentagonal 

neutrosophic framework to 

produce a segmentation 

masking of the suspicious 

skin lesion. The Inception and 

residual blocks form the 

foundation of the deep neural 

network suggested in this 

study. A soft-max block is 

added after each residual 

blocking to broaden the layer 

and expedite the process of 

learning the crucial features. 

The PH2, ISIC 2017, ISIC 

2018, and ISIC 2019 datasets' 

respective efficacy of the 

proposed method for digital 

artifact removal. 

 

The model's sensitivity 

and specificity ratings 

seemed to be good 

according to the 

recommended tactics. 

 

Actinic keratoses, 

basal cell carcinoma, 

squamous cell 

carcinoma, vitiligo, 

psoriasis, atopic 

dermatitis, and 

lamelar ichthyosis 

are among the many 

categories for various 

skin disorders that 

receive little 

attention. 

 

6 [48] This study combines 

Neutrosophic reasoning, the 

Analytic Network Process 

(ANP), and Multi-Attribute 

Utility Theory (MAUT) to 

develop a reliable placement 

of hospital construction assets 

based on their variables 

importance levels and 

shortcomings. This lessens the 

subjectivity involved in 

decisions made by experts. 

This approach is further 

coupled with the 

state-of-the-art use of machine 

learning methods in this field, 

The proposed concept was 

applied to Canadian 

healthcare facilities. The 

approach was applied for 

each and every data point to 

ascertain the unique CI and 

PDI of each asset using all 

relevant datasets associated 

with the 394 different asset 

categories present in five 

hospital facilities in the state 

of Alberta 

 

The integrated 

framework that has been 

constructed is expected 

to assist in the creation 

of a uniform, objective, 

and automated priority 

system for hospital asset 

renewals. Consequently, 

this should result in a 

resource allocation 

process that is efficient, 

sensible, and 

knowledgeable.  

 

The proposed 

method is no more 

accurate than models 

in the literature in 

accurately 

identifying the high 

priority instances. 
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such as Naïve Bayes, 

K-Nearest Neighbors, and 

Decision Trees. 

7 [49] Three techniques were used 

in this work to predict heart 

disease: association rules, 

machine learning structures, 

and the neutrosophic 

analytical hierarchy process 

(AHP) as a feature selection 

mechanism. Utilizing the 

neutrosophic AHP technique 

is necessary to determine 

feature weights and select the 

optimal features. The 

association rules offer the 

rules that regulate the results 

of all data sets. The 

neutrosophic AHP was then 

used as a feature selection 

approach to determine which 

feature was best to 

incorporate into machine 

learning algorithms. We used 

nine machine learning 

algorithms to predict cardiac 

attacks. 

The data was collected as 

part of an ongoing 

cardiovascular study that 

involved citizens of 

Framingham, 

Massachusetts. The dataset 

contains the patient's 

details. It contains fifteen 

different attributes and 

about 4,000 rows. 

 

The findings of the 

comparison analysis 

show that the suggested 

creative technique has a 

low level of computing 

complexity and a high 

degree of accuracy.  

 

-Not mentioned 

8 [50] This work proposes a novel, 

accurate, automatic, and 

intelligent approach for 

COVID-19 classification using 

chest X-rays. The proposed 

pipeline is a hybrid approach 

that blends machine learning 

with neuromorphic 

approaches. In order to 

classify the chest X-rays into 

two groups—normal 

participants and 

COVID-19-positive 

patients—ML structures were 

trained.  

The first dataset was created 

by compiling 319 X-rays of 

respiratory disorders, 

Middle East Respiratory 

Syndrome (MERS), Extreme 

Acute Metabolic Syndrome 

(SARS), and COVID-19 from 

online sources and 

published research.  

The second database is the 

Standard (or Healthy) 

Subjects Database, which 

contains 5247 standards, 

infectious agent, and 

microorganism pneumonic 

The testing results 

further validated the 

proposed pipeline's high 

accuracy. 

The fact that our 

proposed pipeline 

only gives the 

physician a definitive 

positive or negative 

COVID-19 

assessment is its 

drawback. 
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chest x-rays with a precision 

of 400–2000 pip. 

 

9 [51] An effective machine 

learning-enabled 

Neutrosophic C-Means 

Clustering Skin Lesion 

Segmenting and Classifying 

model (NCCOML-SKSC) is 

presented in this research. For 

segmenting the dermoscopic 

imagery, the suggested 

NCCOML-SKSC paradigm 

produces an NCC-based 

segmented method. 

Additionally, the AlexNet 

model is used to produce a 

feature vector. Using a whale 

optimization technique 

(WOA) to select the MLP 

factors, the optimal multilayer 

perceptron (MLP) structure is 

employed for the process of 

classification in the last stage. 

A skin lesion benchmark 

dataset. 

In comparison to other 

models, the results 

showed that the 

NCCOML-SKSC 

paradigm performed 

effectively with the 

fewest clusters under all 

images. The 

experimental findings 

also demonstrated the 

higher accuracy of the 

NCCOML-SKSC model 

than the other 

approaches.  

Not mentioned 

10 [52] The proposed neutrosophic 

diagnostic approach is built 

on an Interval Neutrosophic 

Rough Neural Network 

architecture with a 

backpropagation algorithm. 

In addition to improving the 

efficiency of rough neural 

network designs, it leverages 

the advantages of 

neutrosophic set theory to 

surpass the rival algorithms.  

The cardiotocography 

(CTG) dataset from the 

University of California, 

Irvine (UCI) machine 

learning archive website is 

used to train and evaluate 

the IN-RNN 

framework.CTG uses 2126 

instances and 21 input 

attributes to detect uterine 

contraction and fetal heart 

rate at the same time. 

The proposed 

framework is a practical 

and efficient classifier. 

Additionally, the 

proposed paradigm can 

be used to other 

real-world problems, 

such as coronavirus 

classification, social 

media, and satellite 

pictures. 

 

Not mentioned 

11 [53] This technical study presents 

the Dynamic Neutrosophic 

Cognitive Map with 

Improved Cuckoo Search 

Algorithm (DNCM-ICSA) 

E-GEOD-64707 dataset -The categorization and 

precision of the 

proposed model are 

satisfactory. 

 

-Time complexity 
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with a group classifier to 

obtain a gene expression 

profile that distinguishes 

between people with RA and 

those likely to be in control. 

Feature selection, forecasting, 

classification, and data 

processing are the four main 

stages of this job. 

12 [32] In this study, a new 

classification process is 

proposed. Initially, the 

researchers used the Kernel 

Principle Component 

Analysis (KPCA) model to 

decrease the features of the 

selected database. Using that 

dimensional method is 

justified by the need to 

manage computation time 

efficiently. An ideal rule was 

developed in the 

Neutrosophic Set (NS) to 

enhance the classification 

process, and this rule was 

optimized by integrating the 

Elephant Herd Algorithm 

with the Oppositional-based 

technique. The Deep Learning 

(DL) approach was used to 

classify the data after feature 

selection. 

Three datasets were selected 

: Isolet dataset, Musk 

dataset, and Hill Valley 

database. 

-High Performance -Not mentioned 

13 [54] In order to successfully 

forecast rice infections, this 

work presents a combination 

of ensemble machine learning 

approaches and blended 

feature selection. Initially, 

SMOTE-based preparatory 

procedures are recommended 

for data normalization. 

Therefore, the Adapted 

Five standard datasets (UCI, 

2010) and a dataset of sick rice 

plants were used for evaluation. 

 

The recommended 

method provides a 

low-cost, 

high-performing, 

uncomplicated, and easy 

way to detect rice 

illnesses. 

. 

 

Long computation 

time 
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Feature weighted Fuzzy 

Clustering (MFWFC) based 

segmentation is 

recommended for efficient 

segmentation. To increase the 

accuracy of classifiers, 

features are then obtained 

using enhanced independent 

component analyses, or 

EICAs. The features are 

selected using Hybrid 

Neutrosophic Cognitive 

Maps, or HNCMs. 

14 [55] In the suggested approach, 

the optimal subsets 

combining GLCM and 

statistical data that can 

effectively describe the leaf 

diseases are chosen using 

Neutrosophic Cognitive Maps 

(NCM). The suggested 

method is tested against eight 

cutting-edge feature selection 

algorithms currently in use in 

order to demonstrate its 

efficacy on publically 

accessible photos taken from 

the plant village archive. 

Plant village repository 

(apple leaf images dataset) 

High classification 

precision 

 

-Computational 

resources 

15 [56] The suggested method offers 

three main advantages. First, 

the classical set is made more 

inclusive by permitting 

interpretations of ambiguity 

in data and expanding the 

concepts of the truth, 

ambiguity, and falsehood. 

The second method goes one 

step more by using these 

features in train and verifying 

the models used for 

classification throughout a 

Three datasets are used for 

classification: Cleveland 

Heart Disease, A financial 

dataset (Customer 

Satisfaction dataset), and  

Social media  (Twitter 

Sentiment Analysis). 

The suggested 

neutrosophic technique 

improves the 

effectiveness of 

classification while also 

enhancing general 

robustness and 

dependability in big 

data analytics. 

 

-Not mentioned 
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range of distinct domains. It 

combines a strong technique 

for picking features that 

utilizes neutrosophic theory 

of sets which is considered 

optimum by evolutionary 

algorithms.  

16 [57] Using the Firefly Algorithm 

for feature optimization and 

Neutrosophic Fuzzy 

Chi-Square (NFCS) for 

uncertainty-aware feature 

selection, the proposed work 

presents a semi-supervised 

e-commerce review sentiment 

analysis system. 

 

Feature selection datasets This research results in a 

low-cost, interpretable, 

and scalable sentiment 

analysis method for 

e-commerce 

applications. 

 

Time complexity 

17 [58] The study presents a model 

designed to outperform 

current techniques in terms of 

time series forecasting 

accuracy. This method 

promises better predicting 

results by combining 

neutrosophic logic with the 

quantum optimization 

algorithm (QOA), genetic 

algorithm (GA), and particle 

swarm optimization (PSO) to 

increase precision in complex 

and uncertain contexts.  

The university of Alabama 

enrollment       dataset 

NTS dataset 

 -The approach less 

practical for very 

large datasets 

-Limited 

Generalization on 

other datastes 

-Hybrid Model 

Selection: The study 

introduces a hybrid 

model (NTSQOA, 

-GA, and -PSO) but 

does not extensively 

explore the criteria 

for selecting the 

optimal combination 

of optimization 

algorithms 

18 [59] For the purpose of accurately 

predicting students' academic 

performance, this work 

creates a Leveraging 

Generalized Possibility 

Neutrosophic Soft Set with 

Feature Selection 

(GPNSSFS-SAPPM). The goal 

of the suggested 

GPNSSFS-SAPPM system is 

Students Performance 

dataset 

The results of the 

simulation showed that 

the GPNSSFS-SAPPM 

approach demonstrated 

strong performance. 

 

-  this approach is 

only assessed on 

Students 

Performance dataset 
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to use metaheuristic 

optimization algorithms to 

enhance the prediction model 

of students' performance in 

higher education. In order to 

transform incoming data into 

an appropriate format, the 

data pre-processing model is 

initially used by applying 

mean normalization. 

Additionally, the feature 

selection procedure makes 

use of the golf optimization 

algorithm (GOA).  

19 [60] One popular security method 

that attempts to defend vital 

infrastructure assets against 

cyberattacks is rule-based 

security. Gaining trustworthy 

categorization information 

that can be used in a variety of 

real-world situations requires 

the extraction of precise and 

understandable rules from 

several sources of legitimate 

data. Therefore, this study 

introduces the Rule Generator 

(RUGE) framework, which 

uses a genetic algorithm with 

a single-valued neutrosophic 

cross-entropy fitness operator 

to automate the rule mining 

and selection process. 

 

The CICIDS2017 dataset 

was utilized because it 

contains a large quantity of 

labelled and up-to-date 

cyber-attacks, as well as 

benign network traffic. 

The results collected 

demonstrate that rule 

mining may help 

intrusion detection 

systems in a 

network-based setting 

by automating the 

knowledge acquisition 

process and maintaining 

the attack signatures 

current. Furthermore, to 

strike a reasonable 

balance between 

interpretability and 

performance, smaller 

groupings of rules can 

be used.  

 

To collect a greater 

variety of 

neutrosophic rules, 

the framework must 

be expanded by 

using more intricate 

models and 

investigating the 

explainability of 

black-box 

procedures. 

 

      

20 [61] In order to enable a more 

robust and expressive 

representation of positive, 

negative, and indeterminate 

sentiment components, this 

work presents a unique 

similarity measure for 

Assessment is done through 

extensive trials on 

benchmark datasets such as 

Apple X, Sentiment140, and 

SemEval 2017. 

 

the statistical 

evaluations verifying the 

importance and 

resilience of its 

enhancements. The 

suggested paradigm 

improves sentiment 

Not mentioned 
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Single-Valued Neutrosophic 

Sets in a three-dimensional 

sentiment space. Building on 

this approach, the authors 

present SentiSim, an 

unsupervised, 

domain-neutral sentiment 

analysis system that uses the 

Grey Wolf Optimizer to 

improve classification 

performance and find the best 

sentiment prototypes.  

 

analysis's 

interpretability and 

dependability in the face 

of ambiguity and 

indeterminacy. 

 

21 [62] The creation of the Interval 

Neutrosophic Covering 

Rough Sets based on 

Neighborhoods and 

Multi-Strategy Improved 

Butterfly Optimization 

(EDCINCRS-MSIBO) 

Algorithm for FinTech 

Applications is the main 

emphasis of this work. It 

includes various stages, 

including feature selection, 

classification, data 

normalization, and parameter 

adjustment. A min-max 

normalization-based data 

pre-processing model is used 

in the EDCINCRS-MSIBO 

technique to scale the raw 

data into a consistent format. 

 

Two financial datasets The EDCINCRS-MSIBO 

method's promising 

results compared to the 

current methods are 

shown in the 

comparative result 

analysis. 

 

Time complexity 

22 [63] This study suggested a hybrid 

segmentation method for 

automatically identifying liver 

tumors from abdominal CT scans 

that combines the watershed 

algorithm, fast fuzzy c-means 

algorithm, and neutrosophic sets. 

Over 105 patients with CT 

scans of their abdomens and 

more than 150 slices per patient 

are included in the dataset 

- Precise precision, reduced 

time spending, and reduced 

noise sensitivity. 

- has outstanding precision 

as well as efficiency on 

noisy and non-uniform 

pictures, reducing 

over-segmentation. 

- Many CT scans are 

not processed in order 

to assess performance. 

- This method's primary 

flaw is that it requires a 

lot of computer power 

and is not suitable for 

real-time applications. 
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24 [64] The Robust Neutrosophic 

C-Means Clustering enhanced 

with the fish school search 

algorithm (RNCM-FSSA) was 

presented in this research to 

cluster incoming tasks and 

resources according to their 

availability and requirements. 

The degree of indeterminacy 

allows neutrosophic C-means 

to more efficiently schedule 

deterministic and 

indeterministic schemes to the 

best available resources. 

 

Not mentioned The simulation results 

demonstrate that, in 

comparison to previous 

unsupervised models, 

the suggested 

RCNM-SSA's robustness 

achieves higher resource 

efficiency, the degree of 

imbalance is small, and 

computation complexity 

is also significantly 

reduced.  

 

Time complexity 

 

5. Conclusion and Future Work 

Since ambiguity, inconsistency, insufficient data, and indeterminacy are common in real-world 

problems, neutrosophic logic has recently gained appeal. Traditionally, the neutrosophic set theory 

is used to denote a mathematical formula of ambiguity. As a framework for assessing truth, falsity, 

and indeterminacy, it is acknowledged. Recently, NS, metaheuristic and machine learning have been 

combined to create decision strategies for a variety of applications used in various computer science 

domains, such as the medical industry, internet of things, cancer detection, forecasting, modeling 

neutrosophic variables, and many more.   We chose to produce a review article that discusses the 

literature published in this area between 2020 and 2025 because of the extensive use of this 

integration in numerous domains. In this study, we looked into how the neutrophilic approach may 

enhance machine learning algorithms generally and how to model and exploit incomplete data, like 

as uncertainty, as a source of knowledge rather than a noisy kind of thing. We made an effort to 

discuss hybrid techniques and the various domains in which they find application. Nonetheless, 

there are still a number of machine learning methods that may be implemented in a neutrosophic 

context and show how both machine learning and the neutrosophic can be used to address 

real-world problems.  
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