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ABSTRACT 

Multiple uncertainty conditions exist in real life with incomplete knowledge gathered 
by human observation. These conditions are about vagueness, imprecision, ambiguity, 
and inconsistency which need to be taken into consideration. It has not, however, been 
satisfactorily modeled by the classical and existing mathematical concept for 
uncertainty theory. To capture all the associated uncertainty factors, this research aims 
to develop a new concept of uncertainty with more representable defined boundary sets. 
A rough neutrosophic multisets theory which is a fusion between neutrosophic multisets 
and rough sets theory was introduced as a novel finding of this research. It is a more 
appropriate and representable theory for a real problem in resolving multiple uncertainty 
information with boundary regions involving lower and upper approximation. Another 
significant finding of the research is the basic rough neutrosophic multisets operations, 
such as complement, union, intersection, contained, and equality, are defined with 
numerical examples. The "AND" and "OR" rough neutrosophic multisets operators are 
shown. The algebraic operations over rough neutrosophic multisets, including addition, 
subtraction, multiplication, and scalar multiplication, are also introduced. It also 
determined the level of relevant uncertainty factors in every situation. Other findings 
indicated that a roughness measure is defined as a principal for the development of 
rough neutrosophic multisets in equivalence relations. As a result, rough neutrosophic 
multisets are derived concerning relations properties for single and two universal sets, 
four types of vector similarity measures and three types of distance measures, two types 
of distance-based similarity measures, two types of entropies measures, and three types 
of aggregation operator. Finally, this research contributed a procedure of rough 
neutrosophic multisets operators as a novel approach to improving the representation of 
the evaluation process involving multiple-criteria decisions-making. The highlighted 
medical diagnosis problem is used for illustrative purposed to explain the applicability 
of the procedure. In addition, the rough neutrosophic multisets with multi-criteria 
decision-making is applicable to be used in solving problems of a similar nature. 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

In recent decades, set theory has developed further as a means of handling 

critical thinking in areas like games (win, fair, or losing), voting (vote, blank vote, and 

against), and decision-making (right, neutral, or wrong). Such critical thinking opinions 

always come with uncertainties that are dependent upon observations and decisions 

made by experts (Kishishita, 2020). Uncertainties may be visualization by hierarchical 

data, time-series and stochastic, and in linguistic terms (Hagele et al., 2022). 

Nevertheless, since there are uncertainties, the collected information is vague, 

imprecise, ambiguous, and inconsistent condition. According to George (2006) 

definition of information, uncertainty arises when there is a lack of information, 

whereas the capacity to lessen uncertainty is there when there is information. In this 

way, uncertainty and information are inextricably linked. Thus, to model uncertainty 

information, a set theory must be capable of interpreting all the lacking information 

accurately as having unclear limits information leads to vagueness, imprecision is an 

outcome of different observers' knowledge that cannot be measured, and ambiguity 

occurs because of inadequate knowledge or mistakes in the acquisition, and 

inconsistency results from conflicting values. Furthermore, to model the uncertainty 

information with different types of data, the introductory uncertainty set theory is 

further discussed with a limited interpretation for an accurate result (Yang et al., 2009). 

Information can be categorized into single-valued data and multiset data 

(Blizard, 1988). In the reviewed research by Seoni et al. (2023), the uncertainty involved 

in single-valued and multiset data always occurs in healthcare. Nowadays, experts have 

prepared machine learning or artificial intelligence (AI) to overcome the uncertainty 

condition. An example would be the information collected from the patient who saw a 

doctor because they had symptoms related to Coronavirus (COVID-19), such as cough, 

fever, runny nose, sore throat, muscle pain, and headaches. Single-valued data can only 

contain information concerning the appointment date. Nevertheless, as an epidemic 

virus, the data must not remain relevant for only one time. COVID-19 virus inspection 

should take place within one week or a minimum of three days (Hashmi et al., 2020). 
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