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ABSTRACT 

Fuzzy set extensions, also known as fuzzy extensions or extended fuzzy sets, provide a powerful 

theoretical framework for modeling uncertainty, imprecision, and partial truth in various domains. 

The theory originates from classical fuzzy set concepts introduced by Lotfi Zadeh, where each 

element of a universe is assigned a membership degree between 0 and 1. Fuzzy extensions generalize 

these concepts to more complex structures, including multidimensional real spaces, complex planes, 

and higher-order systems. The theoretical foundation involves operations such as fuzzy union, 

intersection, complement, and α-cut representations, which are adapted to handle multidimensional 

and complex-valued data. Moreover, fuzzy arithmetic, fuzzy relations, and fuzzy mappings play a 

crucial role in extending classical set operations to uncertain or imprecise environments. The 

applications of fuzzy extensions are diverse and span multiple disciplines. In engineering, they are 

employed for control systems, signal processing, and electrical circuit modeling, where uncertainty 

and noise are inherent. In computer science, they enhance image processing, pattern recognition, and 

decision support systems by enabling nuanced handling of ambiguous data. In finance and 

economics, fuzzy extensions aid in risk assessment, portfolio optimization, and modeling market 

uncertainties. Additionally, in natural sciences, they provide frameworks for quantum mechanics, 

environmental modeling, and medical diagnosis, where precise measurements may be unavailable or 

unreliable. 
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