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Quantum Fuzzy Logic integrates two distinct mathematical frameworks—quantum computing and fuzzy logic
—both of which fundamentally deal with uncertainty and imprecision. Quantum mechanics inherently in-
volves uncertainty through its stochasticity, while fuzzy logic addresses vagueness in reasoning and decision-
making processes, allowing for degrees of truth rather than binary true/false values. The proposed abstract
explores the synergy between these fields, particularly the potential for quantum computing to enhance fuzzy
logic systems, and conversely, how classical fuzzy logic can contribute to advancements in quantum comput-
ing.

On the one hand, quantum computing, with its ability to process information in superposed states, provides
an innovative platform for the development of fuzzy rule-based control systems. Indeed, this well-known
classical controller suffers when the number of input variables in the systems increases, because of the related
exponential number of rules to be computed. To address this issue, an innovative quantum fuzzy inference
engine capable of firing fuzzy rules exponentially faster than the classical counterpart was recently proposed
[1]. Its applicability has been proved thanks to the implementation of quantum control systems in scenarios
like particle accelerators [2] or smart cities [3].

Conversely, classical fuzzy logic can also play a critical role in improving quantum computing. Fuzzy logic
algorithms, designed to operate effectively in uncertain and imprecise environments, could offer solutions to
some of the challenges in quantum computing, such as noise suppression and mitigation [4]. The proposed
abstract presents an application of the Fuzzy C-means algorithm exploited to mitigate error on an actual
superconductive quantum device [5].

Overall, Quantum Fuzzy Logic is this innovative bidirectional research line that offers a new perspective both
for quantum computing and fuzzy logic. This bidirectionality, not only fosters innovation in both domains
but also creates a feedback loop where advancements in one field continuously drive progress in the other,
opening new pathways for the development of advanced computational systems.
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