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Abstract:

Simultaneous modeling of uncertainty and reliability in real-world data is considered
one of the fundamental challenges in regression analyses. Classical fuzzy numbers
alone are incapable of representing the degree of confidence in uncertain
information; whereas Z-numbers, with their two-component structure (uncertain
value A and reliability degree B), provide an efficient tool for this purpose. On the
other hand, semiparametric regression models, due to their combination of
parametric structure with nonparametric flexibility, represent a valuable approach
when dealing with heterogeneous data. However, to date, no comprehensive
framework has been proposed for integrating semiparametric regression with Z-
numbers.

The aim of this dissertation is to develop and analyze Z-number-based
semiparametric regression models with the capability of simultaneously preserving
uncertainty and reliability within a semiparametric structure. In this regard, three
main models are introduced: the first model, with Z-number inputs and outputs, is
solved using a one-step generalized regression method combined with Z-number-
based fuzzy clustering.

The second model, with real-valued inputs and Z-number outputs, employs a hybrid
algorithm for the simultaneous estimation of bandwidth and fuzzy regression
coefficients.

The third model is the fully Z-number semiparametric regression (entirely based on
Z-numbers), in which all model components, including regression coefficients and
the nonparametric component, are expressed in the form of Z-numbers. Three
distinct solution approaches for this model are presented and evaluated
comparatively: the baseline method (kernel-logistic), the improved method
(sinusoidal with regularization and inconsistency penalty), and the clustered method
(integrated Z-number fuzzy clustering).
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