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! Membership function
2 Support
% convex
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! Upper semi continous
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! Stacking Theorem
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! Singleton
2 Hukuhara difference
® generalized Hukuhara difference

AR



LU ae[0,1] awn gl o (i) = 55 v
W(@)=u(a)-V (a) s W (@)=u"(a)-V'(a) e
W (@) SW (@) 5 Js5 b W(a) (oo bW ()
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! Hausdorff
2 Hausdorff-Pompeiu
% Hausdorff metric
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! Hukuhara differentiable
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Abstract

This thesis focuses on two central topics. The first part is devoted to studying the
ordinary fuzzy differential equation based on the generalized Hukuhara
differentiability ([gH]-differentiability). Several properties of this concept of

differentiability are obtained on the topic, such as the univariate fuzzy chain rules,
fuzzy mean value theorem and first and second derivative test, among others.
In this thesis a new approach is introduced in the fuzzy numerical analysis by

presenting fuzzy Taylor expansion based on [gH]-differentiability. Therewith the

Euler method for solving fuzzy initial value problems is obtained and the
convergence of this method is asserted by the concept of global truncation error. In
addition, based on the type of differentiability the analytical solutions of some
fuzzy ordinary differential equation are obtained.

In the second part, a fuzzy heat equation under generalized Hukuhara partial
differentiability is considered. To introduce a fuzzy heat equation, generalized
Hukuhara partial derivative ([gH — p]—derivative) is introduced for two variable
fuzzy functions and the type of differentiability of [gH — p]—derivative is studied in
detail. Moreover, some properties are demonstrated for [gH — p]—derivative. These
properties are used to prove the uniqueness of the solution of a fuzzy heat equation
and to find the analytical solution for a fuzzy heat equation. Analytical solution for
a fuzzy heat equation in the infinite and semi-infinite Region based on the type of
[gH — p]-differentiability of the function u(x,t) with respect to t is derived.

Keywords: Fuzzy ordinary differential equation, Fuzzy partial differential
equation, generalized Hukuhara differentiability, Fuzzy heat equation, fuzzy chain
rule; Mean value theorem, the fuzzy maximum principle.

Zienab Gouyandeh

VoA



