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Abstract

The goal of this thesis is to explore the analytical and numerical aspects of Cauchy and Dirichlet
problems related to degenerate parabolic-hyperbolic partial differential equations and fractional
conservation laws driven by Lévy noise. The first Chapter delved into a brief survey of the literature
on deterministic conservation laws on both bounded and unbounded domains. In addition, we also
review the available results on stochastic conservation laws. At the end of this chapter, we give an
overview of our contribution to the thesis.

In Chapter 2, we study the convergence of approximate solutions generated by the operator
splitting scheme towards the unique BV entropy solution for fractional conservation laws driven by
Lévy noise. A variant of classical Kruzkov's doubling of variables approach plays an important role
in our convergence analysis. Finally, the convergence analysis is illustrated by several numerical
examples. Chapter 3 is devoted to study the large and moderate deviation principles (LDP and
MDP) and the central limit theorem (CLT) for stochastic fractional conservation laws in the kinetic
formulation framework. The weak convergence method and doubling the variables technique play
crucial roles in this analysis. Moreover, the LDP is established in a more general setting (square-
integrable periodic initial datum). At the same time, since the kinetic solution of the underlying
problem predominantly sits in an irregular space, we prove CLT and MDP for a constant initial data.
We delved into the existence and uniqueness of the renormalized entropy solution for degenerate
parabolic-hyperbolic Cauchy problem perturbed by a multiplicative Lévy noise with general L'-
data in Chapter 4. By using a suitable approximation procedure based on the vanishing viscosity
technique and bounded data, we prove the existence of a renormalized entropy solution to the
underlying problem. The uniqueness of the solution is settled by adapting Kruzkov's doubling the
variables technique in the presence of noise.

In Chapters 5 and 6, we analyzed the well-posedness of entropy solution for homogeneous and
non-homogeneous Dirichlet problems for degenerate parabolic-hyperbolic PDE perturbed by Lévy
noise. We consider the homogeneous Dirichlet problem in Chapter 5. Here, the main arguments
were based on Kruzov’s semi-entropy formulation and obtaining local and global Kato’s inequalities,
allowing comparison principle in L! and thereby existence and uniqueness of entropy solution. In
Chapter 6, we work on establishing the well-posedness analysis for the non-homogeneous Dirichlet
problem. To get the uniqueness of entropy solutions, we are using a version of the doubling variables
method within a stochastic framework. Our proof entails a nuanced examination of boundary
values of solutions, requiring the development of innovative techniques to leverage the existence
of normal weak traces for divergence measure fields in the noise environment. Moreover, a generic
method is developed to prove the well-posedness theory for the associated viscous problems with
the help of Aldous tightness criteria and Jakubowski’s version of the Skorokhod theorem through
an approximation process consisting of a bi-Laplacian term.
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Y MY BT I Adl TR J IR faadifirg meifcie-gRReifte sifie sidk IHteu 3k
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