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Abstract

In this thesis, our focuses on examining the impacts of stochastic forcing on solutions of
nonlinear partial differential equations (PDEs) through analytical methods. In particu-
lar, our research goals are directed towards analyzing the effect of perturbation by noise
of nonlinear evolutionary p-Laplace type Dirichlet problems for PDEs. In this thesis, we
have mainly worked on stochastic partial differential equations (SPDEs) perturbed by
multiplicative Lévy noise, where the nonlinear operator (in divergence form) satisfies p-
type growth with coercivity assumptions. We have answered various analytical questions
related to well-posedness (existence and uniqueness), associated control problems, and
some of the important probabilistic properties of the solutions, namely, Freidlin-Wentzell’s
large deviation principle (LDP), quadratic transportation cost inequality (TCI), and ex-
istence of invariant measure.

In Chapter 1, we provide fundamental definitions and available results. Moreover, we
present an overview of the thesis’s organization and highlights our essential contributions.
In Chapter 2, we establish a large deviation principle for the strong solution (in probabilis-
tic sense) of an evolutionary p-Laplace equation driven by small multiplicative Brownian
noise, where the weak convergence approach plays a key role. Moreover, by using Gir-
sanov transformation along with the L!-contraction approach, we show the quadratic
transportation cost inequality for the strong solution to the underlying problem.

In Chapter 3, we study a nonlinear stochastic control problem perturbed by multiplicative
Lévy noise, where the nonlinear operator (in divergence form) satisfies p-type growth with
coercivity assumptions. By using Aldous tightness criteria and Jakubowski’s version of
the Skorokhod theorem on non-metric space along with the standard L!'-method, we
establish the existence of a path-wise unique strong solution. Formulating the associated
control problem, and using a variational approach together with the convexity property
of the cost functional (in control variable), we establish the existence of a weak optimal
solution to the underlying problem. We use the technique of Maslowski and Seidler
to prove the existence of an invariant measure for the uncontrolled SPDEs driven with
multiplicative Lévy noise.

In Chapter 4, we explore Freidlin-Wentzell’s large deviation principle for a stochastic par-
tial differential equation with the nonlinear diffusion-convection operator in divergence
form satisfying p-type growth, involving coercivity assumptions, perturbed by small mul-
tiplicative Brownian noise. We use the weak convergence method to prove the Laplace
principle, which is equivalent to the large deviation principle in our framework.

In Chapter 5, we study the well-posedness theory for solutions of the stochastic heat
equations with logarithmic nonlinearity perturbed by multiplicative Lévy noise. By using
Aldous tightness criteria and Jakubowski’s version of the Skorokhod theorem on non-



metric spaces along with the standard L?-method, we establish the existence of a path-
wise unique strong solution. Moreover, by using a weak convergence method, we establish
a large deviation principle for the strong solution of the underlying problem. Due to
the lack of linear growth and locally Lipschitzness of the term wlog(|u|) present in the
underlying problem, the logarithmic Sobolev inequality and the nonlinear versions of
Gronwall’s inequalities play a crucial role.
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=g QT U H, §ART €T fALT0TcHS Il & At ¥ IR-IWT 311 e oo (PDEs) &
HATHTAT X TR ECeh BTG oh THTAT Sl ST el T higd gl fGAT FT &, §ART T ey IR-d
fasraTcHA® p-dTceTd YR & STeRTee GAEIS IR AR GaRT 14T o THTT T [AReI0T el ¢ | 39 2T
S H, §H T TF J SgI0Teh IdT T & FeTTAd Felhieesh 3RS fasiesh FAIHIOI (SPDES) T HIHA
fohar &, STl IR-YE TR (FA3TSTeT &9 #) p -HehR T & 3R STeREEAT (coercivity) HEIATHT &l HsC
AT & | §H HATUTA T Il -IRATNAT (31T¥dcd 3R 3refadiadn), Haftd =0T gHEansi, ik gATmEt
& o HecaqoT I IUTerst 1A ok hrgsToleT-desiel @1 a7 el ffetid (LDP), gfaerd aRageT orere
AT (TCI), 3R 3r9Racs AT (invariant measure) HT 3uffd & 53 it faecivorTcas geai &
3R feu gl

A 1 F, gAA Ay aRemd 3R 3uereyr aRomH s e §1 sas sfaRe, gaer vy gaw
I T 3dellehe] TE] T & 3R §AR HTT ANTEr=T i I@ifehel foham g

AT 2 H, gHA BT STEIOTH ST AR ¥ ART fasrarcAs p-arcera FHHI0T & AT HHTHTT
(o 31 7) & fore a7 faaers fRguid vanfia fham 8, Ser sasiR sffasor fafer ve Fgeayet sifaer
foretrch &1 g 3rerrn, FAei=la dRade AR L -Hehare gfSeahIoT 1 3UNT Y §U, &8 idfefed Taear
& AT HATHTS & TIT SfIard IRagsT oIET THATT T Taid o g

AT 3 H, gHe SEIUTH ofdl AR A T IR T rhieee @701 TAear 1 3rege fhar &, siel
AW TR (FAHTSIT T H) p-ehR T Jefr AR STeReEdl AT F TS AT &1 Tesd H
HeheleT AT IR FAleT-A T TAH T ThRIENS FHY o SATehsilctehl HERIUT o HIY HeTeh L -fafer st surar
W@,W@W-mmwwﬁmaﬁwﬁﬁﬁm%lmﬁmwﬁ
IR X §U, AR AT Felel &Y Seerall J[UTer & A fAfIuarqu’ gfeanior i 3ualer Y U, g
3AART TATAT & fIT FHASR SSedd TATUT & 3Edca & Tarfad far §1 31faafa SPDEs & fow
3REcTeh AT o 37TEcied T T oA 8, §HA HHcAleEeh! IR VSR I Tehetleh T ST FhaT B |
3T 4 H, §HeT IR-YET FGTR0T-Hage 3Te & ATY TeThieee 3ife ek ARl & forw wssfor-
deoiel & §3 faueleT TACHT 6T TSt 61 8, ST p-TehR &I efer 3R STekeddl AT T HISC LT &,
3-T\Taﬁ'c?q§gwch ST3{AYeT AR F F1fd g1 gAa FAAR HfAEIer fafer &1 3uaher ses dvary faeurd
arfad farar 8, S g el 7 3 farrete Rigeia & wAded &1
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