Almost Automorphic Solutions of Deterministic and
Stochastic Dynamic Equations on Time Scales

A THESIS

submitted by

SONIYA
(D16050)

for the award of the degree

of

DOCTOR OF PHILOSOPHY

[ * Indian
» Institute of
Technology
Mandi

SCHOOL OF BASIC SCIENCES
INDIAN INSTITUTE OF TECHNOLOGY MANDI
KAMAND-175005, INDIA

July, 2020



Dedicated
To
My Supervisor, My Parents, My Family, My Friends
And
My God



y’ Institute of
Technology

Mandi

Declaration by the Guide

We hereby certify that the whole work in this thesis has been carried out by Ms. Soniya
(D16050) under my supervision in the School of Basic Sciences, Indian Institute of Tech-

nology Mandi and no part of it has been submitted elsewhere for any degree or diploma.

Signature:
Name of the Guide: Dr. Syed Abbas
Date:



fmlian
Institute of
Technology

Mandi

Declaration by the Research Scholar

I, Soniya, Enrollment No. D16050, registered as a student in School of Basic Sciences,
Indian Institute of Technology Mandi, India, under the supervision of Dr. Syed Abbas, do
hereby submit my thesis report titled: Almost Automorphic Solutions of Deterministic
and Stochastic Dynamic Equations on Time Scales in a printed as well as in an electronic
version for holding in the library of record of the Institute.

I hereby declare that my thesis is my original work of which the copyright vests in me and
my thesis does not infringe or violate the rights of anyone else. I agree to abide by the
terms and conditions of the Institute Policy and Intellectual Property currently in effect, as

approved by the competent authority of the Institute.

N0
Place: IIT Mandi Signattire:ﬂ\"‘\ 5

Date: Soniya



Acknowledgements

Having left writing these acknowledgments towards the end of this thesis, it marks the be-
ginning of the end of my journey as a doctoral student. Moreover, while this ending feels
almost surreal, it brings to mind several key individuals that have been pillars of support
throughout this process. While I would like to express my most heartfelt thanks to everyone
that has been a character in this act.

First and foremost, I thank to God for becoming with me in all situations and bless-
ing me. I thank my dearest parents, whose sacrifices and hard work have allowed me the
opportunities that I have had throughout my life, studying in the doctoral program at IIT
Mandi being only one of them. I thank my family, my sister Parval Dhama and my brothers,
Shivam Dhama, Chirag Dhama and Milan Dhama, for the love, patience, and openness they
have shown me, encouraging me to stand my ground when necessary and push forward, only
seeing the best that I can be.

I have been blessed with an exceptional Ph.D. supervisor. Your teachers can make or
break you, and I was lucky to have a Ph.D. supervisor, Dr. Syed Abbas who is a gentleman
extraordinaire. While he is well versed in the technical, he is also well versed in the social
and cultural, which made my Ph.D. journey very well rounded. Giving me opportunities
galore, to learn, explore, to make mistakes, and to grow, he was always there to discuss and
brainstorm ideas. He did all this, calmly and patiently, while also holding several additional
administrative responsibilities during my tenure at IIT Mandi. He also inspired me to de-
velop a general philosophy. Through the years, he has guided me and steered my work to
its current state. I also thank Mrs. Zeeshan Fatma who is very sweet and calm, for allowing
me to disturb her husband with research work even outside office hours at her home.

My work has been helped and improved significantly under the guidance of the members



of my Doctoral Committee (DC), including Dr. C.S.Yadav (Chairman), Dr. Muslim Malik,
Dr. Hari Verma, Dr. Satyajit Thakur. 1 would also express gratitude to all the faculty
members who have guided and inspired me. Beyond those already mentioned as part of my
DC, they include Dr. Rajendra Kumar Ray, Dr. Manoj Thakur, Dr. Nitu Kumari, Dr. Sarita
Azad and Dr. Qaiser Jhan who have in some way or another contributed to my research
and teaching aspirations. I acknowledge Prof. Amar Debbouche from Algeria and Prof.
Rathinasamy Sakthivel from India, for their collaboration. My sincere thanks to the staff
members of School of Basic Sciences, they include Mr. Anoop Singh, Mrs. Shruti, Mrs.
Alka, Mr. Pradeep Thakur and Mrs. Sushma, for their help and support, and for promoting
a stimulating and welcoming academic and social environment.

It was also an enjoyable experience to work with several M.Sc. students including
Anil Kumar, Rishabh, Sneh, Arachna, Ashwini, Afifa, Deepak, Rakesh, Jasvant, Sharma
Ji, Vishnu during their TA class and free time. The social environment of a student can
make all the difference. I appreciate the support received from my friends and colleagues,
who were always by my side and made my tenure at IIT Mandi memorable. A Special
big thanks to Vipin Tyagi, Anil Kumar and Riemann Preet Kaur who propelled me forward
and made all the difference to me and escaped to whenever I needed a break, who while I
couldn’t go to a home that was far away from Institute. Now I would like to thanks to my
seniors, juniors and research colleagues Pravat Kumar Jena, Dr. Rajesh Dhayal, Dr. Shekhar
Negi, Sudeb Majee, Vikas Kumar, Nishith Mohan, Sourabh Garg, Pawan Mondal, Amarjit
Haty, Manoj Thakur, Subhash Sahu, Salman Ashraf, Bhisham, Neeraj, Sumit, Subhangi.
My gratitude to them all for their kindness, friendship, support, and adding spice to my life
at IIT.

Beyond the philosophies in this thesis, campus life teaches me many other lessons. My
experience as a Ph.D. student at II'T-Mandi has been nothing short of amazing. I have had
the opportunity to challenge myself in many areas, to do what I love, and I am blessed to
have had a support structure to add much-needed warmth and color to my otherwise dryly

symbolic world.

Soniya

il



ABSTRACT

The present work deals with the study of the existence, uniqueness and stability of the almost
automorphic solution and its generalization for deterministic and stochastic dynamic equa-
tions on time scales. We introduce the concept of equipotentially square-mean almost au-
tomorphic sequence, square-mean piecewise almost automorphic functions on time scales,
time scale version of the Stepanov like square mean almost automorphic functions and some
new results on composition theorem on time scales for the space of square-mean weighted
Stepanov-like pseudo almost automorphic functions.

As applications, stochastic Cellular Neural Network, stochastic Nicholson’s Blowflies model
and non-autonomous Leslie-Gower prey-predator model are considered. First we derived
some sufficient conditions for the existence of square mean almost automorphic solution
for Stochastic Cellular Neural Network on time scales by using Krasnoselskii’s fixed point
theorem. Banach contraction principle is also used to show the uniqueness of solution with
some conditions and exponential stability of the obtained unique solution is discussed by
taken suitable Lyapunov function on time scales. Moreover, we have derived some suffi-
cient conditions for the existence of square mean almost automorphic solution for stochas-
tic Nicholson’s Blowflies model on time scales. We establish appropriate conditions and
results to discuss Ulam-Hyers-Rassias stability. Furthermore, the model with piecewise
constant argument is considered. Then the approximate solution and a nicer bound of this
model using discretization method is established. The significant property permanence is
established along with the existence of almost automorphic solution of Leslie-Gower prey-
predator model system. By constructing a suitable Lyapunov functional, presence of one
of a kind all-around attractive positive almost automorphic solution of the system is ob-
tained. Finally we discuss weighted pseudo almost automorphic solution of dynamic equa-
tion which models cellular neural network with time varying delay on time scales along the
coefficients which are assumed to be Stepanov-like weighted pseudo almost automorphic
functions. These obtained results improve and extend previous related work. Several exam-
ples with simulations for different-different time scales are explained for the adequacy of
the hypothetical outcomes. Here the main techniques used are time scales theory, Banach

fixed point principle, stochastic analysis theory, Krasnoselskii’s fixed point theorem.
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