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Topics # of # of
lectures | weeks
— Uncoupled linear systems and diagonalization 2 1
— Exponential of Operators 2 1
— The Fundamental Theorem for linear systems 2 1
— Linear systems in the plane 2 1
— Complex Eigenvalues 2 1
— Multiple Eigenvalues 2 1
— Stability Theorem 5 1
— Non-homogeneous Linear Systems
— Some Preliminary Concepts and Definitions 2 1
— The Fundamental Existence-Uniqueness Theorem 9 1
— Dependence on ICs and Parameters




— The Maximal Interval of Existence 5 1
— The flow Defined by a Differential Equations
— Linearization 5 1
— Stable Manifold Theorem
— The Hartman-Grobman Theorem 9 1
— Stability and Liapunov Functions
— Saddles, Nodes, Foci and Centers 9 1
— Nonhyperbolic Critical Points in the plane
— Pre-Predators and Coexistence Models 2 1
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Title Author Publisher | Year
Differential Equations and Dynamical Systems Lawrence Perko Springer | 2008
Differential Equations, A Dynamical Hubbard, John H. Springer | 2014
System Approach West, Beverly H. pring
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Introduction to graph theory Gary Qhartrand and McGraw Hill 2005
Ping Zhang
Introduction to graph theory Douglas B. West Prentice Hall 2001
Introduction to graph theory By Robin J. Wilson Prentice Hall 2010
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Topics # of # of
lectures | Weeks
Chapter 1
Introduction to graphs, Degrees 2 4
Basic definitions and examples, connected graphs, classes of
graphs, degrees of vertices, regular graphs and degree sequences
Chapter 2
Isomorphic Graphs, Trees 6 3
Definitions and basic properties. Isomorphism as a relation.
Basic definitions and examples. Bridges and spanning trees.
Chapter 3
Connectivity and Traversability 4 5
Definitions and basic theory, cut vertices, Eulerian graphs,
Hamiltonian graphs.
Chapter 4
Planarity and duality 4 5
Planar graphs, Basic definitions, Examples and basic properties
and dual graphs.
Chapter 5
Coloring 4 9
Definition and Basic Theory, vertex coloring, edge coloring and
the 4- color theorem.
Chapter 6
Ramsey Numbers and Extremal Graphs 4 2
The basic theory of Ramsey numbers, and Turans Theorem
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Numerical Linear Algebra
- Quick review of undergraduate numerical linear algebra
- Matrix definiteness 8 4
- Matrix factorization. LU, LLT, QR, SVD
- Some applications
Constrained Optimization
- Characterization
- Linearly constrained optimization, LP, QP 8 4
- Nonlinearly constrained optimization
Unconstrained Optimization
- Characterization
- First derivative methods 8 4
- Second derivative methods
- Nonderivative methods
Nonlinear Programming
- The penalty function method 6 3
- The barrier function methods
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G. Golub and John Hopkins 2012

Matrix Computations
P C.Van Loan | University Press

Practical Methods of Optimization R. Fletcher John Wiley 2000
. oo P. Gill and Emerald

Practical Optimization W. Murray Publishing 1982

Operations Research: An Introduction Hamdy Taha Pearson 2007
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Chapter 1 Introduction to Integral Equations
1.1- Various Problems as Integral Equations
1.2- Classifications of Integral Equations 6 3
1.3- Some Important Identities and Basic Definitions
1.4- Fourier and Laplace Transforms

Chapter 2 Modeling of Problems as Integral Equation
2.1- Population Dynamics
2.3- Mechanics Problem

2.4- Initial Value Problem Reduced to Voltera Integral Equation 6 3
2.5- Boundary value Problems Reduced to Fredholm Integral
Equation
Chapter 3 Voltera Integral Equations
3.1- Voltera Equation of the Second Kind. 6 3

3.2- Voltera Equation of the First Kind




Chapter 5 Fredholm Integral Equations
5.1- Fredholm Integral Equation with Degenerate Kernel

5.2- Fredholm Integral Equation with Symmetric Kernel 8 4
5.3- Fredholm Integral Equation of Second Kind
5.4- Fredholm Integral Equation of First Kind
Chapter 6 Existence of the Solution of the Integral Equations
6.1- Preliminaries 2 1

6.2- Fixed Point Theorem of Banach Space
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An Introduction to integral Equations . Wiley-
with Applications. A Jerri Interscience 1999
Linear and nonlinear Integral Equations: Abdul-Majid .
Methods and Applications. Wazwaz Springer 2011
Integral Equations and their applications M. Rahman WITpress 2007
A First Course in integral Equations Abdul-Majid World 2015
Wazwaz Scientifi
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Witold, Wallman,

Dimension Theory and Hurewicz

Princeton University 1968

Standard Treatise on Classical Princeton
Malcolm

Dimension Theory Mathematical Series 2008
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—Inductive dimension of topological space X 4 2
—Small inductive dimension ind(X) 4 2
— Large inductive dimension Ind(X) 4 2
— Lebesgue covering dimension of a topological space X 4 2
—Basic properties and the connection between ind, Ind, and dim 4 2
—Subspaces 2 1
—Dimension of compactifications 2 1
— Strongly zero-dimensional spaces 2 1
—Some results on products 2 1
—Unions and sums in dimension theory 2 1
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More about Singular Homology

- Simplicial complexes
- Some definitions. 8 4
- Simplicial approximation.

- Simplicial homology.

- Comparison with singular homology

CW-complexes

- Quotient spaces. 6 3
- CW-complexes.




Main Theorems
- Eilenberg - Steenrod axioms.
- Poincare's duality. 10 5
- Lefschetz fixed point theorem.
- Eilenberg — Zilber Theorem
- Kunneth formula
Cohomology
- Error! Not a valid link.. 6 3
- Applications.
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Topics # of # of
lectures | weeks
The Fundamental Group 4 9
- Introduction, the fundamental groupoid.
Functors 9 1
- The Functor m;.
Covering Spaces 4 9
- Covering map, local homeomorphism, torus, figure eight space.
More about the Fundamental Group
- The first fundamental group of some surfaces. 4 2
- Applications.
Singular Homology
- The singular complex.
- Homology Functors. 6 3
- Homotopy axiom.
- The Hurewicz theorem.




Exact Sequences
- The category Comp 5 3
- Exact homology sequences.
- Reduced homology.
Applications
- Mayer-Vietoris sequences.
- Homology of some surfaces. 4 2
- Simplicial complexes.
- CW-complexes.
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An Introduction to Algebraic Topology J. Rotman Springer-Verlag 1988
Introduction of Topology and geometry S. Stahl john Wiley 2005
Topology J. R. Munkres Prentice Hall 2000
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. Addison-Wesley
General Topology Stephen Willard Publishing Company 1970
Counterexamples in L. A. Steen, Holt, Rinehart and 1978
Topology J. A. Seebach. Jr Winston




Topics

# of
lectures

Compact spaces
- Compactifications
- Stone-Cech compactification. Neighborhood systems

2

Metrization spaces
- Metrizabillity Urysohn’s metrization theorem, Full normality and
Stone’s coincidence theorem,
- Alexandroff-Urysohn metrization
metrization theorem,
- Bing’s metrization theorem of Moore spaces, Moore metrization
theorem

theorem, Nagata smirnov

Uniform spaces
- Uniform spaces, Uniform topology,
- Uniform covers, Operations on Uniform spaces,
continuity, Uniformization,
- Metrizablity of Uniform spaces, Totally bounded and complete
- Uniform spaces, completion

Uniform

10

Function spaces
- Function spaces, pointwise convergence.
- Uniform convergence.
- Uniform metric, compact open topology.
- Equicontinuity and compactness of spaces of functions.
- The stone-Weierstrass theorem.
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General Topology Stephen Willard Addison-Wesley 1970

General Topology Ryszarad Engelking | Heldermann Verlg 1989

L.A Steen, Holt, Rinehart and 1978

Counterexamples in Topology J. A. Seebach. Jr. Winston
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Topics # of # of
lectures | weeks
Topological Spaces
- A quick revision of the basic concepts 4 2
- Neighborhood systems
New Spaces from Old
General product spaces, Tychonoff topology, box topology. 6 3
Quotient topology and identification spaces
Convergence
Sequences and convergence in first countable spaces, Inadequacy 4 9
of sequences.
Nets and filters
Separation and Countability
More on separation axioms, Jone’s Lemma, Urysohn’s Lemma, 4 2
Tietze theorem.
More on countability axioms.
Compactness
Covering properties, compact spaces.
Countably compact spaces. 8 4
Sequentially compact spaces, Lindeloff spaces,
Local compact spaces.
Paracompact spaces.
Metrizable Spaces
Metric spaces, product of metrizable spaces. 4 2
Complete metric spaces and completions, the Baire theorem.
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Title Author Publisher | Year
Wang, Zhenyuan, World
Fuzzy Set Theory and its Applications Rong Yang, and S 2010
Scientific
Kwong-Sak Leung
Fuzzy Set Theory and its Applications H. J. Zimmermann Kluwer 2001
y y PP T Academic
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Topics # of # of
lectures weeks
— Fuzzy Sets 2
— Constructing Fuzzy Sets 2 1
— Operations on Fuzzy Sets 2 1
— Decomposition Theorems 2 1
— Extension Principle 2 1
— Fuzzy Numbers 2 1
— Fuzzy Arithmetic 2 1
— Possibility Theory 2 1
— Fuzzification in Integration 4 2
— Applications in Operations Reasearch 8 4
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A Course in Number Theory and Neal Koblitz Springer 2000
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Topics # of # of
lectures | weeks

Some Basic Topics in Number Theory 4 5
- Divisibility, Euclidean algorithm and congruences

Finite Fields and Quadratic Residues
- Finite fields 4 2
- Quadratic residues and reciprocity

Cryptography
- Some simple cryptosystems 4 2
- Enciphering matrices
Public Key
- Public key cryptography
- RSA 6 3
- Discrete log
- Knapsack
Primality and Factoring
- Pseudoprims
- The rho method 6 3
- Fermat factorization
- The continued fraction methods
- The quadratic sieve method
Elliptic Curves

- Elliptic curves and cryptography 6 3
- Elliptic curves and primality test
- Elliptic curves and factoring
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Topics # of lectures | # of weeks
- Vector spaces, Subspaces, Factor spaces, and 4 2
Isomorphisms
- Dual spaces, Direct Sums 2 1
- Bases and dimensions 2 1
- Linear transformations and matrices 9 1
- Change of matrix of linear transformation
- Invariant subspaces, Characteristic polynomial 4 2
- Hamilton-Calay's theorem
- Root decomposition. 1
2
- Jordan normal form.
- Minimal polynomials, Diagonalizability 2 1
- Multilinear transformations 1
2
- Orthogonal complement
- Bilinear and quadratic functions
N o 2 1
- Lagrange algorithm; Sylvester criterion
- Euclidian and Unitary spaces
- Orthogonal and unitary transformations; Self adjoint 2 2
transformations
- Multilinear functions and tensor products
- Canonical isomorphisms of tensor products 2 2
- Tensor algebra of vector spaces
gl ally Rl list)
QUiSl) ac) il gal) ol AN anl il A
Advanced Linear Algebra Steven Roman Springer 2005
. Alexei I. Kostrikin and | Gordon and
Linear Algebra and Geometry yuri 1. Manin Breach 1997
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Topics # of # of
lectures | weeks
— ldeals and Affine varieties 1 1
— Monomial Orders, Division Procedure, Grobner bases, Normal 2 1
Forms

— Noetherian Rings, Existence of Grobner bases 2 1
— Buchberger's criterion, Symbolic computation software 2 1
— Morphisms and coordinate rings 1 1
— Rational Maps, Rational and unirational varieties 2 1
— Elimination Theory and Images of rational maps 1 1
— Nullstellensatz 2 1
— Irreducible Varieties 2 1
— Primary Decomposition 2 1
— Projective space, homogeneous polynomials 2 1
— Projective varieties, Projective Nullstellensatz 2 1
— Morphisms, rational maps 2 1
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Title Author Publisher Year
Introduction to Algebraic B. Hassett Sorinaer 2007
Geometry ' pring
Ideals, Varieties, and David Cox, John Little, Springer- 1992
Algorithms and Donal O’Shea Verlag
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Topics # of lectures | # of weeks
Groups. Linear representations of groups. 2 1
Modules. Maschke’s theorem. 4 2
Orthogonality relations for characters.
Properties of characters. Class functions. 6 3
Orthogonality relations of characters.
The character table.
Irreducible and indecomposable representations.
Schur’s lemma. 4 5
Restricted and induced representations.
Frobenius reciprocity.
Tensor products of vector spaces. 4 5
Tensor products of representations.
Representations of finite abelian groups. 9 1
Fourier transform, Fourier’s inversion formula.
Representations of the symmetric group: Young ) 1
subgroups.
Faithful representations. Tensor powers of a faithful
representation. 4 9
Burnside's theorem. Decomposition of the Dedekind-
Frobenius determinant.
gl ally Rl list)
UKl o cilgal) a) JEEN and |l A
Representation Theory: William Fulton .
i a First Course ’ and Joe Harris Springer 2005
ng?rF?nﬁ?;%?QLagéons Jean-Pierre Serre Springer 1977
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— Integral domains 2 1
— Euclidean domains 2 1
— Noetherian domains 2 1
— Elements integral over a domain 2 1
— Algebraic extensions over a field 2 1
— Algebraic number fields 4 2
— Integral bases 2 1
— Dedekind domains 2 1
— Norms of ideals 2 1
— Factoring primes in a number field 2 1
— Units in real quadratic fields 2 1
— Ideal class group 2 1
aalalls ) el sl
Title Author Publisher | Year
. Saban Alaca Cambridge
Introductory Algebraic Number Theory Kenneth Williams Press 2004
Algebraic Number Theory Serge Lang GTM 1986
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Topics #of # of
lectures weeks
— Rings and modules 2 1
—Homomorphisms 2 1
— Free modules 2 1
— Projective modules 2 1
— Injective modules 2 1
— Categories and functors 2 1
— Complexes 2 1
— Homology groups 2 1
— Co-Homology groups 2 1
—Hom(A, B) 2 1
— Tensor products 2 1
— Resolutions 2 1
— The functor (Ext) 2 1
— The functor (Tor) 2 1
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Title Author Publisher Year
An Introduction to C. A Weibel Cambridge 1994
Homological Algebra T University
Homological Algebra H. cé?{;?}g:%d S. Princeton University 1956
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Topics # of # of
lectures | weeks
—Noetherian rings and modules 2 1
— Artinian rings and modules 2 1
—Hilbert’s basis theorem for polynomial rings for power series rings 2 1
—Primary decomposition 2 1
—Nakayama’s lemma 2 1
—Localization 2 1
—Integral extensions of rings 2 1
—Algebraic sets 2 1
—Hilbert’s Nullstellensatz 2 1
—Noether’s normalization theorem 2 1
—Radicals 2 1
—Semi-simple rings 2 1
—Group rings and Masche’s theorem 2 1
—Wedderburn-Artin theorem, Modules, Homomorphism of modules 2 1
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Commutative Algebra D. Eisenbud Springer-Verlag 1995
Introduction to M. F. Atiyah and 1. .
. Addison-Wesl 1
Commutative Algebra G. Macdonald ddison-Wesley 969
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Title Author Publisher Year
David Dummit and .
Abstract Algebra Richard Foote John Wiley 2004
Algebra I. M. Isaacs Brooks/ Cole 1993
Fields and Rings Irving Kaplansky | The University of Chicago | 1972
Blsal) (5 glaa
. # of # of
Topics lectures | weeks
- Simple groups and simplicity of 4,,. 2 1
- Normal series and solvable groups 2 1
- Field extensions: Algebraic and transcendental extensions 3 1.5
- Algebraic closure. Separable extensions. 2 1
- Normal extensions and normal closure. Splitting fields 3 1.5
- Field automorphisims, The Galois group of an extension. 3 1.5




- The Galois group of a polynomial. 3 1.5

- The fundamental theorem of Galois Theory. 3 1.5

- Applications: Solvability by radicals, ruler and compass 9 1
constructions.

- Finite fields. 3 1.5

- Purely transcendental extensions 2 1
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Tobics # of # of
P lectures | weeks
— Review of elementary group theory: groups, subgroups, 9 1
homomorphisms, quotient groups, Lagrange’s theorem
— Group actions. 4 2
— Sylow theorems 2 1
— Group of Automorphisims 2 1
— The fundamental theorem of finitely generated abelian groups 3 1.5
— Classification of groups of small orders. 3 1.5
— Euclidean domains, P.1.D's, and UFD's 3 1.5
— Modules, Submodules. 3 1.5
— Homomorphisms of modules. 2 1
— Direct sum of modules 2 1
— Free modules. 2 1
) sall g il
Title Author Publisher Year
Abstract Algebra David Dummit and Richard Foote John Wiley 2004
Algebra Thomas W. Hungerford Springer-Verlag. | 2000
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Topics # of # of
lectures weeks
Review of Functional Analysis
- Linear Spaces
- Normed Spaces
- Inner Product Spaces
- L7 spaces 6 2
- Operators
- Continuous Linear Operators
- Linear Functionals
- Weak Convergence and Weak Compactness
Approximation Theory
- Interpolation theory
- Best Approximation 18 5

- Best Approximation in Inner product spaces, Projection on
closed convex sets
- Orthogonal Polynomials




- Projection Operators
- Uniform Error Bounds

Nonlinear Equations and Their Solution by Iteration

- The Banach Fixed-Point Theorem

- Applications to Iterative Methods 15 5
- Differential Calculus for Nonlinear Operators
- Newton’s Method
Multivariable Polynomial Approximation
- Notation and the Best Approximation Results 6 2

- Orthogonal Polynomials
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Theoretical Numerical Analysis: A Kendall Atkison and .
. . L Springer 2009
functional analysis framework Weimin Han
Theoretical Numerical Analysis: An .
. ! YsKs Peter Linz Dover 1979
introduction to advanced techniques
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# of # of

Topics
P lectures | weeks

Approximation by Spline Functions
- First-Degree and Second-Degree Splines 6 3
- Natural Cubic Splines
- B-Splines: Interpolation and Approximation

Numerical Solutions of Nonlinear Systems of Equations
- Fixed Points for Functions of Several Variables
- Newton’s Method ] 4
- Quasi-Newton Methods
- Steepest Descent Techniques
- Homotopy and Continuation Methods

Numerical Solutions to Partial Differential Equations
- Elliptic Partial Differential Equations
- Parabolic Partial Differential Equations 8 4
- Hyperbolic Partial Differential Equations
- An Introduction to the Finite-Element Method




Boundary-Value Problems for Ordinary Differential Equations

- The Linear Shooting Method
- The Shooting Method for Nonlinear Problems

o ) . 8 4
- Finite-Difference Methods for Linear Problems
- Finite-Difference Methods for Nonlinear Problems
- The Rayleigh-Ritz Method
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# of # of

Topics
P lectures | weeks

Chapter 1 Characterization of Elements of Best Approximation

1.1 Existence of elements of best approximation

1.2 Some classes of proximinal linear subspaces

1.3 Normed linear spaces in which all closed subspaces are 8 4
Proximinal

1.4 Proximinality in quotient spaces

1.5 Very non- proximinal linear subspaces




Chapter 2 Uniqueness of Elements of Best Approximations
- 2.1 Characterization of Cheybshev and semi-Cheybshev subspaces

- 2.2 Existence of Cheybshev and semi-Cheybshev subspaces 8 4

- 2.3 Cheybshev and semi-Cheybshev subspaces and quotient spaces
- 2.4 Strong unique elements of best approximations and Cheybshev

subspaces.

- 3.1 The mapping 1a metric projections

Chapter 3 Metric Projections

- 3.2 Continuity of metric projections
- 3.3 Weak-continuity of metric projections
- 3.4 Lipschitzian metric projections

- 3.5 Semi-continuity and continuity of set valued metric projections
- 3.6 Continuous selections and linear selection for set valued metric

projections

Chapter 4 Best Approximation in Vector

Valued Function Spaces
- 4.1 Best approximation in space of continuous bounded 4 2

functions on a compact set
- 4.2 Best approximation in L? (I,X), 1 < p = co.
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The Theory of Best ApprOX|_mat|on and Ivan Singer | J. W. Arrowsmith Itd | 1974
Functional Analysis
stract and Convex Analysis van Singer ohn Wile
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Fourier Series 4 2
Functions spaces on n-dimensional Euclidean space 4 2
The Fourier Transform on n-dimensional Euclidean space 4 2
Further Topics and Applications 4 2
Topological Groups 4 2
Basic Representation Theory 4 2
Compact Groups 4 2
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Noncommutative Harmonic Raymond C. Fabec Drexville 2014
Analysis, an Introduction Gestur Olafsson Publishing
A Course in Abstract Gerald B. Folland | CRCPress | 1995
Harmonic Analysis
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Introduction to Linear Operators Vasile |. Marcel Dekker | 1981

Introductory Functional Analysis . .
with Applications E. Kreyszig John Wiley 1989
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Chapter 1 Spectral Theory of Linear Operators in
Normed Spaces
- 1.1 Spectral Theory in Finite Dimensional Normed Spaces.
- 1.2 Basic Concepts Lebesgue Outer Measure.
- 1.3 Spectral Properties of Bounded Linear Operators. 6 3
- 1.4 Further Properties of Resolvent and Spectrum.
- 1.5 Use of Complex Analysis in Spectral Theory.
- 1.6 Banach Algebras.
- 1.7 Further Properties of Banach Algebras.
Chapter 2 Compact Linear Operators on Normed
Spaces and Their Spectrum
- 2.1 Compact Linear Operators on Normed Spaces.
- 2.2 Further Properties of Compact Linear Operators.
- 2.3 Spectral Properties of Compact Linear Operators on 6 3
Normed Spaces.
- 2.4 Further Spectral Properties of Compact Linear Operators.
- 2.5 Operators Equations Involving Compact Linear Operators.
- 2.6 Further Theorems of Fredholm Type.
- 2.7 Fredholm Alternative.
Chapter 3 Spectral Theory of Bounded Self-Adjoint
Linear Operators
- 3.1 Spectral Properties of Bounded Self-Adjoint Linea Operators.
- 3.2 Further Spectral Properties of Bounded Self-Adjoint Linear
Operators. 6 3
- 3.3 Positive Operators.
- 3.4 Square Roots of a Positive Operator.
- 3.5 Projection Operators.
- 3.6 Further Properties of Projections.
Chapter 4 Unbounded Linear Operators in Hilbert Space
- 4.1 Unbounded Linear Operators and their Hilbert-Adjoint
Operators.
- 4.2 Hilbert-Adjoint Operators, Symmetric and Self-Adjoint
Linear Operators. 6 3
- 4.3 Closed Linear Operators and Closures.
- 4.4 Spectral Properties of Self-Adjoint Linear Operators.
- 4.5 Spectral Representation of Unitary Operators.
- 4.6 Spectral Representation of Self-Adjoint Linear Operators.
- 4.7 Multiplication Operator and Differentiation Operator.
Chapter 5 Unbounded Linear Operators in
Quantum Mechanics 4 5
- 5.1 Basic ldeas. States, Observables, Position Operator.
- 5.2 Momentum Operator. Heisenberg Uncertainty Principle.
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Topics
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lectures

# of
weeks

Chapter 1 Conformality
- 1.1 Arcs and Closed Curves
1.2 Analytic Functions in Region
1.3 Conformal Mapping

Chapter 2 Fundamental Theorems
2.1 Line Integrals
- 2.2 Rectifiable Arcs
- 2.3 Line Integrals as Functions of Arcs
- 2.4 Cauchy's Theorem for a Rectangle




- 2.5 Cauchy's Theorem for a Circular Disk

Chapter 3 Cauchy's Integral Formula
- 3.1 The Index of a point with Respect to a Closed Curve
- 3.2 The Integral Formula
- 3.3 Higher Derivatives

Chapter 4 Local Properties of Analytic Functions
- 4.1 Removable Singularities. Taylor's Theorem
- 4.2 Zeros and Poles
- 4.3 The Local Mapping
- 4.4 The Maximum Principle

Chapter 5 The General Form of Cauchy’s Theorem
- 5.1 Chains and Cycles
- 5.2 Simple Connectivity
- 5.3 Exact Differentials in Simply Connected Regions
5.4 Multiply Connected Regions.

Chapter 6 The Calculus of Residues
- 6.1 The Residue Theorem
- 6.2 The Argument Principle
6.3 Evaluation of Definite Integrals

Chapter 7 Harmonic Functions
7.1 Definition and Basic Properties
- 7.2 The Mean-Value Property
7.3 Poisson's Formula
- 7.4 Schwarz's Theorem
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Complex Analysis Lars, V. Ahlfors, McGraw- Hill Book 1953

Functions of One Complex
Variable

John B. Conway Springer Verlag 1973
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Topics

# of
lectures

# of
weeks

Chapter 1 Metric Spaces
1.4 Convergence, Cauchy Sequence, Completeness
1.5 Examples. Completeness Proofs.
1.6 Completion of Metric spaces

Chapter 2 Normed Spaces. Banach Spaces
- 2.1 Vector Space.
- 2.1 Normed Space. Banach Space.
- 2.3 Further Properties of Normed Spaces.
- 2.4 Finite Dimensional Normed Spaces and Subspaces.
2.5 Compactness and Finite Dimension.
- 2.6 Linear Operators.
- 2.7 Bounded and Continuous Linear Operators.
2.8 Linear Functionals.
- 2.9 Linear Operators and Functionals on Finite Dimensional
Spaces.
- 2.10 Normed Spaces of Operators. Dual Space.

Chapter 3 Inner Product Spaces. Hilbert Spaces
- 3.1 Inner Product Spaces. Hilbert Space.
- 3.2 Further Properties of Inner Product Spaces.
- 3.3 Orthogonal Complements and Direct Sums.
- 3.4 Orthogonal Sets and Sequences.
- 3.6 Total Orthonormal Sets and Sequences.
- 3.8 Representation of Functionals on Hilbert Spaces.
- 3.9 Hilbert-Adjoint Operator.
- 3.10 Self-Adjoint, Unitary and Normal Operators.

Chapter 4 Fundamental Theorems for
Normed and Banach Spaces
- 4.2 Hahn-Banach Theorem.
- 4.3 Hahn-Banach Theorem for Complex Vector Spaces and
Normed Spaces.
- 4.5 Adjoint Operator.
- 4.6 Reflexive Spaces.
- 4.7 Category Theorem. Uniform Boundedness Theorem.
- 4.8 Strong and Weak Convergences.
- 4.9 Convergence of Sequences of Operators and Functionals.
- 4.12 Open Mapping Theorem.
- 4.13 Closed Linear Operators. Closed Graph Theorem.

Chapter 5 Further Applications:
Banach Fixed Point Theorem
- 5.1 Banach Fixed Point Theorem.
- 5.4 Application of Banach's Theorem to Integral Equations.

Chapter 7 Spectral Theory of Linear Operators
in Normed Spaces
- 7.1 Spectral Theory in Finite Dimensional Normed Spaces.
- 7.2 Spectral Properties of Bounded Linear Operators.
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Introductory Functional Analysis . .
Ty o y E. Kreysziy John Wiley 1989
with Application
Functional Analysis with A. H. Siddigi McGraw- Hill | 1989
Application
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Title Author Publisher Year

Real Analysis H. L. Royden Prentice-Hall. 1968

Real variables A. Torchinsky Addison- Wesley 1988
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Topics

# of
lectures

# of
weeks

Chapter 2 Lebesgue Measure

- 2.1 Introduction.

- 2.2 Lebesgue Outer Measure.

- 2.3 The o-Algebra of Lebesgue Measurable Sets.

- 2.4 Outer and Inner Approximation of Lebesgue Measurable
Sets.

- 2.5 Countable Additivity, Continuity, and the Borel-Cantelli
Lemma.

- 2.6 Non-measurable Sets.

- 2.7 The Cantor Set and the Cantor-Lebesgue Function.

Chapter 3 Lebesgue Measurable Functions
- 3.1 Sums, Products, and Compositions.
- 3.2 Sequential Pointwise Limits and Simple Approximation.
- 3.3 Littlewood's Three Principles, Egoroff's Theorems, and
Lusin's Theorem.

Chapter 4 Lebesgue Integration

- 4.1 The Riemann Integral.

- 4.2 The Lebesgue Integral of a Bounded Measurable Function
over a Set of Finite Measure.

- 4.3 The Lebesgue Integral of a Measurable Nonnegative
Function.

- 4.4 The general Lebesgue Integral.

- 4.5 Countable Additivity and Continuity of Integration.

- 4.6 Uniform Integrability: The Vitali Convergence Theorem.

Chapter 5 Lebesgue Integration: Further Topics
- 5.1 Uniform Integrability and Tightness: A General Vitali
Convergence theorem.
- 5.2 Convergence in Measure.
- 5.3 Characterizations of Riemann and Lebesgue Integrability.

Chapter 6 Differentiation and Integration
- 6.1 Continuity of Monotone Functions.
- 6.2 Differentiability of Monotone Functions: Lebesgue's
Theorem.
- 6.3 Functions of Bounded Variation: Jordan's Theorem.
- 6.4 Absolutely Continuous Functions.
- 6.5 Integrating Derivatives: Differentiating Indefinite Integrals.
- 6.6 Convex Functions.

Chapter 7 The L?-spaces: Completeness and Approximation

- 7.1 Normed Linear Spaces.

- 7.2 The Inequalities of Young, Holder, and Minkowski.
- 7.3 L?- space is Complete: The Risez-Fischer Theorem.
- 7.4 Approximation and Reparability.
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# of

Topics
P lectures

# of weeks

First Order, Quasi-linear Equations and Method of
Characteristic
e Introduction.
e The classification of First Order Equations. 6 3
e The construction of first order equations.
e The geometrical interpretation of first order equations.
e The method of characteristics and general solution.




First Order Nonlinear Equations and Their Applications
e Introduction.
e The Generalized method of characteristics.
e Complete integrals of certain special nonlinear equations
e The Hamilton-Jacobi equation and its applications.
o Applications of nonlinear optics.

Nonlinear Diffusion-Reaction Phenomena
e Introduction.
e Burgers Equation and the plane wave equation.
e Traveling wave solution of the Burger's equation.
e The exact solution of the Burger's equation.
e The asymptotic behavior of the Burger's equation.
e The N-wave solution.
e Burger's Initial and Boundary value problems.
e Fisher equation and diffusion-reaction process.
e Traveling wave solution and stability analysis.
e Perturbation solution of the Fisher equation.
e Method of similarity solutions of diffusion equations.
e Nonlinear reaction-diffusion equations.

Asymptotic Methods and Nonlinear Evolution Equations

e Introduction

e The reductive perturbation method and quasi linear hyperbolic
systems.

e Quasi-linear dissipative systems.

e Weakly nonlinear dispersive systems and Korteweg-de Vries
equation.

e Strongly nonlinear dispersive systems and the NLS equation.

e The perturbation method of Ostrovsky and Pelinovsky.

e The method of multiple scales.

e Asymptotic expansion and method of multiple scales.

e Derivation of the NLS equation and Davey-Stewartson evolution
equations.

2l adly il Sl

Title Author Publisher | Year
No_nlmear Partial d_|fferent|al Equations for Lokenath Debnath | Birkhauser | 2012
Scientists and Engineers
An InFroductlon to Nonlinear Partial Differential David Logan Wiley 2008
Equations
Linear Ffarual Differential equations for scientist Tyn Myint-U Birkhauser | 2007
and engineers
Applied Partial Differential Equations. David Logan Springer | 2015




aiil) g abril) i) il

- -{ 03 1 ot - (-

u\{\ &?:a ‘\kuu* ) Giladd \{.\u\ a-h:\-“ cla jia

u.ul.,,\ﬂ\ H‘gﬂ\ ‘4&.\3\ U‘.-.U-‘-"“ *

s | ildetetian | ots || G2 SRR o e
P o yuald Cliladial 4 lidlia i 2 A Il I

v ) A 4l e

PRV | e oativd g agd

olaiel | Gl i et clilaid | s ola | Al el e ol 5 o8
. " W st u\JmLM @LALS.\X\ Y alaall ua:_\x LAJ}.A} k_ll..u\

u_\\.@_\ 5 _jyliald Gliladial g 458l 4\..:3)';“

datel | iths el cllaal | ok | PRIREA aé;u:n ol ;uﬁ

e o b Cililaal 5 adilia > ? o= e

Jaia | il A s ciliaia) o

J 99 LB S - . o . . .

| jealaa s,y b Y alaa
S 5 yaucd Cililadial 5 e | 7 Y5 skl Slabee pany agd




