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The fundamental theorem for linear systems, stability theoremfor linear systems, the
fundamental existence—uniqueness theorem, dependence on ICs and parameters, linearization,
stability and liapunov functions,prepredators and co-existence models, applictions of ordinary
differential equations.
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Lebesgue outer Measure as a generalization of length and intervals, Lebesgue and Borel
measurable sets, charecterization of Lebesgue measurable and non-measurable sets, the cantor
set and the cantor-Lebesgue function, Lebesgue measurable functions and types of measurable
functions, Lebesgue integration, the Lebesgue integral of a bounded measurable function over
a set of finite measure, the Riemann integral, the Lebesgue integral of a measurable
nonnegative function, The general Lebesgue Integral, countable additivity and continuity of
integration, uniform integrability: the vitali convergence theorem, characterizations of riemann
and Lebesgue integrability, differentiation of integration, absolutely continuous functions, the
LP spaces.
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Classification of partial differential equations, first order quasi-linear equations and method of
charachterestic, first order nonlinear equations and their applications,non linear
diffusionreaction phenomena, assymptotic method and non linear evoluation equations,
applications of partial differential equations.
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Approximation by spline functions, numerical solutions of nonlinear systems of equations,
boundary-value problems for ordinary, the application of numerical solutions to partial
differential equations.
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Basic definition of graphs, connected graphs, classes of graphs, degrees of vertices, regular
graphs, degree sequences, isomorphism as a relation, bridges, spanning trees, cut vertices,
Eulerian graphs, hamiltonian graphs, planar graphs, dual graphs, some operations on graphs,
vertex coloring, edge coloring, maps, Ramsey numbers andexternal graphs.
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An introduction in integral equations, Voltera equations of the first and second kind, Fredholm
integral equations of first and second kind, some applications of integral equations in
population dynamics and in mechanics problem, some theorems of existence of the solution of
the integral equations.
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Numerical linear algebra, matrix definiteness, matrix factorization, LU, LLT (QR, SVD) with
some applications, linearly constrained optimization with characterization, linear
programming, quadratic programming, nonlinearly constrained optimization, first derivative
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methods, second derivative methods with characterization, non-derivative methods, nonlinear
programming.
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Divisibility, Euclidean algorithm, congruences, finite fields, quadratic congruences, quadratic
reciprocity law, some simple cryptosystems, enciphering matrices, Public key cryptography,
RSA, discrete algorithm, knapsack, pseudo-primes, the rho method, Fermat factorization, the
continued fraction methods, elliptic Curves.
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Interpolation theory or internal induction, best (optimal) approximation, best approximation in
Inner product spaces, projection on closed convex sets, orthogonal polynomials, the best
approximation results, multivariable polynomial approximation, applications to iterative

methods for nonlinear operators.
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Sufficient statistics, unbiasedness, equivariance statistics,theory of point estimation( moments
method, maximum likelihood function,Bayez estimator),minimum variance unbiased
estimators, Invariance, minimax principles, theory of testing statistical hypotheses, the decision
problem, uniformly most powerful tests, Cramer Rao inequality, application for mathematical

statistics.
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Vector spaces, dual spaces, linear transformations and matrices, Invariant subspaces,
characteristic polynomial, Hamilton- Calay's theorem, Jordan normal form, diagonalizability,
bilinear and quadratic functions, Lagrange algorithm; Sylvester criterion, Euclidian and
Unitary spaces, orthogonal and unitary transformations, self adjoint transformations, tensor
products, isomorphisms of tensor products, and differential equations, applications to of vector
spaces to correlation and variance, an application of diagonalizability to the system of
differential equations.
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Analytic functions, harmonic functions, maximum modulus principles, open mapping theorem
conformable mapping ,cross ratio, stereographic projections, linear fractional transformation
complex integrals,power series and Laurent series, Residue and Residue theorem, reflection
principle,Dirichlet problem,mean value property,poisson formula, normal families, applictions
for complex analysis.
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PDEs of Mathematical Physics, separation of variables, transform methods, eigen function
expansions, Green’s functions, approximation methods, integral equations, asymptotic
methods, variation methods.
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Preliminaries for fractional calculus, history of fractional calculus ,Liouville's first difenetion,
Liouvill's second definition, Riemann's definition, fractional integrals, more examples of
fractinal integrals, the first fractional derevatives, the laplace transform for the fractional
integral, the fractional derevatives, the fractional differential equations , the direct approach,
Laplace approach, linearly independence solution method, solution of homogenouos equatiions
transformation of fractional differential equations to ordinary differential equatios, some
applictions for fractional calculus.
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Basic concepts, topological spaces, tychonoff topology, applications of sequences and
convergence, nets and filters , applications of countably compact spaces, sequentially compact
spaces, Lindeloff spaces, local compact spaces, paracompact spaces, metric spaces, complete
metric spaces applications of metrizable spaces.
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Metric spaces, normed spaces, Banach spaces, inner product spaces,Hilbert spaces,
fundamental theorems for normed and Banach spaces, further applications of Banach fixed
point theorem,spectral theory of linear operators in normed spaces.
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Banach Algebra, spectral properties of compact linear operators on normed spaces,
fredholm alternative, Hilbert-adjoint operators, basic ideas in  quantum mechanics
states,observables, position operator, momentum operator, Heisenberg principle.
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Group actions, Sylow theorems, groups of automorphisims,the fundamental theorem of finitely
generated abelian groups,classification of groups of small orders,rings. homomorphisms of
rings, Euclidean domains, P.1.D's and UFD's,module over a ring, submodules,homomorphisms
of modules, direct sum of modules,free modules,real life applications for groups and rings
theory, such as computational models, coding theory/ cryptography.
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Simple groups and simplicity of Normal series and solvable groups, field extensions: algebraic
and transcendental extensions, algebraic closure, separable extensions. normal extensions and
normal closure, splitting fields, field automorphisims, the galois group of an extension, the
galois group of a polynomial. the fundamental theorem of galois theory. applications:
solvability by radicals, ruler and compass constructions, finite fields, purely transcendental
extensions, luroth's theorem.
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Integral domains, Euclidean domains, noetherian domains, Dedekind domains, algebraic
number fields, algebraic integers, and integral bases, Integral algebraic elements,factorization
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of algebraic integers,units and primes,ideals in an algebraic number field,valuations, unique
factorization of ideal theory,quadratic fields,ideal class group,real-life applications.
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Fuzzy sets, constructing fuzzy sets, operations on fuzzy sets, decomposition, theorems,
extension principle, fuzzy numbers. fuzzy arithmetic, possibility theory, fuzzification in
integration, applications in operations research and decision-making problems.
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