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Subject: Topics in General Mathematics
Hours: Theoretical: 4 Practical: -- Tutorial: 1 Units: 4

Syllabus

Subject Syllabus

An introduction to §l Introduction to the complex numbers and their properties,
the complex Geometric representation of complex numbers, the roots of a
numbers complex number.

Polynomials and their properties, The relation between the
Polynomials coefficients of a polynomial and its roots, Solving methods
for polynomial equation of (1° -4™) degree.
Linear Systems, Consistent, inconsistent and homogeneous
linear systems and their solutions.
special types of matrices, Algebraic operations on matrices,
The transpose of a matrix, Symmetric and skew symmetric
matrices with some of their properties, Reduced row echelon
form, Row equivalent matrices, Solving a system of linear
equations using matrices, Gauss- Jordan method, Singular
and nonsingular matrices, The inverse of a nonsingular
matrix, Determinants and their properties, Using Cofactor
expansion method to find the determinants, The adjoint
matrix, Solving a system of linear equations by Gramer’s
Rule and the matrix inverse method.

Linear Systems

Matrices
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Subject: Foundations of Mathematics I

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Compound, Conditional and Biconditional statements,
Tautologies, Contradictions and Arguments, Open sentences,
Quantified statements, Arguments forms, Mathematical
proof methods.

The principles of
mathematical
logic

The concept of set, Equal sets, Subsets, Set complement,
Sets algebra Operations on sets, (Intersection and union sets, Distributive
law, etc...), De-Morgan’s law, The Cartesian product of sets.

Relations and their kinds: Reflexive, Symmetric, Transitive

Relations and relations and Equivalence relation, Equivalence classes and
their Kinds the quotient set. Partitions, The partially and totally order
sets.

Maps, (Definitions and examples, Graph of a map, One to
One maps, On to maps, One to one correspondence), The
kinds of maps, (Restriction of a map, Composition of maps
and their properties, The inverse map), The image and
inverse image of a map.

Maps and their
kinds

Cardinal Cardinal numbers, Infinite sets, Countable sets, Cardinal

numbers arithmetic.
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Subject: Foundations of Mathematics IT
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

The natural numbers as a well-ordered set, Peano axioms for
natural numbers, The construction of the natural numbers,
Mathematical induction.

The natural
numbers

The integers The integers, The division Algorithm for integers.

The rational The rational numbers, The real numbers and the relation
numbers and between them, The construction of the complex numbers,
The real Geometry of complex numbers, The argument of a complex

numbers number, Fundamental theorem of Algebra.

An introduction Divisibility of integers, The greatest common divisor,
to the theory of [ Euclid’s Lemma, Relatively prime numbers, Prime numbers
numbers and the distribution of them.

Fundamental
theorem of Perfect numbers.
arithmetic
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Seymour Theory and Problems of set
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Subject: Linear Algebra I

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Subject Syllabus

Vector spaces, Subspaces, Algebra of subspaces
(Intersection, Union, Sum and Direct sum of subspaces),
Linear independence with some related theorems, Basis and
Vector spaces [ dimension of a vector space with their properties,
Coordinates and change of bases, Column rank and Row
rank of a matrix and the relation between them, basis in R",

Cross and Dot product of vectors.

. Linear transformations, The kernel and the range of a linear
Linear

transformations, The matrix of a linear transformations and
transformations

its properties, linearly isomorphic spaces, linear functional.
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Subject: Linear Algebra II
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

he characteristic polynomial of a matrix, The

. characteristic equation with examples, Eigenvectors and
Eigenvectors and a P 8

Eigenvalues of a matrix, Theorem of Cayley-Hamilton

Eigenvalues . . . : . .
& and its applications, Similar matrices, Diagonalizable

matrix with some properties.

Euclidean space, Cauchy-Schwarz inequality, Triangle
Euclidean space | inequality, Orthonormal basis, Gram-Schmidt process

with examples.

Application of | Some application of linear algebra such as: Linear

linear algebra programming, Quadratic forms, Graph theory.
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Wong .E. T.

Linear Algebra and
New York Strang . G. Its Applications

Mostow. G. D. and .
London Sampson. J. H. Linear Algebra

Introductory Linear

Bernard Kolman Algebra with
Applications

S. Lange Linear Algebra
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Subject: Algebra (Groups) I
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Binary operations, Groups (Definition and elementary
properties with examples), Two important groups (the group

of integers modulo »n «Z and the symmetric group of degree

n<S)).

Subgroups, Lagrange’s Theorem, Center of a group,
Subgroups Subgroups generated by a set, Cyclic groups, Normal

subgroups and quotient groups, Derived subgroup.

Homomorphis || Group homomorphisms and their properties, Cayley’s

m Theorem, The fundamental theorems of isomorphism.

Types of Direct product of groups, P-groups, The fundamental theorem

Groups of finite Abelian groups.
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Subject: Algebra (Groups) II

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Groups and
Applications

Syllabus

Cojugate subgroups, The normalizer of a subgroup,
The centralizer of an element of a group.

Some basic theorems

Cauchy’s Theorem, The class equation of a group,
Burnside’s Theorem.

The Sylow's Theorems

The Sylow's Theorems with some applications.

Groups and
Applications

Normal series of a group, Composition series of a
group, Jordan-Holder Theorem, Nilpotent groups
and Solvable groups with applications.
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Introduction To Modern

Abstract Algebra

London Burton D. M.

Boston Rotman J. J. The Theory Of Groups
Oxford Macdonald 1., The Theory Of Groups
WM.C. Brown
Publishers,

David M. Burton Abstract Algebra

S. Lange Algebra

A First Course in

Fralyh
Abstract Algebra
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Subject: Algebra (Rings) I
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Ring and its properties, Zero divisors, Integral domain,
Field, Subrings, The characteristic of a ring with some
properties, Imbedded a ring in a ring with identity,
Idempotent and nilpotent elements with some

properties.

Ring Ring homomorphisms, Ring Fundamental isomorphism

homomorphisms || theorems.

Ideal Ideals, Principal ideal ring, Quotient ring, Prime and
eals
maximal ideals and the relation between them.

Some types of J Boolean ring and Boolean ring with some of their

rings properties and their applications.
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Subject: Algebra (Rings) IT
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Review of some special ideals, (Maximal ideals,
Minimal ideals, Semiprime ideals, Prim ideals,
Primary ideals).

Some special
ideals

The Prime and irreducible elements and the relation
Prime radical of [ between them, The J. radical of a ring with some basic
a ring properties, The nil radical of ideals and the effect of the
ring isomorphism on them.
Polynomial rings, The division algorithm theorem on
ring polynomials, Divisibility of Integral domain,
Unique Factorization Integral domain, Polynomial rings
and the remainder theorem with some applications,
Extensions of fields, Kronecker’s Theorem with some
applications, A simple introduction to Galoi’s Theory.

Polynomials ring
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Subject: Algebra (Modules)
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
S llabus

Modules Modules (deﬁnltlon and examples), Submodules,
Sum, intersection and union of submodules.

Modules Modules homomorphisms, Fundamental theorems of

Homomorphisms modules homomorphisms.

Finitely generated modules, Infinitely generated

modules, Cyclic modules, External direct sum (finite

modules and infinite) of modules, Internal direct sum, product
of modules.

Generated

Certain types of | Free modules, Projective modules, Injective
modules modules, Northerian modules, Artinian modules.
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Hours:

Subject: Calculus I

Real Numbers

Theoretical: 3

Practical: -- Tutorial: 1

Syllabus

Real Numbers and their properties, Calculations.

Functions

Definition of function, Domain, codomain and the range of a
function, Operations on functions, Composition of functions,

Functions drawing and the fast method.

Limits and

continuity

Limit (its definition and the related theorems), The

continuity and their theorems.

Differentiation

derivative (definition and the related theorems), The relation

between the differentiation and the continuity.

Rolls theorem and
the mean value

theorem

Rolls theorem (Its text and proof with examples), Mean
value theorem (Its text and proof with examples),

Applications of derivative.

Indefinite

integrals

Indefinite integral and its geometric interpretation,

Examples, Applications (Area calculation).

Definite integrals

The definition of definite integral and its relation with

derivative.

Transcendental

functions

Limits, derivatives and integrations.

Integration

methods

Basic rules of integration, integration procedures

(Integration by parts, Trigonometric substitutions in

integrals, Integration by fractions partition).

Improper

integrals

Some improper integrals and their applications.

AR

Units: 3
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Subject: Calculus II
Hours: Theoretical: 3  Practical: -- Tutorial: 1 Units: 3

S llabus

Conlc Sections Conic Sections and quadratlc equations, Rotations.

Polar coordinates, The relation between Polar
coordinates and Cartesian coordinates, Conic sections in

Polar Coordinates | polar coordinates, Graphing in polar coordinates, The
equation of lines, circles and conic in polar coordinates,
Arc length, Area in polar coordinates.

Cylindrical
Coordinates

Cylindrical Coordinates.

Three dimensional coordinate system, Vectors, The Dot
product, The cross product, lines and planes in space,
Applications.

Sequences (definition and examples), Convergence and
divergence, Monotone sequences,

Methods of tests series and applications, Taylors-
Maclorian series with applications.

Three Dimensional
spaces

Sequences

Infinite Series
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Subject: Advance Calculus
Hours: Theoretical: 4

Practical: -- Tutorial: 1 Units: 4

Syllabus

Multi-variables Functions, Limits and Continuity, Partial
derivatives, Tangent and orthogonal planes on the surface,
Equation of lines in the planes, Differentials Linear
approximations Maximum and Minimum points.

Double integrals and their applications, Double integrals in
polar coordinates. Triple integrals and their applications,

Multi-variables
Functions

Multi-Integrals

Integrals in cylindrical and spherical coordinates,
integral and its applications.

Line
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Subject: Partial differential equations (PDEs)
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units:
Syllabus

differential The characteristics equations, The quasilinear Partial
equations differential equations, Lagranges auxiliary, Solved examples.

Classifications, Canonical forms of hyperbolic, Parabolic and
Second order elliptic equations, The wave equation and its derivation and
. . . discussions, The heat equation and its derivation and
Partial dlf.ferentlal discussions, Laplace equation, Classification of boundary
equations conditions of some Partial differential equations, Cauchy
problem.
Even and odd function and their properties, Fourier sine series,
Fourier cosine series, Application of Fourier series for initial,
boundary value problems: Eigenvalue problems,-Separation of
variables for linear homogenous and nonhomogenous Partial
Fourier series differential equations with some types of Boundary conditions
like (homogeneous, nonhomogenous , linear, etc.),
Eigenfunction expansion method for solving nonhomogenous
Partial differential equations Coordinate systems transforms
and separabability for some Partial differential equations.
Integral Integral transforms, Laplace transform, Fourier transform,
Applications.

transforms
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Subject: Ordinary Differential Equations I

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units:3

Syllabus

Definition of ordinary differential equations, The order and
The Basic principles of || degree of ordinary differential equations, Linear and non-
ordinary differential | linear ordinary differential equation(classification), The
equations solution of ordinary differential equation, The general and

special solution of ordinary differential equation.

The first order ordinary differential equation and methods
of solution, The standard forms of first order ordinary
1" —order ordinary | differential equations, Classification of ordinary differential
differential equations [|equations, Linear ordinary differential equation, Separable
first order ordinary differential equations and homogeneous
differential equation, Exact (total) differential equation.
nth ordinary differential equation with constant
coefficients, method of solution using characteristic root,
Nth-order ordinary | non-homogeneous ordinary differential equation using
differential equations [ undetermined, coefficient method and method of variation
of parameters, Studying ordinary differential equations with
variable coefficients and method of solutions

Euler equation and method of solution, Method of power
seriers  about ordinary singular points some general
equations, Laplace transform for solving some ordinary
differential equation, Laplace transforms and its properties,
special ordinary Inverse Laplace transforms, Laplace method for solving

differential equation [ some ordinary differential equations with constant
coefficients, System of ordinary differential equations:

transform n-th ordinary differential equation into system of
first ,order differential equation with n- independent
coefficients

Fundamental matrix , _
. Fundamental matrix solution.
solution

YA



London

:(References ) laall

Arrowsmith. D.
K. & Place. C.
M

Ordinary Differential Equations
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L

Introduction to Ordinary
Differential Equations

London ,
Amsterdam

Braver F. &
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Ordinary Differential Equations: A
,2" First course
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Stein. R.
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Differential Equations “ 2"
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Subject: Ordinary Differential equations IT
Hours: Theoretical: 3  Practical: -- Tutorial: 1 Units: 3
Syllabus

System of Linear ordinary differential equation, The
The fundamental fundamental matrix solution (its theorems and its
matrix solution properties), Theorems for computing the fundamental matrix
solution of general linear ordinary differential equation.
The stability of linear ordinary differential system, Jordan
transformation method for solving and classifications.
Nonlinear ordinary differential equations, poincare-
Bendixson theorem for 2"-order nonlinear system, Limit
cycle, attraction definitions and periodic solutions, Stability
of nonlinear differential equation about fixed point (critical
points, limit cycles and periodic solutions).
Lyapunov stability methods, first Lyapunov method (direct
method) and 2™ Lyapunov method (indirect method) for
system of linear differential equations of 2™ order,
Theorems of existence and uniqueness, Studying the
Lyapunov stability | existence theorem by wusing Picard's successive
approximations. Studying the effects of Lipschitz conditions
on the existence and uniqueness theorem. Grown wall
inequality and theorem of existence. Maximum interval of
existence and global theory.

The stability

Nonlinear ordinary

differential equations
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Subject: Calculus of Variations
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Functlonal spaces, The simplest variational
The variation functional [ problem, The function of variation functional,
Necessary conditions for extremism points ,

Variational problem Variational problem, Euler equation.

Generalization of Euler equation form, Euler
equation form with more than one independent
variable, End point problem, Higher order
derivatives.

Several variable problems

Parametric form Variational problem in parametric form.

Variational problems with subsidiary conditions,
Derivation and the Basic formula, End point
lying on two given curves.

Fundamental formula for | Broken externals surfaces, The variational
Euler equation and the Weierstracs-Erdmann  conditions, ~Variational
related fields formula and the related fields.

Variational problems with
subsidiary conditions

Variational formula
problems with several
variables

Variational formula problems with several
variables.

Variation of functional depending on a fixed
region and variable region, Direct solutions
methods, General applications.

Variational formula and its
direct solutions
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Subject: Introductory to optimal control theory

Hours: Theoretical: Practical: Tutorial: Units:
Syllabus

Basic concept, Mathematical formulation and the control
problems, Controllability, Optimal control problem,
Examples.

Optimal control Controllability for linear, nonlinear autonomous systems,
Special controls, Bang-Bang Principals, Linear autonomous
time - optimal control problem, The existence of a time
optimal control, Normality and uniqueness of the optimal
systems control.

Maximum principal, More general optimal control problem
and applications, Existence theorems for optimal control
problem, Necessary conditions for optimal control problem,
The Pontryagin Maximum principle, Applications.

Optimal control
problem

problem for linear
and nonlinear

Applications
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Subject: Graph Theory

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Graph concept, Examples, Subgraph, Embedding a graph in a
graph.
Connectivity of Graphs, Bipartite graphs and trees,
Path, cycle and tree || connectivity colorings, Edge colorings, Ramsey Theory,
Vertex coloring
Some types of graphs | Graphs on Surfaces, planer graphs, coloring planer graphs,
and Applications Genus of Graph Directed Graphs, Digraphs, Network flows.

Graph
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Subject: Axiomatic Systems

Hours: Theoretical: 3  Practical: -- Tutorial: 1 Units: 3

Syllabus

Geometry before Euclid, Geometry of Euclid, The
History on Geometry || fifth axiom of Euclid and statements equivalent to

it, Some weak points in Euclid system.

] . . 1 Axioms, Projective plane, Finite Projective planes,
An Analysis of Axiomatic ! P ! P

Affine plane, Finite Affine plane, Young and Fano

Systems
yste Systems.

Properties of Axiomatic
Consistency, Independence, completeness.
Systems

Euclidean Geometry Hilbert System.

Axioms of Existence and Incidence, Segments,

The Foundation of
Pasch‘s Axiom, Convex Set, Interior and Exterior

Geometry

of the Triangle and angles, Convex Quadrilateral.

Axioms of Congruence for Segments, Segment

Addition, Segment Subtraction, Comparison of
Congruence and

Segments, Congruencies for Angles and Triangles,

Comparison
P Angle Addition and Subtraction, Comparison of

Angles.

Euclid’s Theorems Reproved, The Exterior Angle
Elementary Geometry [ Theorem, Right Angles and Non-Right Angles,

Constructions.

Geometric Symmetry, Reflection, Translation, Congruence,

Transformations The Relation Between these Transformations.
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Subject: Geometry

Hours: Theoretical: 3 Practical: -- Tutorial 1 Units: 3

Syllabus

Subject Syllabus

Hyperbolic Geometry: Hyperbolic Parallel Postulate
or HPP, Asymptotic Triangle, Consistency of
Non-Euclidean Hyperbolic plane.

Geometry Elliptic Geometry: The Elliptic Postulate, models,

Table for comparison of Euclidean Geometry and

Non-Euclidean Geometry.

. . Axioms of Existence and Incidence, Principle of
Synthetic Projective P

Duality, Configurations, Fano Axiom, Desargues

Geometry

Axiom Harmonic Sets.
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Subject: Differential geometry I
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Functions Of several definition and examples Derivative of functions
variables of several variables

Smooth maps Definition and examples with basic theorems.

Diffeomorphisms Definition and examples with basic theorems.

Manifolds and Atlas | Definition and examples with basic theorems.
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Subject: Differential Geometry II

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Manlfolds Grossmann mamfolds Tangent spaces.

Derivative of | Derivative ~of smooth  maps, Derivative  of
smooth maps | diffeomorphisms, Inverse function theorem, Regular and
critical points.

Inverse function theorem and immersions, Local
immersion theorem, Submersions, The theorem of Sard
and Brown.

Immersions
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Subject: Algebraic Geometry I
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Ring of polynomials R[ x ], Ideals in ring R[ x ], Rings
Ring of polynomials with n-variables R[x;, X» , ... Xy,
Examples & exercises.

Klein Ian surfaces || Finite subgroups of SL(2,C), Algebra of invariants,
singularities Examples & exercises.

Intersection Intersection paring, Carton matrices, Canonical class,
the()ry of surfaces | Examples & exercises.

Geometry of Graded algebra, Ample invertible sheaves, Q-divisors,
graded algebra Cylinder constructions, Examples & exercises.
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Subject: Algebraic Geometry II

Hours: Theoretical: 3 Practical: Tutorial: 1 Units: 3

Syllabus

Subject Syllabus

Polar hyper surfaces, Polar pairing, First and second
Polarity Polars, Hessian hyper surfaces, Parabolic point,
Examples & exercises.

Polar map, Dual varieties, Plucker equations,
Examples & exercises.
Polar schemes, Sum of powers, Generalized polar
Polar polyhedral | polyhedral, Secant varieties, Warring problems,
Examples & exercises.

Dual hyper surfaces

Catalecticant matrices, Dual homogeneous forms,
The warring rank of homogeneous form, Examples &
exercises.

Dual homogeneous
forms
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Subject: Geometric of Transformations

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Subject Syllabus

Axioms of Existence and Incidence, Principle
of Duality, Configurations, Fano Axiom,

Synthetic Projective ‘ ‘ )
Desargues Axiom, Harmonic Sets, Axioms of

Geometry

Separation, Axiom of Continuity, perspective
and projectivity.

Euclidean Model for Projective Plane, Analytic
Model, Equations of Point and line, Geometric
Analytic projective Meaning for Linear Dependence, Geometric

Geometry Applications for linear Dependence, Linear
Transformation of R", Coordinate System for a
line, Change of Coordinate, Cross Ratio.

Group of Transformation, Subgroups, Analytic
Affine Plane, Euclidean Plane and Group of
Euclidean Transformations.

Transformation
Geometry

Subgeometries Other Subgeometries of Projective Geometry.
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Subject: Probability and Statistics (1)

Hours: Theoretical:

Descriptive Statistic

Practical: -- Tutorial: 1

Syllabus

Populatlon Sample, Collection of data, Frequency
Distribution table, Presentation of data.

Measures of Central
Tendency

Arithmetic mean, median, mode, harmonic mean,
geometric mean, quadratic mean, Relation between
measures of central tendency.

Measures of
Dispersion

Measures of absolute dispersion (Range-Mean
deviation-standard deviation and variance), Measures
of relative dispersion (coefficient of variation),
Standard score.

Moments and
Measures of
Skewness

Moments, Moments for ungrouped data, Moments
for grouped data, Skewness, measures of skewness,
Kurtosis, measures of Kurtosis.

Correlation &
Regression

Concept of correlation, simple correlation coefficient,
Concept of regression, Scatter diagram, Method of
least square error, Simple liner regression equation.

Analysis of Variance

Concept of Analysis of Variance, One-Way Analysis
of Variance.

Probability

Mean Events, Mutually Events,

Probability

probability,
Independent and Dependent Events,
Laws.

Conditional
Probability & Bayes
Theory

Concept of Conditional Probability, Bayes Law,
Bayes Theory.

Discrete Random
Variable

Concept of discrete random variable, Probability
Distribution of Discrete  Random  Variable,
Distribution Function of Discrete Random Variable.

Continuous Random
Variable

Concept of continuous random variable, Probability
Distribution of Continuous Random Variable,
Distribution Function of Continuous Random
Variable.

Units: 3
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Subject: Probability and Statistics (2)
Hours: Theoretical: 2  Practical: -- Tutorial: 2  Units: 4

Syllabus

Mathematlcal Mathematical Expectatlon Properties
Expectatlon Expectation, Mean and Variance.

Moment & Moment

. . Moment and Moment Generating Function.
Generating Function

Characteristic Function ] Characteristic Function.

Joint distribution for two random wvariable,
Joint Distribution For [ Independent random variable, Marginal Probability,
Two Random Variable I Mass function of Discrete and Continuous Random
Variable.

Conditional

. L. . Conditional Distribution Function of Discrete and
Distribution For Two tH ribution Iunction rete an

i Continuous Random Variable.
Random Variable

Expectation of Two Expectation of Two Random Variable, Variance,
Random Variable Covariance, Correlation.

Moment & Moment
Generating Function of || Moment and Moment Generating Function of Jointly
Jointly Random Random.
Variable

Chebyshev's Inequality || Chebyshev's Inequality.

Some Special Dist. of ‘ o _ ,
. Uniform, Bernoulli, Binomial, Poisson, Geometric,
Discrete Random

Variable

Negative Binomial, The Hyper geometric.

Some Special Dist. of
Continuous Random
Variable

Uniform, Normal, Gamma, Exponential, Chi-
Square, Beta.
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Tokyo

Degroot. M. H.
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Moscow

Klimov. G.

Probability Theory And
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Knill. O.

Probability

New York
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Edition

R.Hogg and
A.Grage

Introduction to
mathematical Statistics

McGraw Hill
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Edition
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Subject: Mathematical Statistics (1)

Hours: Theoretical: 3 Practical: -- Tutorial: 1  Units: 3

Syllabus

Sampling concepts, Transformations of Variables of

the Discrete Type, Transformations of Variables of

Distribution of the Continuous Type, The T and F Distribution,
Functions of Random [ Distributions of Order Statistics, The moment —

Variables Generating Function Technique, The distributions of

X and #nS’/c? (Normal case), Limiting distribution
(The Central Limit Theorem).

Methods of Estimation (Method of Moments,
Method of Maximum Likelihood), Properties of
Point Estimator (Unbiased, Consistency, Sufficiency,
Completeness, Uniqueness, Efficiency), The Rao-
Blackwell Theorem, Exponential Family, The Rao-
Cramer Inequality.

Point Estimation
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Subject: Mathematical Statistics (V)
Hours: Theoretical: 3 Practical: -- Tutorial: 1  Units: 3

Syllabus

Random Intervals, Confidence Intervals for means,
Confidence Intervals for differences of means,
Interval Confidence Intervals for variances, Confidence
Estimation Intervals for ratio between two variances,
Confidence Intervals for probability, Confidence

Intervals for differences of probabilities.

General Concepts, Type of test of hypothesis,

Test of Critical region, Best of critical region, Statistical
Hypothesis test, Neyman Pearson theorem, Uniformly most
powerful test, Likelihood ratio test, Sequential test.
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Macmillan
Publishing Co., [ 1998 | Sixth
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Allen T. Craig Mathematical Statistics
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Theory of Statistics

Dennis D.
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Thomson William Mathematical Statistics
Brooks/cole Mendenhall & with Application
Richard L.
Scheaffer
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York Dordrecht Statistics with
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Heidelberg L.ondon Applications
Richard J. Larsen
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Pearson Education, . & nntroduction 2o

Ine. 2012 | Editi Morris L. Marx Mathematical Statistics

and its Applications
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Subject: Multivariate Analysis

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Random vectors [ Means vectors, Variance-covariance matrix.

The multivariate normal distribution function and

conditional distribution, Normal distribution function

The multivariate [l for two variable, Estimation means vector, Estimation
normal variance-covariance matrix, Test of means vector
distribution estimation, Correlation matrix, The relation between
correlation matrix and variance-covariance matrix,

Moment generating function, Characterization function.
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Multivariate Statistics

Multivariate Statistics
and Application
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Subject: Stochastic Processes
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

BaSlc concepts General review in probability and random variables.

Definition of stochastic processes, Processes types,
stochastic process Bernoulli processes, Winer processes, Poisson

processes, Stochastic matrix.

Markov chains, Transition matrix, Classification of
Markov chains state of Markov chains, Transition to some state,

Random walk.

Properties of The mean value and covariance for stochastic

stochastic process processes, Stationary processes.
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Stochastic Processes
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S.E Stochastic Calculus

Kemeny. J. G. And Snell,
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Finite Markov Chains

Stochastic Processes:
General Theory
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Subject: Functional Analysis I

Hours: Theoretical: 3  Practical: -- Tutorial: 1 Units: 3
Syllabus

Vector Space, Some Important Examples, Symmetric

Vector Spaces Sets, Balanced Sets, Absorbing Sets, Subspaces, Direct
Sum, Linear Independent, Basis and Dimension,

Convexity.

Normed Space, Some Important Examples, Product

Normed Spaces, Equivalent Norms.

Normed Spaces

Concepts of Metric in Normed Spaces, Convergence in

Banach Spaces Normed Spaces, Banach Spaces, Some Important
Examples.

Linear Functions, Quotient Spaces, Continuity,
Boundenes, The Space of Bounded Linear Function,
Isomorphic of Normed Spaces, Separable Normed
Spaces.

Continuous
Linear
Functions

Pre-Hilbert space, Defintion of Hilbert space and some
Hilbert spaces [ Important theorems, Orthogonality, Orthonormal sets,
Orthonormal basis.
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Subject: Functional Analysis I

Hours: Theoretical: 3  Practical: -- Tutorial: 1 Units: 3
Syllabus

Hahn- Banach
Theorems

separation theorems for R" Spaces, separation
Separation theorems | Theorems for normed Spaces, separation theorems
for vector spaces.
Ordered Banach spaces, Contraction functions,
Fxed point theorem for ordered Banach spaces,
Applications of Banach contraction principle.

Fixed point theorem

and its applications

Fundamental . . )
Reflexive spaces, Riesz  representation, Weak

theorems for normed .. ..
convergence, Adjoins, projections

spaces

Finite rank operators, Almost finite rank operators,
Some classes of

Compact  operators,  Self-adjoin  operators,
operators

completely continuous operators.

Spectral theory in finite and infinite dimensional
Spectral theory pectr y 1 nfinite dimension

normed spaces.
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Subject: Mathematical Analysis I

Hours: Theoretical: 3 Practical: -- Tutorial: 1  Units: 3

Fundamental

concepts

Syllabus

Historical review, Real numbers, The relation between real and
rational numbers, Archimedean property, R is complete ordered
field, The density of rational numbers theorem, The density of

irrational numbers theorem.

Metric spaces

Definitions and examples, Pseudo-metric spaces, Euclidean

spaces, Boundenes, Some principles in topology.

Convergence in

metric spaces

Sequences, real sequences, Convergence in metric spaces,
Some special real sequences, Complete metric spaces, Fixed

point theorem.

Infinite series

Definitions and examples, Some special Infinite series,
Converging test, Alternations series, Absolutely and conditional

convergence, Another convergence tests.

Limit and

continuity

Limits of functions, theorems of limits, Some extensions of
limit concept, Continuous functions, Equivalent theorem for
continuity, Sequentially continuity, Uniform continuity, Real
valued function, The intermediate value property, Cup of coffee

theorem.

Compactness

and

connectedness

Compact sets, Some important theorem in compactness,
Continuity and compactness, Separated sets, Connected sets,
Equivalent theorem for connected, Continuity and

connectedness.

Differentiation

Derivatives, Space of differentiable functions, Properties of

derivative, Rolle's theorem, Mean value theorem.
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Subject: Mathematical Analysis I1

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Sequence and

series of functions

Syllabus

introduction, Point wise convergence, Uniformly
convergence, Bounded convergence, The relation
between three types of convergence, Infinite series of

functions, Power series.

Integral

Riemann integral and some theorems related for
integraliblity,  Lebesgue theorem in Riemann
integration, Elementary properties of Riemann integral,
Mean value theorem for integral , The space of integral
functions as a linear space, Riemann integral is (linear,
monotone, not injective ) function, Differentiation and
Riemann integration, Riemann-Steiljes integral,

Definition and examples and some of its properties.

Measure

The length of bounded open sets, The outer measure of
bounded sets, The inner measure of bounded sets,
Measurable sets, Measure of bounded sets, Measure of
unbounded sets, Example for unmeasurable sets,
Measurable functions, Some equivalent theorems for

measurable functions, Space of measurable functions.

The Lebesgue

Integral

Definition and examples, The properties of Lebesgue
integral, The relation between Lebesgue and Riemann

integral, The space of Lebesgue integral functions.

functions of

bonded variation

Functions of bonded variation, Some type of functions
of bonded variation, Absolutely Continuity, Relation
between absolutely Continuity and functions of bonded

variation.
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Subject: Complex Analysis (1)
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

What is complex analysis, Historical review, and its
applications for life, The complex numbers, Some of its

Complex Numbers | algebraic properties, Cartesian representation, polar
representation, power and roots, some topological
concepts

Complex Functions [ Functions, Limit and continuity

Differential with Some special sets, Analytic functions,
Differential Cauchy Riemann equations, Harmonic functions, entire
functions,

Some  elementary  functions, polynomials and
trigonometric functions, rational functions, exponential
functions, the function €% ,hyperbolic functions,

Properties of
elementary analytic

functions logarithmic functions.

Complex integration. Contours, Integral on a closed
Contours, Green theorem, Cauchy theorem, Cauchy-
Cursat theorem, Moreras theorem, Cauchy integral
formulas, Cauchy inequality, Liouvilles theorem.

Complex
Integrations

Y4
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Subject: Complex Analysis (2)

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Definition of a sequence of complex numbers, Converging
sequence, Series of complex numbers, Convergence and
Complex divergence of series, Circle of convergence, Power series,
Sequences and Properties of power series, Cauchy Hadmard theorem,
Series Taylor series, Properties of Taylor series, Zeros of analytic
functions, Properties of zeros of analytic functions Laurent

series.

Singular points | Classification of singular points, Definition of residue,
and calculation of || Properties of residues, Calculation of residues, Residues
Residues theorem, Theorem of calculation of residues.

Real Integrations Finding real Integrals by using residues theorem.

Conformal

. Conformal mappings and its applications.
Mappings
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Subject: Chaos Theory I

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

. . .. Nl Fixed points and their stability, Graphical iteration and
Fixed and Periodic P y p

stability, Hyperbolic and non-hyperbolic fixed points,

Points e
Periodic points.

Families of Families of functions: (Tent family, Quadratic family,

Functions Exponential family bifurcation).

Bifurcation, Types of bifurcation, Periodic points of period
Bifurcation three, Li-Yorke theorem, Sarkovskiis theorem, Schwarzian

derivative.

One dimensional chaos. Sensitive dependence, Lypaunov

One Dimensional [ exponents, Transitivity, Definitions of chaos (Devaney

Chaos definition, Gulick definition, Li-Yorke definition),

Conjugacy, Linear conjugacy.
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Subject: Chaos Theory II

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Two dlmensmnal chaos dynamics of linear maps, Similar
matrix of order 2 x 2 linear maps on R ,Fixed point of
linear map (Attracting, Repelling , Saddle fixed point).

Two Dimensional
Chaos Dynamics

Nonlinear Maps Nonlinear maps, Jacobian matrix, Henon maps, Horseshoe.

Maps fractals. (Cantor sets, Sierpinski carpet, Sierpinski
Fractionals gasket, Vonkoch curve), Fractal dimension, Iterated
function system.

Complex analytic [ Complex analytic dynamics: Julia sets, Mandelbrot sets,
dynamics Differential equation system, Lorenz system.
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An introduction to chaotic

dynamical systems

Encounters with Chaos
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Subject: Approximate Theory

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

l Subject Syllabus

Definition of approximation theory, Historical review, Most
Introduction Important applications of approximation theory in life and
Mathematics.
Functions normed spaces, Definition of approximation on
function space, Some examples of functions have
approximation, functions have no approximation and function
. . have more than one approximation, Equivalent norms,
Approximation [l gyistence and uniqueness of best approximation,

Approximation as a continuous mapping, convex norm.

Ln spaces, Minkwisky  inequality, Approximation by
spaces algebraic polynomial, Approximation by trigonometric
polynomials, ~The best approximation, Chebyshev
polynomials.

Interpolation, Lagrange interpolation, Approximation on a
finite sets, Fourier series, Jackson theorem (direct theorem),
moduli of smoothness, Orthogonal polynomials, Gause

quadratures, Muntz theorem, Wierstrass theorem.

Normed Spaces
and

_l?

Interpolation
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A short course on approximation
Bowling Green

Carothers N. L. theory''.

University

Cheney E. W. Ams Introduction to approximation

Chelsea theory

Approximation theory and
Prolla J. B.
functional analysis

Dold and Eckmann Lecture notes in mathematics
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Subject: Fractionals
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Subject

Definition of Fractionals, listorical review with some
applications.

Cantor dust as a subset of R, Construction of Cantor dust by
traumas, Measure of cantor dust, Some of topological
Cantor dust properties of Cantor dust, The base three representation of
the real number, base three representation of Cantor dust,
construction of Cantor dust by translation.

the iterated The iterated function system, the dilation map, The invariant
function system | set.

Introduction

Sierpinski Gasket fractal in R*, Construction of Sierpinski

Sierpinski Gasket | Gasket fractal by: traumas, translation, iterated function

fractal system and Pascal triangle, Some of Sierpinski Gasket
fractal topological properties.

The space of strings from {0,1}, The space of strings as a
metric space, Some of its topological properties, the model
map

Vankoch curve, construction of Vankoch curve by: traumas,
iterated function System, Dragon curve. Snowflake curve,
Mc Walters curve, Golden rectangle, Menger sponge.

The space of
strings from {0,1]

Some Types of
Curves

AT
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Subject: Measure theory
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Introduction, Unit sets, Semi-ring, Ring, o -ring, Semi-
filed, Filed o - filed, Measurable spaces.

Introduction, Upper and lower limits for sequences of
Sequences of sets | sets, Some important theorems, Convergence, Monotone
sequence, Monotone family.

Family of Sets

Measurable Definition of measurable function and examples, Some
functions equivalent theorems, Space of measurable functions.

Definition of set function and examples, Types of Set
Set functions functions, Measure and examples, Fundamental theorems
in measure.
Extension of measures, outer and inner measures,
Measurable sets, Lebesgue-Stieltjes measure, Lebesgue
measure and examples.
Sequences of measurable functions, Convergence almost
Convergence everywhere, Convergence in measure, Almost uniformly
convergence, Relation between types of Convergence
Simple functions, Definition of the integral and examples,
Properties of the integral.

Lebesgue
measure

Integration

AA
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Subject: Probability distribution and measurability
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Measure and integration, Spectrum for probability
distribution, Integrability of measurable functions on
line segment.

Probability Distribution
and Integration

Behavior of Functions
with Probability
Distribution

Weak convergence and Lievi distribution, Behavior
of functions with probability distribution.

Central limit theorem, Uniform estimation for
convergence in central limit theorem, Central limit

Central Limit Theorem [ theorem for symmetric probability of values in the
space of measurable functions, Weak convergence for
measure.
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Subject: Topology (1)
Hours: Theoretical: 3 Practical: Tutorial: 1 Units: 3

Syllabus

Subject Syllabus

The concept of topological space ( definition and

examples ), Usual (Euclidean) topology and Co-

. finite topology, Base and Subbase for a topology,
Topological Spaces ' . '
Metric spaces and the construction of the metric

topology, Subspace (relative) topology, ( definition

and examples).

Neighborhoods, Closed set, Adherent points and

) . Closure, Limit points and Derive set, Interior points
Sets and points in a P P

and Interior of a set, Exterior and Boundary points,

topological space
potog P Relatively open sets and Relatively closed sets, Sets

and points in a topological subspace.

Continuity and The concept of continuity, the open and closed maps,

homeomorphism homeomorphism, quotient topology.

.. Product topology by using the base for topology,
Finite product PoTogy By 8 potosy

Closure and Interior of product space, Projections,

topology

The continuity of product space.

TO, T1, T2 (Hausdorff), T3, T4, T5- Spaces,

Separation axioms .
Urysohn theorem, T3 -space (Tichonov-space.

Axioms of
First and second axioms of Countability.

Countability

Y
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Subject: Topology (2)

Hours: Theoretical: 3 Practical: -- Tutorial: 1  Units: 3

Syllabus

Compact spaces (definitions and examples), Heine-
Borel theorem and its weakness in the topological
spaces, The relation between the compact and T2-
spaces, Locally compact spaces.
Connected Spaces, Connectnes in topological spaces,
Separable spaces, Non-connected (disconnected)
Connected Spaces | spaces, Application of connected spaces (intermediate
value theorem), Components, Locally connected
spaces, Path connected spaces.

Compact spaces

Introduction to | Homotopic maps and paths, homotopic spaces, The
homotopy theory [ same homotopy type.
Fundamental

group.

The construction of the fundamental group.
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Subject: Introduction to Algebraic Topology
Hours: Theoretical: 3  Practical: -- Tutorial: 1  Units: 3

Syllabus

Simple introduction to connected and path Connected
Free and relative spaces, Homotopy, Relative homotopy, Null homotopy,
homotopies Of the Same Homotopy type spaces, Contractible

spaces, Strong deformation retract of a space.

Homotopic paths (relative {0,1}), Fundamental group

Fundamental group » _
(Definition and elementary properties).

Chain complex, Exact sequences, Subchain complex,

. Quotient chain complex, Product of chain complex,
Chain complexes ‘ _ ‘ _
Chain map, Kernel and image of chain map, Chain

homotopy , Contracting homotopy.

Homology groups [ Definition and elementary properties.

1
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Subject: Introduction to Differential Topology

Hours: Theoretical: 3 Practical: --  Tutorial: 1 Units: 3

Syllabus

Smooth structure and Smooth manifold, Algebra of
Smooth functions, Smooth manifold, Vector fields on
Smooth manifold, Tangent vectors and tangent space,
Smooth manifold [ Tensor algebra of Smooth manifold, Grassman algebra
of Smooth manifold, Exterior differentiation, Smooth
map between Smooth manifolds with some types,

Differentiation of smooth map .

Lie group and Lie | Lie group (definition and examples), Homomorphisms

algebra between Lie groups.

aA
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Subject: Topology on Line

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus
Voo



Hm

The real numbers

Syllabus

The real numbers, Upper (Lower) bounds, Maximal
(Minimal) elements, Least upper (Greatest lower)
bounds, Approximation, comparison and summation
properties of upper (lower) bounds, Archimedean
property of the real numbers, The real line (Absolute

value function and the distance of R).

Topological

concepts on real

lines

Open intervals, Open sets, Closed set, Adherent points
and Closure, Limit points and Derive set, Interior points
and Interior of a set, Exterior and Boundary points,
Bolzano-Weierstrass theorem, Properties of tensor

algebra.

Real Sequences

Real Sequences, Convergence and divergence of real
sequences, Algebraic operations on real sequences,
Bounded and monotone sequences, Cauchy sequences,

Completeness of real line.

The limit and the
continuity

of real functions

The limit of real functions and some its algebraic
properties, Uniform continuity, The intermediate value

theorem for continuity.

Differentiation

of real functions

Differentiation of real functions, Roles theorem, the

intermediate value theorem.

Riemann integral

of real functions

Riemann integral (definition, the upper and the lower

summation with some related results).
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Subject: Numerical Analysis I

Practical: -- Tutorial: 1 Units: 3

S llabus

Hours: Theoretical: 3

Error analysis, Round- off error, Relative error, Absolute
error.

Determination of roots positions, The bisection method,
Fixed point iterative method, Newton-Raphson method,
Conditions and order of convergence of the methods,
Aitkin's method to accelerate the convergence.

Direct methods (Gaussian elimination method, L-U
decomposition methods), Iterative methods (Jacobi,
Gauss-Seidel and successive over relaxation methods)

Error sources

Solutions of
nonlinear equations

Numerical solutions
of linear systems

The convergence
condition

Iterative methods, ill-conditioned systems.

Lagrange method, Divided differences, Forward

Interpolation
methods

backward and central differences, Newton formulas of
finite differences, Piece-wise polynomial approximation
(linear and cubic splines).

Numerical
differentiation

Forward central and backward approximations of
derivatives, Error analysis and discussions
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Subject: Numerical Analysis IT
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Trapezmdal rule, Simpson's rule, Mid-point rule, Error
Numerical Integration [ analysis, Romberg method, Opened and closed Newton-
Cotes methods, Gauss-Legendre method.
East square method, Linear and nonlinear and
exponential — approximation, Continuous function
approximation.
Explicit and implicit Euler's methods, Taylor series
First order ordinary [ method, Second and fourth order Runge-Kutta methods,

Least square
approximation

differential equations Adam-Bashforth  multi-step  methods, Predictor-
corrector methods, Order of numerical methods.

Higher order ordinary
differential equations
Boundary value
problems
Initial value problems [ The shooting method.

. . . Numerical solutions of parabolic, Hyperbolic and
Partial dlf.ferentlal elliptic partial differential equations using the finite
equations difference methods.

Higher order ordinary differential equations.

Finite difference method for linear equations.
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Linear programming

Non- Linear Programming
Operations Research
Modeling mathematic

Optimization I

Optimization IT
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Subject: Linear Programming
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

Nature of the LPP, Formulation and Construction of LPP
The Concept of Models with applications. General structure for LPP
Linear Programming Model, Structures' and formulas for LPP Models.

Methods for solving | Graphical representation method, Simplex method, M-
LPP procedure method, Two steps method.

Special types for
solutions

Special types for LPP solutions in application.

Importance of Dual model, General steps to construct the
(Dual) Second Model | second model, Relation between the solutions for first and
second models.

Dual and Modified

. The Dual simplex method, The Modified simplex method.
Simplex method P P

Sensitivity analysis (analysis after the optimization), The
changes of right side, the changes of the coefficients of
the objective function, changes of the coefficients inside
the bounds.

Methods for solving numerical programing models
(Approximation method, Plane divided method,
Branching and Expansion method).

Sensitivity analysis

Numerical
Programming

Duple Programming | Duple Programming
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Subject: Non- Linear Programming
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
S llabus

The Concept of Non- General form for NLPP, Convexity and concavity
Linear Programming || ,Karush-Kuhn-Tucker theorem of NLPP.

Numerical methods for solving NLPP, Newton-
Raphson method, Midpoint method, Golden
section method, Secant method, Quadratic
interpolation  method, Cubic interpolation
method, Lagrangain method for solving NLPP.

Numerical methods
for solving NLPP

Applications around some types of NLPP (when the
Applications objective function is non-linear and the bounds are
linear).
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Subject: Operations Research
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

Operatlons research definition and its History, The steps

General Concepts
of studding operations research.

Transportation models structure, Methods to find Initial

Transportation solution (North angel method, Minimal cost method,
Models Fugal method), Methods to find optimal solution
(Continuous path method, Modified distribution method).

Assignment models structure, Methods to find solution to

Assignment Models ,
Assignment models.

Stock Control models structure, Methods to find solution

Stock Control Models
to Stock Control models.

Matching definition , Matching matrix structure, Single

Matching theorem Jand Mixed Strategies, Analytical method, Graphical

method, Simplex Method.
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Subject: Mathematical Modeling
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Mathematical
Modeling

Syllabus

Models and Their types, Mathematical Models,
Mathematical Modeling, Scaling and Time Scale,
Approximation and Reasonableness of answers, Modeling
change, Dynamical Systems, Modeling with Difference
Equations, The Modeling Process, Proportionality and
Geometric Similarity, Model Fitting, Experimental
Modeling and Simulation Modeling ,Graphs of functions
as models ,Modeling with differential equations ,

Some case studies

Population Modeling (population of the world modeling),
Modeling of radioactivity and Carbon dating technique,
Econometrics Modeling, Modeling of eco-systems.
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Subject: Optimization I

Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3

Syllabus

. ] One dimensional search method, Fibonacci search method
One dimensional

, Newton method , False position method, Golden section

search method method.

Iterative methods to solve systems of non-linear

Iterative methods to equations, Steepest descent method, Conjugate gradient

solve systems of non- | method , Quasi Newton method, Variable Metric method,
linear equations Preconditioned conjugate gradient method, Lagrange and

Newton forward method to solve a system of NLPP.
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Subject: Optimization II
Hours: Theoretical: 3 Practical: -- Tutorial: 1 Units: 3
Syllabus

ClaSSlcal Control Linear control system, non-linear system.

Control System
Input and output representations.
Representations

Feedback Control Riccah equation, Feedback control.

. Optimized control for Linear systems, Optimized
Optimal Control

and Repeated control for non-linear systems.

Pontyriagen Maximum (Minimum) Principles for

Pontyriagen Principles

solving general optimal control problems.

Time Optimal Control [ Time optimal control.
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