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MANUIN
f. AMOBLIYSIEIV
LNG 550 JuSunummssnguamsuindnuseauiafaanu 2(1-2-6)
(Remedial English Course for Post Graduate Students)
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This course aims to instill the background language and skills necessary for undertaking
LNG 600 and to raise the students’ confidence in using English. There will be no predetermined focus of
the course, but instead it will concentrate on those areas where the students are weakest and need most
improvement. The classroom teaching and learning will be supported by self-directed learning to allow

the students to improve their language and skills autonomously.

LNG 600  33mu1d3nguszrnamsiseuluvangasdmsuinanmszauivmadnm 3 (2-2-9)
(Insessional English Course for Post Graduate Students)
IR UNBY : LNG 550 I3USunumudangudmsuindnuszaviudiafnm
(Remedial English Course for Post Graduate Students or Pass grade from placement
procedure)
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This course aims to develop English language skills relevant to mature students in Graduate
Degree Programmes in Engineering, Science and Technology. It will be based on practical skills, but will
not be yet another grammar course. Rather its focus will be on the real language demands, particularly in
reading and writing, faced by students in the course of their studies. It is project-focussed and simulates

the stages in preparing and presenting research, from finding references to writing a final draft. The course
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will equip students with language learning strategies to facilitate ongoing autonomous learning and will

emphasize language use not U.S.A.ge, real communication not classroom practice.

a ¢ a (Y]
MTH 635 ﬂﬂ!ﬂﬂ1ﬁﬂ‘i!‘lﬁ\1ﬂ]iﬂﬂ!!ﬁ%‘nq‘ﬂﬁﬂi]‘w 3(3-0-9)
(Combinatorics and Graph Theory)
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Graph theory. Directed graph. Computational complexity. Partially ordered sets.

Simplicial complexes and matroids.
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(Functional Analysis and Applications)
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Metric spaces, normed spaces and Banach spaces. Linear operators, inner product and
Hilbert spaces. Hahn-Banach theorem. Uniform boundedness theorem. Open mapping theorem, closed
graph theorem. Application of contractions. Approximation theory. Basic concepts of spectral theory.
Operator on normed spaces. Compact operators. Self-adjoint operators. Unbounded operators.
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(Theory of Differential Equations)
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Existence and uniqueness theorems, global behavior of solution. Autonomous systems.

Non-autonomous systems. Perturbation methods. Self-adjoint second order differential equations. Linear
differential equations of order n. Boundary-values problems for nonlinear second order differential
equations.
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(Numerical Linear Algebra)
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Review of linear algebra and matrix norms. QR factorization and least squares.

Conditioning and stability. Systems of linear equations and Gaussian elimination. Eigenvalues. Iterative
methods. Systems of nonlinear equations. Introduction to linear algebra methods for linear and nonlinear
programming.
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(Finite Element Methods)
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Introduction to partial differential equations. The basic element of the finite element
method for finding approximated solution of linear boundary value problem. Error analysis. Adaptive
error control.
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(Initial and Boundary Value Problems in Partial Differential Equations)
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Initial-value problems: ordinary finite-difference method, the “Hermitian” method,
theoretical aspects of the finite-difference methods. Choice of mesh widths on error estimate for the
inhomogeneous wave equation. Stability. Iterative methods. The method of characteristics for system of
two differential equations. Boundary-value problems: ordinary finite-difference method, linear elliptic
differential equations of the second order. Principle of an error estimate for the finite-difference method:
an error estimate for the interactive solution of the difference equations, relaxation with error estimation,
arbitrary mesh systems. Decomposition of the finite-difference equations, refinements of the finite-

difference method, the boundary-maximum theorem.
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(Numerical Methods for Partial Differential Equations)
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Introduction. Boundary and initial conditions. Finite difference methods. Parobolic
equations.  Difference schemes. Implementation of difference schemes.  Stability analysis and
convergence of difference schemes. Alternating direction implicit (ADI) methods. Nonlinear parobolic
equations. Diffusion-convection equation. Elliptic equations. Dirichlet problem. Iterative methods.
Neumann problem. Hyperbolic equations. Locally one dimenentional (LOD) methods. Difference
schemes for system of equations.
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(Statistical Analysis)

a U U \ =

Indanuney : Tad

= ] I 1 a1 [ 1

‘nqygmmmﬂmﬂu N1501aeasAINIATNIY JATINVBINITLINLD ?‘I'JLL‘]J??IEJ

WY AUANTAVDIAIDENGN HANNITVDINITAANDUTOYA NITUTTUIUUDUYALAZUVTTI N5
a a a o w a 4 o a

NATDUFTUUATIU ﬂTi‘]JiSL?J‘L!LGKQLf?T}HﬂTﬂ‘]J M3AATIEHANNLYTU5I BuUI1aeusIanneY

Probability theory. Transformation and expectation. Common families of distribution.
multiple random variable. Properties of a random sample. Principles of data reduction. Point and interval

estimation. Hypothesis testing. Asymptotic evaluations. Analysis of variance. Regression models.
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(Mathematical Fundamentals of Statistical Modeling)
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Concept of statistical simulation. Optimization for statistical inference. Stochastic
analysis. Simulation of differential stochastic equation. Linear statistical models. Nonlinear statistical
models.
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(Probability and Stochastic Processes)
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Probability. Borel. Random variables. Stochastic process. Stability of process. Counting
process. Bernoulli process. Poisson process. Markov chain. Steady state. Renewal. Birth and death
process.
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(Operations Research)
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Principle of stochastic process. Applications of waiting line system. Production and
inventory system. Simulation technique. Linear programming. Simplex method. Integer programming.
Dynamic programming. Network analysis. Critical path method analysis.
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(Introduction to Stochastic Processes)

U a ¢ a aa
3‘]51‘]J\‘1ﬂ‘ljﬂ'ﬂu : MTH 671 M3 UAICHiIBIa DA (Statistical Analysis)
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Stochastic process in discrete time including random walks. Recurrent events. Markov
chains. Markov process and branching process and some continuous time stochastic population processes:
birth-death process, renewal process and stationary process.
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(Applied Queuing Theory)
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Review of probability theory. Poisson process. Markov process and renewal theory. The
analysis of operational systems having variability in arrival and service. Waiting line models and detailed
study of queuing theory applications and its associated emphasis on service. Traffic and industrial
problems.

4

o d ~
WAANENIFYU]
= = 9 9 = @ = = o SJd' [ o
UnANINAMNIANUI laneIny NeuRuaInes 5INDIEINITNNIANUINGINY LU0 INDEY

L [ { @ a [y 1
Tlszgnaldlunmsudilywunoanumsusms Jyninisesns wie Jami lugaaivnisy ldedis

mMueauy

MTH 677 MIINUBITDA 3(3-0-9)
(Statistical Inference)
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Review of distributions functions , order statistics, limit theorems, laws of large numbers,
central limit theorem, properties of point estimators, minimum variance unbiased estimator, Cramer-Rao
inequality, point estimation and interval estimation, Theorem of testing hypothesis, power of the test,
Neyman-Pearson test, most powerful test, likelihood ratio test, chi-square test, sequential test. Karlin-
Rubin theorem and some applications.
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(Linear Models)
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Multiple linear regression. Autocorrelation in time series data. Logistic regression.

Poisson regression. Generalized linear models. Experimental design. Single-factor studies. Analysis of
factor level means.
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(Fuzzy Logic and Applications)
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Motivation, Possibilistic interpretation, Basic concepts, Set operations, Fuzzy relations, Fuzzy
inferences, Approximate reasoning, Fuzzy arithmetic, Linguistic models, Decision theory, Classification,
and Fuzzy controllers.
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(Mathematics of Thermodynamics)
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Foundations of macroscopic thermodynamics, entropy, temperature. System of
postulates. Coupled thermodynamics systems. Minimum principles for energy potentials. Transformations
of thermodynamic variables. Maxwell’s relations. Intrinsic stability. First and second order phase
transitions. Multicomponent systems. Availability analysis. Energy. Fluctuations irreversible process.
Applications. Bulk flow. Power and refrigeration cycles. Cryogenics. Negative temperature. Chemical

reactions. Combustion. Magneticelectric effect. Thermoelectric effects.
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(Mathematics of Heat Transfer)
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Introduction to heat transfer. Relation to thermodynamics. Modes of heat transfer. Heat
conduction. Heat diffusion equation. One dimension and two dimensions steady state and transient
solutions. Introductory of numerical analysis of heat transfer problem. Convection heat transfer. Laminar
and turbulent boundary layers. Force convection. Thermal radiation. Radiative transfer. Kirchoff's law.
Radiant heat exchange between two surfaces. Solar energy and some applications.
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(Mathematics of Fluid Mechanics)
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Review of some related topics of vector calculus and complex variables. Stream lines and
stream functions. Bernoulli’s theorem. Motion equation of an inviscous fluid. Vortex motion. Stream
function of a uniform stream. Stationary points. Velocity potential of fluid. Sources and sinks. Complex

potential and some applications. Boundary layer theory.
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(Mathematics of Continuum Mechanics I)
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Continuous media concept. Element of tensor analysis. Motion. Deformation and the
local concepts of strains, rotation, spin and vorticity. Mass and the continuity equations. Balance of
linear and angular momentum stresses and its geometric characterization. Constitutive equation.
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(Theory of Elasticity for Scientists)
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Analysis of stress. Analysis of strain. Hooke’s law. Boundary value problems in
elasticity theory. Solutions of some problems of elasticity theory. Plane state of stress and plane state of
strain. Energy method in elasticity theory. Elementary theory of plates. Elastic stability.
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(Boundary Element Methods in Computational Science)
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Approximate methods to boundary value problem. Potential problem and matrix
formulation. Families of boundary element shape functions. Applications to elastostatics. Two-
dimensional elasticity. Time-dependent and non-linear problems.
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(Geophysical Fluid Dynamics)
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Physical background and general concepts of geophysical fluid motion. Hydrodynamic
instability. Processes in geophysical fluid. Geophysical turbulence. General atmospheric and oceanic
circulation. Theory of climate. Fluid dynamics of planetary interiors.
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A topic from the area of applied mathematics. The topic to be offered depending on

staff availability and student demand.
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(Special Topic IV)
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A topic from the area of applied mathematics. The topic to be offered depending on

staff availability and student demand.
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(Special Study in Applied Mathematics)
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Student will be required to write a comprehensive report on the topic study under the

supervision of an instructor.
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(Real Analysis I)
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Topological concepts in metric, normed and inner product spaces. Ordered sets and
Zorn’s lemma. Hahn-Banach Theorem. Dual spaces. Properties of continuous functions. Stone-weierstrass

theorem. Introduction to functional spaces. Contraction mappings. Fixed points and applications.
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(Real Analysis II)
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General measures and measurable functions. Construction of measures. Convergence

theorem. Construction of Lebesque measure on R. Nonmeasurable sets. Borel measures and Fubini’s
theorem. Differentiation of indefinite integrals. Random-Nikodym theorem. L"-spaces. Holder and
Minkowski’s inequalities, Dual spaces and Riesz-representation theorem. Applications to Fourier analysis
onR".
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(Topology)
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Elementary set theory. Functions and relations. Partially ordered sets. Zorn's lemma.
Abstract topological spaces. Metric spaces. Bases and subbases. Convergence. Filters and nets. Separation
axioms. Continuity and homeomorphisms. Connectedness. Separability. Compactness.
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(Nonlinear Functional Analysis)
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Theory of nonlinear functional analysis in a systematic way with nonlinear operators.
Fixed point theorems and minimax theorems as essential ingredients to give applications of the theory to
variational inequalities. Games and nonlinear operators.
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(Fixed Point Theory and Applications)
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Banach’s contraction principle. Ekeland’s variational principle. Caristi’s fixed point
theorem. Fixed point theorems for nonexpansive mappings in Hilbert spaces. Baillon’s nonlinear ergodic
theorem. Fixed point theorems for continuous mappings. Nonexpensive mappings. Multi-valued
mappings. Iterative approximation of fixed points.
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(Variational Analysis)
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Variational principles. Variational techniques in subdifferential theory. Variational
techniques in convex analysis. Variational techniques and multifunctions. Variational principles in
nonlinear functional analysis.
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(Geometry Banach Space Theory)
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Topologies and nets. Topological vector spaces. The weak and weak (*) topologies,
convexity, rotundity, smoothness and other geometrical properties.
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(Advanced Topic Semigroup of Linear Operator)
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The details of advanced topic in semigroup of linear operator. The subject matter will
vary from year to year.
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(Advanced Functional Analysis)
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Generalized functions and distributions. Green’s functions. Distributional theory of the
Fourier transform. Spectral therory in Hilbert space. Variational methods. Differential calculus of
operators. Stability and bifurcation.
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(Control Theory)
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Linear evolution equations in coercive form. Existence and uniqueness of solutions.
Formulation of some control problems. Existence of optimal control. Necessary conditions for optimality.
Optimal feedback control.
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(Stochastic Calculus)
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Basic properties of probability models: Random variables and their distributions.
Conditional expectations. Some important models: Binomial, Normal, Poisson. Martingales and
martingale representations. Example of martingales, Brownion motion, Exponential process. Stochastic
integral. Ito lemma. Stochastic differential equations. Applications of stochastic calculus in finance.
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(Advanced Topic in Nonlinear Functional Analysis)
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The detials of advanced topic in non-linear functional analysis. The subject matter will
vary from year to year.
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(Nonlinear Ordinary Differential Equations)
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Linear equations, constant coefficients, non-constant coefficients especially periodic

coefficients. Mathieu’s and Hill’s equations. Second order nonlinear equations: phase plane, critical point,

limit cycles, Van Der Pol equation. Approximations to limit cycles of Van Der Pol equation for Weakly
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and strongly nonlinear cases. Higher order systems. Phase space. Lyapunov functions. Stability of
equilibria. Bifurcations. Structural stability and chaos.
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(Nonlinear Oscillations)
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Idea of contracting phase space. Classification of behaviour: fixed points, periodic orbits,
Tori, Homoclinic and Heteroclinic orbits. Types of bifurcations. Hopf bifurcation and centre Mainifold
Theorems. Duffing and Van Der Pol oscillations: Melnikov’s method and its uses. Lorentz equations:
homoclinic and periodic orbits, classification of periodic orbits, Shilnikov bifurcations, Smale horseshoe.
Other examples: Rossler Attractor, complex Lorentz equation.
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(Mathematical Ecology and Biology)
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Introduction. First-order systems of ordinary differential equations. Existence and

uniqueness, phase-plane analysis, stability and bifurcation. Oscillations: Lotka-Volterra model, Predator-
Prey systems, limit cycles, forced oscillations. Chemical reactions: wavefornts for the Belousov-
Zhabotinskii reaction, Phase plane analysis of Fisher’s equation, qualitative behaviour in the general case.
Problem of diffusion: Diffusion through membranes, energy and energy estimates, global behaviour in
chemical reactions. Reaction-diffusion equations: pattern formation and Turing instability.
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(Mathematical Modeling of Infectious Disease)
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Introduction. Infectious disease and mathematical modeling terminology. Epidemic

model: properties of epidemic model, compartments of epidemic model. Methods of calculating

reproduction number. Local and global stabilities. Numerical modeling of infectious disease.
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(Nonlinear Differential Equations and Dynamical Systems)
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Introduction. Autonomous equations. Critical points. Periodic solutions. Theory of
stability: linearization, bifurcation theory, chaos. Hamiltonian systems.
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(Advanced Finite Element Methods)
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Review of elliptic partial differential equations. Ritz and Galerkin methods for elliptic
problems. Piecewise polynomial functions in two dimensions on triangular and quadrilateral partions.
Conforming conditions. Isoparametric elements. Gradient recovery and superconvergence. Hilbert space.
linear and bilinear forms. Energy norm. Existence, uniqueness and stability by Riesz representation
theorem. Finite element approximation. Interpolation-error estimate for piecewise polynomials. Galerkin

scheme and Cea’s lemma. A priori and a posteriori error bounds. Local error estimate. Adaptive error

control.
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(Parallel and Distributed Computation)
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Parallel architectures. Parallel algorithm design. Performance modeling. Parallel
programming. Message-passing interface (MPI). Vector and matrix products. LU factorization. Cholesky
factorization. Triangular systems. Band and tridiagonal systems. Iterative methods for linear systems. QR
factorization. Eigenvalue problems. Fast Fourier transform.
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(Meshless Methods in Comuutational Science)
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Introduction. Shape function construction. Smoothed particle hydrodynamics.
Reproducing the kernel particle. Moving least squares approximation. Point interpolation. Radial basis
function. Meshless local Petrov-Galerkin.
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(Computational Fluid Dynamics)
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Governing equations for fluid dynamics. Basic aspects of finite difference method.
Grid with appropriate transformation. Some simple CFD techniques and their stability analyses.
Introduction to some advanced and modern techniques. Application to boundary layer flow problems.
Navier-Stoke equations. Introduction to finite-volume method and application to diffusion and
convection-diffusion problems.
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(Advanced Numerical Methods for Ordinary Differential Equations)
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Background in ordinary differential equations. Approximation by polynomials.
Numerical quadrature. Rational interpolation. Pade’ approximations. One-step methods and multi-step
methods for ordinary differential equations. Error analysis. Numerical methods for stiff differential
equations. Boundary value problems, shooting methods, finite difference methods.
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(Advanced Numerical Methods for Partial Differential Equations)

31109 UNOU : MTH 667 Numerical Methods for Partial Differential Equations
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Generation of adaptive mesh. Coordinate transformations. Numerical interpolation.
Conformal mapping. Variational principle. Partial differential equation. Finite difference method.
Iterative method.
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(Finite-Difference Methods for Partial Differential Equations)
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Introduction to boundary and initial conditions of boundary valued problems, finite-
difference methods. Hyperbolic equations: the method of characteristics for first- and second-order
hyperbolic equations, explicit and implicit finite-difference methods, local truncations errors, consistency,
stability and convergence. Parabolic equations: finite-difference schemes, local truncation errors, A-
stability, L-stability and convergence. Problem with variable coefficients, non-linear problems, diffusion-

convection problems and reaction-diffusion problems. Elliptic equations: finite-difference approximations

on rectangular and non-rectangular grids, discrete maximum principle, irregular boundaries.
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(Mathematical Methods for Applications)
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Introduction. Boundary and initial conditions. Finite difference methods. Parobolic
equations. Hyperbolic equations. Elliptic equations. Difference schemes. Implementation of difference
schemes. Stability analysis and convergence of difference schemes. Numerical methods for ordinary
differential equations. Systems of linear equations. Eigenvalues. Iterative methods. Systems of nonlinear
equations. Applications of numerical methods Constrained and unconstrained optimization. Classical
search and gradient methods. Linear programming. Global optimization. Applications of optimizations .
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(Optimization)
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Overviews of constrained and unconstrained optimization. Classical search and gradient
methods. Linear programming. Nonlinear programming. Dynamic programming. Integer programming.
Global optimization. Heuristic optimization.
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(Operations Research)
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Introduction to optimization techniques. Linear and integer programming. Network
models. Transportation problems. Assignment problems. Transshipment problems. Inventory control for
manufacturing and service industries. Queuing models. Game theory. Replacement and maintenance.
Reliability. Multiple-objective decision making. Decision-making under uncertainty. Dynamic
programming. Nonlinear programming. Monte Carlo simulation.
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(Simulation)
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The power of computer simulation as a decision support tool. Develop simulation models

for manufacturing and service operations. Simulation software. Review of basic probability and statistics.

Selecting input probability distributions. Random-number generators. Generating random variates. Output
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data analysis. Verification and validation. Experimental design, Sensitivity analysis, and optimization.
Simulation of manufacturing systems.
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(Decision-Making and Environmental Management)
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Introduction to decision-making and environmental management. Mathematical and
simulation methodologies, tools, components and integration system. Models for solving multiple-
objective environmental decision problems. Risk assessment and conflict resolution. Transforming
available information into quantitative aids that facilitate decision-making and solution. Students works
on real world case projects.
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(Time Series Modeling of Water Resources and Environmental Systems)
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Environmetrics. Science and basic statistics for decision making. Stationary and
nonstationary nonseasonal models. Model identification and parameter estimation. Forecasting and

simulating with seasonal and nonseasonal models. Transfer function-noise models. Deseasonalized

models. Periodic Models.
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MTH 776 mii‘hamamuqmmw% 3(3-0-9)
(Water Quality Modeling)
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Overviews of water quality modeling. Chemical and biological characteristics of water.
Stochiometry, kinetics reaction, and materials balanace. Mathematical models of physical systems.

Derivation of mass transport coefficients. Mathematical models for water quality in rivers and estuaries.
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(Stochastic Flows and Stochastic Differential Equations)
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Martingales with spatial parameters. Some formulas for stochastic integrals. Stochastic
differential equations (SDE). Brownian flows. Semimartingale flows. Homeomorphic property of
solutions of SDE. Diffeomorphic property of solutions of SDE. Stochastic flows and their applications.
Convergence of stochastic flows. Extensions of convergence theorems. Approximations of stochastic
differential equations. Stochastic partial differential equations. Applications to nonlinear filtering theory.
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(Introduction to Random Vibration)

U a ¢ Aa aa
SJ‘IH‘]NF]‘]Jﬂ'ﬁ)H : MTH 671 M3 UAICHiIYIa DA (Statistical Analysis)
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Random processes. Probability and statistics. stationary random process. Auto correlation
and spectral density. Ergodic processes and temporal statistics. Models of random excitations. Response
of linear single degree of freedom system. Response of linear multi-degree of freedom system. Response
of linear continuous system. Nonstationary response. Nonlinear random vibration.
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(Multivariate Statistical Distributions and Inference)

J¥1Tafuned : MTH 671 MIIATZHITIa0A (Statistical Analysis)

asuanuasnnuizdluvesdnlsguraisduls mmanunevesnaes A
wlsulsau arudsdsausufeezanduiusveuinnesdu faiudnazmmevewnaes du
wagm3utlagueansunuInsFndand1e Amasdand1s aAnuusilsiudiedis anuutsisiug
RerfIvdlaazanduRuSRI0619 MIUINIIINSFnAI819uBINIs NI nAvateduls n1s
Uszinma minadevauudgiuveslszannsiivateianls

Multivariate probability distribution. Expected valued of vector. Variance. Covariance
and correlation of random vector. Characteristic function of random vector and transformation of
sampling distribution. Sample means. Sample variance. Sample covariance and sample correlation.
Sampling distribution of multivariate normal distribution. Estimation. Test of hypotheses of several
variables.
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MTH 781 NWafIaAIVIILNNMA 3(3-0-9)
(Atmospheric Dynamics)
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The basic equations of atmospheric motion. Scale analysis. Circulation and vorticity.
Planetary boundary layer. Atmospheric wave. Atmospheric instabilities.
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(Mesoscale Atmospheric Dynamics)
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Mesoscale phenomena. Mesoscale instabilities. Basic equations. Types of models.
Parameterization. Numerical methods. Boundary and initial conditions. Example of mesoscale models.
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(Special Topics in Air Pollution Dynamics)
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A special topic in air pollution dynamics related to research in the Department of
Mathematics.
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(Ocean Modeling)
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Introduction. Physical principals fundamental to the study of the oceans. Basic physical
laws used in oceanography. Governing equations. Standard and techniques used in numerical methods.
Classification of numerical ocean models and boundary conditions. Data and data processing. Example of
numerical ocean models.
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(System Dynamics Modeling)
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Theories and fundamental knowledge about system dynamics modeling. Numerical
models of complex systems. System dynamics modeling steps including conceptual model formation.
Model calibration, validation and sensitivity analysis. Software for system dynamics modeling.
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MTH 892 FunasmsuinAneszAuTMNAfNE 1 1(0-2-3)
(Seminar for Graduate Students I)
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Students give seminar in front of the class.
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(Seminar for Graduate Students II)
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Students give seminar in front of the class.
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(Seminar I)
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Students give seminar in front of the class.
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(Seminar II)
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Students are required to conduct an original research on a topic of applied mathematics
under the supervision and approval of the advisory committee. Each student has to present his/her

research progress in the seminar.
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