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FUND AMCS
Fundamentals of AMCS
Mathematical reasoning; computer programming and algorithms; mathematical

software systems.
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APP LIN ALG

Applied Linear Algebra
Matrices and system of linear equations, vector spaces and linear
transformations; orthogonal projections and least squares; eigenvalue
problems; positive-definite matrices; iterative methods for systems of linear
equations and applications.

2301624 N153ALTIUsEENA 3 (3-0-9)

'
I v a aa

Handunmounusts USWusrataduy USWusauduwasmuis USniideseeeniakay

9 Y

Y3nfiuesu USgiideszevmaviysaliasuTgiviuna dmdnliunisiiveuwn vann1sds

Y

a a

wuunad VininagaunisluasUinisaiddn ssuuidatanUnfuazounsusides
APPLIED ANALYSIS
Applied Analysis
Differentiable functions; multiple integrals, line and surface integrals; metric
spaces and normed spaces; complete metric spaces and Banach spaces;
bounded operators; contraction mapping principle; inner product spaces and

Hilbert spaces; orthonormal systems and Fourier series.
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STOCHASTIC PROC

Stochastic Processes
Probability spaces; random variables and probability distribution functions;
conditional expectation; martingales; Markov chains; stochastic processes in

continuous time; counting processes; Brownian motions; Ito stochastic calculus.
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FUND MATH PROG

Fundamentals of Mathematical Programming
Definitions and problems of mathematical programming; formulation of
mathematical  programming;  simplex method; integer  programming;
metaheuristic methods; linear programming with uncertainty; line search

methods; unconstrained optimization.
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METH OF APP MATH |
Methods of Applied Mathematics |
Dimensional analysis; Green’s functions; distributions; linear integral equations;

boundary value problems; perturbation technique.
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INTEGER PROG

Integer Programming

Integer programming; formulating integer programming; valid inequality; branch-
and-bound method; cutting-plane methods; metaheuristic methods; dynamic

programming.
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LINEAR PROG THEO

Linear Programming Theory
Linear programming definition and problem; formulation of linear programming;
polyhedral theory; Simplex methods; interior point method; duality theory;

sensitivity analysis.

ngufinuansligadu 3 (3-0-9)
wwIRRruANISlTadY saunsleduuasngwfunninion wayu fiduyunay
flafdui inasiivngaeludmuanslidaduitlidnemenyiudly faiduyuuas
flerdurinfimeuiusly  nawidimnzgaluivuansi@aduildnmamenysiusle
amggiulusmunnsliBadu fledduyuiignaaterly

NONLIN PROG THEO

Nonlinear Programming Theory
Nonlinear programming concept; linear inequalities and theorems of the
alternative; convex set; convex and concave functions; optimality criteria in
nonlinear programming without differentiability; differentiable convex and
concave functions; optimality criteria in  nonlinear programming with
differentiability; duality in nonlinear programming; generalized convex

functions.
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ELEM MACH LEARN

Elements of Machine Learning
Machine learning; supervised learning: nearest-neighbor model, decision tree,
linear classifier, perceptron, support vector machine, regression model, logistic
regression model; unsupervised learning: cluster analysis, dimensionality

reduction; association rule analysis; reinforcement learning.

2301648 anlnenssuvanisiFeuiitegn 3 (2-2-8)
naeusidedndesiu Tasweussamidadu wodiwunsounaedu nsdunuves
NsFeusidedn  annUnenssuvedassdigdszamesuligiu lasweussaminngy

ARCH DEEP LEARN

Architectures of Deep Learning
Introduction to deep learning; linear neural network; multilayer perceptron;
deep learning computation; convolutional neural network architectures;

recurrent neural network.

2301653 NM5IATIZATIA A 1 3 (3-0-9)
NARASYDITEUVALNSTUAULALSTUUANNT HLTUAY, ISR AVEINSUALNTITHT
ayusandyy, wasndindmsulymeveuriingsnn  wagidnad1sdindmsy
aun1s ey ustey

NUM ANALYSIS |

Numerical Analysis |
Solutions of systems of linear and non-linear equations, numerical methods for
ordinary differential equations, finite difference methods for two-point
boundary value problems and finite difference methods for partial differential

equations.
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MATH STAT

Mathematical Statistics

Condition : 2301620 or 2301621 or 2301624 or C.F.
Statistics: sufficiency, invariance, unbiasedness; unbiased estimation; point
estimation; estimation in parametric models; interval estimation ; hypothesis
testing; uniformly most powerful tests; estimation in non-parametric models.

Uncertainty.
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THEO TIME SERIES

Theory of Time Series Models
Basic time series; autocovariance function; autocorrelation function; partial
autocorrelation function; stationarity; linear difference equations; stationary
time series models; nonstationary time series models; seasonal time series
models; model identification; parameter estimation; model diagnostics; model

selection; forecasting.
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MATH MODELING

Mathematical Modeling
Principles and formulation of mathematical modeling; discrete dynamical
models; continuous models with differential equations; state models and
Markov chains; empirical models; regression models; probability models;

mathematical programming models; applications.
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STOCHASTIC MODELS

Stochastic Models
Stochastic programming models, probabilistic dynamic programming models,

Markov chain, waiting line models, birth-death process.
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LIN NETWORK OPT

Linear Network Optimization
Graph concepts and definition; network model; network simplex method,

transportation problems; assignment problems; multicommodity flows.
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FOUND APP STAT

Foundations for Applied Statistics
Sampling; descriptive statistics; data distribution; normal distribution; Chi-
square distribution; T-distribution; Poisson distribution; goodness of fit; linear
regression models; logistic regression models; loglinear regression models;

analysis of variance models; analysis of covariance models.
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STO SIM METH

Stochastic Simulation Methods
Generating random numbers and random variables; Markov process
simulation; counting process simulations; random path simulations: Brownian
motions, stochastic differential equations; Monte Carlo method; variance

reduction techniques.
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NONLIN PROG ALGO

Nonlinear Programming Algorithm
Nonlinear programming; unconstrained optimization; line search methods
without  using derivatives; line search methods using derivatives;
multidimensional search methods without using derivatives;, multidimensional

search methods using derivatives; Newton-type methods; penalty and barrier

functions; methods of feasible directions.
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GRAPH NETWORK ANAL

Graph and Network Analysis
Graph and network analysis; network models; degree distribution; structure,
node and link analysis; network communities and clustering; network
comparison; structural equivalence; graph embedding; applications of graphs

and networks.
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SPEC TPCS APP MATH
Special Topics in Applied Mathematics
Selected topics in applied mathematics that are of spcial interest and might

lead to research work.
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Special Topics in Computational Science
Various topics of special interest in computational science by specialists that

might lead to research work.
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INDIV STU |
Individual Study |
Special topics in mathematics and computer science that are of interest to

both a student and a faculty member.
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INDIV STU I
Individual Study I
Special topics in mathematics and computer science that are of interest to both

a student and a faculty member.

2301798 TAssuIdadinAIans 3 (0-9-3)
uitywilulanadsmiluglandids  9nmegsia aegeamnssy masy  vide
antunsfinnnieuen legldadinaansussynduasinginsaaun

MATH RES PROJECT

Mathematics Research Project
Solving given real-world problems that lead to research problems from
business, industry, government agency, or outside educational institutions using

applied mathematics and computational science.
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Dissertation
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Dissertation
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DISSERTATION

Dissertation
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DOC DISSERT SEM

Doctoral Dissertation Seminar

Presentation and discussion of research article in various fields of Mathematics.

2301897 N15eaUINAMENUR 0 (0-0-0)
QUALIFYING EXAM

Qualifying Examination
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