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Convex Optimization
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Convex sets, Separation Theorems, Cones, Polyhedral sets, Convex functions,
Sublinear function, Support function, Continuity property, Differentiability property,
Subdifferential Calculus, Conjugate functions, Constraint Qualifications, Karush-Kuhn-Tucker

Optimality Conditions, Saddle point Theorem, Duality

252513 PR Tob 3(2-2-5)
Measure Theory
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Foundations of real analysis, the Lebesgue outer measure, measurable sets
and Lebesgue measure, measurable functions, Riemann and Lebesgue integrals,
differentiation of functions of bounded variation, Measure spaces, convergence in measure,
absolute continuity, L” spaces, The existence of nonatomic countably additive probabilities,
Transition probabilities, Product measures, Convergence in distribution and Skorohod’s

theorem, Some applications in econometrics and in economic theory

252514 mqwﬁmmﬂwmﬁu%uqq 3(2-2-5)
Advanced Probability Theory
wesuazUigianuiienlu iidumesidavariladdunisnszane nis
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Measures and probability spaces, measurable functions and distribution

functions, integration, random variables and expected values, convergence of distribution.
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Functional Analysis
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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

252516 NTIATIZAALYR 3(2-2-5)

Set-Valued Analysis
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Limit of sets, continuity of set-valued functions, closed convex processes,
equilibrium and fixed point theorems, constrained inverse function theorem, monotone and
maximal monotone functions, derivatives of set-valued functions, measurability and

integration of set-valued functions
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Fixed Point Theory and Applications
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Fixed point theory in metric spaces, fixed point theorems for nonexpansive
mappings in Hilbert spaces, geometry of Banach spaces, fixed point theorems for continuous
mappings and nonexpensive mappings in Banach spaces, fixed point theorems in topological

vector spaces, iterative approximation of fixed points
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Distribution Theory
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Dirac-delta function and Delta sequence, Heaviside function and Heaviside
sequences, test function and distributions of several variables, linear functionals and
distributions, operations on distributions, convergence of distributions, Schwartz-Sobolev

theory of distributions, direct product and convolution of distribution
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Optimization Algorithms
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Optimization Models, iterative descent algorithms and approximation
methods, subgradient methods, polyhedral approximation methods, proximal algorithms,

recent development on optimization algorithms

252520 nouiunuYeIngudie 3(2-2-5)

Representation Theory of Finite Groups
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Groups and their actions on sets, Actions of groups on vector spaces,
Representations, Group algebras, complete reducibility, Maschke’s theorem, Shure’s lemma,
Characters, Orthogonality relations, Restriction and induction, Representations of the

symmetric groups, Applications of representation theory of finite groups

252521 NYANMTIATBLEY 3(2-2-5)
Multilinear Algebra
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Review of linear algebra, Basics of representation theory of finite groups,
Multilinear maps and tensor spaces, Symmetry classes of tensors, Generalized matrix

functions, Applications and current research
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Fuzzy Semigroups
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Fuzzy sets, operations of fuzzy sets, fuzzy subsemigroups, fuzzy ideals, fuzzy
bi-ideals, fuzzy interior ideals, fuzzy quasi-ideals, fuzzy generalized bi-ideals, fuzzy

congruences, fuzzy subsemigroups in regular semigroups
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Linear Algebra and Matrix Theory
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Linear transformations and their matrices, invariant subspaces, linear
functional, diagonalization, Jordan canonical form, inner product spaces, unitary and

orthogonal matrices, Gram-Schmidt algorithm, bilinear forms

252524 MMTIATIZAUNING 3(2-2-5)
Matrix Analysis
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Matrix factorizations, special types of matrices, matrix groups,
Moore — Penrose generalized inverse, norms for matrices, orthogonal matrices, definiteness,
Singular value decomposition
252525 fivadiounusautugs 3(2-2-5)
Advanced Abstract Algebra
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Groups, isomorphism theorems, group actions, Sylow theorems, rings,ideals,
polynomial rings, unique factorization domains, fields and field extensions, introduction to

Galois Theory

252526 neuifansULdefivndn 3(2-2-5)

Algebraic Semigroup Theory
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Elementary concepts, Green’s relations, simple and 0-simple semigroups,

inverse semigroups and transformation semigroups

252527 BRARNIGEGLI, 3(2-2-5)

Ring and Module Theory
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Modules and submodules, homomorphism of modules, direct summands,
direct sums and products of modules, decomposition of rings, generating and
cogenerating, semisimple modules, socle and radical, chain conditions, modules with

composition series, semisimple rings, local rings and Artinian rings

252528 Handrin 3(2-2-5)
Finite Fields
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Structure of finite fields, polynomials over finite fields and factorization of

polynomials

252529 wqwﬁﬂqﬂ%uqq 3(2-2-5)
Advanced Group Theory
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Solvable groups, Jondan-Holder theorem, free groups, classification of

extension fields, Galois theory and applications

252530 Nouf SALTINYAH 3(2-2-5)

Algebraic Coding Theory
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Concept of Coding Theory, Linear and Dual Codes, Structure Finite Fields, Ring

Polynomials, Ideals, Cyclic Code, Classes of Powerful Cyclic Codes

252531 o ufsTameniuIvmesn 3(2-2-5)
Combinatorial Theory
JaymiAadunisuantiu nowiunfeiunsiden nsunsBosduiasuazngu]]
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Enumeration problems, theorems of choice, permutation group and Polya’s

enumeration theorem, combinatorial design

252534 NI MuazNTUTEENA 3(2-2-5)

Graph Theory and Applications
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Graphs, subgraphs, trees, connectivity, paths and cycles, matchings, chromatic
number, independent sets and cliques, Ramsey theory, planar graphs, directed graphs,

algebraic graph theory

252535 MsIATIEANARLUULTUNIaNTS 3(2-2-5)

Formal Concept Analysis
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Systematic presentation of mathematical foundation and their applications in
computer science, especially, in data analysis and knowledge processing, Lattice-theoretic
foundations, concepted lattices from contexts, definition and representation, parts and

factors, comparing contexts and measuring concepts

252541 mimﬁhmmzﬁqm‘iﬁﬂjﬂa 3(2-2-5)

Fuzzy Optimization
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Fuzzy set and fuzzy logic, fuzzy multicriteria decision making, fuzzy

optimization, fuzzy reasoning for fuzzy optimization, applications in management

252552 ALIAAIENTNITABILN 3(2-2-5)

Computational Mathematics

AMFULALIAUARAAIANTNNTALLT ANTNLINZENNTALUITINGSY BondwIs was
Tassadeiuguszuudmsunisaianmnndondean  laseduiugudedamans wasids
Fumeuisdmiunsasanmindeudennmn nsdlfne

Overview of computational mathematics, existing computational
environments, software and systems infrastructure for building computational environments,
mathematical and algorithmic infrastructure for building computational environments, case

studies

252553 A15DDNLUULALIATIZNIUNDUID 3(2-2-5)
Design and Analysis of Algorithms
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Advanced data structures, graph algorithms, arithmetic algorithms,

geometric algorithms, string problems, parallel algorithms, NP- completeness

252561 nowslad 3(2-2-5)
Topology
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Abstract topological spaces, Metric spaces, Bases and Subbases, Product
spaces, Quotient spaces, Nets, Filters, Convergence, Continuity and Homeomorphisms,

Separation axiom, Connectedness, Compactness

252572 Tnsvesndinenansussend 3(2-2-5)

Methods of Applied Mathematics
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Matrices, equivalence, quadratic and hermitian forms, eigenvalues, invariants,
function spaces and Sturm-Liouville problems, calculus of variations, Euler-Lagrange
equations, constraints, variable endpoints,  Sturm-Liouville theory, Integral equations,

Green’s functions, Hilbert-Schmidt theory, Fredholm theory, singular integral equations

252574 auﬂm%qmgﬁuﬁmﬁaﬁu@q 3(2-2-5)

Advanced Ordinary Differential Equations
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Existence theorems, linear and nonlinear differential equations, regular and
singular boundary value problems, stabilty theory of linear and nonlinear systems, Liapunov’s

second method, geometric theory of differential equations in the plane

252575 aunsseyiustoy 3(2-2-5)

Partial Differential Equations
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The Cauchy problem for partial differential equations, classification of second
order linear partial differential equations, properties of solutions for elliptic, parabolic and
hyperbolic equations, existence of solutions for elliptic partial differential equations, topics
from Fourier and Laplace transforms, potential theory, Green’s functions, integral equations,

Sobolev spaces and Schwartz distributions

252576 NTATNLUUT A UTIAUAAIERNT 3(2-2-5)
Mathematical Modeling
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Fundamental concept of Mathematical modeling, graphical modeling,
process of modeling, modeling using data, adjusting the model, model using differential

equations and model using difference equations

252577 fuadingadulseynd 3(2-2-5)
Applied Linear Algebra
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Matrices and linear algebraic systems, inner products and norms, minimization and
least squares approximation, orthogonality, equilibrium, eigenvalues and eigenvectors, linear
dynamical systems, iteration of linear systems
252578 WARAGAUBINITULUTHU 3(2-2-5)

Calculus of Variations
miLLUiﬁuGuaaWaﬁﬁiYuﬂfaﬁ%ua&_jﬁuﬁaﬁ%’wﬁaﬁaLLiJi MsuUsuvesileiduneoad

£%
= 1

Juogiuiladtulingua n flefdu mawdsiuresiladduiafituegfuilsdtunarefuds Fnsdu
Hoynisuusiiu Ioun Finasnsduiilewesessiass 35509 uarisueulnlsiv

The variation of functional depending on function of one variable,the variation
of functional depending on n unknown functions, the variation of functional depending on
function of several variables, direct method in variational problems such as Euler’s finite

difference method, Ritz method and Kantorovich method
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Numerical Analysis
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Numerical solution of linear systems, numerical solution of non-linear
equations, numerical solution of ordinary equations, numerical solution of partial differential
equations, finite differences and applications to interpolation, differentiation, integration and

summation of series and finite element method

252580 duun 1 1(0-2-1)

Seminar 1
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unAEIEATIMITIndamansfiidsegluniuaa

Practice how to search, read, critical thinking and sive oral presentation of

research or article of current interest in mathematics
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Seminar 2
nsUaUskaraAUTIENaNUITENANNMEN ST U I BLTUssENAluN NI
Welidureuwawazuuimislunsiaunuideluideiiauls
Presentation and discussion on some interesting research topics in the aspect

of literature reviews
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Special Topics in Algebra
Sosnsigadiaiiiauladuirwdurziludgnsvinide

Special issues in Algebra leading to interested research topics

252583 ok AYN N TIAATIEN 3(2-2-5)
Special Topics in Analysis
Sowenmsnseinaulalufivieduazilugnsiidesely

Special issues in Analysis leading to interested research topics
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Special Topics in Computational Mathematics
Sewnsadiaeansnisaauniauladuievduazinlugnisvinide

Special issues in Computational Mathematics leading to interested research
topics

252586 WteiAyAtamansUssend 3(2-2-5)
Special Topics in Applied Mathematics
BemndiaeaniUszgndfirauladuiimsduazihlugnsinide

Special issues in Applied Mathematics leading to interested research topics
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Thesis 1, Type A 2
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Literature review in different data bases, which will generate new
idea/concepts, following works relating to the interested topics, summary report of the

literature search and progress report to present to the committee of this program
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Thesis 2, Type A 2

mMsduiunuide msasesdnuilvinisadamans nseduseanuiilaty
Ailervngy nsaeulasesiainerinug uaznssenuanuinmivesnsiinednusdonns
NITUMTUTMTVANGAS

Conducting research, establishment of novel mathematical knowledge and
discussion with the related experts, thesis proposal defense, summary report of the novel

knowledge and progress report to present to the committee of this program
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Thesis 3, Type A 2
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W TUARLNTUITENINIITINTNAEAAIEAT NS TBUINEI TN USLAZ A1 TADUINTNUSHIY
wagdnfiariiduguiauiseuses

Oral presentation in academic meeting or conference or article publication in

the mathematical journal, thesis writing and thesis defense
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Thesis 1, Type A 1
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Literature review in various databases, compilation of fundamental knowledge
and research articles on topics of interest and progress report to present to the committee
of this program
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Thesis 2, Type A 1
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Compilation of further information, allocation of research framework and
guidelines, consideration of possibility of research due to complied information, summary

report of research and progress report to present to committee of this program

252595 eTNUS 3 Wl N LUU 1 12 nqein

Thesis 3, Type A 1

A15ANHUNITITYATULUINA LLaSGUEJULSUG]ﬁﬁ’]MuﬂbL}J/ N15LEUBLATIS19N5YIN
WHINUS UarN13IIBNUANHAIMITNIVINITTTINGINUSARAMENTIUNTUTINSNENENS

Conducting research  within  allocated guidelines and framework,
thesisproposal, summary report of research and thesis progress report to present to

committee of this program

252596 WMNUS 4 UKW N wuU N 1 12 vdenn

Thesis 4, Type A 1

N1INTIVADUIIUINY miL‘dUEJuNaﬂ’mmﬁ{fﬂLﬁ@%’Uﬂ’]iﬁf\]’lim’]aﬂMWﬁLUH’]iﬂimgﬂJ
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ilensaouineniinug nsagunavesmsiineinusienaznssumsuTmsndngns

Review of research, writing research articles for publication in academic
meeting or conference or in national or international mathematical journal, writing of
complete thesis for defense, summary of thesis results to present to committee of this

program
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