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252511 mimf’hmmzﬁqmL‘%Qﬂaunﬂﬁﬁ 3(2-2-5)

Convex Optimization

LHRABULING NUAUNNITHEN N33 LwAnatent Fendunauind
Haftuiadadu faituaqu audhausielios autReyius uragdmBeisouius feidunoug
e gaandAdedita Foulunismanvangiign ngufansa-au-iniaed nquiungaeiusi
AMgAn

Convex sets, separation theorems, cones, polyhedral sets, convex functions,
sublinear functions, support functions, continuity properties, differentiability properties,
subdifferential calculus, conjugate functions, constraint qualifications, Karush-Kuhn-Tucker

optimality conditions, saddle point theorem, duality

252512 MmN Tigea i 3(2-2-5)

Fuzzy Optimization

waifydouanssnaansiduty nsdindulavaienaeiisuly weradsvily
MsmANNETanifue  wanalfuudmiunmsmnasngiigniseds msusegndld Tuns
UIMIIANIS

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

optimization, fuzzy reasoning for fuzzy optimization, applications in management

252513 AN PIR b 3(2-2-5)

Measure Theory

fugunieseidng wiwesmeuenaoun wanaesls
wazlesiaaiun Wendumwwesls  SHulduasimaiunduiinta nsmeyiusvesileinduresnis
wsfunuuiiveun Uigiuwes msgiinluimes anuseieosduysal Usgiiuea—il n1silasewes
Aanuazidunuuusueyaeudiammudendii nsudtuvesninuiiazdu LILYBSHARN N3
aunlumsuanuatasnguiunvedalssen  unussgnduntegdlumaasugmansuasngug
\AYgAIEnS

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, Lp 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
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252515 MTATIEMBe gy 3(2-2-5)
Functional Analysis
U3ilnsn U3giiuesuuazusgiviwa manliunisiladu maaunelulay
U39fiFaid%n nufunemiuuiung nguunvesnisiveuuasuuieniy nguunnsdatn
MY UNNT TR

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 NTIATIZRATH 3(2-2-5)

Set-Valued Analysis

afmveaan anudeLesvesiliiduaien meduiunsidsmeunnddn aunauas
nQuiunaanis nguiuniladdunnfuidedutouls fsddumadeuazilsidunainlugan
aunusvesilaiduAen n1sianaznsmUsHusveilaitueLgn

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

252517 N uInnTawasnsUssend 3(2-2-5)

Fixed Point Theory and Applications

e nn3lulIgiunsn nguunyansedmsunisdawuulivensludingiisa
B4n 1snadnvesinfiuiune ngufunganssnisdsieioarnsdsuuulivensluuigiiviue
yquiunaneidluliginneesdmenelad wagnisUssnamuUUTE meRAnse

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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252519 %gumauﬁ'%mimmmmzﬁqm 3(2-2-5)

Optimization Algorithms

LUUSaINITIATANETIdn TuneuIsindanuayiEn1Uszanm Sadunaieus
FrsUssanuauuunaenii sureuisnislndifes mafaudraaluduneuiinamamne
i

Optimization models, iterative descent algorithms and approximation
methods, subgradient methods, polyhedral approximation methods, proximal algorithms,

recent development on optimization algorithms

252520 NOYNAINUVBINTUTIIA 3(2-2-5)

Representation Theory of Finite Groups

nyUuaznIsheAtuuLen NMsieAtuveInTUuNUsQiinmes fMuny fvadinngy
nsanneuldogisanysal vufunvessand undswesys ausnimed anuduiusidatiannnig
fauarmswilonii funuvesngUauinns Mvszgndvemauiifunuvesngudiin

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

NUNIUNYANALT A ﬁugmmng@hLmuﬁuamgﬂaﬁ’ﬁm Hendugaateduwas
Uinlimuwed Aatamulwesideauning fleiduamindanademly unuszgnduaznnsidely
UaqUu

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

252522 AangUifae 3(2-2-5)

Fuzzy Semigroups

Wiy Mssifiunsvesesiduily AangUiduidy lefaifuily lofaifue
leftaneluiduile med-lofiaisvis lefagvinluisude aunaisve AsngUifuielufensulsng

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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252523 NYANALTIAURATNG BUNING 3(2-2-5)

Linear Algebra and Matrix Theory

mMsulandadunasiuving UiglidenBuss faiduiaidadu nmsulanyEndimly
T duamindidsauagsuuuudydfvesoiunu Uiginaguaislu glimiuazuindidsnaain
Funeuisnau-sdind sUuuudadug

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 ANTAATIZAUNING 3(2-2-5)

Matrix Analysis

nsmumueNSiugusTisadndadu wvinduladin wsed Anamg
wnInduazsuiuutyeld Adeieiaey vuiaveuunsng wnsnduilafivay wWvindusni Ay
PNATIVINTOUNVING LLeeslsiwdunazoaunIITuunIngG

Elementary linear algebra review, partitioned matrix, rank eigenvalues, matrix
polynomials and canonical forms, numerical ranges, matrix norm, special types of matrices,

normal matrix, positive semidefinite matrices, majorization and matrix inequalities

252525 fvadinunusTsutugs 3(2-2-5)

Advanced Abstract Algebra

n3U nouunandugiu nswentuvengy nguundlal 3¢ lefasemyuiy
Tniumsuenegnadien fias msveneflas nguiunnidddedu

Groups, isomorphism theorems, group actions, Sylow theorems, rings,
ideals, polynomial rings, unique factorization domains, fields and field extensions,

introduction to Galois Theory

252526 nouffansULdsiivnd 3(2-2-5)
Algebraic Semigroup Theory
LLmﬁmgag’lwuaﬁmqﬂ ANUFNRUSYDINTY ﬁﬂﬂqﬂL%qﬁmuazﬁm?ﬂ@uﬁm
AU ﬁaﬂqﬂmﬂﬁu LLazﬁQﬂqﬂﬂﬁiLLan
Elementary concepts, Green’s relations, simple and 0-simple semigroups,

inverse semigroups and transformation semigroups
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252527 BIARMIGEHRLI, 3(2-2-5)

Ring and Module Theory

UDAALALIDAALDY FUFIUVBINDNA AIUVBIHAUINATY HAUINATILALHARNATY
Yosena MIULNVesEs Mateiuiauaznsieduiniiuien uegauvueiidudavenifauazisn
aoa Goulvgnle wegaiilunausznevveseynsy Jswvuediduda Juuulaneauarauuuens
i

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 Handniin 3(2-2-5)
Finite Fields
lassaieveslandadin wpunuwileflandnin wazmsuendiuseznauves
WU
Structure of finite fields, polynomials over finite fields and factorization of
polynomials
252529 yquiingUdugs 3(2-2-5)

Advanced Group Theory

lgaailanil uiuniesuau-dauns nJUEs N13IRdLUNvesTianniAveny
N UNNSIELAZN1TUTEYNG

Solvable groups, Jondan-Holder theorem, free groups, classification of

extension fields, Galois theory and applications

252530 VoW SALTINYAIS 3(2-2-5)
Algebraic Coding Theory
wnAnRefuusia siadaduuazsiadiu lnssairevesiladanin Jamuny
lofia siaigdng aanaiidfayvessviaindng
Concept of coding theory, linear and dual codes, structure finite fields, ring

polynomials, ideals, cyclic code, classes of powerful cyclic codes
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252531 Mg u]sT9naNTUImMeIN 3(2-2-5)

Combinatorial Theory

Hoyvifeatunisuaniiu n1siFeauagnsiden nann1siuniisnu nuiunvedus
we vdnnsiiuduaginoen flsdduneriiin mnuduiusilewda nseenuuuidinsda nqud
Unvelnaen

Enumeration problems, arrangement and selection, the pigeonhole
principle, Ramsey's theorem, inclusion-exclusion principle, generating functions, recurrence

relations, combinatorial designs, Polya’s theorem

252532 INeINTIEIU 3(2-2-5)

Cryptography

WRMREIUINEINTITESY STuUsTERSULUUARTEAN SunewisnsidisTady
WUUANNIATLAZLUUOEUNINT Jgnaoni1sTiunasAnilidaduuy Ineinssiadunyuaaisisue
sEUUMIIITERUONSleae atduRdvalasilenduley

Concepts of cryptography, classic cryptosystem symmetric and asymmetric
algorithms, discrete logarithms and Diffie-Hellman, public-key cryptography, the RSA

cryptosystem, digital signatures and hash functions

252534 NounNINLazN1sUTEYNG 3(2-2-5)

Graph Theory and Applications

wuAefiuguremnuiing nauld anudesles msdug nsmossiaes ns
walladiu NTMPITEUIU MsuwendUsenauvensml MsTEuednsvl nTIsEUANIe U1ea1u
QB NINAYALN

Basic concepts of graph theory, trees, connectivity, matching, Eulerian graphs,
Hamiltonian graphs, planar graphs, graph factorizations, graph colorings, directed graphs,

networks, algebraic graph theory
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252540 NgIUVBINTEEUSUBIAT RS 3(2-2-5)

Foundations of Machine Learning

wisu3snnsBeusideadd MsandmuidsadsUssdndliings n1sBeuignded
IngUszanamnuinandy anuaansalunmseudionsy mstunannuewdeivanududeu
AnuAmALAABUNTUsEIN Az AT INALABY TAIT MsandmuiAsaBslassaidlisnga dvihune
Badu N15yan nsRndonuaN1sEeUTRULUUIIEeY N133euiTIrewIng n1sanaIALdENe
Beansflviingn nsesgarudenndolalatiosn

Statistical learning framework, empirical risk minimization, probably
approximately correct learning, uniform learnability, the bias-complexity tradeoff, estimation
and approximation errors, the VC-dimension, structural risk minimization, linear predictors,
boosting, model selection and validation, convex learning, regularized loss minimization,
fitting-stability tradeoff

252541 M3BeuivenAdesdmiuinginsteya 3(2-2-5)
Machine Learning for Data Science
nsTuunUsznndayamiedunaimianmesiuaduy Isnsmeaiia Jyminisvinne
yanengunazdudeu duliifaauls FuneuitlndiAusan n1sutingu
Support vector machines, kernel methods, multiclass and complex prediction

problems, decision trees, nearest neighbor algorithms, clustering

252542 affdmiunaiFouivoanies 3(2-2-5)

Statistics for Machine Learning

anuthazdu fuvsgy anutnasfunvuiifeuluazaundudass Aaeands
wazaaunIsuIsAeN AAULUIUTIU saun sl Hsndunenilaluus saunsuesganma
ANSULANLIINIUY aammwamumaa%ma N1ULAALAILUUUING aaumﬂmy'q@

Probability, random variables, conditional probability and independence,
expectation and Markov’s inequality, variance and Chebyshev’s inequality, moment
generating functions, Hoeffding’s inequality, binomial distribution, McDiarmid’s inequality,

normal distribution, maximal inequality
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252552 ALIAATENTNITARILN 3(2-2-5)

Computational Mathematics

ANTIABITUAGAMEARSNNIAMLT AN TNWIAGDNNNTAMINTITNS Fandus uay
Tnssadeiuguszuudwiunisaianmndondea  Tasadsiugudadamans uas
Betuneudtdmiunsaisanmindondeannn nsdfne

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 MsDRNLULRAL AT ERTURELTS 3(2-2-5)

Design and Analysis of Algorithms

Iﬂix‘iﬁ%ﬂﬂ%@%ﬁ‘%ﬂ@ﬂ fupouttnam dupeuitdman funeuiBisviade Jom
aednusy SuseuiBuuurunu WSufiviysal

Advanced data structures, graph algorithms, arithmetic algorithms,

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

252561 nanalad 3(2-2-5)
Topology

a

U3pillanenaladuiusssy USoliwesn giulasguges Uiginann UsQiinamis

U
% % v

U8 FINTBIMALNITEUN AdedalilodazanudygIN dnatnisuen MsdeN MINsedu
Abstract topological spaces, Metric spaces, Bases and Subbases, Product
spaces, Quotient spaces, Nets, Filters, Convergence, Continuity and Homeomorphisms,

Separation axiom, Connectedness, Compactness

252574 VANEANNITHTI0 YIS 3(2-2-5)
Principles of Ordinary Differential Equations
wnAMdmguivesaunndseyiussusuiivilaazdufugs szuvaunndady

fufuiinils autRiadesamuarliiadosnmuesszuvaunsdseyiudidadunaglifadusudud

Wil
Theoretical concepts of first and higher order differential equations, systems

of first order linear equations, stability and instability properties of first order linear and

nonlinear systems of equations
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252575 nanauNseuiusE e 3(2-2-5)
Principles of Partial Differential Equations
nouiunvesannsoyiusessufuindadudunayliidady nsduunaunis

Beeyitusdesdusuandluansiuys Jymna Inadmivaunsadunazaunisanufouluvilsda

aunsaangluszuiu
The theory of linear and nonlinear first-order partial differential equations,

classification of second order partial differential equations in two variables, well-posed
problem for the one dimensional wave and heat equation, the Laplace equations on the

plane

252576 NMTATNFLUULTIAaIRAER S 3(2-2-5)

Mathematical Modeling

WUIAAAILUULTIADAFIAAT NTTUIUNITATAILVULTIAEAAIAAT AILUULT
adineanstugeitldaunisiBeoyiusuarmsiinmsiduuulindnmansidedn fuuuid
adnrmansiildaunisuasig

Concept of mathematical modeling, process of mathematical model
construction, advanced mathematical model with differential equations and the in-depth

model analysis, mathematical model with difference equation

252577 VWA AU ALALNITDONWUUTIE 3(2-2-5)

Information Theory and Coding Design

wAmAgIfuNguiaTauma ngufannaniasdu fumeuituouficsla dumeu
Tgnzuavnulunsinans FBvednaaisa wulnst anuduauysel nguianududeu wuifa
Aeadunguisia nszviunsdinagnisnensia minsinduuazudladefianain saudle
VORANAIA SHALTILAUNLAYUIIUER

Concept of information theory, probability theory , collision algorithms and
meet-in-middle attacks, Pollard’s method, entropy, perfect secrecy, complexity theory,
concept of coding theory, error detections and corrections, error-correcting codes, encoding

and decoding algorithms, some special linear codes
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252579 NTILATIZATIAUAY 3(2-2-5)

Numerical Analysis

HALRAULTIALAYVDITEUVALNITITUEY HalRaulTsiaesdunsldidaduna
LRAULTIFIATVBIANNT TR YRS HaRALLTIRIavTRIaUNS BRI USHRY Has T ALaY
nsUszanmaTlutag Msmeyiug nsmUIRuSkag I mavInvesoynTy uay suileuittu
Usznauinna

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 approximations to interpolation, differentiation, integration
and summation of series and finite element method

252582 vhideiivryiivadln 3(2-2-5)
Special Topics in Algebra
Sewnsitwadefauladuiiavduazinlugnsvinide

Special issues in Algebra leading to interested research topics

252583 WoTAYN1NTIATIEN 3(2-2-5)
Special Topics in Analysis
Fewnimsiwszinauladuiiasduazilugnisinidesely

Special issues in Analysis leading to interested research topics

252585 WML AYANANFTENTNITAUU 3(2-2-5)
Special Topics in Computational Mathematics
Soswadinansnisaauihauladuiievduaniilignisinidy

Special issues in Computational Mathematics leading to interested research

topics

252586 WtofiavntinmansUssynd 3(2-2-5)
Special Topics in Applied Mathematics
SewnspdaeansUszendniauladuiiasduaziludnisinide

Special issues in Applied Mathematics leading to interested research topics



40

252611 noEUTaIUILA 3(2-2-5)

Banach Space Theory

AMUEZYIDY VOWBladLuUgoU LasVoWaladansuuueau N1EABULINTG
wazAMEUTUREU wendavesnMzAunNdLarnvUTUTEU Msdinlzaiy Glnuiuna a1nane
Waun3nd  nsUssyndvensvady  Andunisuuligiivesy nguunnisiteveyaniely
ERFUTRPRTE

Reflexivity, weak and weak”™ topologies, convexity and smoothness,
modulus of convexity and smoothness, duality mappings, Banach limit, metric projection,
application of contractions, operator on normed spaces, existence theorems of fixed

points in Banach spaces

252612 suifouiBmamanngian 3(2-2-5)
Optimization Methods
WUUINAREIALAZAALUULUSBUTIEU lonAaulndlasilenduin
mimmmmzﬁqmwuaﬁm U%UszqﬂﬁﬁuLﬂwgmam%’«qamﬂ
Static models and comparative static, convex sets and concave functions,

static optimization, applications for microeconomics

252613 FoulvAmnzaalumsmemnsiigaidsnsunnd 3(2-2-5)
Optimality conditions in Convex Optimization
FoulvAnnungiignvesaeviuning Foulvavisiigalagusaainauauds
fodnin FeulvAwmnefigadedndu dunuvessadediin Houlvrmnziianlneuszana
m'imﬂ'ﬁmmzﬁqmL%aﬁaﬂauLaﬂﬂﬁﬁﬁquW mmL“fJuﬂaunﬂﬂuﬂﬁmmmmzﬁqm%
laimoung
Fritz John optimality conditions, optimality without constraint qualification,
sequential optimality conditions, representation of the feasible set, approximate optimality

conditions, convex semi-infinite optimization, convexity in nonconvex optimization

252614 LSUARIRYRIUS IO TILT Y 3(2-2-5)

Geometry of Norm Linear Spaces

AMmzAsunNduarnyUsUGEY YevhluvesnmzasunnduuuensUuas
AzdFulssukuueniU 1ondaveen1irAauUnINglarn1IvUTULSEU N1AINIEAiU A1IveYRuS
YoeuaTU NMsUszgndAvesantilsuAdinuuUs gliuesuedy

Convexity and smoothness, generalizations of uniform convexity and
uniform smoothness, modulus of convexity and smoothness, duality mappings,

differentiability of norms, applications of geometric properties on a norm linear spaces



41

252615 mi‘mﬁhmmzﬁqmwuwmﬂmmfﬂ 3(2-2-5)

Multicriteria Optimization

L'f‘ilaulﬁummsﬁqm Uizmmmﬂﬁgmmsmmmmzﬁqmwuwmﬂmwfl AMDU
Usvansnmuazimeulillanu 33nsuuudiaimin wmaladeanats 33nswuulilanans
Jagmmsmamnefigauuuvansinamiidady Jgmnsmamnsiiganuunaieinasidnisin
mwisqﬂﬁmm‘ﬂ@mms‘mﬂ"]Lvimzﬁ?jmwuwmamwﬁ

Optimality conditions, classification of multicriteria optimization problems,
efficiency and nondominance solutions, weighted sum method, scalarization and
nonscalarizing method, multicriteria linear programming, multicriteria combinatorial

optimization, practical applications of multicriteria optimization problems

252621 nouisldadud 3(2-2-5)
Noncommutative Ring Theory
Juvuemieu Jsiuleulugnlauuvanas nguiunlassairananesidsu
dmiuuuuSeelifunta SeveHanTs LLas%aﬁa%msJa”ﬂwmmawwé’aauaaavu’%afu
Noetherion rings, rings with descending chain condition, wedderburn structure

theory for semisimple rings, rings of quotients and rings charaterized by their modules

252622 NyatinTIgeNelad 3(2-2-5)

Homological Algebra

UDRAUUIY Hagaunges waznuvesafiadugu whinfinesuarilafines Wdnes
goualad uagalusaaiivl uegalusiaafinuazBuaai Heimesowiivg lauelad, Sdudsaunnsy
wagn15Usend

Modules over a ring, tensor products and groups of homomorphisms,
categories and functors, homology functors, projective and injective modules, derived

functors, Homology, Spectral sequences and applications

252623 gunslalowrulniliandimgs 3(2-2-5)

Exponential Diophantine Equations

asUugumMemguisuudsfivedn nisUsznavesgiuuuBaduluaenii
gunslalowrulmiiaadimduuunst sudeudeninasusu 2, 3 uas 4 HUNTVRIIYL AUNNT
glUasdadudn aunisyie-uiiaes Masauysalludiudeuin

Reviews of algebraic number theory, estimates of linear forms in logarithms,
purely exponential equations, binary recurrence sequences of orders 2, 3 and 4, Thue
equation, superelliptic equation, Thue - Mahler equation, perfect powers in binary

recurrence sequences
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252624 VOB ITUIUTINY AL 3(2-2-5)

Algebraic Number Theory

Sunudivadalazinuhuivadn AnuduRussynInsilandunssney
Fuusyansvesilantuiinszvesilsiduiuundadou wazanuduiusiouia s1uullewas
auﬂ’aﬁugmmaﬁﬂmuﬁmén NTIATIZIN - LBRAN

Algebraic numbers and algebraic integers, relations among rational functions,
coefficients of analytic functions of one complex variable and recurrence relations, Pisot

numbers and their basic properties, p-adic analysis

252625 nsuszyndvailaninna 3(2-2-5)
Applications of Finite Fields
nsugnfvsznevvesuumileNadinda wiuuaanaululimiediaddnin
U MIUszendvesilandnia
Factoring polynomials over finite fields, Irreducible polynomials over finite

fields, bases, applications of finite fields

252626 nouIadaivAdndug 3(2-2-5)
Advanced Algebraic Coding Theory
ulwirtvesRadudy S9aInIng sHaiInadeau way sRainInsldeanesi

Unn
Concept of linear codes, cyclic codes, negacyclic codes and constacyclic
codes over finite fields and finite commutative rings, dual and self-dual codes, importance

distance of codes and weight distributions

252627 WYINTIRASUITIAIRFNER S 3(2-2-5)

Mathematical Cryptography

wnAndsiivadadmsuinginssiasu Junewisnmsdnstadunuuaunasuay
WUUBANNNT LHULALTIIT INYINTIHARUNYUIATITUERATIENADNTTAY SEUUNTINTHaGU
91510aAELAYNTHENAIUTENBUTILIUA

Algebraic concept for cryptography, symmetric and asymmetric algorithms,
elliptic curves, public-key cryptography and discrete logarithms, the RSA cryptosystem and

factoring integers
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252640 NgIUYeINIBEuiveAe Az anadTiy 3(2-2-5)
Foundations of Machine Learning and Algorithms
nsanAAdsadsyindliinan maseudpndesaeuszanamiutinazdy

Auansaluninieudionsy nsdanannueudesiuaiududou mnunaiaAaouns

UszanauazAlndides 738 msandianudsadaasaiidiininan faihunedadu msyai ns

fAadenuaznisaoumuuuuinass MmIseuiidsneuing msandaandornodsansnlniign

nMsthsarsdenAdelLaziaiosn M Iadouasnuinaifous edouasmunsideusdos 35

\ndeuawnunsAsuddesuuUalnuAaRn dunesninnosuuady
Empirical risk minimization, probably approximately correct learning, uniform

learnability, the bias-complexity tradeoff, estimation and approximation errors, the VC-

dimension, structural risk minimization, linear predictors, boosting, model selection and
validation, convex learning, regularized loss minimization, fitting-stability tradeoff, gradient

descent algorithms, stochastic gradient descent algorithms, support vector machine

252641 msﬁauﬁmam?aa%ﬁga 3(2-2-5)

Advanced Machine Learning

nsPuunUssinndeyameduneiniannesiuadu Fnsweiila Jgywinisvinneg
vangnguiazduteu fuliifadula gulndiAssian lassinedssamiiion msutangy msaauin
1R n1sasanaznIsAneNanYY

Data classification with support vector machines, kernel methods, multiclass
and complex prediction problems, decision trees, nearest neighbor, neural networks,

clustering, dimensionality reduction, feature selection and generation

252661 NonsladiganvAiin 3(2-2-5)
Algebraic Topology
U3ilunmau noujunseuelnt njuseuelnt seusladuazlngeelad
Covering spaces, homotopy theory, homotopy groups, homology and

Cohomology

252662 LSUIAAALTIR YRS 3(2-2-5)
Differential Geometry
wilrladiivnoyiusld Iueftufa isadinvesisiul wovlyiireuuadu ns
dufinsnuuuuilrias fadnnes nyUduasfivadadidesu
Differentiable manifolds, fibre bundles, Riemannian geometry, affine

connections, integration on manifolds, vector fields, introductory Lie groups and Lie algebras
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252670 aumadseyiusaniiydugs 3(2-2-5)
Advanced Ordinary Differential Equations
ngufunnisiivsasdinnudulisgiauien aunsdsoyiusidudunaslidadu

JEUUANNIS TR YRUSITAEY Naufunadesnmuazliiadesn nuedssuuaun1sileoyiusigaduy

wazliaudy
Existence and uniqueness theorems, linear and nonlinear differential

equations, linear systems, stability and instability theory of linear and nonlinear systems

252671 Anuthasdutazuiunsiiiugy 3(2-2-5)

Probability and Stochastic Process

ﬂmauﬂ’aﬁmﬁmmﬁaqummmf\]%ﬁu A dudasy MUUTdLaNITLINLIS
maﬂmLLUiam auinzfusuudeuls ﬂmﬁmammuum %qwguwﬁummﬂﬂﬂma LmeuLmau
aﬂTﬁdLL‘UUmsﬂaWLLaumimaauimLL‘UUinLu*&Ju ‘U‘VI‘UMJﬂm ANATIUINTDY

Basic properties of probability models, independence, random variables and
their distributions, conditional probability, law of large number, central limit theorem,

random walk, Markov chains and Brownian motion, selected applications

252672 NTIATIERFILUTNUTEENA 3(2-2-5)

Applied Multivariate Analysis

NSWANLIIUNATEIRILUTNY NMsBUNINTaLARILUTNY NFIATIEVAIY
WUSUTIUVRITUUINY N1TIATIEVTUNGH TTNTOANBLRUUADIARN NITIATIERANEUNUS
AlullAa NMIIATILYRIAUTENBUNAN NMTBATIERTTY MTATIERTANgY
msdnadudifnuunmg Wsunsudnsaguneads n1sussend

Multivariate normal distribution, multivariate data plots, multivariate analysis
of variance, discriminant analysis, logistic regression methods, canonical correlation analysis,
principle component analysis, factor analysis, cluster analysis, multidimensional scaling,

statistical packages, applications
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252673 Al UuLgduUTEeNd 3(2-2-5)

Applied Linear Models

N150ANRLLTAHUNY NTIATITIANUKUTUTIU MIuUastoya waznsesmn
Tushuuudadu msannssasiadndmiudeyansuausuun fuvudaduil msUszanu
LLazm3amgumé”saf‘g%'ﬂ'ﬁﬂ%’uﬁamaﬁmﬁnLLUUﬁWé’aaaQﬁaaﬁﬁjm nsanneekuulldves MKUULT
duwuuiondmiunnsnanisas fuuudmsudeyanisegsen uavwadianisonneslii@udy ns
Uszgnedl

Multiple linear regression, analysis of variance, transformations and weighting
in linear models, logistic regression for binary response data, generalized linear models,
estimation and inference using iterative reweighted least square (IRLS), Poisson regression,
loglinear models for contingency tables, models for survival data and nonlinear regression

techniques, applications

252674 auN1seyiustosdmTuNsRY 3(2-2-5)

Partial Differential Equations for Finance

MsmmImUANigay nslusunsdmanmand aunisusdasuailad nalaae
pumiln MseuANTmInzauTugy Franauuuseideuazifumie aunsueladu-ailad-
wauuy mMsnsaaounsiduds aumaiseyiudiiugugasmidiudds namgals nqufuniae
wenl  @un1sMsILUEn wamaaﬁugm JymiAnvey  nannsANgaEn unUszgndifeafiunsiu
SuNIMnTeUMIT LA Mt en s

Deterministic optimal control, dynamic programming, Hamiton - Jacobi
equations, viscosity solutions, stochastic optimal control, discrete and continuous time, the
Hamilton - Jacobi - Bellman equation, verification of arguments, stochastic differential
equations, Ito’s lemma, backward and forward Kolmogorov equations, the Feynman - Kac
formular, stopping times, Girsanov’s theorem, parabolic equations, fundamental solution,
boundary value problems, maximum principle, applications to finance including portfolio

optimization and option pricing

252675 naFansmMoUFULTIANnrEnS 3(2-2-5)

Mathematical Quantum Mechanics

gﬂﬁaﬁﬂmmﬂamaw%mauﬁm ﬁ’gmﬁgﬂizLﬁ'smsg%ﬁ/mﬂajmmam%quwﬁmauﬁm
Fnailuguresnamanimoufuuazaunisnsedond sudeuiinsUsyinauagngud
nsnszats namanimeusudsduindidosdy

Formalisms of quantum mechanics including mathematical methods of
guantum theory, basic postulates of quantum mechanics and equation of motion,

approximation methods and scattering theory, introductory relativistic quantum mechanics
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252676 LLUUﬁwaaaLﬂswgﬁa%uqq 3(2-2-5)
Advanced Econometric Models
SITUAVRUATUIHALALYOLA NMTIATIENNITANABEMETDLARUUANYINS
NTIATIENNTONNBYMETDLARUUDUNTULIAT
The nature of econometrics and data, regression analysis with cross

sectional data, regression analysis with time-series data

252677 AUNITLTIDYIUTHAL TEUULTING IR 3(2-2-5)

Differential Equations and Dynamical Systems

nquivhluresszuudadu noufameivesssuulidadu udlnadiadosuay
VOWAUNUBY FISVILUY NTBULNY NOBINI 190952 uUbilTady naud Uians wuinddu
1ndnsadle msdsuudens Tuiesiadu

General theory of linear systems, local theory of nonlinear systems, stable
manifold and Hartman-Grobman theorems, global theory of nonlinear systems, Poincare-

Bendixson theory, limit cycles, Poincare maps, bifurcations

252678 aunaidseyiusdostugs 3(2-2-5)
Advanced Partial Differential Equations
dnnstugevesaunndseyiustossusuiiniadaduuay iy

HARAYDE1NERU NSTHUNALNTTRYRUSHauTUAUAY AaNTAvamaaud nUaNnIs

B3935 Wansluawandslameslualufifivhly
Advanced concepts of linear and nonlinear first-order partial differential

equations, weak solutions, classification of second order partial differential equations,

properties of solutions for elliptic, parabolic and hyperbolic equations in general dimension

252679 SEUUNAINAE I ULATYEHA 3(2-2-5)
Dynamical Systems for Econometrics

'
aaaa

LIAnugULasEUUaINa1s svuunadnniliiigeuazunussensd unuugives

=

ﬂ’]imﬁ’]mmzﬁqmwuwaiﬁ Umﬂizqmﬁﬁjax‘iﬂ’]i‘mﬁ’]mu’wv}?jﬂLLUUW@’QJJG]
The basic concepts and scalar systems, dynamical system of higher
dimensions and some applications, an introduction to dynamic optimizations, some

applications to dynamic optimizations

252680 ﬁ”;sﬁ’aﬂl,ﬂwﬂaimmam%%y’uqq 3(2-2-5)
Special Topics in Advanced Mathematics
Anvuariianesivdeadnmanitugeiiunaula
Study and analyze topics in advanced mathematics that are of

special interest
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252681 duun 1 1(0-2-1)

Seminar 1

MMSANAUATY  N1997U NIAAILATIZH  MSUEUOLazoAUTIUNANUITE  ee
unANEAIMITIadinmansifdsegluauaula

Practice searching, reading, critical thinking, and giving oral presentations of

research or academic articles of current interest in mathematics

252682 Fuun 2 1(0-2-1)
Seminar 2
mshiauenazeiuTenauAdeiaulamndineanflimguiviedassgnd
Presentation and discussion of interesting research in the theoretical

or applied mathematics

252683 duuun 3 1(0-2-1)
Seminar 3
nMsiauswazeAUTIfeuNanATesadinaanslutlagtulasusnmy

anaimiuanaesiuly amsudusumenmsiineinug
Presentation and discussion of current research in different fields of

mathematics for being the direction in doing the dissertation

252684 duuun 4 1(0-2-1)
Seminar 4
AMSHAEULAzLIEURNUITIN AR ANERS

Practice how to write and present the research in mathematics

252690 IneTwus 1 wuu 1.1 6 NwAn
Dissertation 1, Type 1.1
Anwesruszneuineninug Auat numuenasLazuISeTiAeITes A
Usziulang/sMdeineniinus
Studying the elements of a thesis; reviewing literature and related research;

and determining the thesis title

252691 WENUS 2 wuu 1.1 6 e
Dissertation 2, Type 1.1
WamnenasuaninLAnsIvsaaieIfuIneinus (Concept Paper) uazdnyh
NansdIATITAenaIsLazITeTiReades
Developing a concept paper and preparing a summary of literature and

related research synthesis
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252692 Wednus 3 wuu 1.1 9 Mihefin
Dissertation 3, Type 1.1
Wauedeflenazizniside davilassndinerinus Wethiauesonmenssunis
Developing research instruments and research methodology; and preparing a

thesis proposal in order to present it to the committee

252693 Weniinus 4 uuu 1.1 9 miefin
Dissertation 4, Type 1.1
NUsIUTINdeya S1eauAuinIvin e inusieanasdiusnwine dnus

Collecting data and reporting the progress of the thesis to the thesis advisor

252694 WYIINUS 5 wuu 1.1 9 iaein
Dissertation 5, Type 1.1
ATy Javiinerinusatusie
Analyzing data and preparing a draft of the thesis

252695 MBITNUS 6 huu 1.1 9 Mein
Dissertation 6, Type 1.1
Josiineninusanysaluazunaruddoifienfanimounsmanusidnsanising
Preparing a full-text thesis and a research article in order to get published

according to the graduation criteria

252790 WNUS 1 wuu 2.1 3 dene
Dissertation 1, Type 2.1
AnwasAuseneuiIneriinug Auet numuenaswarauideiieades e
Ustauland/Mdeingiinus
Studying the elements of a thesis; reviewing literature and related research;

and determining the thesis title

252791 WINUS 2 wuu 2.1 6 e
Dissertation 2, Type 2.1
WauenansuanimuAnTIVEanAeITUIne1inug (Concept Paper) wazdnii
KansduATITienasLasnATefiAedes
Developing a concept paper and preparing the summary of literature and

related research synthesis
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252792 INYITNUS 3 WUU 2.1 9 WuwAn
Dissertation 3, Type 2.1
Wawnasesdionayisn1sise davilassdinerinug et ausreamznssuns
Developing research instruments and research methodology; and preparing

a thesis proposal in order to present it to the committee

252793 WINUS 4 wuu 2.1 9 e
Dissertation 4, Type 2.1
NusIusdeya Jnseideya dnviniveninusatusig
Collecting data; analyzing data; and preparing a draft of the thesis

252794 INYITENUS 5 WuU 2.1 9 WuwAn
Dissertation 5, Type 2.1
%’mﬁﬁwmﬁwuéaﬂ’uamymﬁuazwmm"iﬁ'&lLﬁaaﬁmﬁmEJLLWi'mmLﬂmsﬁz‘?wL%f\]

A3ANEN
Preparing the full-text thesis and research an article in order to get

published according to the graduation criteria

252890 INYIENUS 1 WUU 2.2 6 NIwAn
Dissertation 1, Type 2.2
AnwosfUsznouinednug Auadn umuenasLasuAteRieItes muun
Useiiuland/MdeIneinus
Studying the elements of a thesis; reviewing literature and related research;

and determining the thesis title

252891 WPHANUS 2 WUU 2.2 6 e
Dissertation 2, Type 2.2
WauenansuanseUAnTIUEaaieIUINeinus (Concept Paper) wazdnyi
HanFuATIEenaIsLasAse iR Tes
Developing a concept paper and preparing a summary of literature and

related research synthesis

252892 WANUS 3 WU 2.2 9 uilaein
Dissertation 3, Type 2.2
Wauedealenazisniside davitasenainendinug Wetauesennenssunis
Developing research instruments and research methodology and preparing a

thesis proposal in order to present it to the committee
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252893 Weilnus 4 uuu 2.2 9 a8
Dissertation 4, Type 2.2
NUTIUTIdeYa T18uAiTIIMEinusean1sE iU nw e inus

Collecting data and reporting the progress of the thesis to the thesis advisor

252894 WTNUS 5 WU 2.2 9 ydene
Dissertation 5, Type 2.2
Aasveya Javiinerinusatusi
Analyzing data and preparing a draft of the thesis

252895 INeTNUS 6 LU 2.2 9 NN
Dissertation 6, Type 2.2
Jovivineninusetuanysaiiazunenideiiiedfiusineunsnunasidia

N13ANY
Preparing the full-text thesis and a research article in order to get published

according to the graduation criteria

L2

255523 NTIATIIRILUINTUTEENA 3(2-2-5)

Applied Multivariate Analysis

n1suanuasUsnAvatefiuys nsdmiuteyanatediuls n1seuNIuBEia
Rerfunnweiaiadslulssnnmiinguuazaongy Msiesgsimmulsunuaefuus ns
AATIeRdNUsENEUNEN NMTBATIERTATY NITIATIEVTWUNNGL NITHATISTRUINGL N15ENS
vanedR warn1sUsEend

Multivariate normal distribution, graphs for multivariate data, statistical
inferences about mean vectors for one and two populations, multivariate analysis of
variance, principal component analysis, factor analysis, discriminant analysis, cluster analysis,

multidimensional scaling and their applications

255571 adAgerwIMLarNITUsTENA 3(2-2-5)
Computational Statistics and Applications
wadiamsduuiviuasislumansmeiuada  FBynuansuuazuialun in3edle

Iumiﬁﬂmmﬁﬁzuga miﬁi’ﬂaaa‘ﬁaﬁﬂa watlalouiaisla LLasmi‘Uizqmﬁ
Modern computational techniques in statistics, Bootstrap and Jackknife

methods, intensive computational tool, data simulation, Monte Carlo techniques and their

applications
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255573 NTIATERveYaTIn gy 3(2-2-5)

Big Data Analytics

ATINBLAAANvAIzYesTeyavelg)  nsdanstoyavuslvg)  1a3eaile
fugtuuagmsiaioudoya nsvhanuazendoya nsysannsdeya nsulasioyauaznis
anveudoya  meiwndiesteyaevnsuuuunganudiu  msdwundeya  msdangudeya
lassgUszanmiieudmsutoyaruinivg uazn1suszynd

Overview and characteristics of big data, big data management, tools and data
preprocessing, data cleaning, data integration, data transformation and data reduction, data
mining for patterns and associations, classification, clustering, neural network for big data

and their applications
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