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Course Description of Graduate Program in Mathematics

2301510

2301532

2301560

ANB5UYS518Y

NANYAVDIANIAAIEATUINTTIH 3(2-2-8)
Foulvsreden : -
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landugndiauazigneiug I1uudnistdu

FUND ABSTR MATH
FUNDAMENTALS OF ABSTRACT MATHEMATICS
Condition : -
Methods of proofs through the following topics: relations; equivalence relations;

orderings; functions; finite sets and infinite sets; cardinal numbers.

NOU 9 3 (3-0-9)
Waulusiedvn : -

ASHTIVNULALAITHO LUAIAAINLAADU NISHINTHARALNITNDATIE Hananm SHaLTILEY
SREININT

CODING THEORY
CODING THEORY
Condition : -
Error detection and correction; encoding and decoding; finite fields; linear codes; cyclic

codes.

\nSasiionnsnauiuneslunuadiaaans 2 (1-2-5)

deulvsedv : -
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2301600

2301601

COMP TOOLS MATH

COMPUTER TOOLS IN MATHEMATICS

Condition : -
Basic concepts of documents and their structures; mathematical document creation
process; concepts of spreadsheet and its usage; concepts and techniques of

presentation; tools to solve mathematical problems.

FINGIUVIIAUAAEAS 3 (3-0-9)
Foulvedn : -
pssnAanssusuinils Ussneusenneduiusuazanuving nquiunanuuiysaluas
N uUNANNNTETU Nquwanssalannsina Usznaumudanatuesilawnsuna
WAUINSv0m vl auesiulannsana danatnisden gutlouasnisiswineetiug
\vadnvesinuddusuuay S uEan T

FOUND MATH

FOUNDATIONS OF MATHEMATICS

Condition : -
First-order logic: syntax and semantics, completeness and compactness theorems;
Zermelo-Fraenkel set theory: Zermelo-Fraenkel axioms, development of Zermelo-
Fraenkel set theory, axiom of choice, transfinite induction and recursion, arithmetic of

ordinal and cardinal numbers.

NABRNITLITULAR 3 (3-0-9)
Feulusiedn : seiviidesasurnu 2301600
visemeiniiazeunnlisen

N33 UETULUURNY 9 Lﬁmﬁ’uamwﬁﬁmmmﬁﬁﬂNaLLazmmaa\lzﬂa WAEULAALAIYRDTUR
wuuiiuldegedowin anmdndulalduazannsnaulalalld sedutuvesannmnaiaaslaily
wazlATIATI

RECURSION THEORY

RECURSION THEORY

Condition : PRER 2301600 or C.F.
Different explanations of effective computability and their equivalence; recursive and
recursively enumerable sets; decidability and undecidability; degrees of unsolvability

and their structures.
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2301602

2301609

2301610

NQuf AUy 3 (3-0-9)
Foulvedn : iniidosasusiiu 2301600
vidoneinfinuzeygnliTou
Tassasuaziondilonsld undszgndvemguiiunarmuiysailasnguiunanunssdu s
ooy masdnfusuTinm nguilnd naaudan Fuuudu

MODEL THEORY

MODEL THEORY

Condition : PRER 2301600 or C.F.
Structures and definable sets; applications of completeness theorem and compactness
theorem, elementary extensions; quantifiers elimination; type theory; ultraproducts;

saturated model.

NOBHTIUIUTINATIEN 1 3 (3-0-9)
Foulvsredn : -
aftun 1M BHIMUIUALNTULANUIWBITIIUANE NuiunveddsiaauuduIuanizly
aduauAn Henduaansduliasilaidunen nquuniuiuaney unhddulAudntuay
sULUULenas

ANAL NUM THEO |

ANALYTIC NUMBER THEORY |

Condition : -
Number-theoretic functions and the distribution of primes; Dirichlet's theorem on primes
in arithmetic progressions; Riemann zeta function and L-functions; the prime number

theorem; an introduction to elliptic curves and modular forms.

NYAUALTILAULALLTINALHU 3 (3-0-9)
Waulvsneda : -
wwIRRLUBU NMsdadaudy Lsuiadindady fivadingmangidy sUuluumasaes

LIN/MULTILIN ALG
LINEAR AND MULTILINEAR ALGEBRA
Condition : -

Basic concepts; linear maps; linear geometry; multilinear algebra; quadratic forms.
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2301612

2301613

2301614

ngufiunu 1 3 (3-0-9)
Foulvsiedn : einiidesaousin 2301610
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nsdsendliniuulisn Nuatnd funuveenjuaiasvasivaing

REPR THEO |

REPRESENTATION THEORY |

Foulvs1e3w : PRER 2301610 or C.F.
Representations of finite groups; characters; regular representations; linear Lie groups;
topology of linear Lie groups; exponential maps; Lie algebras; representations of Lie

groups and Lie algebras.

NYANAUINTTTY 1 3 (3-0-9)
Roulysedy @ -
n3U nyUwentu naufundla 3¢ leda Savuu efiaunameslswdulawm faduaznisueny
a0

=D

ABST ALGEBRA |
ABSTRACT ALGEBRA |
Condition : -
Groups, group actions, sylow theorems, rings, ideals, polynomial rings, unique

factorization domains, fields and field extensions.

NYANAUINTTTH 2 3 (3-0-9)
Foulvedn : Medniidesasuniu 2301613
vidoneiniangeynelizou
o UNYeines-tdauns njUnmalagla ngUES N1sTwuNTafnIAvEY NeuRNIa
FWUUBLNES UavlanalUUIBLNES

ABST ALGEBRA Il
ABSTRACT ALGEBRA I
Condition : PRER 2301613 or C.F.
Jordan-Holder theorem; solvable groups; free groups, classification of extension fields,

Galois theory; Noetherian rings and modules.
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2301616

2301617

nyadindalanalad 3 (3-0-9)
Foulvsiedn : ednitdesaeusinu 2301614
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HOMOLOGICAL ALG
HOMOLOGICAL ALGEBRA
Condition : PRER 2301614 or C.F.
Brief recapitulation of modules; homology; extension and torsion functors, homological

dimension, spectral sequences and applications.

e winJURsnyAln 3 (3-0-9)
Woulvseden : -
a £y Y [y 6 = a & a = a a a a a L4
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wingunnduy wilngunisuuas nsunueiingy unidieilse Searnzntaulanaeiingy

ALG SEMIGROUP TH

ALGEBRAIC SEMIGROUP THEORY

Condition : -
Elementary concepts, Green's relations, 0-simple semigroups; regular semigroups;
completely regular semigroups; inverse semigroups; transformation semigroups;
representations of semigroups; introduction to semirings; selected topics of special

interest in semigroups.

WyAMng 1 3 (3-0-9)
foulvsedv : edniidesaausin 2301610
vidoneginiianzounnliTeu
audRnuguvesiivadnd vouijunveseunauaznguiunvesd funuvesiivadng
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fundinanadufefififfsdamideduisdou

LIE ALGEBRAS |

LIE ALGEBRAS |

Condition : PRER 2301610 or C.F.
Basic properties of Lie algebras; Engel’s and Lie’s theorems; representations of Lie
algebras; abstract Jordan decomposition and Killing form; root systems and Dynkin
diagrams; classification of finite-dimensional semisimple Lie algebras over the complex

numbers.
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2301618

2301619

2301620

HIGAREE LY 3 (3-0-9)
Reoulvsedn : -
Jyvinisuasiiu ngufuninediunisiden N15eeniuuilBeisinny tastsuiadindiia

COMBINATORIAL TH
COMBINATORIAL THEORY
Condition : -

Enumeration problems, theorems on choice, combinatorial designs and finite geometry.

NOBYIIUIUTINYANA 1 3 (3-0-9)
Foulvnedn : Meiniidesaeuniu 2301613
visoneivianzeyeliFou
nsfudnuduLas T UALTIRYAEN 11T wazuesH AAASTLULA PIUTIWIUAL N9
wendUsznevvetadnuaglefaluswesiwuiudivadn nyulefanata nslgin ns
wenfvsenauvaslefaluninrene nswendiusenauveslefaanizlunaveisnia

ALG NUMBER THEO |

ALGEBRAIC NUMBER THEORY |

Condition : PRER 2301613 or C.F.
Integrality and algebraic integers; traces and norms; discriminants; integral bases;
decomposition of elements and ideals in the ring of algebraic integers; ideal class
groups; unit groups; decomposition of ideals in extensions; decomposition of prime

ideals in Galois extensions.

ANATLATIZN 3 (3-0-9)
Foulvsiedn : -
szuuuanede Uigfiuesn ddunazeynsuvessiuiuaie anwsioides nmsvnoysiug
USusidesdiug nsgidniensy ngulunensiwan-salnd noulunalau-hikesansiad

MATH ANALYSIS

MATHEMATICAL ANALYSIS

Condition : -
The real number system; metric spaces; sequences and series of real numbers;
continuity; differentiation; the Riemann integral; uniform convergence; the Arzela-Ascoli

theorem; the Stone-Weierstrass theorem.
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2301622

2301623

N15AATITIT9D39 1 3 (3-0-9)
Woulvseden : -
a3 NMIUTILS Usgiuesuadu U

a a = a aa a6

Sndloai Usnldaiism
REAL ANALYSIS |

REAL ANALYSIS |

Condition : -

Measures; integration; normed linear spaces; LAp - spaces; Hilbert spaces.

N15ATIIBIRTS 2 3 (3-0-9)
Foulvsiedn : edniidesaeusinu 2301621
visoneivianzeyeliFou
wiesHanal LYesinTemny uazivesidedou mevnoyius Uipliuiue

REAL ANALYSIS Il
REAL ANALYSIS II
Reulvsedvn : PRER 2301621 or C.F.

Product measures; signed and complex measures; differentiation; Banach spaces.

NFAATIEILTedou 3 (3-0-9)

Foulvsredn : -
landuseasuaiiin sunsumdudedou Ususmududadou nouunlad gasusiusladuas
N5UTEYNG ULARARAYDIAIUANATY NENNITURNGAGIEA NTAIAILUU WAYINR Naufunnises
Yosssiu Menduensueiin

COMPLEX ANALYSIS

COMPLEX ANALYSIS

Condition : -
Holomorphic functions; complex power series; complex line integrals; Cauchy theorem,
Cauchy integral formula and applications; calculus of residues; maximum modulus
principle; conformal mappings, normal families, Riemann mapping theorem; harmonic

functions.
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2301631

2301632

n15aATIeendu 3 (3-0-9)
Foulvedn : Meiniidesaeuniu 2301622
vioinfinuzoygnlizou
Uinfiyuamziu nquiunuiuna-eaning nquijunlasi-fauuy fvadauiunauaznguiun
Weanesy fsliunisnsetulazianiiunisnsalady Weamadanis nguiundsauna sy
YaamsnliunsunfAtiveuus

FUNCTIONL ANALYSIS

FUNCTIONAL ANALYSIS

Condition : PRER 2301622 or C.F.
Locally convex spaces, Banach-Alaoglu theorem, Krein-Milman theorem; Banach algebra
and spectral theory; compact and Fredholm operators; C*-algebras; spectral theory for

bounded normal operators.

Vawalad 3 (3-0-9)
Foulvsiedn : -
U3nivenelad Usnliwn3nuiysal Usplinaam U3inams danaunistiuls danatnisuen
Audonlos ARzt msvildnszdu msgiirvestnediu Usgiifleidy

TOPOLOGY

TOPOLOGY

Condition : -
Topological spaces; complete metric spaces; product spaces; quotient spaces;
countability axioms; separation axioms; connectedness; compactness; compactifications;

net convergence; function spaces.

nawaladiianvain 3 (3-0-9)
Roulysedv : 183 NesaRUNIY 2301631
W3R I NATOUN ALY
= v a2 a a IS a @ 6 IS
goualvl nyUnminya YSniiun ngufunvesiuiauny seualaguuuduning seuelaguuy
eNgIU CW-pawmand geusladuuuwad danatlowaudsn-afiusen

ALGEBRAIC TOPOLOGY

ALGEBRAIC TOPOLOGY

Condition : PRER 2301631 or C.F.
Homotopy; fundamental groups; covering spaces; van Kampen’s theorem; simplicial
homology; singular homology; CW-complexes; cellular homology; Eilenberg-Steenrod

axioms.
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2301634*

2301635

2301650

a

LSUIAUAYULALLIVIANAIYR 3 (3-0-9)
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CONVEX DISC GEOM
CONVEX AND DISCRETE GEOMETRY

Condition : -

Classical geometry; convex geometry; discrete geometry; combinatorial geometry;

interesting problems and approaches.

wuilnaamaywusla 3 (3-0-9)
Foulvsiedn : edniidesaousinu 2301631
visoneiv ey eliFoy
wuiilvladvneuiusls USQiiduda aununnmesuaznisiva suwestulazduiuesdu ngufun
vodlusiutiaa nsvnUSiusuukuillnan JULuueuius naufunaland uniidinguuas
Huading

DIFF MANIFOLDS
DIFFERENTIABLE MANIFOLDS
Condition : PRER 2301631 or C.F.
Differentiable manifolds, tangent spaces; vector fields and flows; immersions and

submersions; Frobenius' theorem; integration on manifolds, differential forms, Stokes

theorem; introduction to Lie groups and Lie algebras.

duNsIgeayNusyas 1 3 (3-0-9)
Foulvedn : -
aunsufuinia aunadseyiusdessusuiaudadu Muvuvemalaas aunnsuuULsia
su-olatidesdu Bulunmsmiunuvemaiaay

PART DIFF EQ |
PARTIAL DIFFERENTIAL EQUATIONS I
Condition : -
First-order equations; linear second-order PDEs; representation of solutions; introduction

to Hamilton-Jacobi equations; other ways to represent solutions.
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2301665

2301670

ngufarutiazdy 3 (3-0-9)
Foulvedn : Meiniidesaeuniu 2301621
vioneinifinuzeynnliTou
Usnimnuinaztu dudsdu nsgdnegnsdounazednady feddunisuanuas feidu
rofuialund flaidudnuasiane nguiunanuduldesiuisiaganuseiiios nataae
voelgymilndninnans unihgnisguineggeuvesuwesanuiazduuuuigliunin

PROBABILITY THEORY

PROBABILITY THEORY

Condition : PRER 2301621 or C.F.
Probability spaces, random variables, weak and strong convergence, distribution
functions, moment generating functions, characteristic functions, uniqueness and
continuity theorems, solution of the central limit problem, introduction to weak

convergence of probability measures on metric spaces.

AIAGDAAENS 3 (3-0-9)
Foulvsiedn : edniidesaeusinu 2301620 3o 2301621
Vo 2301624 viemeininureygelridou
afin Anudivane anulinusivasy arallitewdes msuszanasuuuliowdes msUszana
AMUURA MIUsERNAATURLUUBINTITNeT NFUTBINUALUUYN NSNAFUALNREIY
MsmaasuTiTimAsgegauutiensy nsUsssnaAlusuuulidensniines

MATH STAT

MATHEMATICAL STATISTICS

Condition : PRER 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.

g

ngenIMuasnIsUsTEnd 3 (3-0-9)
Woulusieden : -
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2301690

2301691

2301692

GRAPH THEORY/APP

GRAPH THEORY AND APPLICATIONS

Condition : -
Graphs, paths, trees, connectivity, independent sets, covering sets, colorations and
network flows.

13INLAYNNANIAAENTUUES 3 (3-0-9)
Roulysedy : edvinnzoynInlmsey
Fownsadaanstugenauladuiiavienadilugnmsidusely

SPEC TPCS ADV MATH
SPECIAL TOPICS IN ADVANCED MATHEMATICS
Condition : C.F.
Various topics in advanced mathematics that are of special interest and might lead to

research work.

1399LABNIINYALN 3 (3-0-9)
Roulusedy : edvnnzoyynlmseu
Sewnsiiwadaitauladuiasieiaiilignmsidesely

SPEC TOP ALG
SPECIAL TOPICS IN ALGEBRA
Condition : C.F.

Various topics in algebra that are of special interest and might lead to research work.

13INLAYNINNITAATIEN 3 (3-0-9)
Roulusedn : e3vnnraun IRl
« a el 1 [ a = o ! av
Seanmlesgviniadladuievieahludnsidesely

SPEC TPCS ANALYSIS
SPECIAL TOPICS IN ANALYSIS
Condition : C.F.

Various topics in analysis that are of special interest and might lead to research work.
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2301693 I3RINLAYNATUIANIA 3 (3-0-9)
Reulasedy : eIvnnzoyyInlnse
Fownusnadaiauladuiiredennilidnsidensly

SPEC TPCS GEOMETRY
SPECIAL TOPICS IN GEOMETRY
Condition : C.F.

Various topics in geometry that are of special interest and might lead to research work.

2301694 \FReTABNIARIAATENSUIZNA 3 (3-0-9)
Roulusedy : edvinnzoyyInlmsey
denadamansuszgnaiiauladuiiasiiennilugnsidesely

SPEC TPCS APP MATH
SPECIAL TOPICS IN APPLIED MATHEMATICS
Condition : C.F.
Selected topics in applied mathematics that are of special interest and might lead to

research work.

2301701* GHENTY 1(1-0-3)
Roulysedvn : -
nstaustarefuTeIseluavsng 9 sssndamansiagldniwsingy

SEMINAR
SEMINAR
Condition : -

Presentation and discussion of research articles in various fields of mathematics in English.

2301704 nsITENeAtinAIEns 1 3(3-0-9)
Roulvsedv : -
nsuaueLsanuareiuseaIdeTuaIveg o ventina1ans

RES MATH |
RESEARCH IN MATHEMATICS |
Condition : -
In-depth presentation of and discussion on research articles in various fields of

mathematics.
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2301705 N15IUNIAUAANENS 2 3 (3-0-9)
Roulvswdv : -
nsuaueddnuazefusesuideluavinig  vesniinaans

RES MATH I
RESEARCH IN MATHEMATICS I
Condition : -
In-depth presentation of and discussion on research articles in various fields of

mathematics.

2301706 NN5ITENARAAIEAS 3 3 (3-0-9)
Roulvsed : -
nsiEusddnuazeUTsElua1IR1e) vsAtnAEns

RES MATH I
RESEARCH IN MATHEMATICS I
Condition : -
In-depth presentation of and discussion on research articles in various fields of

mathematics.

2301707 nMsITENAinAEnS 4 3 (3-0-9)
Roulvsedv : -
nmstaueLBdnuareAuTsnuIdeluaIuaig o vasndlaeans

RES MATH IV
RESEARCH IN MATHEMATICS IV
Condition : -
In-depth presentation of and discussion on research articles in various fields of

mathematics.

2301708 N159NNAAAAIENS 5 3 (3-0-9)
Roulvsede : -
nsiaueLsanuare AU BT luaIvIRee YasAdnAEAS
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2301709

2301711

2301717

RES MATH V
RESEARCH IN MATHEMATICS V
Condition : -
In-depth presentation of and discussion on research articles in various fields of

mathematics.

N153T8N1AAAAIEAT 6 3 (3-0-9)
Roulvsed : -
mMsuausIdnuazeAUTsNUITE U6 9 YoIRminAEnS

RES MATH VI
RESEARCH IN MATHEMATICS VI
Condition : -
In-depth presentation of and discussion on research articles in various fields of

mathematics.

LSUIAALTIN VAR 3 (3-0-9)
Goulvseden : sedndidesaeuniu 2301613
vidoneiniangeynelizou
JlsdRunsysy aunaduvessiiflaudiaduil wivdaladisusuazmedladisus afu lngeuelad
yosuarany ngufunvestiui-lsrlunsdiialy

ALGEBRAIC GEOMETRY

ALGEBRAIC GEOMETRY

Condition : PRER 2301613 or C.F.
Abstract varieties, the spectrum of a commutative ring, coherent and quasi-coherent
sheaves, schemes, the cohomology of sheaves and schemes, and the generalized

Riemann-Roch theorem.

WYALAg 2 3 (3-0-9)
Soulusedun : ednitdesdeusn 2301614 wag 2301617
vidoneinfinnzoyaaliisou
fivadinounaaouludaenan nguiunteslnnis-uesaeni-3n9 nguiunveussiay

Aaaa o

= =1 ] 3 ¥ 1 = o v a a a a a [ v Y 1 dy
ngufunnisiieguaranudulisgafesdmsuivadndilafednidadnde wasitenelull
P9979 1WA AILNUVDIRTALAANWTUAINARINNG NYARALAN-UA TNYALNAUUNAAN

Y
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LIE ALGEBRAS lI

LIE ALGEBRAS I

Condition : PRER 2301614 and 2301617 or C.F.
Universal enveloping algebras; the Poincare-Birkhoff-Witt theorem; Serre's theorem and
the existence and uniqueness theorems for the finite-dimensional simple Lie algebras;
and one of following topics: the representations of finite-dimensional semisimple Lie

algebras, Kac-Moody algebras or Lie algebras over fields of prime characteristic.

2301719 NQufIUTIN YA 2 3 (3-0-9)
Foulvs1edn : edniidesaousinu 2301613 wag 2301619
visoneiviianzeynnliseu
NOURNIWIGLOTU N uMNITUTEINMAT MFVIluTyTel nauiunvedesdlnsan n1svene
Yoaglety wazidevesiadionziAnafiumaversuuusunsaiilng aaverouuunsuding
yneu Tnsuflgaeelaesildn nguamnuiles nsUusuiifiiady

ALG NUMBER THEO I

ALGEBRAIC NUMBER THEORY I

Condition : PRER 2301613 and 2301619 or C.F.
Valuation theory; approximation theorems; completions; Ostrowski's theorem;
extensions of valuations; the following topics in local fields: unramifield extensions,
totally ramified extensions, Frobenius automorphisms, inertia groups, ramification

groups.

2301721 nsAATIEidugs 1 3 (3-0-9)
Foulvedn : edniidesaeuniu 2301621
vidoneiniangeynelizou
yuvnuAnIfunguisvesuaziniesliommeneladunegeiiltlunsiney Uiglinnines
VoNolad LUYTIINDU NOBANITHINLIN

ADVANCED ANAL |
ADVANCED ANALYSIS |
Condition : PRER 2301621 or C.F.
Review of measure theory and some topological tools in analysis, topological vector

spaces, radon measures, distribution theory.
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2301783

2301784

2301785

2301790

Wadaduganisnvaln 3 (3-0-9)
Reulvsedn : iAoy nlnsyy
demsiivadantauladuiavdeailignidesely

ADV TOP ALGEBRA
ADVANCED TOPIC IN ALGEBRA
Condition : C.F.

Various topics in algebra that are of special interest and might lead to research work.

W TugInaNITAATIEN 3 (3-0-9)
Roulusedy : e3vnnrauInlise
wdeninsiwsziniauladuiiasieaiilvgnisidesely

ADV TOP ANAL
ADVANCED TOPICS IN ANALYSIS
Condition : C.F.

Various topics in analysis that are of special interest and might lead to research work.

WadaguganiaLsvniin 3 (3-0-9)
Roulusedy : edvnnrouyInlisey
wdemasvadaihauladufivvivdonilugnsidesely

ADV TOP GEOM
ADVANCED TOPICS IN GEOMETRY
Condition : C.F.

Various topics in geometry that are of special interest and might lead to research work.

BARANYI 3 (3-0-9)

A a a ~ v

Roulusedy : edvnnzoyyInlisey
Soaiawlunsadineansnmdudunuiaulauiuseningfidndueianse

INDIVIDUAL STUDY
INDIVIDUAL STUDY
Condition : C.F.
Special topics in Mathematics that are of interest to both the students and faculty

members.
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2301791

2301792

2301813

2301817

2301828

I399ARLANIENNARIAAGRAS 1 3 (3-0-9)
Reulusedy : eIvnnr oy Inlise
Saanadamanstugeniiaulalasiane Faenailudauide

SELECT TOP MATH |
SELECTED TOPICS IN MATHEMATICS |
Condition : C.F.
Selected topics of special interest in advanced mathematics that might lead to research

work.

\3DIANRNIZNNANAAIENAT 2 3 (3-0-9)
Roulusedy : edvnnzoyInlmseu
Saanuadamanstugeniiaulalasiane Faeailudnuide

SELECT TOP MATH II

SELECTED TOPICS IN MATHEMATICS I

Condition : C.F.
Selected topics of special interest in advanced mathematics that might lead to research
work.

a a 4 1 a
ANYIUNUD 18 B8Nk

THESIS
THESIS

a a s [l a
ANYTUNUD 42 wueng

THESIS
THESIS

a a 4 1 a
AINYIUNUD 48 %N/

DISSERTATION
DISSERTATION
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