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Department of Mathematics Faculty of Science
MATH 707 (206707) Mathematical Analysis 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Op
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Prerequisite : Consent of the instructor

Course Description
The real and complex number system, sequences and series of real numbers, continuity,

differentiation, the Riemann integral, sequences and series of functions

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : solve and prove results related to the real and complex number system;
CLO 2: solve and prove results related to sequences and series of real numbers;
CLO 3 : solve and prove results related to continuity;
CLO 4 : solve and prove results related to differentiation;
CLO 5 : solve and prove results related to the Riemann integral;

CLO 6 : solve and prove results related to sequences and series of functions.

Course Contents No. of Lecture Hours
1. The real and complex number system 6
1.1 The real field
1.2 The complex field
1.3 Euclidean Spaces
2. Sequences and series of real numbers 9
2.1 Convergent sequences
2.2 Subsequences
2.3 Cauchy sequences
2.4 Series
2.5 The root and ratio tests
2.6 Power series
2.7 Rearrangements
3. Continuity 7.5
3.1 Limits and continuous of functions
3.2 Discontinuities
3.3 Monotonic functions
4. Differentiation 75
4.1 The derivative of a real function



4.2 Mean value theorems

4.3 The continuity of derivatives

4.4 L' Hospital's rule

4.5 Taylor's Theorem

4.6 Differentiation of vector-valued functions
5. The Riemann integral

5.1 Definition and existence of the integral

5.2 Properties of the integral

5.3 Integration and Differentiation

5.4 Integration of Vector-valued functions
6. Sequences and series of functions

6.1 Uniform convergence

6.2 The Arzela-Ascoli theorem

6.3 The stone-Weierstrass theorem

18
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CLOs
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S1EARDEANSTUINIT

sWaNSTUIUIEn 206707 Unsdne 2565 nnannsinen 1

AME : AUEIVENANARS
sUANsEUIUIYn : 208707
svadnws: S MATH
[ THA: R

Fansruauien : G Mathematical Analysis
I nsiiasnsiidendiaaaad
Aesuiednwmuenseuivivr : Bl svuudiuiueds dduuazaunsuunsdnuiuais Amseiin msuiayius UiWusigedul
Aauuaraunsurasileidu nsdduangy aynsurids noejunandizan — Jalnd noufundlau -
Tawesansiea
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convergence, power series, the Arzel? — Ascoli theorem and the Stone — Weierstrass
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NUINT 2 ANWUZHAZNITAIUNS
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Department of Mathematics Faculty of Science
MATH 714 (206714) Algebraic Topology 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation
Prerequisite : MATH 713 (206713) or consent of the instructor

Course Description

Homotopy, the funcamental group, Retractions and deformation retractions, homotopy equivalences,
covering spaces, the fundamental group of the circle, free product of groups, the seifert-van kampen theorem,
singular homology theory, simplexed, finitely generated abelian groups, homology groups, homotopy

invariance, exact sequences, relative homology groups, the excision theorem, mayer-vietoris sequences

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : solve problems and prove results related to homotopy theory;

CLO 2 : solve problems and prove results related to singular homology theory.

Course Contents No. of Lecture Hours
1. Homotopy theory 22.5
1.1 Homotopy

(G,

1.2 The funcamental group

1.3 Retractions and deformation retractions
1.4 Homotopy equivalences

1.5 Covering spaces

1.6 The fundamental group of the circle

1.7 Free product of groups

1.8 The Seifert-van Kampen theorem
2. Singular homology theory 22.5

2.1 Simplexes

2.2 Finitely generated abelian groups

2.3 Homology groups

2.4 Homotopy invariance

2.5 Exact sequences

2.6 Relative homology groups

2.7 The excision theorem

2.8 Mayer-Vietoris sequences
Total 45 hours
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s1eRsdgaAnsEUINIT

sWanszuuiYn 206714 Dnnsdnen 2565 nMAnIsansE 1

AfME: AMEIVEATERS
sWaAnsEuuiYn : 206714
swiadnws : B MATH
2LAML
fonszuaudvn: [EXE) ALGEBRAIC TOPOLOGY
wawaladdsfizadie

Aesunadnenenseuiv: [EE) Simplicial complexes. Simplicial homology theory; oriented complexes, chains and
cycles, homology groups, relative homology, the Mayer-Vietoris sequence. Homotopy
theory ; homotopy mappings, essential and inessential mappings, fundamental groups,
the higher homotopy group, the Van-Kampen theorem.

Funddpanoumand vouwiiuwiiFaasaualad eoumandssyiianie gnlduasigdns ng
Ugaualad aaualaddusing dAnausnasi-inaid nouiasualni nsdeaaualni n1sdeunan
uarnsdaelindn nsUnanya nyUsauanldudugs nosviunuiu-uasmu

wuaefia: 3(3-0-8)

JoulviidassirudauSeou 206713 or consant of the instructor
(Prerequisite) :

Formerly: since /

wateduld: nanisAnendi 1 OnnsAnuen 2556
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AUFDAARDIVDY PLOs UasNaawsn1siieuivainszuudun (CLOs)
(dmSundngns WL, awnIBIAdineans)

PLOs / CLOs CLO1 CLO 2 CLO 3 CLO 4 CLO 5 CLO 6
PLO 1 X X X X X X
PLO 2 X X X X X X
PLO 3
PLO 4 X X X X X X
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Department of Mathematics Faculty of Science
MATH 721 (206721) : Theory of Finite Groups 3(3-0-6)
Course Type M Lecture O Lab
O practicum [ Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Op
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Prerequisite : MATH 720 (206720) or consent of the instructor

Course Description :
Groups and basic properties, homomorphisms and isomorphisms, permutation groups, group actions,

abelian groups, classes of groups

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : prove some properties of groups, subgroups, normal subgroups, and quotient groups;
CLO 2 : prove some properties of homomorphisms and apply isomorphism theorems;
CLO 3 : prove some properties of permutation groups and apply Cayley's theorem;
CLO 4 : apply the Sylow theorems and the orbit-stabilizer theorem;
CLO 5 : apply the fundamental theorem of finite abelian groups and classify the structure of a finite
abelian group;

CLO 6 : prove some properties of simple groups, nilpotent groups, and solvable groups.

Course Contents No. of Lecture Hours
1. Groups and basic properties 9
1.1 Definitions and examples of groups
1.2 Preliminary properties of groups
1.3 Subgroups, subgroup tests, cyclic subgroups, and Lagrange’s theorem
1.4 Normal subgroups and quotient groups
2. Homomorphisms and isomorphisms 3
2.1 Properties of homomorphisms
2.2 Isomorphism theorems
3. Permutation groups 9
3.1 Definitions and basic properties
3.2 Cayley’s theorem
3.3 Alternating groups



Course Contents
4. Group actions
4.1 The Sylow theorems and their applications
4.2 The orbit-stabilizer theorem
4.3 Permutation representations
5. Abelian groups
5.1 Definitions and basic properties
5.2 The fundamental theorem of finite abelian groups
6. Classes of groups
6.1 Simple groups
6.2 Nilpotent groups
6.3 Solvable groups

No. of Lecture Hours

Total

9

45

31
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m The group concept, complexes and subgroups. Groups of permutations; invariant
subgroups. Sylow groups and prime power groups. Abelian groups, generators and
relations. Free groups and combinatorial groups.
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Department of Mathematics Faculty of Science
MATH 722 (206722) : Field Theory 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Orp
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Prerequisite : MATH 720 (206720) or consent of the instructor

Course Description :
Rings, integral domains, fields, and vector spaces, field extensions, finite fields, connections between
fields and groups, basic theory of equations
Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : prove some properties of rings, integral domains, fields, and vector spaces;
CLO 2 : prove some properties of field extensions and algebraic extensions;
CLO 3 : find the splitting field of a polynomial,
CLO 4 : prove some properties of finite fields and classify the structure of a finite field;
CLO 5 : prove some properties of separable, inseparable, and normal extensions;
CLO 6 : apply the Galois correspondence theorem;
CLO 7 : find the Galois group of a polynomial.

Course Contents No. of Lecture Hours
1. Rings, integral domains, fields, and vector spaces 6
1.1 Basic properties of rings, integral domains, and fields
1.2 Ideals, quotient rings, and ring homomorphisms
1.3 Polynomial rings and factorization
1.4 Basic properties of vector spaces
2. Field extensions 9
2.1 Basic properties of field extensions
2.2 Algebraic extensions
2.3 Splitting fields and algebraic closures
3. Finite fields 9
3.1 Frobenius homomorphisms
3.2 Formal derivatives of polynomials and multiple roots
3.3 The structure of finite fields



Course Contents
4. Connections between fields and groups
4.1 Separable, inseparable, and normal extensions
4.2 Galois extensions
4.3 The Galois correspondence theorem
4.4 Norms and traces
5. Basic theory of equations
5.1 Galois groups
5.2 Polynomials of degree 2 and degree 3
5.3 Solvability by radicals

38

No. of Lecture Hours
12

Total 45
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m Concept of rings and fields, homomorphisms, vector spaces, and polynomials.
Extensions of fields and factorization of polynomials. Galois theory, automorphisms of
fields, norms and traces, and normal classes. Applications to finite fields, cyclotomic
extensions, cyclic extensions, Wedder Burn's theorem, ruler and compass construction
and generic polynomials.
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Department of Mathematics Faculty of Science
MATH 731 (206731) Real Analysis 1 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Prerequisite: Consent of the instructor

Course Description
Sequences and series of functions, Lebesgue measure, the Lebesgue integral, differentiation and integration,

general measure and integration

Course Learning Outcomes (CLOs): Students will be able to

CLO 1: illustrate the effect of uniform convergence on the limit function with respect to continuity,
differentiability, and integrability, and Illustrate the convergence properties of series.

CLO 2: explain the basic concepts of Lebesgue measure theory, explain properties of
measurable sets and measurable functions.

CLO 3: explain the construction of the Lebesgue integral and understand its properties, apply the
convergence theorems appropriately.

CLO 4: explain the differentiation of an integral and explain properties related to differentiation.

CLO 5: extend the basic concepts of Lebesgue measure theory to other general measure.

Course Contents No. of Lecture Hours
1. Sequences and series of functions 9
1.1 Pointwise and uniform convergence
1.2 Properties preserved by uniform convergence
1.3 Power series
1.4 Continuity, differentiation and integration of power series
1.5 Weijerstrass’s approximation theorem
2. Lebesgue measure 9
2.1 Outer measure
2.2 Measurable sets and Lebesgue measure
2.3 Measurable functions
2.4 Approximation by simple functions or step functions
2.5 Littlewood’s three principles
3. The Lebesgue integral 9
3.1 The Lebesgue integral of a bounded function over a set of finite measure
3.2 The Lebesgue integral of a nonnegative function
3.3 The general Lebesgue integral
3.4 Convergence theorems
4. Differentiation and integration 9
4.1 Differentiation of monotone functions

4.2 Functions of bounded variations



4.3 Differentiation of an integral
4.4 Absolute continuity
4.5 Convex functions
5. General measure and integration
5.1 Measure spaces
5.2 Measurable functions
5.3 Integration and general convergence theorems
5.4 The Radon-Nikodym Theorem
5.5 The Lp spaces

Total 45 hours

45
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Department of Mathematics Faculty of Science
MATH 736 (206736) Graph Theory and Applications 3(3-0-6)
Course Type M Lecture O Lab

O practicum [ Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Op
Selected Topic (if any) O count the accumulated credits for graduation every times

Abbreviation

Prerequisite :

[ count the accumulated credits for graduation

GRAPH THEORY AND APPL

Consent of the instructor

Course Description

Graphs and subgraphs, trees, Eulerian graphs and Hamiltonian graphs, planar graphs, coloring,

matchings and factorizations, digraphs

Course Learning Outcomes (CLOs) : Students will be able to

CLO 1 : explain basic properties and prove some properties related to graphs and subgraphs;
CLO 2 : explain basic properties and prove some properties related to trees and enumerate trees;
CLO 3 : classify and prove some properties related to Eulerian graphs and Hamiltonian graphs;
CLO 4 : classify and prove some properties related to planar graphs;
CLO 5: explain and prove problems related to vertex coloring and edge coloring, and apply for
related problems;
CLO 6 : explain and prove some properties related to matchings and factorizations;
CLO 7 : explain and prove some properties related to digraph and tournaments.
Course Contents No. of Lecture Hours
1. Graphs and subgraphs 7.5

1.1 Graphs and simple graphs

1.2 Isomorphisms

1.3 Varieties of graphs

1.4 Subgraphs

1.5 Walks and connectedness
1.6 Cut-vertex and bridges

2. Trees 6
2.1 Properties of trees
2.2 Enumeration of trees
2.3 Applications

3. Eulerian and Hamiltonian graphs 7.5

3.1 Eulerian graphs

3.2 Hamiltonian graphs

3.3 Applications

52



4. Planar graphs
4.1 Planar graphs
4.2 Embedding graphs on surfaces
4.3 Applications
5. Coloring
5.1 The four color problem
5.2 Vertex coloring
5.3 Edge coloring
5.4 Applications
6. Matchings and factorizations
6.1 Matchings
6.2 Factorizations
7. Digraphs
7.1 Digraphs
7.2 Tournaments

53
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Department of Mathematics Faculty of Science
MATH 738 (206738) Combinatorics 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation
Prerequisite : Consent of the instructor

Course Description
Basic knowledge, general counting methods for arrangements and selections, recurrence relations,

the principle of inclusion-exclusion, the Polya’s enumeration theorem, Ramsey numbers

Course Learning Outcomes (CLOs) : Students will be able to

CLO 1 : analyze the feasibility of combinatorial events using logic and the pigeonhole principle;

CLO 2: solve general counting problems related to probability, arrangements and selections,
distributions, binomial coefficients and generating functions;

CLO 3 : write recurrence relations from real problems, and find the solution of a recurrence relation
using mathematical induction, characteristic equation and generating function;

CLO 4 : solve counting problems using the principle of inclusion-exclusion and Rook polynomials;

CLO 5: count distinct patterns of unoriented figures and write pattern inventory using Polya’s
enumeration formula;

CLO 6 : find and prove some conjectures involving with Ramsey number, and solve some types of

problems using Ramsey number.

Course Contents No. of Lecture Hours
1. Basic knowledge 3
1.1 Set theory and logic
1.2 Mathematical induction
1.3 Probability
1.4 The pigeonhole principle
2. General counting methods for arrangements and selections 12
2.1 Basic counting principle
2.2 Simple arrangements and selections
2.3 Arrangements and selections with repetition
2.4 Distributions
2.5 Binomial coefficients
2.6 Generating functions
3. Recurrence relations 7.5
3.1 Recurrence relation models
3.2 Solution of linear recurrence relations

3.3 Solution of inhomogeneous recurrence relations



3.4 Solution using generating functions
4. The principle of inclusion-exclusion
4.1 Counting with Venn diagrams
4.2 Inclusion-exclusion formula
4.3 Rook polynomials
5. The Polya’s enumeration theorem
5.1 Equivalence relations and symmetry groups
5.2 Burnside’s lemma
5.3 The cycle index
5.4 Polya’s enumeration formula
6. Ramsey numbers
6.1 Introduction to graph theory
6.2 Ramsey’s theorem
6.3 The Ramsey numbers
6.4 Bounds of Ramsey numbers
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Department of Mathematics Faculty of Science
MATH 771 (206771) Theory of Probability 1 3(3-0-6)
Course Type M Lecture O Lab

O practicum [ Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Orp
Selected Topic (if any) [ count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Prerequisite : Consent of the instructor

Course Description
Probability, distribution functions, expectations of random elements, convergences of random
elements, limit theorems for sum of random vectors, limit theorems for empirical distribution functions, limit

theorems under transformations of random elements

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : prove some properties and solve problems in probability theory;
CLO 2 : prove some properties and test the convergence of random sequences and series;
CLO 3 : explain, calculate, and analyze basic properties of limit theorems;

CLO 4 : explain, calculate, and solve problems related to transformations of random elements.

Course Contents No. of Lecture Hours
1. Probability 4.5
2. Distribution functions 9
3. Expectations of random elements 3
4. Convergences of random elements 9
5. Limit theorems for sum of random vectors 6
6. Limit theorems for empirical distribution functions 7.5
7. Limit theorems under transformations of random elements 6




AN 3 NMIRAILINANTSISEUYanANEN

68

CLOs

WnsdensiFens

WmsUszliunanisiseu;

CLO 1 : figuaudfuneslsznis uaguny
gndeatungufauunzy

U588 gnfngglutuS U

AU @aUveLleu Wauely
JULSTYU TI891U

CLO 2 : figauaudiu1ausenis uay
ATIVFBUNTALUIVDIA A ULAL DUNTUA

U588 gnfngglutuS U

A5UNU @eUveLleu Wauely
FULTHU 189U

CLO 3 : 85U AU WAZILATIEH
audRNUgIYRIguNAln

U8y gnfagslutusu

A5UNU @euUteLley Wausly
FULTHU SI891U

CLO 4 : 85Uy AU haskUgyy
WNenfunswlasresasusenaudy

U588 gnfgglutusu

A5UNU @aUlelleu Wausly
JULSHU F1891U




s1eazBsanssUINIT

69

AN IATINTZUIUIY LAY

sWaNSTUIUIYn 206771 UnnsAnen 2565 ananisAnen 1

ADUE :
sWansEuui :

SHASNSS :

Fansruruien:

Aafunsdneuensruiuien

wiaefia :

- o ' . =
waulvisossudawseu
(Prerequisite) :
Formerly :

wataduld :

AMEANENATARS

2068771

B3 MATH
LA

EX5) THEORY OF PROBABILITY 1
noudanuivandu 1

m Measures, measurable spaces, integration, probability spaces and random variables,
distribution functions and characteristic functions.

=

wwad Uigivueaflé nsunudius Yigiananineadu uasdudsdy Refidunns
UINUDY LasaNFuanE LIy

3(3-0-6)

consent of the instructor

since /

aensEned 1 nnsfinen 2556

Close



uAa. 3
= a a [
FYALLRYAVDINTEUIUIY (NTEUIUIBIUTUUFY)

1. Yosantuaaufnen  wvnAnendeidesiva (CHIANG MAI UNIVERSITY)

2. ARIZ/ATATYN AMZINYNAENS AMAVIANAIENS
Faculty of Science Department of Mathematics
3. SWANTZUIUIVT 1.0, 772 (206772)
Fonszuaudan nguinuuiazilu 2 (Theory of Probability 2)
4. viuwnn 3(3-0-6)

w1 Fayanaly

1. viangnsuazUssiAnYaInsEuIuIm
1.1 nszuadvilddmsu
O vwéngmsinermansumdaudio aw3vindamans
M vanevéngns 1w ma. (pdamans) wazam.y. (adarmansussand)
1.2 UsSLANU99NTZUIUIYI
O Fanfesiu O Tuanwrdan O wenanan
M 3vnden M Tuanvivn O wenanw
O 3aanuieulavesarvdan

a

O Swendiwus/muiiinus/nsAunindeasy

2. 3191394 5URAYAUNTTUIUIVINALDI TN HDU
2.1 91913845URAYaY
J99ANANTI9158 A3.AUR NNEw
2.2 19139¢70U (NAY)
FOINANTIANTE 5. HUR NAUT
A9eeans1anse a3.n1nl WwsUsEAU

819138 A3.W3UM dRTAnANTNY

3. AAnsAnE/FulNiseu
2 ~ a & o = e ~ S aa
AANISANWIN 1 Y130 2 TUUN 1 39 AIANISANENA 1 FUUN

4. gauiiisey
M Tuaauiidwesuminendedeslng
O uonaanuiinmwemumine1dodedval (554) oo

5. S lusdaduamifionnsdaliausnwuazuuziimalynisuntdnAnenlusieyana
Livesndn 1 Tilusseduanv




71

NUINT 2 ANWUZHAZNITAIUNS

MAIVIAAAIERS AT INEIAENS
2.A804. 772 (206772) nefanuitazdy 2 3(3-0-6)
ANWENITTUIIN M ussene O ugdanns
= a wva a a 4 Aaa 4 14 Y a
O fnufua O 3nendnus/auijinus/mshunindass
msiauazUszidiuua M AF O su Ovr
nsflvaenszuaudIn Selected Topic [ dudrwrumiseinazauivonsdnsanisinemnase

O susruuninefnazauiian1sansan1sanyineInsane?
Woulundessunau : 2.Aa. 771 (206771)

A3 UNBANWAUZNIZUIUIYN

aruiasdusuuiieuls msUsznanresiuavesileddunisuanuamuuidouls anuthezsfunuusnidy
wazuuuiiedu ngudnisindulanuuiug wmewuugdmiuteyaden nszuIumMsAsusduarn1suszanaileidy
ANNAUILUY

HAANSN1538UTVaINITUIIY (Course Learning Outcomes: CLOs) : HnAnwananse
CLO 1: figauantAunaszns uazunugmiieafuanshazidunuuiiteuly
CLO 2 : adueuazrinssnAumilioutarANULANAeTzRIsn U duwuudnideuasuuuiiodu
CLO 3 : 88Uy AU LLaz"?Lﬁmwamﬂ’ﬁ‘ﬁug']mawqwﬁmi(ﬁm?ﬂﬂﬁ]LL‘UULU&T
CLO 4 : 83U18 Awan uarinseyansituguveansUszanailaddunumuiu

AUFDAARDIVDY PLOs UasNaawsN1siieuivainszuudun (CLOs)
(dmSundngns .. awnIBIAdineans)

PLOs / CLOs CLO1 CLO 2 CLO 3 CLO 4
PLO 1 X X X X
PLO 2 X X X X
PLO 3
PLO 4 X X X X
PLO 5




72

Wovnsyuauiun Frurutalasusseny
Cemunasdusuuiiieuls

. m3Uszanasnesiuavesiliiunisuanuasuuiideule
. AndiazduluudnIdenazuuuiledu

- ngufnssindulanuuiug

- BUImwUUUgdmsuteyaign

AN 0 A W N =

. ASTUIUNTASVLSTLAENNTUTEUUHINTUA LN LY

|a\O\OO\U)©©

]
)
22

winnalunsuuusanszuwIn

1. Jfumesnednvarnssuaivesilemnssundviiieimnumansay sty denndoeiusiuau
%@Imﬁﬁauﬁ&LLasmaUﬂquﬁw‘%UmmLﬁamﬂixmu%ﬂu{]aqﬁ’u

2.1 Course Learning Outcomes (CLOs) ilelsiaenadasiunisdanisieunisasulusuuuy Outcome-
Based Education (OBE) Imammmi’@wamiﬁauifﬁaamé’mﬁ’u Program Learning Outcomes (PLOSs)
VBINANEGAT

n13UsuUTInIzUILITININE 119U TaRIuALiuga N Ussyuauznssun sUadindnwiUssiinuse
Wemans lunmsuszgudeuiiarsandunsdlfiviy Weduil 9 Weullguieu w.e.2565 fvualidinadadulddusnie
msfnwfl 1 Imsfinen 2566 Wusuly

Viensswd

FYANARNTINTE AT.NAITIU NIEAUTR)
JRIRUARNEIYINT UJURN U

G

AMUAAMLINYFENS
T 9 fguey 2565



73

Department of Mathematics Faculty of Science
MATH 772 (206772) Theory of Probability 2 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation
Prerequisite : MATH 771 (206771)

Course Description
Conditional probability, kernel estimation of conditional distribution functions, subjective vs
frequentist probability, Bayesian decision theory, Bayesian approach for discrete data, Dirichlet process

and density estimation

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : prove some properties and solve problems related to conditional probability;
CLO 2 : explain and analyze similarity and difference between subjective and frequentist probability;
CLO 3 : explain, calculate, and analyze basic properties of Bayesian decision theory;

CLO 4 : explain, calculate, and analyze basic properties of density estimations.

Course Contents No. of Lecture Hours
1. Conditional probability 9

2. Kernel estimation of conditional distribution functions
3. Subjective vs frequentist probability

4. Bayesian decision theory

5. Bayesian approach for discrete data

O O O W O

6. Dirichlet process and density estimation
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Department of Mathematics Faculty of Science
MATH 711 (206711) Fixed Point and Optimization Methods for Machine Learning 3(3-0-6)
Course Type M Lecture O Lab

O practicum [J Thesis/Dissertation/!L.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Abbreviation  FIXED POINT OPT FOR MACH LEARN
Prerequisite : Consent of the instructor

Course Description

The background of metrical fixed point theory, the background of optimization theory, fixed point
iteration methods for contractions and their generalizations, fixed point iteration methods for nonexpansive
mappings in Hilbert spaces, convex minimization problems based on common fixed point iteration methods,

methods for unconstrained optimization, methods for constrained convex optimization

Course Learning Outcomes (CLOs) : Students will be able to

CLO 1 : solve problems and prove results related to the background of metrical fixed point theory;,

CLO 2 : solve problems and prove results related to the backeround of optimization theory;

CLO 3 : solve problems and prove results related to fixed point iteration methods for contractions
and their generalizations;

CLO 4 : solve problems and prove results related to fixed point iteration methods for nonexpansive
mappings in Hilbert spaces;

CLO 5 : solve problems and prove results related to convex minimization problems based on
Common fixed point iteration methods;

CLO 6 : solve problems and prove results related to methods for unconstrained optimization;

CLO 7 : solve problems and prove results related to methods for constrained convex optimization.

Course Contents No. of Lecture Hours
1. The background of metrical fixed point theory 3
1.1 Metric spaces
1.2 Normed and Banach spaces
1.3 Inner product spaces and Hilbert spaces
2. The background of optimization theory 6
2.1 Convex sets and convex functions
2.2 Normal cone and Tangent cone
2.3 Unconstrained optimization
2.4 Constrained optimization
2.5 Link between fixed point and optimization
3. Fixed point iteration methods for contractions and their generalizations 3
3.1 Banach’s Fixed Point Theorem.
3.2 Weak Contractions



4. Fixed point iteration methods for nonexpansive mappings in Hilbert spaces
4.1 The Krasnoselskij Iteration
4.2 The Mann lteration
4.3 The Ishikawa Iteration
4.4 Multi-steps iterations
4.5 Applications to convex minimization problems
4.6 Some applications for regression and data classification
5. Convex minimization problems based on common fixed point iteration methods
5.1 Modified Mann iteration
5.2 Modified Ishikawa iteration
5.3 Accelerated common fixed point algorithms
5.4 Applications for data prediction and classification
6. Methods for unconstrained optimization
6.1 Gradient method
6.2 Newton’s method
6.3 Conjugate direction method
6.4 Quasi-Newton method
6.5 Proximal methods
6.6 Proximal gradient splitting methods
6.7 Forward-backward algorithms with linesearch
6.8 Some applications on regression and data classification
7. Methods for constrained convex optimization
7.1 Projected gradient methods
7.2 Lagrangian algorithms
7.3 Some fixed point methods
7.4 A first order method for convex Bi-level optimization problems

7.5 Applications to regression and data classification
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Department of Mathematics Faculty of Science

MATH 712 (206712) Mathematics for Machine Learning 3(3-0-6)
Course Type M Lecture O Lab
O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Abbreviation MATH FOR MACHINE LEARNING
Prerequisite : Consent of the instructor

Course Description
Analytics geometry, vector calculus, probability and distributions, continuous optimization,
mathematical model for machine learning, linear regression, dimensionality reduction with principal

component analysis, classification with support vector machines

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : solve problems and prove results related to analytics geometry;
CLO 2: solve problems and prove results related to vector calculus;
CLO 3 : solve problems and prove results related to probability and distributuions;
CLO 4 : solve problems and prove results related to continuous optimization;
CLO 5 : solve problems and prove results related to mathematical model for machine learning;
CLO 6 : solve problems and prove results related to linear regression;
CLO 7 : solve problems and prove results related to dimensionality reduction with principal
component analysis;

CLO 8 : solve problems and prove results related to classification with support vector machines.

Course Contents No. of Lecture Hours
1. Analytic geometry 3
1.1 Norms

1.2 Inner products
1.3 Lengths and distances
1.4 Angles and orthogonality
1.5 Orthonormal basis
1.6 Orthogonal complement
1.7 Orthogonal projections
1.8 Rotations
2. Vector calculus 5
2.1 Differentiation of univariate functions
2.2 Partial differentiation and gradients
2.3 Gradients of vector-valued functions

2.4 Gradients of matrices



2.5 Useful Identities for computing gradients
2.6 Backpropagation and automatic differentiation
2.7 Higher-order derivatives
2.8 Linearization and multivariate Taylor series
3. Probability and distributions
3.1 Construction of a probability space
3.2 Discrete and continuous probabilities
3.3 Sum rule, product rule, and Bayes’ theorem
3.4 Summary statistics and independence
3.5 Gaussian distribution
3.6 Conjugacy and the exponential Family
3.7 Change of variables and inverse transform
4. Continuous optimization
4.1 Optimization using gradient descent
4.2 Constrained optimization and Lagrange multipliers
4.3 Convex optimization
5. Mathematical models for machine learning
5.1 Data, models, and learning
5.2 Empirical risk minimization
5.3 Parameter estimation
5.4 Probabilistic modeling and inference
5.5 Directed graphical models
5.6 Model selection
6. Linear regression
6.1 Problem formulation
6.2 Parameter estimation
6.3 Bayesian linear regression
6.4 Maximum likelihood as orthogonal projection
7. Dimensionality reduction with principal component analysis
7.1 Problem setting
7.2 Maximum variance perspective
7.3 Projection perspective
7.4 Eigenvector computation and low-rank approximations
7.5 PCA in high dimensions
7.6 Key Steps of PCA in practice
7.7 Latent variable perspective
8. Classification with support vector machines
8.1 Separating hyperplanes
8.2 Primal support vector machine
8.3 Dual support vector machine
8.4 Kernels
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Department of Mathematics Faculty of Science
MATH 723 (206723) : Algebraic Number Theory 3(3-0-6)
Course Type M Lecture O Lab

O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Orp
Selected Topic (if any) [ count the accumulated credits for graduation every times

[ count the accumulated credits for graduation

Prerequisite : MATH 720 (206720) or consent of the instructor

Course Description :
Basic knowledge of rings and fields, algebraic numbers, quadratic fields and cyclotomic fields,

factorization, geometry of numbers

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 : prove some properties of algebraic numbers;
CLO 2 : prove some properties of quadratic fields and cyclotomic fields;
CLO 3 : factorize an algebraic integer into irreducible elements;
CLO 4 : prove some properties of factorization of algebraic integers;

CLO 5 : prove some properties of lattices and class-groups and apply Minkowski’s Theorem.

Course Contents No. of Lecture Hours
1. Basic knowledge of rings and fields 3
1.1 Basic properties of rings and fields
1.2 Polynomial rings and factorization
1.3 Field extensions
2. Algebraic numbers 12
2.1 Basic properties of algebraic numbers
2.2 Discriminants
2.3 Algebraic integers
2.4 Integral bases
2.5 Norms and traces
2.6 Ring of algebraic integers
3. Quadratic fields and cyclotomic fields 9
3.1 Quadratic fields
3.2 Cyclotomic fields



4. Factorization
4.1 Group of units
4.2 Irreducible factorization of algebraic integers
4.3 Unique factorization of algebraic integers
4.4 Factorization of ideals

5. Geometry of numbers
5.1 Lattices
5.2 Minkowski’s Theorem

5.3 Class-groups

Total

12

45
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Department of Mathematics Faculty of Science
MATH 775 (206775) Stochastic Control Theory 3(3-0-6)
Course Type M Lecture O Lab
O practicum [0 Thesis/Dissertation/!.S.
Measurement and Evaluation M A-F O s Or
Selected Topic (if any) O count the accumulated credits for graduation every times

[ count the accumulated credits for graduation
Prerequisite : MATH 771 (206771) or consent of the instructor

Course Description
Elements of stochastic analysis, Ito calculus and stochastic differential equations, stochastic control

theory, viscosity solutions of stochastic control problems, optimal stopping and free boundary problems

Course Learning Outcomes (CLOs) : Students will be able to
CLO 1 :explain and apply stochastic processes;
CLO 2 :explain Ito calculate find solutions of stochastic differential equations;
CLO 3 :explain and solve stochastic control problems;
CLO 4 :find viscosity solutions for stochastic control problems;

CLO 5 : solve optimal stopping and free boundary problems.

Course Contents No. of Lecture Hours
1. Elements of stochastic analysis

2. Ito calculus and stochastic differential equations
3. Stochastic control theory

4. Viscosity solutions of stochastic control problems

5. Optimal stopping and free boundary problems
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