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Normal operators; self-adjoint operators; unitary operators; projections; metric spaces; normed

spaces; fundamental theorems on normed spaces; applications
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Students are able to

1. Understand concepts of normal operators, self-adjoint operators, unitary operators, projections, metric spaces,

normed spaces, and fundamental theorems on normed spaces.

2. Apply operator theory in topics related to linear algebra.
3. Search academic databases for publications on algebra of operators.
4. Clearly and accurately present academic publications on algebra of operators in English.

5. Cite academic publications for presentation correctly.
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Tensor products; exterior algebra; multilinear algebra; further topics from: Dedekind domains,

Noetherian domains, rings with minimum condition
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domains.

Students are able to
1. Understand concepts of tensor products, exterior algebra, and multilinear algebra.

2. Understand concepts of rings with minimum condition, including Dedekind domains and Noetherian

3. Search academic databases for publications on abstract algebra.
4. Clearly and accurately present academic publications on abstract algebra in English.

5. Cite academic publications for presentation correctly.
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(Field Theory)
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Extension fields; Galois theory
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Students are able to
1. Understand concepts of field extensions and Galois theory.
2. Calculate the Galois group of an extension field.
3. Search academic databases for publications on field theory.
4. Clearly and accurately present academic publications on field theory in English.

5. Cite academic publications for presentation correctly.
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(Module Theory)
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Modules; homomorphisms; quotient modules; direct sums and products; free modules; injective

and projective modules; semisimple modules; Artinian modules and Noetherian modules
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Students are able to

1. Understand basic concepts of modules.



2. Classify any given modules.
3. Search academic databases for publications on module theory.
4. Clearly and accurately present academic publications on module theory in English.

5. Cite academic publications for presentation correctly.
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(Fuzzy Semigroups)
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Fuzzy sets; fuzzy points; fuzzy subsemigroups; fuzzy ideals; fuzzy simple semigroups; fuzzy
congruences; fuzzy quotient semigroups; applications
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Students are able to
1. Write mathematical proofs by integrating knowledge from fuzzy set theory and semigroup theory.
2. Have theoretical thinking in mathematics by being able to relate problems in semigroup theory to fuzzy logic
problems and can define new fuzzy logic definitions in semigroups.
3. Clearly and accurately present academic publications on semigroups and related topics in English.

4. Search academic databases for publications on fuzzy semigroups and related topics.

5. Cite academic publications for presentation correctly.
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(Matrix Theory)
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Matrix factorizations; matrix polynomials and matrix functions; norms; scalar products; singular

values; normal matrices; quadratic forms; non-negative matrices; the least squares method and pseudo inverses
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Students are able to
1. Understand concepts of matrix factorizations, matrix polynomials and matrix functions, singular values,
normal matrices, quadratic forms, and non-negative matrices.
2. Apply concepts of matrices and pseudo inverses in statistics and stochastic processes.
3. Search academic databases for publications on matrix theory.
4. Clearly and accurately present academic publications on matrix theory in English.

5. Cite academic publications for presentation correctly.
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(Algebraic Number Theory)
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Number fields; quadratic fields; cyclotomic fields; Dedekind domains; factoring of prime ideals in
extension fields; ideal class group; unit theorem; factoring of prime ideals in Galois extensions; applications
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Students are able to
1. Explain the concept of a number field and describe the structure of some types of number fields, such as
quadratic fields and cyclotomic fields.
2. Explain the structure of a Dedekind domain.
3. Factor prime ideals in extension fields.
4. Explain the ideal class group and be able to describe its structure.
5. Explain the unit theorem and be able to use it to determine the structure of the group of units.
6. Factor ideals in Galois extensions.

7. Apply algebraic number theory to solve problems in number theory.



8. Prove statements that are consequences of the standard theorems of algebraic number theory.
9. Search academic articles related to algebraic number theory.
10. Present academic information on algebraic number theory.

11. Provide correct citations for all academic sources used in the presentation.
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(Analytic Number Theory)
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Arithmetic functions; elementary theorems on distributions of primes; Dirichlet series and Euler
products
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Students are able to
1. Prove theorems involving arithmetic functions.
2. Prove elementary theorems on distributions of primes.
3. Explain the concept of Dirichlet series and Euler products.
4. Search academic articles related to analytic number theory.

5. Present academic information on algebraic number theory.

6. Provide correct citations for all academic sources used in the presentation.
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(Functional Analysis)
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Normed spaces; inner product spaces; Banach spaces; Hilbert spaces; Bairs’s theorem; Hahn-Banach

theorem; dual spaces; weak convergence; spectral theory
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Students are able to
1. Explain the definitions and properties of the following spaces: normed spaces, inner product spaces, Banach
spaces, and Hilbert spaces.
2. Explain the four main theorems: Baire’s theorem, Hahn-Banach theorem, dual spaces, and weak convergence.
3. Explain the definitions and properties of spectrum and spectral theory.
4. Search academic databases for functional analysis.
5. Clearly and accurately present academic publications on functional analysis in English.

6. Cite academic publications for presentation correctly.
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(Theory of Integration)
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A history of the integration; Riemann-type integration; Convergence Theorems
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Students are able to
1. Explain the historical development of integration.
2. Explain the differences between various types of Riemann-type integrals.
3. Explain the meaning and differences between uniform and non-uniform controllers.
4. Prove that the McShane integral is equivalent to the Lebesgue integral.
5. Prove that the space of Henstock integrable functions contains the space of McShane integrable functions, the

space of Lebesgue integrable functions, the space of Riemann integrable functions, and the space of Newton integrable

functions.



6. Prove and apply the convergence theorems for the Henstock integral, including Fatou's Lemma, the Monotone
Convergence Theorem, the Dominated Convergence Theorem, the Mean Convergence Theorem, and the Controlled
Convergence Theorem.

7. Search academic databases for publications on Riemann-type integrals.

8. Clearly and accurately present academic publications on Riemann-type integrals in English.

9. Cite academic publications for presentation correctly.
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(Wavelet Theory)
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Orthonormal bases and frames; Wavelet bases; Multiresolution Analysis; Wavelets and
approximation theory; Wavelets and signal processing
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Students are able to

1. Define and explain key concepts such as orthonormal bases, frames, wavelet bases and multiresolution
analysis.

2. Understand the relationship between wavelets and approximation theory, as well as wavelets and signal
processing.

3. Describe the properties and characteristics of different types of wavelets such as Haar wavelets, Daubechies
wavelets, Meyer wavelets.

4. Explain the concept of multiresolution analysis and how it is used in wavelet theory.

5. Search academic articles related to wavelet theory.

6. Clearly and accurately present academic publications on Wavelet Theory in English.

7. Cite academic publications for presentation correctly.
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(Matrix Lie Groups)
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Examples of matrix Lie groups; compactness; connectedness; Lie groups; Lie algebras;

homomorphisms and isomorphisms; exponential mappings; basic representation theory; roots and weights
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Students are able to
1. Explain the definitions and give some examples of matrix Lie groups.
2. Explain the concepts of compactness and connectedness.
3. Explain the definitions and properties of Lie groups and Lie algebras.
4. Explain the definitions of homomorphisms and isomorphism.
5. Explain the concepts of exponential mappings.
6. Explain the basic concepts of representation theory roots and weights.
7. Search academic articles related to Matrix Lie Groups.
8. Clearly and accurately present academic publications on Matrix Lie Groups in English.

9. Cite academic publications for presentation correctly.
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(Graph Theory)
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Graphs; digraphs; trees; networks; connectivity; matching; planar graphs; coloring
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Students are able to
1. Explain the concept of graphs, digraphs, trees, and networks.
2. Compute connectivity of graphs and digraphs.
3. Use Hall’s matching theorem to prove the existence of a matching.

4. Use Kuratowski’s theorem to test the planarity of graphs.



5. Compute the chromatic number of graphs.
6. Search for academic information related to graph theory from reliable sources.
7. Present academic information related to graph theory.

8. Provide correct citations for all needed academic sources.
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Counting principles; combinatorial arguments; recurrence relations; generating functions;
pigeonhole principle; combinatorial design; probabilistic method
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Students are able to

1. Choose an appropriate counting principle for a problem.

2. Provide combinatorial arguments.

3. Use recurrence relations and generating functions to count.

4. Use the pigeonhole principle to show the existence of an event.

5. Construct a combinatorial design under given conditions.

6. Use probabilistic methods to check the existence of an event

7. Search for academic information related to combinatorics from reliable sources.

8. Present academic information related to combinatorics.

9. Provide correct citations for all needed academic sources.

a v Jd
322 - 651 AUNTIFIDYNUTLDY 3((3)-0-6)
(Partial Differential Equations)
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Fourier series; partial differential equation in rectangular coordinates; partial differential equation
in polar and cylindrical coordinates; partial differential equation in spherical coordinates; Sturm-Liouville theory; Fourier

transforms; Laplace and Hankel transform
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tudents are able to

. Apply Fourier series to represent periodic functions.

. Find solution of partial differential equations in rectangular coordinates

. Find solution of partial differential equations in polar and cylindrical coordinates

. Find solution of partial differential equations in spherical coordinates

. Understand Sturm-Liouville theory

. Find solution of partial differential equations using Fourier transform

. Find solution of partial differential equations using Laplace and Hankel transform
Search academic articles related to partial differential equations.

Clearly and accurately present academic publications on partial differential equations in English.

10. Cite academic publications for presentation correctly.
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(Numerical Analysis and Applications)
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solution of

a

Approximation theory; solution of ordinary differential equation with initial-value problem;

ordinary differential equation with boundary-value problem; approximation eigenvalue; Optimization; solution

of partial differential equation
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Students are able to

1. apply approximation techniques to various problems.

2. approximate solutions to initial value problems of ordinary differential equations.

3. approximate solutions to initial value problems of ordinary differential equations.

4. approximate eigenvalues.

5. determine optimal values.

6. approximate solutions to partial differential equations.

7. Search academic articles related to numerical analysis and applications.

8. Clearly and accurately present academic publications on numerical analysis and applications in English.

9. Cite academic publications for presentation correctly.
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(Inverse Problems)
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Examples of inverse problem; Ill-posed linear operator; regularization operator; Tikhonov
regularization; iterative regularization method
AisouanTn
1. ihlagdutiumsoa InaFadula
9 v o A 3 @ 9
2. Lmﬂﬂmmmuﬂmiﬂgaﬂnwu%
a < o
3. udtlym Iagldnanouerizngar lsmdn 1@
o 3 3 3
4. widyv Taeld3shausngan Tsidn 18
Ay a A4 9 o @ Y Y
5. ﬁ’Uﬂu‘]JVIﬂ’J']iJVIN'J‘Iﬂﬂ'Iﬂ/]LﬂU’J"U’ENﬂTJ‘ﬂi}IJW'INﬂNullﬂ
o 9 a A4 9 o o g o ' v <
6. ‘Ll'lLﬁ‘Ll’fJ"llE]lluaVl'N’J"]ﬂﬂ'li‘ﬂl,ﬂEl’JGU’é]\iﬂﬂ‘]ji‘gﬁ'lNﬂN‘LlL'iJ“L!ﬂ'I‘H'I’E'NﬂQHfJfJ'NQﬂ@]fNLlazﬂiﬂﬂﬁ&’Lﬂu
Yy a a ~q ° ) £y v
7. E]N’E]Q‘]J‘ﬂﬂ’NZJV]”N’JG]ﬂﬂWiTIGL"HGluﬂﬁu%ﬁu’ﬁ)mlﬂgﬂﬂ’é)ﬂhlﬂ
Sutdents are able to
1. Understand Ill-posed linear operator.
2. Understand regularization operator.
3. Apply Tikhonov regularization to solve problems
4. Apply iterative regularization to solve problems

5. Search academic articles related to inverse problems.

6. Clearly and accurately present academic publications on inverse problems in English.

7. Cite academic publications for presentation correctly.
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(Geometry for Mathematical Physicists I)
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Manifolds and tensors; metric tensors; covariant derivative and geodesics; curvature; Lie
derivative; conformal transformations; calculus of differential forms; geometry of Lie groups
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Students are able to

1. Perform basic calculations involved in the study of differential-geometric problems in mathematical physics.

2. Use the acquired knowledge and understanding as foundations to learn more advanced topics about
differential-geometric problems in mathematical physics from research papers.

3. Search academic databases for publications on differential-geometric problems in mathematical physics.

4. Clearly and accurately give an academic presentation in English on selected topics about differential-

geometric problems in mathematical physics.
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(Geometry for Mathematical Physicists IT)
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Integral manifolds and foliations; complex manifolds; holomorphic tensors and differential forms;

Hermitian manifolds; Kéhler manifolds; fibre bundles; connection and curvature on fibre bundles
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Students are able to



1. Perform calculations involved in the study of complex manifolds and connections on fibre bundles arising in
mathematical physics research.

2. Use the acquired knowledge and understanding as foundations to learn more advanced topics about complex
manifolds and connections on fibre bundles in mathematical physics from research papers.

3. Search academic databases for publications on complex manifolds and connections on fibre bundles in
mathematical physics context.

4. Clearly and accurately give an academic presentation in English on selected topics about complex manifolds

and connections on fibre bundles in mathematical physics.
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(Integrable Systems)
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Hamiltonian systems; symplectic manifolds; Lie symmetries and reductions; Frobenius
integrability condition; Lax pairs; soliton equations; dispersionless equations
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Students are able to
1. Perform basic calculations involved in the study of integrable systems.
2. Use the acquired knowledge and understanding as foundations to learn more advanced topics about integrable
systems from research papers.

3. Search academic databases for publications on integrable systems.

4. Clearly and accurately give an academic presentation in English on selected topics about integrable systems
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Basic concepts of mathematical dynamical systems, orbits, flows, fractals; entropy; stability;
applications.
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Students are able to

1. understand basic concepts of mathematical dynamical systems.

2. apply mathematical dynamical systems in real-world problems.

3. Search academic databases for publications on dynamical systems.

4. Clearly and accurately present academic publications on dynamical systems in English.

5. Cite academic publications for presentation correctly.
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(Stochastic Processes in Discrete Time)
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Martingales; Martingale inequality and convergence; random walks; Markov chains
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Students are able to
1. Explain and apply the fundamental concepts and properties of Martingale.
2. Apply Martingale inequalities to solve stochastic problems.
3. Use Martingale convergence theorem to solve stochastic problems.
4. Explain the meaning and properties of random walks.
5. Analyze random walks and their applications in various contexts.
6. Construct a model of real-world phenomena using Markov chains and analyze their long-term behavior.
7. Search academic databases for publications on Stochastic Processes in Discrete Time.
8. Clearly and accurately present academic publications on Stochastic Processes in Discrete Time in English.

9. Cite academic publications for presentation correctly. behavior.
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Poisson Process; continuous time Markov chains; Brownian motion
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Students are able to
1. Explain the fundamental concepts of the Poisson process and its variations.
2. Construct a model of real-world phenomena using continuous time Markov chains and analyze their long-
term behavior.
3. Explain the properties of Brownian motion and its real-world applications.
4. Search academic databases for publications on stochastic processes in continuous time.
5. Clearly and accurately present academic publications on stochastic processes in continuous time in English.

6. Cite academic publications for presentation correctly.
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(Stochastic Calculus)
D o a a 4 a a an L v 7
Uswusalaunadn aums@oyusalaundan gasvesd lalunyia mslszgnalueynus
NINMINIAY
Stochastic Integrals; stochastic differential equations; multidimensional Ito formula; application in
financial derivatives
ASoueNTn
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Students are able to
1. Explain the fundamental concepts of stochastic integrals and differential equations.
2. Solve stochastic differential equations and use Ito’s lemma in multidimensional.
3. Construct a model and price financial derivatives using stochastic calculus techniques.
4. Apply stochastic calculus to real-world problems.
5. Search academic databases for publications on stochastic calculus.

6. Clearly and accurately present academic publications on stochastic calculus in English.
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(Special Topics in Mathemetics)
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Special interesting topics in mathematics
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Students are able to
1. learn further topics in algebra.
2. search academic databases for publications on mathematics.
3. clearly and accurately present academic publications on mathematics in English.

4. cite academic publications for presentation correctly.
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(Teaching Practice Under Supervision I)
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Teaching practices in general mathematics class under supervision
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Students are able to

1. Design a lesson plan and teaching materials for a general mathematics course.

2. Facilitate learning in a general mathematics class
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(Teaching Practice Under Supervision IT)
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Teaching practices in fundamental mathematics class for students majoring in mathematics under
supervision
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Students are able to
1. Design a lesson plan and teaching materials for a fundamental mathematics course for students majoring in
mathematics.

2. Facilitate learning in a fundamental mathematics class for students majoring in mathematics.
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(Seminar I)
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Self study in Mathematics to get the skills and experiences with a presentation on the topic for
discussion
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Students are able to
1. Investigate interesting and up-to-date mathematical knowledge from respected English-language journals.
2. Present mathematical knowledge.

3. Search academic articles related to a research topic.

4. Provide correct citations for all academic sources used in the presentation.
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(Seminar II)
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Self study in Mathematics to get the skills and experiences with a presentation on the topic for discussion
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Students are able to
1. Investigate interesting and up-to-date mathematical knowledge from respected English-language journals.
2. Present mathematical knowledge.

3. Search academic articles related to a research topic.

4. Provide correct citations for all academic sources used in the presentation.
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Self study in Mathematics to get the skills and experiences with a presentation on the topic for
discussion
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Students are able to
1. Investigate interesting and up-to-date mathematical knowledge from respected English-language journals.
2. Present mathematical knowledge.

3. Search academic articles related to a research topic.

4. Provide correct citations for all academic sources used in the presentation.
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Self study in Mathematics to get the skills and experiences with a presentation on the topic for
discussion
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Students are able to
1. Investigate interesting and up-to-date mathematical knowledge from respected English-language journals.
2. Present mathematical knowledge.
3. Search academic articles related to a research topic.

4. Provide correct citations for all academic sources used in the presentation.
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(Thesis)
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Independent research work leading to a thesis on a topic or topics in Mathematics approved by the
thesis committee
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Students are able to

1. Provide a self-study exploration of a research topic of interest.
2. Develop mathematical knowledge of a research topic.

3. Write and present a research topic.

4. Search academic articles related a research topic.

5. Provide correct citations for all academic sources used in the presentation.
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(Thesis)
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Independent research work leading to a thesis on a topic or topics in Mathematics approved by the
thesis committee
Y
HLTIUAINITD

Y Y Yy v 9 au A v
1. ﬂuﬂ’JTVHﬂ’Nllgﬂ’]Uﬁulﬂﬂcluﬁ’]ﬂlﬂﬁﬁ]ﬂﬂﬁuii]llﬂ

Y s 9 a A v 9 aw 9
2. ‘Wﬁu‘lﬂﬂﬂﬂﬂﬂ’Nllg‘l/lNﬂmﬁﬁ'lﬁ@ﬁcluﬁ?"llﬂ’mﬂllﬂ

3. Weunenuaziuaueiitedte 1a
A 9 a A A 9 o v Y awv A Y
4. ﬁ‘]Jﬂu‘]J‘VIﬂ’J”IiJVIN’Jﬂﬂﬂﬁ‘ﬂmﬂ’ﬁl@ﬁﬂiJﬂ’J‘llE]’J‘ﬂEJ'ﬂﬁuslﬂmlﬂ
Y a a A o Y 9
5. mqm‘umammnmmﬁﬂi@fﬂumimmua"lﬂgﬂﬁm
Students are able to
1. Provide a self-study exploration of a research topic of interest.
2. Develop mathematical knowledge of a research topic.
3. Write and present a research topic.

4. Search academic articles related a research topic.

5. Provide correct citations for all academic sources used in the presentation.
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