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322-501 WyAdaFUdY 3((3)-0-6)
(Linear Algebra)
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Review on vector spaces; linear transformations; inner product spaces; eigenvalues and
eigenvectors; Jordan canonical forms
Y
HITIUTINIGTD
= 91&/ ci @ A A 4 a Y a
1. llﬂ’J'IIIE‘W‘L@'luLﬂEl’Jﬂ‘]JﬂﬁﬂuiJL’]ﬂm’ﬂﬁ msulaayadu Lmzﬂ?guwaﬂmmﬂu

a

2. MuamAmmzILaznnme SR MzYeuun3 ngg Fa ld

Y

o o J 2 Jou o
3. ﬂ?gﬂlm‘uUiyﬂgﬁ%@ilmu%@imﬂiﬂ“]f%ﬁ]‘iﬁmlﬂ

a J

Ay a A A Y o ;A N A '
4. ﬁ‘]Jﬂ‘LJ‘]J‘VIﬂ’J”I?JVI1\1’36151ﬂ151/ll,ﬂ8’ﬁl@\1ﬂﬂ1]ﬁgulﬂﬂkﬁﬂ‘i msulauzadu ﬂ?guwaﬂmma“lu 1
s v
Lﬂ‘W'I&’Lm%L’Jﬂm@iLﬂW"I%hlﬂ
o 9 a 44 9 o 0o A a ¥y
5. H"I!ﬁuﬂ"ll@ll“fﬁ/]N’J‘]ﬂﬂ'lﬁ/llﬂEJ’J"’UENﬂ‘]JW"]fﬂmm‘HQLﬁuVlﬂ
Y a a Aq W ° Y Y
6. ?)1\1’0\‘1‘]_|1/lﬂ’313\l1m\13"]ﬂﬂ1‘51’11%11&ﬂ1§1«!1£ﬁ1«!@1ﬂ681\3@ﬂ9‘]@\1
Students are able to
1. Know basic concepts of vector spaces, linear transformations, and inner product spaces.
2. Compute eigenvalues and eigenvectors of any square matrices.
3. Find the Jordan canonical form for square matrices.
4. Search academic articles related to vector spaces, linear transformations, inner product spaces, eigenvalues
and eigenvectors, and Jordan canonical form of square matrices.

5. Present academic information on linear algebra.

6. Provide correct citations for all academic sources used in the presentation.
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(Abstract Algebra)
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Groups; group actions; Sylow theorems; rings; ideals; integral domains; principal ideal domains;
unique factorization domains; polynomial rings; fields
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tudents are able to

. Identify the algebraic structures as groups, rings, ideals and fields.

. Describe subgroup structures of a finite group by applying the Sylow theorems;

. Solve problems involving groups, rings and fields.

4. Give examples of subgroups, group homomorphisms, and group isomorphisms.

5

. Give examples of rings, ring homomorphism, ring isomorphism, ideals, integral domains, principal ideal

domains, unique factorization domains and polynomial rings.

6
7
8
9
1

. Give examples of fields, finite fields and field isomorphisms.

. Prove statements that are consequences of the standard theorems of group theory, ring theory and field theory.

. Search academic articles related to algebraic structures, groups, rings, ideals, and fields.
. Present academic information on groups, rings, ideals, and fields.

0. Provide correct citations for all academic sources used in the presentation.
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Measure; Lebesgue integral; differentiation and integration; Absolute continuity; Function of

bounded variation
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Students are able to
1. Understand the basic concepts of measures and their properties.
2. Explain the steps involved in constructing a measure.
3. Explain the procedures for defining Lebesgue integrals and understand basic properties of Lebesgue integrals.
4. Understand the basic concepts of differentiation and integration together with their basic properties.
5. Explain the definition and understand some basic properties of an absolutely continuous function.
6. Understand the concepts of functions of bounded variation.
7. Search academic articles related to measures and Lebesgue integrals.
8. Present academic information on measures and Lebesgue integrals.
9. Provide correct citations for all academic sources used in the presentation.
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(Differential Equations)
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Existence and uniqueness of solutions; linear systems; boundary value problems; stability;
perturbation of linear systems
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Students are able to
1. State and apply fundamental existence and uniqueness theorems for differential equations.

2. Analyze the behavior of solutions near equilibrium points.

3. Determine conditions for the existence of unique solutions to initial value problems.
4. Search academic articles related to differential equations.
5. Present academic information on differential equations.

6. Provide correct citations for all academic sources used in the presentation
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Elementary concepts; transformation semigroups; simple semigroups; regularity; inverse
semigroups; Green’s relations; generalizations of semigroups; applications
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Students are able to
1. Explain the concepts of transformation semigroups, simple semigroups, regular semigroups, inverse
semigroups, Green's relations, and generalizations of semigroups.
2. Write a correct and rigorous mathematical proof about transformation semigroups, simple semigroups, regular
semigroups, inverse semigroups, Green's relations, and generalizations of semigroups.
3. Present academic information on transformation semigroups, simple semigroups, regular semigroups, inverse
semigroups, Green’s relation and generalizations of semigroups.
4. Search academic articles related to transformation semigroups, simple semigroups, regular semigroups,
inverse semigroups, Green’s relation and generalizations of semigroups.

5. Provide correct citations for all academic sources used in the presentation.
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(Coding Theory)
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Error detection and correction; encoding and decoding; linear codes; bounds of codes; finite fields;
cyclic codes and special cyclic codes; applications
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Students are able to

1. Explain the concepts of error detection and correction.

2. Explain the concepts of encoding and decoding.

3. Explain the structure and properties of linear codes, including the use of matrices for code verification and
construction.

4. Explain the meaning and importance of the bounds of codes.

5. Understand the concept of finite fields and be able to apply it in the context of coding.

6. Explain the structure and properties of cyclic codes, and apply special cyclic codes to solve problems related
to data transmission.

7. Search for related academic articles.

8. Present related academic information accurately and appropriately.

9. Cite the academic articles used in the presentation properly.
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Analytic functions; integration; sequences and series; residue and poles; conformal mappings;
normal families; Riemann mapping theorem; infinite products; harmonic functions
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Students are able to

1. Explain the concepts of analytic functions, integration, sequences and series, residue and poles, conformal
mappings, normal families, Riemann mapping theorem, infinite products, and harmonic functions.

2. Write a correct and rigorous mathematical proof about analytic functions, integration, sequences and series,
residue and poles, conformal mappings, normal families, Riemann mapping theorem, infinite products, and harmonic
functions.

3. Search for related academic articles.

4. Present related academic information accurately and appropriately.

5. Cite the academic articles used in the presentation properly.
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(General Topology)
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Product spaces; quotient spaces; fundamental group
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Students are able to
1. Explain the definition, give some examples, and understand some properties of product spaces.
2. Search academic articles related to product spaces, quotient spaces and fundamental group.
3. Present academic information on product spaces, quotient spaces and fundamental group.

4. Provide correct citations for all academic sources used in the presentation.
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(Differentiable Manifolds)
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Differentiable Manifolds; tangent spaces; vector fields; submanifolds; embeddings; tensors;
differential forms; integration on manifolds
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Students are able to
1. Explain important concepts of differentiable manifolds, related geometric structures and integration on
manifolds.
2. Write mathematical proofs and perform calculations which are relevant to the study of differentiable
manifolds, related geometric structures and integration on manifolds.
3. Search academic databases for publications on differentiable manifolds.
4. Give an academic presentation on selected topics about differentiable manifolds and cite the reference articles

accurately.
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(Mathematical Model)
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Differential equations; process of modeling; model classification; discrete modeling and steady-

state analysis; continuous modeling and steady-state analysis; bifurcation analysis
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Students are able to
1. Explain the process of creating a simple model.
2. Construct discrete mathematical models and analyze the equilibrium points.
3. Construct continuous mathematical models and analyze the equilibrium points.
4. Analyze bifurcation.
5. Search academic articles related to mathematical model.
6. Present academic information on mathematical model.
7. Provide correct citations for all academic sources used in the presentation.
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(Fourier Analysis)
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Pointwise and L"p-convergence of Fourier series, convolution and
approximate identities, convergence and summability of Fourier transforms,
the Plancherel theorem, distribution spaces, Fourier transform and convolution
of distributions, discrete Fourier transform.
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Students are able to

1. Analyze the pointwise and L"p-convergence of Fourier series for different classes of functions.

2. Analyze the convergence and summability properties of Fourier transforms.

3. Apply Fourier series to represent periodic functions and solve problems in various fields (e.g., signal
processing, heat conduction).

4. Apply convolution to smooth functions and approximate the Dirac delta function.

5. Search academic articles related to fourier analysis.

6. Present academic information on fourier analysis.

7. Provide correct citations for all academic sources used in the presentation.
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(Introduction to Optimization Theory)
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Multivariable calculus; one-dimensional search methods; gradient methods; Newton’s method,
conjugate direction methods; quasi-Newton methods; convex optimization
Y
HLTIUAINITD
o E2

{ o o s o 79 v a s '
1. ‘Lﬂﬂ’ﬂllglﬁEJ’]ﬂ’lJLl,ﬂaQﬁﬁﬂl’t’]ﬂﬂﬁﬂ%uﬁaw@l’JLL’]Jiiﬂﬂig’,im@lal‘ﬂuﬂ'ﬁuﬂﬂﬂluﬁHlaz’Jmﬂ%WﬂﬂJVHﬂi

mzaungala

a

A g Y o Y ax

) Jou o = Y ax an J = @
2. 3Lﬂ§1$ﬂl!ﬁ$ﬂ1ﬂ1@l1ﬁ:{ﬂ/§j\1q@] VoIlanTUA5IA8IA 87 TAT AL T 1FOUNUT A8 s NtHIE Ui

a

Tymld

3. Ansziuasmmga/gage veslasdunatedaulsde3sas uas 3t e uius §r35 nimumzauiy
Tymla

4. W sunsumendinenaadimonddamminggaisa 4 18

Students are able to

1. Apply knowledge of calculus for multivariable functions to solve and analyze optimization problems.

2. Analyze the minimum/maximum values of a single-variable function using direct methods and gradient-based
methods appropriately to the problems.

3. Analyze the minimum/maximum values of multivariable functions using direct methods and gradient-based

methods appropriately to the problems.

4. Use mathematical software to solve various optimization problems.
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(Numerical Linear Algebra)
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Direct methods for linear systems; linear least square problems; iterative methods for solving linear
systems; eigenvalue problems
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Students are able to
1. Solve linear systems using direct methods such as Gaussian elimination, LU decomposition and SVD.
2. Analyze the computational complexity and numerical stability of direct methods.
3. Solve linear least squares problems using QR factorization and SVD.
4. Apply iterative methods such as Jacobi, Gauss-Seidel, and conjugate gradient methods to solve linear
systems.
5. Analyze the convergence properties of iterative methods.
6. Compute eigenvalues and eigenvectors using direct methods such as the QR algorithm.
7. Investigate the stability of eigenvalues and eigenvectors under minor perturbations in the matrix.
8. Search academic articles related to numerical linear algebra.
9. Present academic information on numerical linear algebra.

10. Provide correct citations for all academic sources used in the presentation.
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(Linear Programming)
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Two-dimensional linear programming; convex polyhedra; standard form; basic solutions and their

properties; geometric view of linear programming; simplex method; duality; sensitivity analysis; nonsimplex method
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Students are able to
1. Construct a two-dimensional linear programming and identify the convex polyhedra of its solutions.
2. Transform a linear program into a standard form.
3. Find basic solutions and state their properties.
4. Solve a linear program using the simplex method and explain its geometric view.
5. Find the dual of a linear program.
6. Perform sensitivity analysis to a linear program.
7. Solve a linear program using a nonsimplex method
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(Probability Theory)
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Probability spaces; random variables and distributions; conditional distributions; independence;
conditional expectation; moment generating functions and characteristics functions; central limit theorem
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Students are able to
1. Understand concepts of probability, random variables and their distributions, including conditional
distribution.
2. Understand concepts of independence, conditional expectations, moment generating functions and

characteristic functions.



3. Interpret and apply the central limit theorem.

4. Search academic articles related to probability spaces, random variables and their distributions, conditional
distributions, moment generating functions and characteristic functions.

5. Present academic information on probability theory.

6. Provide correct citations for all academic sources used in the presentation.
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(Special Topics in Mathematics)
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Special interesting topics in Mathematics or applied Mathematics
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Students are able to
1. Study advanced topics in the selected areas of mathematics.
2. Search academic databases for publications on mathematics.
3. Present academic publications on mathematics.

4. Provide correct citations for all academic sources used in the presentation.
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(Seminar I)
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Self study in Mathematics 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 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 I1I)
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Self study in Mathematics 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.
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