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Real Analysis Qualifying Exam Syllabus

L Euclidean n-space R"

1. Elementary point set topology.

2. Riemann and Improper Riemann integral.
3. Borel and Lebesgue measures.

4. Lebesgue integral.

II. ~ Measure and Integration Theory

Measure spaces, Completion of measure space.
Measurable functions.

Integration theory.

Convergence theorem.

Signed measures.

Radon-Nikodym theorem.

L7 -spaces.

Outer measure.

o R I S S

. Lebesgue integral
10.Lebesgue-Stieltjes integral.
11.Product measures.
12.Fubini theorem.

IlI. Abstract Spaces

Metric space and its elementary properties.
Ascoli-Arzela theorem.
Arzela-Ascoli theorem

Stone-Weierstrass theorem.

Normed spaces
Holder and Minkowski inequalities

R I S SR

Metric spaces and its elementary properties

CELETRITEET T

Abstract topological spaces and its elementary properties.

10. Banach spaces, Hilbert spaces and their related properties

[References]
1. L. Royden, Real Analysis

AR08 #0107 30 p &g

Normed linear spaces, Banach spaces, Hibert spaces and their related properties.

2. R. Wheeden & A. Zygmund, Measure and Integral, CRC Pure and Applied Mathematics, 2nd edition
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Differential Equations Qualifying Exam Syllabus

L Fundamental Theory

1. Existence of solutions

2. Uniqueness of solutions

3. Continuity of solutions with respect to parameters
4. Comparison theorems

II. Linear Systems

Homogeneous and nonhomogeneous systems

Linear system with constant coefficients

Linear system with periodic coefficients (Floquet theory)
Oscillation theorems

A e

Asymptotic behavior of solutions
III.  Stability

1. Fundamental stability theorems
2. Instability theorem
3. Lyapunov stability

IV.  Periodic solutions of systems

1. Poincaré-Bendixon theory (n=2)
2. Periodic solutions of nonhomogeneous linear systems

V. Second order linear differential equations

1. Boundedness theorems
2. Asymptotic behavior of solutions

[References]
1. R.Bellman, Stability Theory of Differential Equations
2. Ravi P. Agarwal and Donal O’Regan, An Introduction to Ordinary Differential Equations
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Numerical Analysis Qualifying Exam Syllabus

1. Systems of Linear Equations:
Matrix algebra, The LU and Cholesky factorizations, Pivoting and construction and algorithm,
Norms and the analysis errors, Neumann series and iterative refinement, solution of equations by
iterative methods, steepest descent and conjugate gradient methods

2. Approximating functions:
Polynomial Interpolation, orthogonal polynomials, Spline Interpolation, B-Splines, Taylor Series,
trigonometric interpolation and fast Fourier transform

3. Nonlinear equations:
Bisection method, Newton’s method, Secant method, Fixed points and Functional iteration,
computing zeros of polynomials, Homotopy and continuation method

4.  Eigenvalue Problems:
Jordan Normal form, Schur Normal form, Hermitian and Normal matrix, Reduce matrix to simpler
form, compute of eigenvalue and eigenvectors

5. Numerical Differentiation and Integration:
Numerical differentiation and Richardson extrapolation, Gaussian quadrature, Romberg integration,
adaptive quadrature, Sard’s theory of approximating functions

6.  Numerical solution of ordinary differential equations:
Existence and Uniqueness of solutions, Taylor-series method, Runge-Kutta Methods, Multi-step
method, Finite-difference methods

7. Numerical solution of partial differential equations:
Explicit methods and Implicit methods, Finite-Difference Methods, Galerkin and Ritz Methods.
Multigrid Method

[References]
1. Stoer and Bulirsch, Introduction to Numerical Analysis.

2. Kincaid and Cheney, Numerical Analysis.
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Mathematical Statistics Qualifying Exam Syllabus

[.  Probability models

1.
2.
3.

Sample Spaces, Events
Probability Axioms
Conditional Probability and Independence

II. ~Random Variables, Random Vectors and Their Distributions

AN

Density Functions, Distribution Functions

Bivariate distributions, Multivariate Distributions

Expectation, Moments of a Distribution, Moment Generating Functions
Conditional Expectation

Distributions of Functions of Random Variables

.  Some Parametric Families

AN

6.

Normal Distribution

Distributions Associated with Bernoulli Trials
Distributions Associated with Poisson Process
Distributions Associated with Normal Distribution
Multinomial Distributions

Bivariate Normal Distribution

IV.  Asymptotic Distributions

1.
2.
3.

Convergence in Probability and Distribution
The Weak Law and the Central Limit Theorem
Continuous Functions and Slutzky’s Theorem

V.  Estimation

1.
2.
3.

Maximum Likelihood Estimators
Unbiased Estimators, Consistent Estimators, Efficient Estimators
Confidence Intervals

VI.  Optimal Tests

1. Randomized Tests, Nonrandomized Tests

2.

Power Function

3. Uniformly Most Powerful Tests

4.

Likelihood Ratio Tests

VII. Sufficient Statistics

1.

Definition and Criteria for Sufficiency

2. Minimal and Complete Sufficient Statistics

3. Uniformly Minimal Variance Unbiased Estimators

[References]
Steven F. Arnold, Mathematical Statistics
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Operations Research Qualifying Exam Syllabus
1.  Mathematical modeling

operations research modeling approach, maximization & minimization problem, classic applicationforms:
allocation & blending models, operations planning & shift scheduling models

2. Linear programming and its dual
the simplex method, duality theorems, complementary slackness conditions, sensitivity analysis,
parametric programming

3. Transportation problem
balanced /unbalanced transportation problem, transshipment problem

4.  Advanced LP techniques
upper-bounded simplex, column generation method, Karmarkar’s method

5. Network flow problems
network simplex method, maximal flow /minimal cost flow problem

6.  Dynamic programming
EOQ inventory models, probabilistic inventory models

7.  Integer programming
branch and bound method, cutting plane algorithm

8. Markov chains
classification of states, steady-state probabilities, the hitting time

9.  Queueing models
M/M/1, M/G/1, G/M/1, Er/Er/1, Ph/Ph/1 models

10. Queueing networks
Jackson networks and their applications

11. Nonlinear programming
Lagrange multipliers, K-K-T conditions, Unconstrained problems

[References]

1. Hamdy A. Taha, “Operations Research, An Introduction”Pearson Education, 2007.

2. 123.()Sd4Hillier and G. J. Lieberman, “Introduction to Operations Research”McGraw- Hill Science,
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Applied Algebra Qualifying Exam Syllabus

Group Theory:

L.

2.
3.
4.

Basic materials in group theory, such as subgroups, three isomorphism theorems, Jordan-
Holder theorem, Lagrange’s theorem, Cayley’s theorem, Sylow’s theorems and applications,
fundamental theorem for finitely generated abelian groups

Linear groups (GL(n, F') and SL(n, F))
Groups actions

Symmetric groups, free groups, nilpotent and solvable groups, simple groups

Rings and Modules:

L.

4.

5.
6.

Basic materials in ring theory, such as ideals, quotient rings, ring homomorphisms, polynomial
rings, Euclidean domains, principal ideal domains, unique factorization domains,Gauss’s lemma,
local rings, localization, Nakayama’s lemma, integral ring extensions. Dedekind domains,
matrix rings, division rings

. Prime ideals and maximal ideals, Chinese remainder theorem,

Chain conditions, Noetherian rings

Basic materials in module theory, such as modules, module homomorphisms, quotient
modules, free modules

Finitely generated modules over a PID
Torsion modules, primary components, invariance theorem

Field Theory:

1.

Field extensions, primitive element theorem, splitting fields, algebraic closure, field embeddingsand
automorphisms solvability by radicals, Hilbert’s theorem 90, norms and traces

2. Galois extensions, Galois groups, fundamental theorem of Galois theory

3.

Finite fields

IV. Representations of Finite Groups:

1.

Representations, characters, group algebras, orthogonality relations

2. Induced representations, Frobenius reciprocity, Burnside’s theorem, representations of
symmetric groups
V. Applications:
1. Codes
2. Cryptography, public-key cryptography, discrete logarithms, elliptic curves and cryptography
3. Polynomial algorithms and fast Fourier transforms.
[References]
1.  Artin, M.: Algebra, Prentice Hall, 1991.
2. Hungerford, T. W.: Algebra, Springer, 1980.
3. Lang, S.: Algebra, 3rd ed., Springer, 2002.
4.  Hardy, D.W., Richman, F. & Walker, C. L.: Applied Algebra: Codes, Ciphers and Discrete

Algorithms, 2nd ed., Chapman & Hall, 2009.



10.

Combinatorics Qualifying Exam Syllabus

Graphs

Terminology of graphs and digraphs, Eulerian circuits, Hamiltonian circuits

Trees

Cayley’s theorem, spanning trees and greedy algorithms, search trees, strong connectivity

Colorings of graphs and Ramsey’s theorem

Brooks’ theorem, Ramsey s theorem and Ramsey numbers, the Lo 'vasz sieve, the Erdo’s-Szekeres
theorem

Systems of distinct representatives

Bipartite graphs, Hall's condition, SDRs, Ko nig’s theorem, Birkhoff's theorem

Dilworth’s theorem and extremal set theory

Partially ordered sets, Dilworth’s theorem, Sperners theorem, symmetric chains, the Erdo’s-Ko- Rado
theorem

Flows in networks

The Ford-Fulkerson theorem, the integrality theorem, a generalization of Birkhoff's theorem, cir-
culations

The principle of inclusion and exclusion; inversion formulae

Inclusion-exclusion, derangements, Euler and Mo bius function, Mo bius inversion,
Burnside s lemma, proble 'me des me 'nages

Permanents

Bounds on permanents, Schrijver’s proof of the Minc conjecture, Fekete s lemma, permanents of doubly
stochastic matrices

The Van der Waerden conjecture

The early results of Marcus and Newmann, London's theorem, Egoritsjev’s proof

Elementary counting; Stirling numbers

Stirling numbers of the first and second kind, Bell numbers, generating functions



11.

12.

13.

14.

15.

16.

17.

18.

Recursions and generating functions

Elementary recurrences, Catalan numbers, counting of trees, Joyal theory, Lagrange inversion

Partitions

The function pk(n), the partition function, Ferrers diagrams, Eulers identity, asymptotics, the Jacobi
triple product identity, Young tableaux and the hook formula

Latin squares

Orthogonal arrays, conjugates and isomorphism, partial and incomplete Latin squares, counting Latin
squares, the Evans conjecture, the Dinitz conjecture

Hadamard matrices; Reed-Muller codes

Hadamard matrices and conference matrices, recursive constructions, Paley matrices, Williamson's
method, excess of a Hadamard matrix, first order Reed-Muller codes

Designs
The Erdo’s-De Bruijn theorem, Steiner systems, balanced incomplete block designs, Hadamard
designs, counting, (higher) incidence matrices, the Wilson-Petrenjuk theorem, symmetric designs,

projective planes, derived and residual designs, the Bruck-Ryser-Chowla theorem, constructions of
Steiner triple systems

Gaussian numbers and g-analogues

Chains in the lattice of subspaces, g-analogue of Sperner s theorem, interpretation of the coeffi- cients
of the Gaussian polynomials, spreads

Lattices and Mébius inversion

The incidence algebra of a poset, the Mo "bius function, chromatic polynomial of a graph, Weis- ners
theorem, complementing permutations of geometric lattices, connected labeled graphs, MDS codes

Poélya theory of counting
The cycle index of a permutation group, counting orbits, weights, necklaces, the symmetric group,

Stirling numbers

[References]

1. J. H. van Lint and R. M. Wilson. 4 Course in Combinatorics, second edition, Cambridge
Univer-sity Press, 2001.
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Advanced Probability Qualifying Exam Syllabus

1.  Measure and Probability Space

2. Random Variables and distributions
3.  Expected value

4.  Random variables

5.  Independence

6.  Laws of large numbers

7. Convergence of random series

8. Weak convergence (convergence in distribution)
9.  Characteristic functions

10. Central limit theorems

11. Markov chains and Random walks
12. Stationary measures

13.  Recurrence and transience

14. Conditional expectation

15. Martingales, almost sure convergence
16. Doob’s inequality, Conditional in 1
17. Uniform integrability

18. Convergence in L'

19. Definition and construction Brownian Motion

[References]

1. Richard Durrett, Probability: Theory and Examples, 4rd ed
2. Kai Lai Chung, A Course in Probability Theory, 2nd edition
3. Achim Klenke, Probability Theory: A comprehensive course

4. John B. Walsh, Knowing the Odds: An Introduction to Probability
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%+ 24 p . Calculus, Salas, Hille and Etgen

TRAL S

1. Limits and continuity
definition of limit, some limit theorems, continuity, the intermediate-value theorem, the extreme-
value theorem

2. Derivatives
the derivative of a function, some differentiation formula, rates of change, the chain rule, derivatives
of trigonometric functions, implicit differentiation, rational powers

3. Applications of derivatives
the mean-value theorem, increasing and decreasing functions, local extreme values, absolute extreme
values, some max-min problems, concavity and points of inflection, vertical and horizontal
asymptotes, some curve sketching, related rates of change, differentials, Newton-Raphson
approximation

4. Integration
definite integrals, the fundamental theorem of integral calculus, some area problems, indefinite
integrals, integration by substitution, properties of the definite integral, mean-value theorems for
integrals, average value of a function

5.  Applications of the integrals
areas between curves, volume by parallel cross sections, disks and washers, volume by the shell
method

6. Transcendental functions
the logarithm function, the exponential function, arbitrary powers, other bases, exponential growth
and decay, the inverse trigonometric functions, the hyperbolic sine and cosine

7. Techniques of integration
integration by parts, partial fractions, trigonometric substitutions, numerical integration

8.  Sequences, indeterminate forms, improper integrals
the least upper bound axiom, sequences, limit of a sequence, the indeterminate form (0/0), the
indeterminate form (oo /o), other indeterminate forms, improper integrals

9. Infinite series
infinite series, the integral test, basic comparison and limit comparison, the root test, the ratio test,
absolute convergence and conditional convergence, alternating series, Taylor and Maclaurin series,
power series, differentiation and integration of power series

10. Functions of several variables
elementary examples, graphs, level curves and level surfaces, partial derivatives, limits and
continuity, equality of mixed partials

11. Gradients, extreme values, differentials
differentiability and gradient, gradient and directional derivatives, the mean-value theorem, the chain
rule, tangent lines and tangent planes, local extreme values, absolute extreme values, maxima and
minima with side conditions, differentials

12. Multiple integrals

double integrals, the evaluation of double integrals by repeated integrals, double integrals in polar
form, triple integrals, triple integrals in cylindrical and spherical coordinates, Jacobians, changing
variables in multiple integration



WA LA 0 3B #4258 (Computer Programming)
= R
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%+ % p : Think Python: How to think like a computer scientist, 2nd ed., 2016.
Python programming: An introduction to computer science, 3rd ed., 2016.
AR L
1. Understanding programming concepts:
basics of algorithmic thinking and problem-solving, choosing the right programming language for a
task.
2. Programming fundamentals:
variables, data types, basic operations, I/O operations and control flow.
3. Functions and modular programming:
functions and procedures, function parameters and return values, modular programming and code
organization, building modular programs with functions.
4. Data structures and algorithms:
arrays and lists, stacks and queues; trees and graphs, basic algorithms: sorting and searching.
5. Object-oriented programming (OOP):
OOP concepts, classes and objects, inheritance and polymorphism, design principles and patterns.
6. Data visualization:
function plot, basics of data visualization, tools and libraries for data visualization.
7.  Debugging and error handling:
strategies for debugging and troubleshooting, unit testing and test-driven development, handling errors

and exceptions, performance optimization techniques.
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%+ % P ! Linear Algebra, Friedberg, Insel and Spence, 4th ed.

Linear Algebra and Its Applications, Strang, 3rd ed.
AR L

1.

Vector spaces:

vector spaces, subspaces, linear combinations, linear dependence, linear independence, bases,
dimension.

Linear transformations and matrices:

linear transformations, null spaces, ranges, matrix representations, change of coordinate.
System of linear equations:

linear systems, elementary row operations, ranks of matrices and linear transformations, solve linear
systems.

Determinants

properties of determinants, Cramer's rule.

Diagonalization

eigenvalues, eigenvectors, Cayley-Hamilton theorem, Jordan canonical from

Inner product spaces.

gram-Schmidt orthogonalization process, adjoints of linear operators, spectral theorem, positive

definite matrices.
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PAT LA T B % Mt A (Advanced Calculus)

23 SN ;i

508 4/4

%+ % P  Principles of Mathematical Analysis, Rudin, 3rd ed.

Mathematical Analysis, Apostol, 2nd ed.
AR L

1.

10.

The real and complex number systems:

ordered sets, fields, the real field and complex fields, the extended real number system, Euclidean
spaces.

Basic topology:

finite, countable and uncountable sets, metric space, Euclidean norm and metric, open and closed sets,
limit points/accumulation points, compactness, perfect sets, connectedness, Heine-Borel theorem.
Sequences and series:

sequences in metric space, limit of sequence, convergence of sequence, subsequences, Cauchy
sequences, complete metric space, upper and lower limits, series, series of nonnegative terms, absolute
and conditional convergences, the natural constant e, convergence tests for series, power series,
multiplication of series, rearrangement, infinite product.

Continuity:

limits of functions, continuous functions, continuity and compactness, uniform continuity, intermediate-
value theorem, continuity and connectedness, fixed-point theorem, discontinuities, monotone functions,
infinite limits and limits at infinity.

Difterentiation:

Derivatives of real functions, mean-value theorem, continuity of derivatives, L’Hospital’s rule,
derivatives of higher order, Taylor’s theorem, differentiation of vector-valued functions.

The Riemann-Stieltjes integral:

functions of bounded variation, rectifiable curves, definition and existence of the integral, properties of
the integral, integration and differentiation, integration of vector-valued function.

Sequences and series of functions:

uniform convergence, Weierstrass M-test, uniform convergence and continuity, uniform convergence
and integration, uniform convergence and differentiation, equicontinuity, Stone-Weierstrass theorem.
Multivariable differential calculus:

differentiation, total derivatives, partial derivatives, directional derivatives, linear transformation,
differentiability, inverse function theorem, implicit function theorem, rank theorem.

Integration of differentiation forms:

integration, primitive mappings, partition of unity, change of variables, differential forms, Stokes'

theorem, closed forms, exact forms.



WAL L AL ¢ 53 (Probability Theory)

23 SN ;i

it 3/0

%% 24 P ! Probability and Stochastic Processes, Yates and Goodman, 2nd ed.
B S A

1.

Experiments, models, and probabilities:

set theory, applying set theory to probability, probability axioms, some consequences of the axioms,
conditional probability, independence, sequential experiments and three diagrams, counting methods,
independent trials, reliability problems.

Discrete random variables:

definitions, probability mass function, families of discrete random variables, cumulative distribution
function, averages, function of a random variable, expected value of derived random variable, variance
and standard deviation.

Continuous random variables:

the cumulative distribution function, probability density function, expected values, families of
continuous random variable, Gaussian random variables.

Pairs of random variables:

joint cumulative distribution function, joint probability mass function, marginal PMF, joint probability
density function, marginal PDF, functions of two random variables, expected values, conditioning by a
random variable, independent random variables, bivariate Gaussian random variables.

Stochastic processes:

definitions and examples, types of stochastic processes, random variables from random processes,
independent and identically distributed random sequences, the Poisson process, properties of the
Poisson process, the Brownian motion process, expected value and correlation, stationary processes,
wide sense stationary stochastic processes, cross-correlation, Gaussian processes.

Markov chains:

discrete-time Markov chains, discrete-time Markov chain dynamics, limiting state probabilities for a

finite Markov chain, state classification.



PAT LA k3t & (Statistics)
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%% 24 p ! Mathematical Statistics with Applications, Wackerly, Mendenhall and Scheaffer, 7th ed.
AT B

1. Random variables and their probability distribution:
random variables, probability distributions, expected values and variances, moments, generating
functions, multivariate probability distributions.

2. Functions of random variables:
distributions of functions of random variables, transformations and order statistics.

3. Sampling distribution and the central limit distribution:
sampling distributions, central limit theorem, normal approximation.

4. Estimation:
bias and mean square error of point estimators, unbiased point estimators, goodness, confident intervals
for means and variances.

5. Methods of estimation:
relative efficiency, consistency, sufficiency, minimum variance unbiased estimation, method of
moments, method of maximum likelihood.

6. Hypothesis testing:
concept of hypothesis tests, tests for mean and variances, power test, likelihood ratio test.

7. Linear models and estimation by least squares:
linear models, method of least squares, inferences, correlation, simple regression models, multiple
linear regression models.

8. Analysis of variance:
experiment design, one-way ANOVA analysis, the randomized block design, two-way ANOVA
analysis.

9. Analysis of categorical data:
chi-square test, goodness-of-fit test, test of the equality, test of the independence.

10. Nonparametric statistics:
sign test, Wilcoxon signed-rank test, Wilcoxon rank-sum test, Mann-Whitney U test, Kruskal-Wallis

test, Friedman test, run test, rank correlation test.



AR L AL s 2 A2(Differential Equations)
R D 0%
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”
%

¥ % p @ Differential Equations, Ross, 3rd ed.

Elementary Differential Equations, Rainville, Bedient and Bedient, 8th ed.
AR W

1.

Differential equations and their solutions:

classification of differential equations, initial-value problems, boundary-value problems, existence of
solutions.

First-order equations:

exact equations, separable equations, homogeneous equations, linear equations, Bernoulli equations,
integration factors.

Linear differential equations:

basic theory of linear differential equations, linear equation with constant coefficients, the method of
undetermined coefficients, variation of parameters, the Cauchy-Euler equation.

Linear systems of equations:

basic theory of linear systems, linear systems with constant coefficients, the operator method, the
matrix method.

The Laplace transform:

definition and basic properties of the Laplace transform and the inverse transform, solving differential
equations by Laplace transform.

Power series solutions:

power series solutions about an ordinary point, solutions about singular point.



A L AL - Bcie A~ 47 (Numerical Analysis)

23 SN ;i

5 a8 3/0

%% 2 p ! Scientific Computing, Heath, 2nd ed., 2002,

Introduction to Scientific Computing, Van Loan, 2nd ed., 2000
AL B

1.

Computer Arithmetic:

machine numbers, roundoff error, stability and conditioning, mathematical software, precision and
accuracy.

Systems of linear equations:

sensitivity and conditioning, Gaussian elimination, special types of linear systems, iterative methods,
LU decomposition, computational complexity.

Linear least squares:

least squares approximation, sensitivity and conditioning, orthogonal projection, QR factorization,
singular value decomposition, problem transformations.

Matrix eigenvalue problems:

eigenvalues and eigenvectors, spectral theorems, sensitivity and conditioning, problem transformations,
computing eigenvalues and eigenvectors, QR iteration, computing the SVD.

Nonlinear equations:

Newton's method, fixed-point iteration, convergence rates, stopping criteria, systems of nonlinear
equations, Little O and Big O notations.

Numerical integration and differentiation:

Newton-Cotes formulas, Gaussian quadrature formulas, error estimation, Richardson extrapolation.
Partial differential equations:

time-dependent problems, time-independent problems, finite difference methods, iterative methods for
linear systems.

Regression and curve fitting:

linear regression, high-order regression, polynomial interpolation, splines.



WA F AL 0 AF % s (Complex Analysis)
Bk e k=
gr#:0/3
%+ % p @ Complex Analysis, Bak and D. Newman, Undergraduate Texts in Mathematics,
Springer, New York, third edition, 2010. MR2675489, Zbl:1205.30001, doi:10.1007/978-1-4419-7288-0.
Complex Analysis, Freitag and R. Busam, Universitext, Springer-Vergag, Berlin, second edition, 2009.
MR2513384, Zbl:1167.30001, doi:10.1007/978-3-540-
93983-2.
TRA S L
1. The complex numbers:
definition of complex plane, topological aspects (focus on Euclidean topology).
2. Differentiation:
complex derivative and Cauchy-Riemann equation, power series, exponential, sine and cosine
functions.
3. Integration:
the fundamental theorem of line integral, Cauchy closed curve theorem.
4. Properties of analytic functions:
cauchy integral formula, Liouville theorem, fundamental theorem of algebra, Morera theorems.
5. Laurent series and the Cauchy residual theorem:
riemann's principle of removable singularities, Cauchy residue theorem, some applications in
combinatorics: Egorychev method.
6. Some special analytic functions:
the complex logarithmic function, infinite products and Weierstrass product theorem, the Gamma

function: an extension of factorial function.



AR LA TE#F (Operations Research)
Bk e k=
g 08 3/0
%+ % p ! Introduction to Operations Research, F. S. Hillier and G. J. Lieberman.
Operations Research, An Introduction, Hamdy A. Taha.
AR L
1. Mathematical modeling:
operations research modeling approach, maximization and minimization problems, classic application
forms, allocation and blending models, operations planning and shift scheduling models.
2. Linear programming and its dual:
the simplex method, duality theorem, complementary slackness conditions, sensitivity analysis.
3. Transportation problems:
balanced and unbalanced transportation problems, transshipment problems.
4. Network flow problems:

network simplex method, maximal flow and minimal cost flow problems.



AR LA 3Ac#cd (Discrete Mathematics)

Bk e k=

gr#:0/3

%+ % p : Discrete Mathematics and its Applications, Kenneth H. Rosen.

Discrete Mathematics, Johnsonbaugh.

Discrete Mathematical Structure, Kolman, Busby, and Ross.

A L

1. Counting methods and the pigeonhole principle:
basic principles, permutations and combinations, algorithms for generating permutations and
combinations, introduction to discrete probability, generalized permutations and combinations,
binomial coefficients and combinatorial identities, the pigeonhole principle.

2. Recurrence relations:
introduction, solving recurrence relations, applications to the analysis of algorithms.
Inclusion-exclusion and applications of inclusion-exclusion.

4. Relations:
relations and their properties, n-ary relations and their Applications, representing relations , closures of
relations , equivalence relations and partial ordering.

5. Graph theory:
introduction, paths and cycles, Hamiltonian cycles and the traveling salesperson problem, a shortest-
path algorithm, representations of graphs, isomorphisms of graphs, planar graphs, instant insanity.

6. Trees:
introduction, terminology and characterizations of trees, spanning trees, minimal spanning trees, binary

trees, tree traversals, decision trees and minimum time for sorting, isomorphisms of trees, game tree.



PAT LA s (Algebra)

Bk e k=

gr#c:3/0

%+ % B @ AFirst Course in Abstract Algebra, John B. Fraleigh.
Contemporary Abstract Algebra, Gallian, 6th ed., 2006.

TRAR S ML

1.

Group theory:

introduction to groups, groups, finite groups, subgroups, cyclic groups, permutation groups,
isomorphisms, Cayley's theorem, automorphisms, cosets and Lagrange's theorem and consequences,
external direct products of groups, normal subgroups and factor groups, Cauchy’s theorem for abelian
groups, internal direct products of groups, group homomorphisms, the first isomorphism theorem,
fundamental theorem of finite abelian groups, the isomorphism classes of abelian groups.

Ring theory:

introduction to rings, subrings, integral domains, the characteristic of a ring, ideals, factor rings, prime
ideals and maximal ideals, ring homomorphisms, the field of quotients, polynomial rings, the division
algorithm and consequences, factorization of polynomials, reducibility tests and irreducibility tests,
unique factorization in z[x], divisibility in integral domain, unique factorization domains, Euclidean
domains.

Field theory:

introduction to fields, extension fields, the fundamental theorem of field theory (Kronecker's theorem),
splitting fields, roots of an irreducible polynomial, algebraic extensions, finite extensions, finite fields,
structures of finite fields, subfields of a finite field, geometric constructions, constructible numbers,
angle-trisectors and circle-squarers.

Special topics:

sylow theorems, finite simple groups, nilpotent and solvable groups, Galois theory.



doAz AL 0 T % 38k (Real Analysis)
3= SR % (S I A 4

o 3/3
%+ 24 p ! Real Analysis, Royden, 3rd ed.
Measure and Integral, Wheeden and Zygmund.

TRALS B L

1. Measures and measurable functions
set functions, algebra and O -algebra of sets, measurable sets, measure, measure
spaces, examples of measures, outer measures, measurable functions, simple
functions

2. Lebesgue measure
Lebesgue outer measure, Lebesgue measurable sets, Lebesgue measure,
Lebesgue measurable functions, continuous and semicontinuous functions,
Egorov’s and Lusin’s theorems, convergence in measure

3. Lebesgue integral
Lebesgue integral of simple functions, Lebesgue integral of nonnegative
measurable functions, Lebesgue integral of general measurable functions,
properties of Lebesgue integral, Riemann-Stieltjes and Lebesgue integral,
convergence theorems

4. [”-spaces
definitions of L’ -spaces, Minkowski inequality, Holder ineguality, convergence,
completeness, approximation in L”, bounded linear functional in L” -spaces

5. Differentiation and integration
the indefinite integral, Lebesgue’s differentiation theorem, Vitali covering
theorem, differentiation of monotone functions, absolute continuity, singular
functions, convex functions

6.  General measure and integration
abstract integral, convergence theorems, signed measures, Radon-Nikodym
theorem, L7 -spaces, convergence and completeness, dual space of L7 -spaces,
product measures, Fubini’s theorem, Tonelli’s theorem

7.  Topological spaces
topology, base, countability, separation, connectedness, compactness, locally
compactness, a-compactness, paracompactness, Stone-Cech compactification,
Stone-Weierstrass theorem

8.  Elementary functional analysis

linear operators, linear functionals, Hahn-Banach theorem, closed graph theorem,
topological spaces, weak topologies, convexity, Banach spaces, Hilbert spaces



HAR L AE 0 B2 ki3t (Mathematical Statistics)
2= N/ 0% ;W 1 A =

g 5 # 13/3

%+ % B ! Mathematical Statistics, S. F. Arnold.
AR -

1.  Probability

2.

events, sample space, probability axioms, conditional probability and independence

Random variables and random vectors

density functions, distribution functions, functions of random variables, bivariate joint density
functions, marginal and conditional density functions, independent random variables, functions of
bivariate random vectors, multivariate density functions, independence, multivariate
transformations

Expectation

law of expectation, properties of expectation, special expectations, the moment-generating function,
the joint moment-generating function, the characteristic function, conditional expectation,
expectation of conditional expectation

Univariate parametric families

normal distribution, binomial distribution, geometric and negative binomial distributions,
hypergeometric distribution, poission distribution, exponential and gamma distributions, chi-square,
t- and F-distribution, sampling from a normal distribution

Multivariate parametric families

trinomial distribution, multinomial distribution, bivariate normal distribution, multivariate normal
distribution, marginal and conditional distributions, linear functions and quadratic forms
Asymptotic distributions

convergence in probability and distribution, the week law and the central limit theorem, continuous
functions and Slutzky’s theorem

Estimation

maximum likelihood estimators, invariance principle, unbiased estimators, consistent estimators,
Fisher information and efficient estimators, asymptotic properties of maximum likelihood
estimators, confidence intervals

Optimal tests

randomized tests, power function, the Neyman-Pearson theorem, uniformly most powerful tests,
likelihood ratio tests

Sufficient statistics

definition, the factorization and Fisher-Neyman criteria, the Rao-Blackwell theorem, minimal and
complete sufficient statistics, best unbiased estimators and the Lehmann-Schefte’ theorem



FAz LA 0 McA = 4258 (Differential Equations)
Bk i el kA~ E LT

g o okt 3/3

%+ %2 p : Essentials of Ordinary Differential Equations, Agarwal and Gupta.
TRAL S B L

1.  Existence and uniqueness theory

existence of solutions, uniqueness of solutions, the method of successive approximations,
continuation of solutions, systems of differential equations, dependence of solutions on initial
conditions and parameters

Linear differential equations

basic theory of linear systems, fundamental matrix, systems with constant coefficients, periodic
linear systems, asymptotic behavior of solutions

Stability

preliminaries of stability of solution, stability of quasi-linear systems, two-dimensional autonomous
systems, limit cycles and periodic solutions, Lyapunov’s method

Oscillation

comparision theorems, existence of eigenvalues, periodic boundary conditions

Boundary value problems

linear boundary value problems, Green’s functions, degenerate linear boundary value problems,
Sturm-Liouville problems, eigenfunction expansions, nonlinear boundary value problems, shooting
method

Maximum principles



Az w4 (F¥#7 3 (Operations Research)
Bk kst el kA~ LT

g o okt 3/3
%+ 2 p @ Operations Research, An Introduction, Hamdy A. Taha
Introduction to Operations Research, F. S. Hillier and G. J. Lieberman
TRAL S B L
1.  Mathematical modeling
operations research modeling approach, maximization & minimization problem, classic application
forms: allocation & blending models, operations planning & shift scheduling models
2. Linear programming and its dual
the simplex method, duality theorems, complementary slackness conditions, sensitivity analysis,
parametric programming
3.  Transportation problem
balanced /unbalanced transportation problem, transshipment problem
4.  Advanced LP techniques
upper-bounded simplex, column generation method, Karmarkar’s method
5. Network flow problems
network simplex method, maximal flow /minimal cost flow problem
6.  Dynamic programming
EOQ inventory models, probabilistic inventory models
7.  Integer programming
branch and bound method, cutting plane algorithm
8. Markov chains
classification of states, steady-state probabilities, the hitting time
9.  Queueing models
M/M/1, M/G/1, G/M/1, Er/Er/1, Ph/Ph/1 models
10.  Queueing networks

Jackson networks and their applications



et 4 0 2 £ 5 (Combinatorics)

Bk et R¥c i~ LT

gr¥:  3/3

%+ 3 P Tucker, A.: Applied Combinatorics, 5" ed., Wiley, 2006.

Roberts, F. and Tesman, B.: Applied Combinatorics, 2™ ed., Prentice Hall, 2003.

TRALS B L

1.  Elements of graph theory:
graph models, isomorphism, edge counting, planar graphs

2. Covering circuits and graph coloring:
Euler cycles, Hamilton circuits, graph coloring, coloring theorems

3. Trees and searching:
properties of trees, search trees and spanning trees, the traveling salesperson problem, tree analysis
of sorting algorithms

4.  Network algorithms:
shortest paths, minimal spanning trees, network flows, algorithmic matching

5. General counting methods for arrangements and selections:
two basic counting principles, simple arrangements and selections, arrangements and selections
with repetitions, distributions, binomial identities, generating permutations and combinations and
programming projects

6.  Generating functions:
generating function models, calculating coefficients of generating functions, partitions, exponential
generating functions, a summation method

7. Recurrence relations:
recurrence relation models, divide-and-conquer relations, solution of linear recurrence relations,
solution of linear recurrence relations, solution of inhomogeneous recurrence relations, solutions
with generating functions

8.  Inclusion-exclusion:
counting with Venn diagrams, inclusion-exclusion formula, restricted positions and Rook
polynomials

9.  Polya's enumeration formula:
equivalence and symmetry groups, Burnside's theorem, the cycle index, Polya's formula

10. Pigeonhole principle and its generalizations:
pigeons in holes, Ramsey theory, applications of Ramsey theory

11. Experimental design:
block designs, Latin squares, finite fields and complete orthogonal families of Latin squares,
balanced incomplete block designs, finite projective planes

12. Coding theory :

information transmission, encoding and decoding, error-correcting codes, linear codes, the use of
block designs to find error-correcting codes
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