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= EGH PR
MOOHAEP ) & (HEr 3 ) BT By 2R B RAAIITR B2 BATA 5 o

® 1ty iR

P H | A (Calculus) | A #c| 4/4 e SN i - 4 ) pF
PARE T I EAPM A A hA R AT 4 THE A D A E R E A
AP |- PELAKESS A ANEE I o R RER RS PR A AP

REL R EMABHA PREEFE

AL B

(- )Limits and continuity
definition of limit, some limit theorems, continuity, the
intermediate-value theorem, the extreme-value theorem

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

(= )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

(= )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

(7 )Applications of the integrals
areas between curves, volume by parallel cross sections, disks and
washers, volume by the shell method

(= )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

(= )Techniques of integration
integration by parts, partial fractions, trigonometric
substitutions, numerical integration

(~)Sequences, indeterminate forms, improper integrals
the least upper bound axiom, sequences, limit of a sequence, the
indeterminate form (0/0), the indeterminate form ( ), other
indeterminate forms, i1mproper integrals

(4 )Infinite series

23




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

(+ )Functions of several variables
elementary examples, graphs, level curves and level surfaces,
partial derivatives, limits and continuity, equality of mixed
partials

(- - )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

(£ = )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

AL
FP 4L | %3 # (Statistics) | # 4%k | 3/3 | Bk Tl e - 3P
PR To make students become familiar with abstract concepts of linear

algebra as a preparation for their future study in advanced mathematics

AR B

(=) Introduction
history of statistics, recent development of statistics, the
spirit and goal of statistics

(= )Descriptive statistics
data collection, data processing, tables, charts and figures, the
characteristics of statistics

(= )INTRODUCTION TO PROBABILITY
random variables, conditional probability, independence,
distribution function, joint distribution, marginal distribution,
probability inequality

(= )DISTRIBUTION FUNCTIONS
Bernoulli distribution, binominal distribution, uniform
distribution, Poisson distribution, exponential distribution,
normal distribution, chi-squire distribution, t-distribution, F-
distribution, central limit theorem

(7 )Sampling survey and sampling distribution
sampling survey, sampling distribution associate with , sampling
distribution associate with mean value , sampling distribution
associate with variance

(= )ESTIMATION
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point estimation, how to estimation the goodness of point
estimation, interval estimation, confidence interval for
variance , estimation the proportion p, decided the sample size
(= )Tests of statistical hypothesis
the concept of tests of statistical hypothesis, test about mean
value , test about variance , test about proportion p
(~ )ANALYSIS OF VARIANCE
experiment design, one-way anova analysis, the randomized block
design, two-way anova analysis
(4 )Correlation analysis and regression models
person correlation, simple regression models, multiple regression
models, determinate regression models
(- ))Nonparametric tests
the characteristic of nonparametric tests, sign test, Wilcoxon
sign rank test, Wilcoxon rank-sum test, Kolmogrov-Smirnov test,
Kruskal-Wallis test, run test, Spearman rank correlation test
(-+ - )Index number
the meaning and properties of index number, the price index
number, organization and application of index number
(+ = )Time series analysis and forecast
the concept of forecasting, the classical analysis method of time
series, exponential smoothing, ARIMA model, identity and
diagnostic
(- = )Categorical data analysis
categorical data analysis, chi-square goodness of fit tests, test
of the equality, test of the independent

# 3L
#rac#cd (Discrete )
A . L | 3/3 B2 % s J& - 3] P
L o Mathematics) * "ok
HARP R | BV MO 0 B B Y - F e A
(- )Logic and proofs
propositions, conditional propositions and logical equivalence,
quantifiers, nested quantifiers, proofs, mathematical induction,
strong form of mathematical induction and the well-ordering
property
) . | (= )The language of mathematics
HAER G o

sets, functions, sequences and strings
(= )Relations
relations, equivalence relations, matrices of relations
(= )Algorithms
introduction, example of algorithms, analysis of algorithms,
recursive algorithms

25




(7 )Introduction to number theory
divisors, representations of integers and integer algorithms, the
Euclidean algorithm, the RSA public-key cryptosystem

(= )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

(= JRecurrence relations
introduction, solving recurrence relations, applications to the
analysis of algorithms

(~ )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

(4 )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 trees

s
% % oA 4 (Advenced ,
1p 2 g oM | 44 | Bk 0% 4] ps
PR Calculus) o
HATPD R (A GARZ PR AE X E A IE AP oAH R ITL AR AMAREZ BT -
(- )Basic topology
Euclidean space, Euclidean norm, open set, closed set,
accumulation point, Bolzano-Weierstrass theorem, Heine-Borel
theorem, compactness, connectedness, metric space, point set
topology in metric spaces
(= )Limits and continuity
sequence in metric space, limit of sequence, convergence sequence,
N o Cauchy sequence, complete metric space, limits of mappings,
SRALPN B

continuous mappings, arcwise connectedness, uniform continuity,
fixed-point theorem, discontinuity

(= )Bounded variation function
monotonic functions, bounded variation functions, total variation,
curves and path, rectifiability, arc length

(7 )Riemann-Stieltjes integral
Riemann-Stieltjes integral, linearity, integration by parts, upper
and lower integrals, Riemann’s condition, existence of Riemann-
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Stieltjes integral, mean value theorem for Riemann-Stieltjes
integral, indefinite integral, differentiation and integration,
Lebesgue’ s criterion for Riemann integral

(7 )Infinite series and infinite product
convergence, divergence, limit superior, limit inferior, absolute
convergence, conditional convergence, tests of convergence,
infinite product and convergence

(= )Sequences and series of functions
convergence, uniform convergence, Weierstrass M-test, uniform
convergence and continuity, uniform convergence and integration,
uniform convergence and differentiation, equicontinuity, Stone-
Weierstrass theorem

(= )Multivariable differential calculus
partial derivatives, directional derivatives, linear
transformation, differentiability, inverse function theorem,
implicit function theorem, rank theorem, extremum problems

(~)Integration of differentiation forms
integration, primitive mappings, partition of unity, change of
variables, differential forms, Stokes’ theorem, closed forms,
exact forms

(4 )Lebesgue integral
set function, measure, measurable spaces, Lebesgue measure space,
measurable functions, simple function, integration, Lebesgue and
Riemann integral

=
# % 25 (Probability
Lp AL S #c | 3/3 B2 % A = 3] pF
1 F’f#‘ Theory) ;-Qﬁ g #Fﬁ: g J
HALP IR (BB ITRL AR Y
(- )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
N N definitions, probability mass function, families of discrete
AL B

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
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(» )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

(7 )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
=
M N #c(Linear
1p A A 3/3 | Bk s i = 31
PR e Algebra) s * B !
i i To make students become familiar with abstract concepts of linear

algebra as a preparation for their future study in advanced mathematics

WAL F

(- )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

(7 )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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(- )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, linear equations, Bernoulli
equations, integration factors

(= )Applications of first-order equations
problems in mechanics, rate problems

(= )Numerical methods
method of successive approximation, the use of Taylor’ s theorem,
the Runge-Kutta method

(7 )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

(= )Applications of second-order linear differential equations
vibrations of a spring, undamped vibrations, resonance, damped
vibrations, Newton’ s laws and planetary motion., central force
and Kepler’ s second law, Kepler’ s first law, Kepler’ s third law

(= )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, the
inverse transform, convolution, Laplace transform solution

(4 )Power series solutions
power series solutions about an ordinary point, solutions about
singular point, Bessel’ s equation

(+ )Existence and uniqueness theory
Lipschitz condition, existence and uniqueness theory

(+ - )Partial differential equations
some partial differential equations of applied mathematics, method
of separation of variables, a problem on the conduction of heat in
a slab

(- = )Fourier series
orthogonality, Fourier series: an expansion theorem, Fourier sine
series, Fourier cosine series, numerical Fourier analysis

(- = )Boundary value problems
the one-dimensional heat equation, surface temperature , heat
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conduction in a sphere, the simple wave equation, Laplace’ s
equation in two dimensions

s

~ 8% (Algebra) £ r# | 3/3 B2k #c= 3 P

HArp

1. The students needs to learn as much concepts about groups, rings,
and fields as they can.

2. In addition to traditional topics they need to learn applications
in Computer Science, Physics, Chemistry, etc.

WAL B

(= )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
1somorphism 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.
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(- )Mathematical modelingoperations research modeling approach,
maximization & minimization problem, classic application forms:
allocation & blending models, operations planning & shift
schedul ing models

(= )Linear programming and its dual the simplex method, duality
theorems, complementary slackness conditions, sensitivity
analysis, parametric programming

(= )Transportation problembalanced /unbalanced transportation problem,
transshipment problem

(w )Advanced LP techniquesupper-bounded simplex, column generation
method, Karmarkar’ s method

(7 )Network flow problems network simplex method, maximal flow
/minimal cost flow problem

(= )Dynamic programming EOQ inventory models, probabilistic inventory
models

(= )Integer programming branch and bound method, cutting plane
algorithm

(~)Markov chains classification of states, steady-state
probabilities, the hitting time

(4 )Queueing models M/M/1, M/G/1, G/M/1, Er/Er/1, Ph/Ph/1 models

(- )Queueing networks Jackson networks and their applications

WL
#cig & 47 (Numerical ,
ol Ay - 2 ) gr¥ | 3/3 B SR k= 3] B
Analysis)
FARD e | R P ERBAARKETE S o B L T et e o
(- )Computer arithmetic
machine numbers, roundoff error, stability and conditioning,
mathematical software
(= )Systems of linear equations
sensitivity and conditioning, Gaussian elimination, special types
AR B of linear systems, iterative methods

(= )Linear least squares
least squares approximation, sensitivity and conditioning,
orthogonal projection, QR factorization, singular value
decomposition, problem transformations

(» )Matrix eigenvalue problems
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eigenvalues and eigenvectors, spectral theorems, sensitivity and
conditioning, problem transformations, computing eigenvalues and
eigenvectors, QR iteration, computing the SVD

(7 )Nonlinear equations
Newton’ s method, fixed-point iteration, convergence rates,
stopping criteria, systems of nonlinear equations

(= )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
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1. Preliminaries to Existence and Uniqueness of
Solutions
2. Picard’ s Method of Successive Approximations
3. Existence Theorems
4. Uniqueness Theorems
5. Differential Inequalities
6. Continuous Dependence on Initial Conditions
. N 7. Preliminary Results from Algebra and Analysis
AR % 8. Preliminary Results from Algebra and Analysis
9. Existence and Uniqueness of Solutions of Systems
10. Existence and Uniqueness of Solutions of Systems
11. General Properties of Linear Systems
12. General Properties of Linear Systems
13. Fundamental Matrix Solution
14. Systems with Constant Coefficients
15. Periodic Linear Systems
%L
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The objectives of the course are to:

(1) Review basic simulation models and principles.

(2) Cover continuous, discrete-event and other simulation
methods.

(3) Students will learn to develop simulation term
projects and execute their simulation models.

AP

1. Flexsim modeling
2. Random Numbers generator
3. Perform Simulations
4. Generating Normal Random Variables
5. National holiday
6. Simulating a Cash Budget
7. A Simulation Approach to Capacity Planning
8. Simulation and Bidding
9. Midterm examination
HARPN B 10. Deming Funnel Experiment
11. Simulation in Project Management
12. Simulating Craps
13. Using Simulation to Determine Optimal Maintenance

Policies
14. Simulating Stock Prices and Options
15. Term project presentation
16. Term project presentation
17. Term project presentation
18. Term project presentation
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This course serves as an introduction to nonlinear
programming problems. Its coverage includes both
fundamental theorems and useful algorithms in continuous

AP 1 . : .
unconstrained and constrained optimization problems.
Students will work on projects to solve real problems in
various applications.
Part I Theoretical Foundations
1. Continuous unconstrained optimization problems
2. Continuous constrained optimization problems
S g Part II Algorithms
1. Analysis of algorithms
2. Descent methods
3. Conjugate gradient method
[f time permitted, we will include additional algorithms.
==
PR | HERREF g & Bk 3/3 3P

Develop students’ interest and ability in understanding
actuarial theory and practice, through introduction,
research and discussion on various topics, including

. Evolution of Actuarial Profession

AP % | 2. SOA Exam system
P1, MFE (MFC possible) Exam Excerpt/Practice and
study technique
Actuarial Topics Research Project

5. Modern Actuarial Theory and Practices

The Theory of Interest (Chapt 1-5)

SOA Exam system and study technique

P1, MFE (or MFC) sample test practices
Research Project (sample topics available)
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Basic Concepts: Data Abstraction and Recursion
Basic Abstract Data Types: Array, Stack, List, Queue
#HA2pM % | Algorithmic Processing: Efficiency, Sorting
Advanced Abstract Data Types: Tree, Heap, Graph
Advanced Extension: Dictionary, Balanced Search Tree
==
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(- )Measures and measurable functions
set functions, algebra and -algebra of sets, measurable sets,
measure, measure spaces, examples of measures, outer measures,
measurable functions, simple functions

(= )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

(= )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

(=) L'-spaces
definitions of L'-spaces, Minkowski inequality, Holder ineguality,
convergence, completeness, approximation in L' , bounded linear
functional in L’-spaces

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

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

(= )Topological spaces
topology, base, countability, separation, connectedness,
compactness, locally compactness, a-compactness, paracompactness,
Stone-Cech compactification, Stone-Weierstrass theorem

(~)Elementary functional analysis
linear operators, linear functionals, Hahn-Banach theorem, closed
graph theorem, topological spaces, weak topologies, convexity,
Banach spaces, Hilbert spaces
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(- )Probability
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

(w )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

(7 )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

(4 )Sufficient statistics
definition, the factorization and Fisher-Neyman criteria, the Rao-
Blackwell theorem, minimal and complete sufficient statistics,
best unbiased estimators and the Lehmann-Scheffe’ theorem.
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s ¢ | We shall in this semester consider the Emden-Fowler (nonlinear
FeAL B A differential ) equation and linear partial differential equations.
(- )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
T preliminaries of stability of solution, stability of quasi-linear
AR B systems, two-dimensional autonomous systems, limit cycles and
periodic solutions, Lyapunov’ s method
(= )Oscillation
comparision theorems, existence of eigenvalues, periodic boundary
conditions
(7 )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
s
(e % g :
PE LA %AR:Sgii;?mnS st | 33 | maim | mme 3|
se 5o sz | We shall in this semester consider the Emden-Fowler (nonlinear
AL P AR differential ) equation and linear partial differential equations.
(- )Mathematical modeling
operations research modeling approach, maximization & minimization
problem, classic application forms: allocation & blending models,
operations planning & shift scheduling models
#FAZP % | (= )Linear programming and its dual

the simplex method, duality theorems, complementary slackness
conditions, sensitivity analysis, parametric programming

(= )Transportation problem
balanced /unbalanced transportation problem, transshipment problem
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(2 )Advanced LP techniques
upper-bounded simplex, column generation method, Karmarkar s
method
(7 )Network flow problems
network simplex method, maximal flow /minimal cost flow problem
(= )Dynamic programming
EOQ inventory models, probabilistic inventory models
(= )Integer programming
branch and bound method, cutting plane algorithm
( ~ Markov chains
classification of states, steady-state probabilities, the hitting
time
(4 )Queueing models
M/M/1, M/G/1, G/M/1, Er/Er/1, Ph/Ph/1 models
(- )Queueing networks
Jackson networks and their applications

AL
Lp LA e go# | 3/3 Bk k& o~ 3] pF
(- (Combinatorics) T i '
D EFCEPHFERBEIF TR TSI E AR P2 FEEFERY o APEY
SATP R | BT AR AR ] s e B2 H A o AARP PR E 4 B BRI A B K
PG ME- HEFTY 0 TRAERTREE B R AH -
(- )Elements of graph theory:
graph models, isomorphism, edge counting, planar graphs
(= )Covering circuits and graph coloring:
Euler cycles, Hamilton circuits, graph coloring, coloring theorems
(= )Trees and searching:
properties of trees, search trees and spanning trees, the
traveling salesperson problem, tree analysis of sorting algorithms
(= )Network algorithms:
shortest paths, minimal spanning trees, network flows, algorithmic
matching
N .. | (7 )General counting methods for arrangements and selections:
AL %

two basic counting principles, simple arrangements and selections,
arrangements and selections with repetitions, distributions,
binomial identities, generating permutations and combinations and
programming projects

(= )Generating functions:
generating function models, calculating coefficients of generating
functions, partitions, exponential generating functions, a
summation method

(= )Recurrence relations:
recurrence relation models, divide-and-conquer relations, solution
of linear recurrence relations, solution of linear recurrence
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relations, solution of inhomogeneous recurrence relations,
solutions with generating functions

(~)Inclusion-exclusion:
counting with Venn diagrams, inclusion-exclusion formula,
restricted positions and Rook polynomials

(4 )Polya’ s enumeration formula:
equivalence and symmetry groups, Burnside’s theorem, the cycle
index, Polya’s formula

(-+ )Pigeonhole principle and its generalizations:
pigeons in holes, Ramsey theory, applications of Ramsey theory

(-+ - )Experimental design:
block designs, Latin squares, finite fields and complete
orthogonal families of Latin squares, balanced incomplete block
designs, finite projective planes

-+ = )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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1. Existence and uniqueness of initial value problems:
+ Picard’ s and Peano’ s theorems
« uniqueness theorem
« Gronwall s inequality
« continuation of solutions
« maximal interval of existence
« continuous dependence on initial condions and parameters
« comparison principles
. | 2.Linear systems:
AP % + general properties
+ fundamental solutions
« asymptotic behavior of solutions
« periodic linear systems
3. Two dimensional automomous systems and phase plane analysis:
« critical points
« proper and improper nodes, spiral points, and saddle points
« phase portraits
« limit cycles and periodic solutions
%r
FB A Rl + A 2/2 2] pF
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1. the definition, graphs as models, matrices and 1somorphism,
‘ . decomposition
AR B connection in graphs, bipartite graphs, eulerian circuits
counting and bijections, extremal problems, graphic sequences
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10.
11.
12.
13.
14.
15.

16.

definitions and examples, vertex degrees, eulerian digraphs,
orientations and tournaments

properties of trees, distance in trees and graphs, disjoint spanning
trees

enumeration of trees, spanning trees in graphs, decomposition and
graceful labelings

minimum spanning tree, shortest paths , trees in computer science
maximum matchings, Hall s matching condition

min-max theorems, independent sets and covers

maximum bipartite matching, weighted bipartite matching

stable matching, faster bipartite matching

tutte’ s 1-fator theorem

f-factors of graphs

connectivity, edge-connectivity, blocks

2-connected graphs, connectivity of didraphs, k-connected and k-edge-
connected graphs, applications of menger’ s theorem

maximum network flow, integral flows

L

AR 5 #ic 3/3 3] pF

AP %

To provide students some basic analysis and methods used in solving
problems related to applied linear algebra.

B AU

* Linear least squares problem

X Orthogonal polynomials

X Symmetric eigenvalue problem

X Singular value decomposition

X Gauss-type quadrature in numerical integration
* Finite difference methods

* Root-finding by Newton’ s method
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Circle -~ Linear Systems -~ Nonlinear Systems °
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1.
2.
3.

A Geometric Way of thinking,

Fixed Points and Stability

Population Growth, Linear Stability Analysis, Existence and
Uniqueness
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Impossibility of Oscillation, Potential

Introduction, Saddle-Node Bifurcation

Transcrtical Bifurcation, Pitchfork Bifurcation

Imperfect Bifurcations and Catastrophes, Insect Outbreak

O N o

Introduction, Examples and Definitions, Uniform Oscillator,
9. Non-uniform Oscillator, Fireflies

10. Introduction, Definitions and Examples

11. Classification of Linear systems, Love Affairs

12. Three-dimension Linear Systems

13. Introduction, Phase Portraits

14. Existence, Uniqueness, and Topological Consequence

15. Fixed Points and Linearization

16. Rabbits versus Sheep, Conservative System

17. Reversible Systems, Pendulum, Center Manifold Theorem

% r

PR | HERREF gr#c | 3/3 3]
Develop students’ interest and ability in understanding actuarial
theory and practice, through introduction, research and discussion on
various topics, including
1. Evolution of Actuarial Profession

B SOA Exam system
3. P1, MFE (MFC possible) Exam Excerpt/Practice and study
technique
4. Actuarial Topics Research Project
5. Modern Actuarial Theory and Practices
The Theory of Interest (Chapt 1-5)

. | SOA Exam system and study technique

AR % P1, MFE (or MFC) sample test practices
Research Project (sample topics available)

WA
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This course serves as an introduction to nonlinear programming
problems. Its coverage includes both fundamental theorems and useful

A2 P % | algorithms in continuous unconstrained and constrained optimization
problems. Students will work on projects to solve real problems in
various applications.

‘ . | Part I Theoretical Foundations

AL F

1. Continuous unconstrained optimization problems
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2. Continuous constrained optimization problems
Part Il Algorithms
1. Analysis of algorithms
2. Descent methods
3. Conjugate gradient method
[f time permitted, we will include additional algorithms.
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1. Measure and Probability Space
2. Random Variables and distributions
3. Integral and Expected value
4. Expected value and Fubini’ s theorem
5. Product measures and Fubini’ s theorem
6. Independence
7. Weak laws of large numbers
8. Borel-Cantelli lemmas

AN F |9, Strong law of large numbers, Convergence of random series
10. Weak convergence (convergence in distribution)
11. Characteristic functions 1
12. Characteristic functions 2
13. Central limit theorems
14. Poisson Convergence
15. Stable Laws and Stopping times
16. Recurrence
17. Renewal Theory

%L
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I.

[
1
2
3
4
[
l.
2.
3
4
5
6
7
8

9.
10.
11.
12.
[II.
l.

S O oo

= ©e o

Euclidean n-space R"
Elementary point set topology.
Riemann and Improper Riemann integral.
Borel and Lebesgue measures.
Lebesgue integral.

Measure and Integration Theory
Measure spaces, Completion of measure space.
Measurable functions.
Integration theory.
Convergence theorem.
Signed measures.
Radon-Nikodym theorem.
LP —spaces.
Outer measure.
Lebesgue integral
Lebesgue-Stieltjes integral.
Product measures.
Fubini theorem.

Abstract Spaces

Metric space and its elementary properties.
Ascoli-Arzela theorem.
Arzela-Ascoli theorem
Abstract topological spaces and its elementary properties.
Stone-Weierstrass theorem.
Normed linear spaces, Banach spaces, Hibert spaces and
their related properties.
Normed spaces
H0lder and Minkowski inequalities
Metric spaces and its elementary properties
Banach spaces, Hilbert spaces and their related properties

[References] H. L. Royden, Real Analysis
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[. Fundamental Theory
1. Existence of solutions
2. Uniqueness of solutions
3. Continuity of Solutions with respect to parameters
4. Comparison theorems
IT1. Linear Systems

1. Homogeneous and nonhomogeneous systems

2. Linear system with constant coefficients

3. Linear system with periodic coefficients (Floquet
theory)

4. Oscillation theorems

5. Asymptotic behavior of solutions

ITI. Stability
. Fundamental stability theorems
Instability theorem
Lyapunov stability
IV. Periodic solutions of systems
1. Poincaré-Bendixon theory (n=2)
2. Periodic solutions of nonhomogeneous linear

Sl

systems
V. Second order linear differential equations
1. Boundedness theorems
2. Asymptotic behavior of solutions

[References] R. Bellman, Stability Theory of Differential
Equations
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[. Probability models
1. Sample Spaces, Events
2. Probability Axioms
3. Conditional Probability and Independence
II. Random Variables, Random Vectors and Their
Distributions
1. Density Functions, Distribution Functions
2. Bivariate distributions, Multivariate
Distributions
3. Expectation, Moments of a Distribution, Moment
Generating Functions
. Conditional Expectation
Distributions of Functions of Random Variables
ITI. Some Parametric Families
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. Convergence in Probability and Distribution
2. The Weal Law and the Central Limit Theorem
3. Continuous Functions and Slutzky s Theorem
V. Estimation
1. Maximum Likelihood Estimators
2. Unbiased Estimators, Consistent Estimators,
Efficient Estimators
3. 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

O o~

SO o=

[References] Steven F. Arnold, Mathematical Statistics
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Linear Programming

Simplex Method

Revised Simplex Method

Dual Simplex Method

Duality and Sensitivity Analysis
Decomposition Algorithm
Karmarkar’ s Method

SEENAE S e

[. Network Models

Transportation and Assignment Problems
Maximum Flow/Minimum Cost Problems
Network Simplex Method

CO DN = —

ITI. Deterministic Dynamic Programming
1. Inventory Problems

2. Network Problems

3. Resource Allocation Problems

4. Lot Sizing Problems

5. Shortest Path Problems

[V. Markov Chain and Queuing Theorem

1. Markov Chain

2. Poisson Processes

3. Birth and Death Processes

4. MW MW1/ Queuing System

5. M/ MW's/ Queuing System

6. Queuing Optimization Problems
V. Game Theory

1. Two-person Zero-sum Games

2. Mixed Strategy Games
[References]

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

Pearson Education, 2007.
2. F.S. Hillier and G. J. Lieberman, “Introduction to
Operations Research” McGraw- Hill Science, 2004.
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Content for the qualifying examination on Combinatorics:

[. Elements of Graph Theory

1. Graph Models

2. Isomorphism

3. Edge Counting and Planar Graphs

[I.Covering Circuits and Graph Coloring

1. Euler Cycles and Hamilton Circuits

2. Graph Coloring and Ccoloring Theorems

ITI. Trees and Searching

1. Properties of Trees, Search Trees and Spanning Trees
2. Traveling Salesperson Problem

3. Tree Analysis of Sorting Algorithms

[V. Network Algorithms

1. Shortest paths and Minimal Spanning Trees

2. Network Flows

3. Algorithmic Matching

V. General Counting Methods
1. Addition and Multiplication Principles

2. Simple Permutations and Combinations

3. Permutations and Combinations with Repetitions
4. Distributions

5. Binomial Identities

6. Generating Permutations and Combinations

VI. Generating Functions

1. Generating Function Models

2. Calculating Coefficients of Generating Functions
3. Partitions

4. Exponential Generating Functions

5. A Summation Method

VII. Recurrence Relations

1. Recurrence Relations Models

2. Divide-and-Conquer Relations

3. Solution of Linear Recurrence Relations

4. Solution of Inhomogeneous Recurrence Relations
5. Solution with Generating Functions

VIII.  Inclusion-Exclusion

1. Counting with Venn Diagrams

2. Inclusion-Exclusion Formula

3. Restricted Positions and Rook Polynomials
[X.Polya’” s Enumeration Formula

1. Equivalence and Symmetry Group

2. Burnside’ s Theorem

3. The Cycle index and Polya’ s Formula

54



Pigeonhole Principle and its Generalizations

Pigeons in Holes

Ramsey Theory and its Applications

XI. Experimental Design:

Block Designs

. Latin Squares, Finite Fields and Complete Orthogonal
Families of Latin Squares

3. Balanced Incomplete Block Designs

4. Finite Projective Planes

XII. Coding theory

I. Information Transmission

2

3

4

Do = B

DN —

. Encoding and Decoding
. Error-Correcting Codes and Linear Codes
. Use of Block Designs to Find Error-Correcting Codes

[References]
1. Tucker, A.: Applied Combinatorics, 5" ed., Wiley, 2006.
2. Roberts, F. and Tesman, B.: Applied Combinatorics, 2" ed.,

Prentice Hall, 2003.
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