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MATH 511/STAT 511: Probability
Prerequisite: Grade of C or higher or concurrent enrollment in MA241

The purpose of this course is to give you an intobidn to probablity theory and probablity
distributions. The material presented will notyoskerve as a basis for the subsequent
courses, STAT 512/513, but is also extremely usafd fascinating in its own right.
STAT 511 has a prerequisite of a standard multdei calculus course, and a strong
familiarity with differentitation, integration, infite series and sequences, and related facts,
iIs necessary. This course is very important foséhof you considering careers in actuarial
sciences.

The course covers the axiomatic approach to prébabiounting techniques, Bayes
Theorem, random variables, probability distribusidar discrete and continuous random
variables, mathematical expectation, moment geingréiinctions, joint and conditional
distributions for multiple random variables, andasres of association (covariance and
correlation). This course focuses on both thead/application. You will be expected to
derive theoretical results using algebra and catcahd apply these results to problems
from a multitude of applications.

Fall 2019 Professor:

~ Joshua Tebbs



MATH 514: Financial Mathematics |

Prerequisites. C or higher or concurrent enrollment in MATH 241consent of the
Undergraduate Director

The most important calculus requirements for tloarse are basic differentiation and
integration techniques (MATH 141), the exponendéiatl logarithmic functions (MATH
141), and partial derivatives including the chailefMATH 241). No prior knowledge of
probability or finance will be assumed. A calculajareferably the TI83, is required.

Topics covered in this course include:

Probability: Probability spaces. Outcomes and Esie@onditional probability.
Random variables. Bernoulli and binomial randomialdes. Expected value.
Variance and standard deviation.

Continuous Random Variables: Probability densitynctions. Cumulative
distribution functions. The normal distribution. 881 of independent normal
random variables. Discussion of the Central Liniedrem. Normal approximation
to the binomial distribution. The lognormal distrtton.

Geometric Brownian Motion: The drift and volatiliyarameters. The standard
model of stock price dynamics.

Present Value Analysis: Interest Rates. Presenieval an income stream. Abel
summation and its application to present valueyeisl Coupon and zero-coupon
bonds. Yield to maturity and duration. Continuougdyying interest rates and the
yield curve.

Arbitrage: The No Arbitrage Principle. The Law oh@®Price. Pricing via arbitrage
arguments. Forward contracts. Futures contractgio@p Simple bounds for
options prices. Payoff diagrams. The Put-Call QptRarity Formula. Options
Pricing Theory: Generalized options. The singleiquermodel. Risk-neutral
valuation. The multi-period binomial model. Selfidincing trading strategies. The
Black-Scholes Formula. Partial derivatives.

Fall 2019 Professor:




MATH 520: Ordinary Differential Equations
Prerequisite: Grade of C or better in MATH 344 or MATH 544

Upon completion of this course, students will bewledgeable about and will be able to
analyze solutions to differential equations of fingt order and linear systems of ordinary
differential equations. They will also be ableafaply these ideas to determine elementary
qualitative properties of nonlinear systems.

Differential equations is the language of scienany basic scientific laws express the
change in one quantity in terms of the values efdther quantities. These laws can be
combined to create a mathematical model for thesighy situation. Once the model is
found the challenge is to understand the “solutiimnthe model — often without actually
having explicit formulas. The primary focus ofdltourse is the mathematical analysis of
differential equations. Students will learn a fgvecial techniques to find analytic (but not
necessarily explicit) solutions to differential efjons.

Fall 2019 Professor:
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MATH 524: Nonlinear Optimization
Prerequisite: C or better in MATH 344 or 544 or consent of theddrgraduate Director

Upon successful completion of this course the stuadl be able to:

(1) State definitions and theorems and solve probleconcerning unconstrained
optimization.

(2) Describe and implement iterative computer atgors for unconstrained optimization.
(3) State definitions and theorems and solve probleoncerning least squares solutions
of linear systems, and Lagrange multipliers fofrapation subject to equality constraints.

Topics covered in this course include: Descent nasthconjugate direction methods, and
Quasi-Newton algorithms for unconstrained optimaat globally convergent hybrid
algorithm; primal, penalty, and barrier methods donstrained optimization. Computer
implementation of algorithms.

Fall 2019 Professor:




MATH 531: Foundations of Geometry

Prerequisite: C or better in MATH 300 or consent of the Undergiae Director

This course is the study of geometry as a logigatesn based upon postulates and
undefined terms. The fundamental concepts andioetatof Euclidean geometry are

developed rigorously on the basis of a set of patds. Some topics from non-Euclidean
geometry will also be included.

Successful students withaster a variety of concepts in Euclidean geoméirgarticular:

Students will prove theorems about lines, circteangles, and other geometric
shapes, and learn material substantially beyond ishaught in high school.
Students will learn some of the axiomatic approadtich builds geometry from
absolute scratch and does not rely on “intuition”

Students will learn theonstructive approach. Students will learn to construct
geometric figures using ruler and straightedgetarekplain their constructions to
others.

In addition, students will also:

Thoroughly understand whdgfinitions and theorems are. The student will be
able to precisely state definitions and theoremd anderstand how they are
applied.

Practice writingproofs. It is expected that the student will have soménbotia lot,

of experience writing proofs. The student will gawore practice.

Practice drawingood pictures. Diagrams are a very important part of the
presentation of quantitative information, and getyngives us an excellent
opportunity to practice. It is expected that yoiatyres will benot only correct,
but alsoclear andas simple as possible.

Fall 2019 Professor:




MATH 544: Linear Algebra
Prerequisite. Grade of C or higher in MATH 300

Linear algebra is one of the fundamental topicwathematics. Even if you do not know
what linear algebra is, we have all been using nudrilie ideas for several years. While
matrices will be common in this course, linear Blgas much more than “matrix algebra”.
A second and equally important objective of thisirse is the exposure to mathematical
proofs. The early parts of the course emphasizepukative aspects more than theoretical
issues. As the course progresses, however, the tgnes will be revisited — with more
of an emphasis on the abstract theory of lineagtaby Students will master concepts and
solve problems based on matrix algebra, solutidmeér systems, notions of vector space,
linear independence, basis, and dimension, linemmstormations, change of basis,
eigenvalues, eigenvectors, and diagonalization.

A solid knowledge of linear algebra — both manipiolas and theory — will be helpful in
almost any upper-division course in mathematicargy course that uses mathematics:
differential equations, numerical analysis, optiatian, etc.

Fall 2019 Professor:

Doug Meade



MATH 546: Algebraic Structures|
Prerequisite: Grade of C or higher in MATH 544

In this course, the student gets to experience enadkical thought beyond Calculus. As
such, more sophistication is expected of the studdost of the course will focus on group

theory. Group theory is perhaps the area of madieswith the fewest moving parts and
the most ubiquity. Through studying group the@ach student will be exposed to the
thought process involved in higher-level mathensatiStudents will master concepts and
solve problems based on permutation and abstracipgr subgroups, quotient groups,
homomorphisms, isomorphisms, direct products, argsr

This course is the first of a two-semester sequer®eth courses of the sequence are
recommended for students planning to attend gradschtool in mathematics.

Fall 2019 Professor:

Alex Duncan



MATH 550: Vector Analysis
Prerequisite: Grade of C or higher in MATH 241

This course is an extension of MATH 241 and hasmie same problem solving
character with a dose of theory and abstractiawof® will be given in class and you will
be expected to do some computationally driven groafyour own, but the course will not
have the same proof oriented character as a cbkes€IATH 554. This course makes a
nice transition from calculus to higher-level thetical math courses.

After a quick review of MATH 241, the main matera the course consists of the “Big
Three” Theorems of Green, Stokes, and Gauss andtbowge them. Students will
demonstrate an understanding of vector functionsddying problems in the context of
vector fields (e.g., by distinguishing gradientld® from non-gradient fields), line
integrals, surface integrals, divergence and catudents will be able to exploit algebraic
and geometric methods to compute integrals usiegtieorems of Green, Stokes, and
Gauss, as well as direct computation using parainations.

Fall 2019 Professor:

Anton Schep



MATH 554: Analysis|

Prerequisite: Grade of C or higher in MATH 300 and at least ohMATH 511, 520,
534, 550, or 552

While most of science is based on inductive reagpmathematics is based on deductive
reasoning. This means that new results are fofroedlogical combinations of hypothesis
and statements accepted as true. Every resuteahdique learned in calculus (and other
mathematics courses) is logically consistent amdbesaderived in a rigorous manner. In
this course students begin to study some basiepiep used to develop the fundamental
calculus results including convergence of sequetioais of a function, continuity (point-
wise and uniform), derivative of a function, Roiéheorem and the mean value theorem,
L’Hospital’s rule, inverse function theorem, Riemantegrals, Fundamental Theorem of
Calculus, and derivatives of integrals. To be dblenderstand these results, and their
proofs, it is necessary to develop a solid fourmataiin the real number system. It is also
necessary to develop the ability to read, undedstand write mathematical proofs. One
of the most important steps in the creation of gheraatical proof is a solid understanding
of the basic definitions. Unlike most previous s@s you have taken, it is essential to pay
attention to the details and technicalities. WHhiis may be slightly unnatural, it is a skill
that can be acquired through practice and patience.

Students will become knowledgeable about and wdkter concepts of real analysis.
Students will improve their ability to write andagemathematical proofs, particularly those
related to the least upper bound axiom, compactresguences, continuity, uniform
continuity, differentiation, Riemann integrationnda the Fundamental Theorem of
Calculus.

This course is the first of a two-semester sequeri8eth courses of the sequence are
recommended for students planning to attend gradigitool in mathematics.

Fall 2019 Professors:

Xinfeng Liu Maria Girardi



MATH 574: Discrete Mathematics
Prerequisite. Grade of C or higher in MATH 300

Students will master concepts and solve problemdisorete mathematics, including
basic set theory, counting, relations, and grapfiee use of the proof techniques
learned earlier will be reinforced throughout thess. Students will master the concepts
and be able to solve problems associated with eratioe, permutations and

combinations, recurrence relations, and the grownkiior the more advanced topics of
graph theory and game theory.

Fall 2019 Professors:

Laszlo Skekely

Lincoln Lu



MATH 580: Elementary Number Theory

Prerequisite: C or better in MATH 300 or consent of the Undergiae Director

Topics for this course include: divisibility, primecongruences, quadratic residues,
numerical functions. Diophantine equations.

Successful students will:

Master concepts which are foundational in numbeomyx congruences,
Diophantine equations, and the like.

Understand various properties of the integers, wiet mean, where they come
from, and why they are important. To that end yalllearn about different
systems of numbers: The integers, the rationads;Dludley numbers”, the p-adic
integers, finite fields, Gaussian integers, andjtiigernions. These will be
developed for their own interest, and you will as&® stunning applications to
classical problems involving the ordinary integers.

Put some elements of "recreational math" on a footing. Do you know that if
you want to test an integer for divisibility byyu can add the digits and
testthat for divisibility by 3? We willprove it.

In addition, students will also:

Thoroughly understand what definitions and theorames The student will be
able to precisely state definitions and theorentsuarderstand how they are
applied.

Practice writing proofs. It is expected that thedsint will have some, but not a
lot, of experience writing proofs. The student willin more practice.

Practice good mathematical writing. In mathemassindeed in everything else,
it is important not only to be correct but to explgourself clearly and as simply
as possible.

Fall 2019 Professor:
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MATH 534: Elements of General Topology
Prerequisite: C or better in MATH 300 or consent of the Undergiae Director

Students will master concepts and solve problensgdapon the topics covered in the
course, including the following concepts: topol@ispace; metric space; continuous,
open, and closed functions; homeomorphism; prodiagologies; compactness;

connectedness; Hausdorff, regular, and normal sfuadents will need to understand the
generalizations of theorems such as the Heine-Boh&lorem, Bolzano-Weierstrass
Theorem, and the Intermediate Value Theorem tdrarlgitopological spaces.

Fall 2019 Professor:
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