®Pi Mu Epsilon

& CAMECOCK MATH CLUB

Getting to Know Your
500-L evel
MATH Courses
at the
University of South Carolina

Event sponsored in part by
‘v‘

W‘\\ UNIVERSITY OF

fin SOUTH CAROLINA

" Department of Mathematics



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,
is 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 geingréinctions, 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.

Spring 2019 Professor:

Daniel Dix



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 ofgluourse is the mathematical analysis of
differential equations. Students will learn a fgvecial techniques to find analytic (but not
necessarily explicit) solutions to differential efjons.

Spring 2019 Professors:

Xinfeng Liu

Hong Wang



MATH 521: Boundary Value Problemsand Partial Differential Equations
Prerequisite:. MATH 520 or MATH 241 and 242

Many principles and laws underlying the behaviortloé natural world are given by
differential equations. To understand and to itigage the problems in the natural world,
it is imperative to solve the differential equasoor to understand their properties. This
course aims at providing students with elementagthods of solving simple partial
differential equations (PDE). The scope of therseiwcovers the methods for first order
linear partial differential equations, heat, waxand Poisson equations and some
applications involving these partial differentiguations. Boundary value problems and
Fourier methods are introduced to develop efficreathods for solving partial differential
equations. Students will master basic conceptswettiods for solving first order linear,
heat, wave, and Poisson equations and associgtaveiue problems.

Spring 2019 Professor:

Changhui Tan



MATH 527 (CSCE 561): Numerical Analysis
Prerequisite. Grade of C or better in MATH 520 or in both MATH24nd MATH 344

Numerical Analysis studies the algorithms for thielgems of continuous mathematics.
The course will give an introduction to generalaslan Numerical Analysis and will
discuss different aspects of the performance ofnilmmerical procedures involved. In
addition to the theoretical material, some numérioplementations in MATLAB will be
considered on an elementary level. Topics incluabé (iecessarily in the order they will
be considered):

- number representations and loss of significance;

- polynomial interpolation;

- numerical differentiation;

- numerical integration;

- spline functions;

- method of least squares;

- numerical methods for ordinary differential eqaas;

- Monte Carlo methods.

At the end of this course students will be abledad, interpret, and use vocabulary,
symbolism, and basic definitions from Numerical Ms&s. The students will be able to
use facts, formulas, and techniques learned ircthusse to apply algorithms and theorems
to find numerical solutions and bounds on theioesrto various types of problems
including root finding, polynomial and spline appimation, numerical differentiation and
integration, numerical solutions of ODEs.

Spring 2019 Professor:

Xinfeng Liu



MATH 532: Modern Geometry
Prerequisite. Grade of C or higher in MATH 300

The course focuses on two main topics: Non-Euahd8eometry and modern approaches
to Euclidean Geometry. The former topic will irduwe the axioms of affine and
projective planes and focus on establishing resudta these axioms. As such, this part
of the course will help build skills with proofs mathematics. In addition, this part of the
course will establish some concrete examples ofea#nd projective planes using modular
arithmetic. The second part of the course willestigate the use of vectors, matrices,
translations and rotations to establish interestots from Euclidean Geometry. The idea
in this part of the course is to expose studentsotoe fascinating material in Euclidean
Geometry that goes beyond what one sees in a sthhidgn school curriculum.

Spring 2019 Professor:

w - —— Ldi

Michael Filaseta



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 nudriie 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.

Spring 2019 Professors:

‘Matt Miller

Geoffrey Dillon



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.

Spring 2019 Professor:

=) Ll
Matthew Boylan




MATH 547H: Algebraic Structuresl|
Prerequisite. Grade of C or better in MATH 546

MATH 547H is the continuation of MATH 546H. We walart by studying rings; these
are structures exemplified by the integers or byyrmpmmials with rational or real
coefficients, which carry two interacting operasoaddition and multiplication. We will
study different types of substructures (subringsals), and concepts generalizing the idea
of prime numbers and factorization. Just as withugs the operation preserving maps
between objects reflect structural properties efdhjects. Fields are a special type of ring
in which all non-zero elements are invertible; aimic the construction of the rationals
from the integers by constructing the quotientfiel any integral domain, and we'll mimic
the construction of the complex numbers from thalsréby constructing algebraic
extensions in general. Group theory and field theome together in Galois theory, which
concerns the ancient question of the possibilitgygressing roots of polynomials in terms
of radicals.

Spring 2019 Professor:

Jesse Kass



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.

Spring 2019 Professors:

ZhUalf]g



MATH 552: Applied Complex Analysis
Prerequisite: Grade of C or higher in MATH 241

The emphasis of this course will be on the anabysignctions whose domain and/or range
are sets of complex numbers. Much of this analydise very similar to the real-valued
calculus that is the prerequisite for this cour8@other objective is to define versions of
elementary functions when the argument is a complaxber. The “new” functions
should be consistent with their real-valued coyrdds and should maintain all of the usual
properties.

The Cauchy Integral Theorem is one of the majamiphs of complex analysis. This
theorem can be viewed as an extension of Greerésr€m (which provided a connection
between double integrals and line integrals). @frtee most important applications of the
Cauchy Integral Theorem is the easy evaluationaiyrcontour integrals.

Students will master the fundamental concepts f@omplex Analysis, including the

concept of a holomorphic function, complex linesgtals, Cauchy’s Theorem, Cauchy’s
Integral Formula, classification of zeros and slagties, and applications to residue
calculus.

Spring 2019 Professor:

Doug Meade



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.

Spring 2019 Professor:

Y

George Androulakis



MATH 555H: Analysisl|
Prerequisite: Grade of C or better in MATH 554

This course is a continuation of Math 554, Analysid you enjoyed Math 554, you should
strongly consider taking this course. It is alsmast for anyone who is interested in
pursuing graduate work in fields which use Matheecsat Topics which we will cover in
this course include uniform continuity, derivativése Mean Value Theorem, L'Hopital's
Rule, Riemann integrals, Riemann integrability, Fvendamental Theorem of Calculus,
integration by parts, sequences and series, p@ateonvergence, uniform convergence,
metric spaces, sets of measure zero, and a coomdmtiween the latter and Riemann
integrability.

Spring 2019 Professor:

Ralph Howard



MATH 562 (CSCE 551): Theory of Computation
Prerequisite: C or better in CSCE 350 or MATH 300

This course teaches the basic theoretical prirgipfecomputing. Computing tasks and
devices are modeled as mathematical objects (ssid¢brmal languages, automata, and
Turing machines) so that we can prove facts athmit abilities and limitations. We show

that some problems are not solvable by computgardéess of how much time and

memory are used. We also address issues of effic@mputation and show that many
interesting problems such as the Traveling Salesprablem, though solvable, are

unlikely to be solved efficiently. Topics includeite automata, formal languages, Turing
machines, decidability and undecidability, reducsiobetween problems, complexity
classes P, NP, and PSPACE, NP-completeness, arAlESEompleteness.

Spring 2019 Professor:

George McNulty



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.

Spring 2019 Professor:

Josua Cooper



MATH 575: Discrete Mathematics||
Prerequisite: Grade of C or better in MATH 574

Students will make progress with logical thinkiegmmunicating mathematical ideas,
and developing problem-solving skills, by
* writing up solutions to a wide range of homeworlkmeises,
» learning and writing up proofs to sophisticatedssleal theorems on tests, and
* presenting solutions or projects to class.
We will prove several of the central discoverie$Goéph Theory, learn statements of
others that are too advanced to prove in this epuasd think about complexity of
algorithms for related problems. Among the topieswould like to cover this semester
are:
Basic terminology and concepts for simple undire@geaphs
Isomorphism, connectivity, degree sequences, spgrrees, cliques,
independent sets
Euler and Hamilton paths and cycles
Extremal graph theory: Mantel's Theorem, Turan’&ditem
Matching theory: Hall's Theorem, Tutte’s Theorem
Graph coloring: Brooks’s Theorem
Lambda labellings: Delta-squared Conjecture
Planar graphs: Euler’s formula, Kuratowski’s Theoy&-Color Theorem, 4-
Color Theorem
9. Trees, spanning tree
As time allows, students will be introduced to Biesd graphs, multigraphs, hypergraphs,
Ramsey Theory, Connectivity (Menger’s Theorem), Hetivork flows
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Spring 2019 Professor:

Ev zbarka



MATH 599 (SCHC 411): A Mathematical Perspective on Machine L earning and
Deep Learning
Prerequisite. Grade of C or better in MATH 241

Spring 2019 Professor:




