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Introduction

Financial Mathematics developed in the mid-1980s as research mathematicians became
interested in problems, largely involving stochastic control, that had until then been studied
primarily by economists. The subject grew slowly at first and then more rapidly from the mid-
1990s through to today as mathematicians with backgrounds first in probability and control, then
partial differential equations and numerical analysis, got into it and discovered new issues and
challenges. A society of mostly mathematicians and some economists, the Bachelier Finance
Society, began in 1997 and holds biannual world congresses. The Society for Industrial and
Applied Mathematics (SIAM) started an Activity Group in Financial Mathematics &
Engineering in 2002; it now has about 800 members. The 4th SIAM conference in this area was
held jointly with its annual meeting in Minneapolis in 2013, and attracted over 300 participants
to the Financial Mathematics meeting. In 2009 the SIAM Journal on Financial Mathematics was
launched and



Cognitive goals

Financial Mathematics is an ideal area for providing a broad view of the mathematical sciences.
Building on a foundation of analysis and discrete mathematics, financial mathematics draws on
discrete and continuous probability and random processes, optimization, dynamical analysis,
ODE and PDE, and numerical analysis. Links to the allied fields of Statistics, Finance,
Computing, and Economics are central to this highly interdisciplinary area. Because the field is
driven by analysis of financial data, effective use of computer programming is essential,
especially for careers in the financial industry. These needs should be addressed by careful
course selection in these various fields, along with specialized courses in financial mathematics
that focus on current mathematical and numerical approaches to problems from finance and
economics.

While students in a Financial Mathematics program will typically be among the most
interdisciplinary of mathematics majors, pure mathematical understanding of probability and
analysis is required. The curriculum should therefore support broad achievement: in pure
mathematical thinking, computation, and applications.

The typical target group will be students interested in careers related to quantitative finance in
industry and government, either before or after further graduate study, as well as those aiming
for academic or industry research careers.

Content goals

Students who pursue financial mathematics should achieve several key mathematical goals and
outcomes.

1. Post-calculus mathematics majors (and minors) should be exposed to the mathematics of
randomness with a rigorous but applied probability course.

2. Students should learn about discrete models of asset pricing, with a later less rigorous
treatment of continuous-time models based on Brownian motion.



number of U.S. citizen graduate students in Mathematics and related fields is a desirable
outcome that is supported by a financial mathematics track.

5. Students should be afforded opportunities to pursue data-driven research projects with
financial applications, during summers or as part of an independent class. With the
availability of high-frequency data, this provides good exposure to the challenges and
techniques of Big Data analysis, which skills are currently in great demand in other
modern industries.

Prerequisites for graduate work (at MS and PhD levels)

Because of the high level of mathematical background required to address the main questions in
financial mathematics, the core topics are usually treated most fully in graduate school. The role
of the undergraduate program should be to (1) provide adequate mathematical background; (2)
expose students to the allied fields of statistics, computing, finance, and economics; and,
optionally, (3) expose the student to some core ideas and problems of the field. We describe
these goals further in what follows.

Mathematical background. In the lower division students need multivariable calculus, linear
algebra, and ordinary differential equations. Students should also take one or two courses in
probability and statistics, and one or two semesters of proof-based advanced calculus or real
analysis. Additional proof-based courses in topology, discrete mathematics, or other topics
would be useful to develop mathematical maturity. Courses in PDE and numerical analysis
would also be helpful.

Exposure to allied fields. The most important skill for industry and government employment is
computer programming. Graduate study requires a working knowledge of a programming
language sufficient for scientific computing, such as C++, Fortran, Java, or Python. Sometimes
MATLAB or a similar package is adequate for graduate courses, though not reliably for industry
employment. C++ still seems to be the preferred language for employment of quants, though
Python is gaining ground and some firms use alternatives like C#.

Students should take an introduction to statistics if that is not already a part of the probability
courses mentioned above. An introduction to Corporate Finance or Investments from the Finance
department is sometimes needed. One or more introductory courses in economics are also
recommended.

Topic-oriented courses. If available, a mathematical course introducing students to the
problems of quantitative finance would be helpful to undergraduate majors.

Program-specific courses needed






business, industry and government, or, optionally, to prepare for graduate school. In more
detail:

Mathematics courses. All of the universities in the appendix require the standard calculus
sequence, linear algebra, and ODEs for the minor, the concentration, the track, the major, and the
double major. Several of the minors, concentrations and tracks require a numerical computing
course that emphasizes matrix algebra, solving systems of equations and numerical calculus.
Some of the tracks and concentrations require probability and statistics. The majors and double
majors require the numerical computer course, probability and statistics. Some of the probability
courses cover Monte Carlo methods and Brownian motion. The universities offering majors and
double majors usually require a course in analysis or advanced calculus, an upper level (linear)
algebra course and sometimes a course in partial differential equations. Some of the programs
also offer courses in time series analysis and courses in discrete, continuous, and stochastic
dynamics.

Finance courses. A basic finance course covering the time value of money, fixed income,
pricing bonds and equity is standard in these programs. Courses in micro- and macro-economics
are required or recommended in most of the programs. The major and double major programs
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