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Rationale and Aim
Given the increasing intricacies and interconnectedness of financial firms’ activities and the potential opportunities and risks to which they expose themselves and the world’s economy, the next generation of financial engineers
needs to master an extensive array of mathematical financial models. Indeed,
one of the current challenges in finance is that the complexity of modern securities and markets has forced modelers to employ increasingly sophisticated
mathematical tools to address financial issues, creating a widening gap between the qualitative and quantitative approaches to finance.
Our book seeks to address this gap by introducing the quantitative aspects
of finance to students with either a qualitative background or no background
in the subject. At a firm the traders, risk managers, etc. employ proprietary analytical and numerical models custom made to the needs of their firm. However, since open access to such models is prohibited, the book instead strives
to give students a fundamental understanding of key financial ideas and tools
that form the basis for building more realistic models, including those of a
proprietary nature.
Distinctive Features and Benefits
This book is distinct in how it emphasizes and pedagogically conveys in an
accessible manner the theoretical understanding and applications of the mathematical models forming key pillars of modern finance.
First, the book keeps a good balance between mathematical derivation and
description for the sake of providing an adequate level of rigor and depth in
mathematics and maintaining accessibility to the reader, which in turn adds
flexibility of material selection for the instructor (e.g., Chapter 7 may be taught
earlier). Specifically, this book addresses the gap between textbooks that ofvii
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fer a theoretical treatment without many applications and those that simply
present and apply formulas without appropriately deriving them. Indeed, theoretical understanding is incomplete without enough practice in applications,
and applications are risky without a rigorous theoretical understanding. To
accomplish this, the book contains numerous carefully chosen examples and
exercises that reinforce a student’s conceptual understanding and develop a
facility with applications. Indeed, the exercises are divided into conceptual,
application, and theoretical problems that probe the material deeper.
Second, beyond a few required undergraduate mathematics courses (see
Prerequisites below), this book is essentially self-contained. The large number of necessary financial terminologies and concepts can be overwhelming
to a student new to finance. For this reason, after introducing some central,
big-picture financial ideas in the first chapter, we present the financial minutia along the way as needed. We have tried to make the book self-contained
in this regard through thoughtfully chosen illustrative applications starting at
the ground level with simple interest. We then gradually increase the difficulty
as the book develops, ranging across compound interest, annuities, portfolio theory,
capital market theory, portfolio risk measures, the role of linear factor models in portfolio risk attribution, binomial tree models, stochastic calculus, derivatives, the martingale approach to derivative pricing, the Black-Scholes-Merton model, and the Merton
jump-diffusion model.
Third, the book is also useful for students preparing either for higher level
study in mathematical finance or for a career in actuarial science. For example,
the syllabi for the actuarial Financial Mathematics Exam (Exam 2/FM) and
Models of Financial Economics Exam (Exam 3F/MFE) include many topics
covered in the book.
Prerequisites
The required mathematics consists of introductory courses on multivariable
calculus, probability, and linear algebra. Along the way, we introduce additional mathematical tools as needed—e.g., some measure theory is presented
from scratch.
No background in finance is assumed. As noted above, the necessary financial
concepts and tools are introduced in the text, with the first chapter giving an
overview of several common finance terminologies associated with securities
and securities markets.
Our book does not require computer programming. In our experience, finance courses based on computer programming are best taken after students
have developed a fundamental understanding of the theoretical architecture
of financial models.
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Audience
The text is aimed at advanced undergraduates and master’s degree students who are
either new to finance or want a more rigorous treatment of the mathematical
models used in finance. The students typically are from economics, mathematics, engineering, physics, and computer science.
We also believe that a faculty member who is teaching finance for the first
time will find this introduction readily manageable. Professionals working in
finance who would like a refresher or even clarification on some of the theoretical and conceptual aspects of mathematical finance will benefit from the
text.
Scope and Guide
The chapters are organized naturally into four parts and range over the following topics:
- Part I (Chapters 1 and 2):
introduction to securities markets and the time value of money
- Part II (Chapters 3 and 4):
Markowitz portfolio theory, capital market theory, and portfolio risk measures
- Part III (Chapters 5 and 6):
modeling underlying securities using binomial trees and stochastic calculus
- Part IV (Chapters 7 and 8):
derivative securities, BSM model, and Merton jump-diffusion model
The material was tested in courses offered to upper-level undergraduates and
master’s degree students. Below are two examples of possible topics that may
serve as a guide for semester-long courses:
- Introduction to Mathematical Finance: securities markets (Chapter 1), the time
value of money (Chapter 2), Markowitz portfolio theory, capital market
theory, and portfolio risk measures (Chapters 3–4), binomial security pricing (Chapter 5, omit most derivations), Itô’s formula and geometric Brownian motion (Sections 6.8 and 6.9), forwards, futures, and options (Sections 7.2, 7.3, and 7.5), and call option pricing with applications (Sections 8.3,
8.2.2, 8.5, and 8.6.2).
- Introduction to Financial Derivatives: modeling underliers in discrete time
(Sections 5.1–5.3), stochastic calculus and modeling underliers in continuous
time (Section 5.4 and Chapter 6), general aspects of forwards, futures, swaps,
and options, including trading strategies (Chapters 7), the Black-ScholesMerton (BSM) model, BSM p.d.e. approach to pricing European-style options, risk-neutral approach to pricing European-style options, applications
to warrants, delta hedging, managing portfolio risk, and extension of the
BSM model to the Merton jump-diffusion model (Chapter 8).
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A year-long course on introductory mathematical finance can be based on the
entire book. The book can also be used as a reference for students enrolled in a
mathematical finance independent study course.
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