what is stochastic calculus

what is stochastic calculus is a branch of mathematics that extends traditional calculus to include
stochastic processes, which are systems that exhibit randomness and uncertainty. This field is crucial
in various disciplines, particularly in finance, physics, and engineering, where modeling such
unpredictable systems is essential. Stochastic calculus provides tools for analyzing systems
influenced by random variables, allowing for the development of models that can predict future
behavior based on historical data and random influences. The article will delve into the core concepts
of stochastic calculus, its applications, key components such as Brownian motion and It6's lemma,
and its significance in real-world scenarios.

To ensure a comprehensive understanding, this article will also cover the differences between
stochastic calculus and classical calculus, and the foundational theories that underpin this
mathematical domain. Here, we present the Table of Contents for easier navigation through the topics
discussed.
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Introduction to Stochastic Calculus

Stochastic calculus is a specialized branch of mathematics that deals with stochastic
processes—mathematical models that incorporate random variables. Unlike traditional calculus, which
focuses on deterministic functions, stochastic calculus is designed to handle the complexities of
randomness and uncertainty. The origins of stochastic calculus trace back to the early 20th century,
with significant contributions from mathematicians like Norbert Wiener and Kiyoshi 1t6, who laid the
groundwork for modern applications in various fields.

This discipline has gained prominence, particularly in finance, where it is used for pricing options,
assessing risks, and managing portfolios. It also plays a vital role in engineering, physics, and other
scientific disciplines, where uncertainty is inherent. By employing stochastic calculus, researchers and
practitioners can develop more accurate models that reflect real-world complexities.

Understanding the basic principles of stochastic calculus requires familiarity with certain key concepts



that will be explored in detail in the subsequent sections.

Key Concepts in Stochastic Calculus

To appreciate the depth of stochastic calculus, it is essential to grasp its fundamental concepts. These
include stochastic processes, random variables, and their mathematical descriptions.

Stochastic Processes

A stochastic process is a collection of random variables representing a process that evolves over time.
These processes can be discrete or continuous and are characterized by their probabilistic nature.
Common types of stochastic processes include:

e Markov processes: Memoryless processes where the future state depends only on the current
state.

¢ Poisson processes: Models for random events occurring over time, often used in queueing
theory.

e Brownian motion: A continuous-time stochastic process representing random movement, crucial
in financial modeling.

Each type of stochastic process has unique properties and applications, contributing to the breadth of
stochastic calculus.

Random Variables

Random variables are numerical outcomes of random phenomena, used to quantify uncertainty. In
stochastic calculus, these variables are often modeled using probability distributions, which describe
the likelihood of different outcomes. Understanding how to manipulate and analyze random variables
is critical for developing stochastic models.

Applications of Stochastic Calculus

Stochastic calculus has widespread applications across various fields. Its ability to model uncertainty
makes it invaluable in scenarios where traditional methods fall short.



Finance

In finance, stochastic calculus is primarily used for option pricing and risk management. The famous
Black-Scholes model, which employs stochastic differential equations, is a cornerstone of modern
financial theory. This model allows traders and analysts to price options and derivatives by accounting
for the underlying asset's volatility and the time value of money.

Engineering and Physics

In engineering, stochastic calculus aids in systems modeling where uncertainties are prevalent, such
as in control systems and signal processing. In physics, it helps in understanding phenomena like
diffusion and particle movement, where randomness plays a crucial role.

Brownian Motion and Its Importance

One of the key components of stochastic calculus is Brownian motion, a continuous-time stochastic
process that models random movement. Named after the botanist Robert Brown, this phenomenon
describes the erratic motion of particles suspended in fluid and has significant implications in various
fields.

Characteristics of Brownian Motion

Brownian motion has several defining properties:
e Continuous paths: The trajectories of Brownian motion are continuous but nowhere
differentiable.

¢ Independent increments: The changes in the process over non-overlapping intervals are
independent random variables.

e Normally distributed increments: The increments follow a normal distribution, characterized by
a mean of zero and a variance proportional to the time interval.

These properties make Brownian motion a robust model for financial assets, enabling the analysis of
price changes over time.

Ito's Lemma and Its Applications

It6's lemma is a fundamental result in stochastic calculus that allows for differentiation of functions of



stochastic processes. It serves as a cornerstone for deriving stochastic differential equations (SDEs),
which describe the evolution of stochastic processes.

Understanding It6's Lemma

[td's lemma can be understood as an extension of the chain rule from classical calculus, adapted for
stochastic processes. It states that if X(t) is a stochastic process and f is a function of X(t), then the
differential of f can be expressed in terms of the stochastic process's properties.

The formula is given by:
df = (af/ax) dX + (1/2)(a2f/ax2) (dX)?

This lemma is crucial for developing financial models, allowing analysts to derive the dynamics of
asset prices under uncertainty.

Comparison with Classical Calculus

Stochastic calculus differs significantly from classical calculus, particularly in how it handles
uncertainty and randomness. While classical calculus deals with deterministic functions and provides
tools for precise predictions, stochastic calculus embraces the inherent unpredictability of real-world
systems.

Key Differences

Some of the notable differences include:
e Determinism vs. Stochasticity: Classical calculus works with deterministic functions, while
stochastic calculus involves random variables and processes.

e Differentiation: In classical calculus, derivatives reflect instantaneous rates of change, whereas
in stochastic calculus, derivatives are defined in the context of random processes.

» Application: Classical calculus is widely applicable in physics and engineering, while stochastic
calculus is essential in finance and fields involving uncertainty.

Understanding these differences is vital for choosing the appropriate mathematical tools for a given
problem.



Conclusion

Stochastic calculus is a powerful mathematical framework that effectively addresses the complexities
of randomness and uncertainty. Its applications span various fields, particularly in finance, where it
revolutionizes how we model and predict market behavior. By understanding key concepts such as
stochastic processes, Brownian motion, and Itd's lemma, one can gain valuable insights into the
behavior of systems influenced by random factors. The distinction between stochastic and classical
calculus further highlights the need for specialized tools in dealing with uncertainty, making
stochastic calculus an essential area of study for mathematicians and professionals alike.

Q: What is stochastic calculus used for?

A: Stochastic calculus is primarily used in finance for pricing options and managing risks. It is also
applied in engineering and physics to model systems with inherent uncertainty and randomness.

Q: How does stochastic calculus differ from classical calculus?

A: Stochastic calculus deals with random processes and variables, while classical calculus focuses on
deterministic functions. This fundamental difference affects how each discipline approaches
differentiation and integration.

Q: What is Brownian motion in stochastic calculus?

A: Brownian motion is a continuous-time stochastic process that models random movement. It is
characterized by continuous paths, independent increments, and normally distributed changes over
time.

Q: What is Ito's lemma?

A: Ito's lemma is a key result in stochastic calculus that provides a formula for differentiating
functions of stochastic processes, allowing for the derivation of stochastic differential equations.

Q: Why is stochastic calculus important in finance?

A: Stochastic calculus is crucial in finance for modeling asset prices under uncertainty, pricing
derivatives, and managing investment risks, providing a mathematical framework for understanding
market dynamics.

Q: Can stochastic calculus be applied outside of finance?

A: Yes, stochastic calculus has applications in various fields beyond finance, including engineering,
physics, biology, and any domain where systems exhibit random behavior and uncertainty.



Q: What are stochastic differential equations (SDEs)?

A: Stochastic differential equations are equations that describe the evolution of stochastic processes.
They incorporate random noise and are fundamental in modeling systems influenced by uncertainty.

Q: How do you learn stochastic calculus?

A: Learning stochastic calculus typically involves studying advanced calculus, probability theory, and
mathematical statistics. Many resources, including textbooks and online courses, are available for
those interested in the subject.

Q: What role does probability theory play in stochastic
calculus?

A: Probability theory is foundational to stochastic calculus, as it provides the tools and concepts
needed to analyze and model random processes, enabling the development of stochastic models and
their applications.

Q: Is stochastic calculus difficult to understand?

A: Stochastic calculus can be challenging due to its abstract concepts and reliance on probability
theory. However, with a solid foundation in calculus and probability, learners can gradually build their
understanding.
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what is stochastic calculus: Introduction To Stochastic Calculus With Applications (2nd
Edition) Fima C Klebaner, 2005-06-20 This book presents a concise treatment of stochastic calculus
and its applications. It gives a simple but rigorous treatment of the subject including a range of
advanced topics, it is useful for practitioners who use advanced theoretical results. It covers
advanced applications, such as models in mathematical finance, biology and
engineering.Self-contained and unified in presentation, the book contains many solved examples and
exercises. It may be used as a textbook by advanced undergraduates and graduate students in
stochastic calculus and financial mathematics. It is also suitable for practitioners who wish to gain
an understanding or working knowledge of the subject. For mathematicians, this book could be a
first text on stochastic calculus; it is good companion to more advanced texts by a way of examples
and exercises. For people from other fields, it provides a way to gain a working knowledge of
stochastic calculus. It shows all readers the applications of stochastic calculus methods and takes
readers to the technical level required in research and sophisticated modelling.This second edition
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contains a new chapter on bonds, interest rates and their options. New materials include more
worked out examples in all chapters, best estimators, more results on change of time, change of
measure, random measures, new results on exotic options, FX options, stochastic and implied
volatility, models of the age-dependent branching process and the stochastic Lotka-Volterra model in
biology, non-linear filtering in engineering and five new figures.Instructors can obtain slides of the
text from the author./a

what is stochastic calculus: Stochastic Calculus Mircea Grigoriu, 2013-12-11 Algebraic,
differential, and integral equations are used in the applied sciences, en gineering, economics, and
the social sciences to characterize the current state of a physical, economic, or social system and
forecast its evolution in time. Generally, the coefficients of and/or the input to these equations are
not precisely known be cause of insufficient information, limited understanding of some underlying
phe nomena, and inherent randonmess. For example, the orientation of the atomic lattice in the
grains of a polycrystal varies randomly from grain to grain, the spa tial distribution of a phase of a
composite material is not known precisely for a particular specimen, bone properties needed to
develop reliable artificial joints vary significantly with individual and age, forces acting on a plane
from takeoff to landing depend in a complex manner on the environmental conditions and flight
pattern, and stock prices and their evolution in time depend on a large number of factors that cannot
be described by deterministic models. Problems that can be defined by algebraic, differential, and
integral equations with random coefficients and/or input are referred to as stochastic problems. The
main objective of this book is the solution of stochastic problems, that is, the determination of the
probability law, moments, and/or other probabilistic properties of the state of a physical, economic,
or social system. It is assumed that the operators and inputs defining a stochastic problem are
specified.

what is stochastic calculus: Introduction to Stochastic Calculus with Applications Fima C.
Klebaner, 1998

what is stochastic calculus: Stochastic Calculus and Financial Applications ]J. Michael Steele,
2012-12-06 This book is designed for students who want to develop professional skill in stochastic
calculus and its application to problems in finance. The Wharton School course that forms the basis
for this book is designed for energetic students who have had some experience with probability and
statistics but have not had ad vanced courses in stochastic processes. Although the course assumes
only a modest background, it moves quickly, and in the end, students can expect to have tools that
are deep enough and rich enough to be relied on throughout their professional careers. The course
begins with simple random walk and the analysis of gambling games. This material is used to
motivate the theory of martingales, and, after reaching a decent level of confidence with discrete
processes, the course takes up the more de manding development of continuous-time stochastic
processes, especially Brownian motion. The construction of Brownian motion is given in detail, and
enough mate rial on the subtle nature of Brownian paths is developed for the student to evolve a
good sense of when intuition can be trusted and when it cannot. The course then takes up the Ito
integral in earnest. The development of stochastic integration aims to be careful and complete
without being pedantic.

what is stochastic calculus: Stochastic Calculus Paolo Baldi, 2017-11-09 This book provides
a comprehensive introduction to the theory of stochastic calculus and some of its applications. It is
the only textbook on the subject to include more than two hundred exercises with complete
solutions. After explaining the basic elements of probability, the author introduces more advanced
topics such as Brownian motion, martingales and Markov processes. The core of the book covers
stochastic calculus, including stochastic differential equations, the relationship to partial differential
equations, numerical methods and simulation, as well as applications of stochastic processes to
finance. The final chapter provides detailed solutions to all exercises, in some cases presenting
various solution techniques together with a discussion of advantages and drawbacks of the methods
used. Stochastic Calculus will be particularly useful to advanced undergraduate and graduate
students wishing to acquire a solid understanding of the subject through the theory and exercises.



Including full mathematical statements and rigorous proofs, this book is completely self-contained
and suitable for lecture courses as well as self-study.

what is stochastic calculus: A First Course in Stochastic Calculus Louis-Pierre Arguin,
2021-11-22 A First Course in Stochastic Calculus is a complete guide for advanced undergraduate
students to take the next step in exploring probability theory and for master's students in
mathematical finance who would like to build an intuitive and theoretical understanding of
stochastic processes. This book is also an essential tool for finance professionals who wish to
sharpen their knowledge and intuition about stochastic calculus. Louis-Pierre Arguin offers an
exceptionally clear introduction to Brownian motion and to random processes governed by the
principles of stochastic calculus. The beauty and power of the subject are made accessible to readers
with a basic knowledge of probability, linear algebra, and multivariable calculus. This is achieved by
emphasizing numerical experiments using elementary Python coding to build intuition and adhering
to a rigorous geometric point of view on the space of random variables. This unique approach is used
to elucidate the properties of Gaussian processes, martingales, and diffusions. One of the book's
highlights is a detailed and self-contained account of stochastic calculus applications to option
pricing in finance. Louis-Pierre Arguin's masterly introduction to stochastic calculus seduces the
reader with its quietly conversational style; even rigorous proofs seem natural and easy. Full of
insights and intuition, reinforced with many examples, numerical projects, and exercises, this book
by a prize-winning mathematician and great teacher fully lives up to the author's reputation. I give it
my strongest possible recommendation. —Jim Gatheral, Baruch College I happen to be of a different
persuasion, about how stochastic processes should be taught to undergraduate and MA students.
But I have long been thinking to go against my own grain at some point and try to teach the subject
at this level—together with its applications to finance—in one semester. Louis-Pierre Arguin's
excellent and artfully designed text will give me the ideal vehicle to do so. —loannis Karatzas,
Columbia University, New York

what is stochastic calculus: Informal Introduction To Stochastic Calculus With Applications,
An (Second Edition) Ovidiu Calin, 2021-11-15 Most branches of science involving random
fluctuations can be approached by Stochastic Calculus. These include, but are not limited to, signal
processing, noise filtering, stochastic control, optimal stopping, electrical circuits, financial markets,
molecular chemistry, population dynamics, etc. All these applications assume a strong mathematical
background, which in general takes a long time to develop. Stochastic Calculus is not an easy to
grasp theory, and in general, requires acquaintance with the probability, analysis and measure
theory.The goal of this book is to present Stochastic Calculus at an introductory level and not at its
maximum mathematical detail. The author's goal was to capture as much as possible the spirit of
elementary deterministic Calculus, at which students have been already exposed. This assumes a
presentation that mimics similar properties of deterministic Calculus, which facilitates
understanding of more complicated topics of Stochastic Calculus.The second edition contains several
new features that improved the first edition both qualitatively and quantitatively. First, two more
chapters have been added, Chapter 12 and Chapter 13, dealing with applications of stochastic
processes in Electrochemistry and global optimization methods.This edition contains also a final
chapter material containing fully solved review problems and provides solutions, or at least valuable
hints, to all proposed problems. The present edition contains a total of about 250 exercises.This
edition has also improved presentation from the first edition in several chapters, including new
material.

what is stochastic calculus: Brownian Motion and Stochastic Calculus loannis Karatzas,
Steven Shreve, 2012-12-06 Two of the most fundamental concepts in the theory of stochastic
processes are the Markov property and the martingale property. * This book is written for readers
who are acquainted with both of these ideas in the discrete-time setting, and who now wish to
explore stochastic processes in their continuous time context. It has been our goal to write a
systematic and thorough exposi tion of this subject, leading in many instances to the frontiers of
knowledge. At the same time, we have endeavored to keep the mathematical prerequisites as low as




possible, namely, knowledge of measure-theoretic probability and some familiarity with
discrete-time processes. The vehicle we have chosen for this task is Brownian motion, which we
present as the canonical example of both a Markov process and a martingale. We support this point
of view by showing how, by means of stochastic integration and random time change, all
continuous-path martingales and a multitude of continuous-path Markov processes can be
represented in terms of Brownian motion. This approach forces us to leave aside those processes
which do not have continuous paths. Thus, the Poisson process is not a primary object of study,
although it is developed in Chapter 1 to be used as a tool when we later study passage times and
local time of Brownian motion.

what is stochastic calculus: Stochastic Calculus and Applications Samuel N. Cohen,
Robert J. Elliott, 2015-11-18 Completely revised and greatly expanded, the new edition of this text
takes readers who have been exposed to only basic courses in analysis through the modern general
theory of random processes and stochastic integrals as used by systems theorists, electronic
engineers and, more recently, those working in quantitative and mathematical finance. Building
upon the original release of this title, this text will be of great interest to research mathematicians
and graduate students working in those fields, as well as quants in the finance industry. New
features of this edition include: End of chapter exercises; New chapters on basic measure theory and
Backward SDEs; Reworked proofs, examples and explanatory material; Increased focus on
motivating the mathematics; Extensive topical index. Such a self-contained and complete exposition
of stochastic calculus and applications fills an existing gap in the literature. The book can be
recommended for first-year graduate studies. It will be useful for all who intend to work with
stochastic calculus as well as with its applications.-Zentralblatt (from review of the First Edition)

what is stochastic calculus: Introduction to Stochastic Calculus Applied to Finance, Second
Edition Damien Lamberton, Bernard Lapeyre, 1996-06-01 In recent years the growing importance of
derivative products financial markets has increased financial institutions' demands for mathematical
skills. This book introduces the mathematical methods of financial modeling with clear explanations
of the most useful models. Introduction to Stochastic Calculus begins with an elementary
presentation of discrete models, including the Cox-Ross-Rubenstein model. This book will be valued
by derivatives trading, marketing, and research divisions of investment banks and other institutions,
and also by graduate students and research academics in applied probability and finance theory.

what is stochastic calculus: Stochastic Calculus for Fractional Brownian Motion and Related
Processes I[JUlii(Ja[] S. Mishura, 2008-01-02 This volume examines the theory of fractional
Brownian motion and other long-memory processes. Interesting topics for PhD students and
specialists in probability theory, stochastic analysis and financial mathematics demonstrate the
modern level of this field. It proves that the market with stock guided by the mixed model is
arbitrage-free without any restriction on the dependence of the components and deduces different
forms of the Black-Scholes equation for fractional market.

what is stochastic calculus: Stochastic Calculus Richard Durrett, 2018-03-29 This compact
yet thorough text zeros in on the parts of the theory that are particularly relevant to applications . It
begins with a description of Brownian motion and the associated stochastic calculus, including their
relationship to partial differential equations. It solves stochastic differential equations by a variety of
methods and studies in detail the one-dimensional case. The book concludes with a treatment of
semigroups and generators, applying the theory of Harris chains to diffusions, and presenting a
quick course in weak convergence of Markov chains to diffusions. The presentation is unparalleled
in its clarity and simplicity. Whether your students are interested in probability, analysis, differential
geometry or applications in operations research, physics, finance, or the many other areas to which
the subject applies, you'll find that this text brings together the material you need to effectively and
efficiently impart the practical background they need.

what is stochastic calculus: Elementary Stochastic Calculus, With Finance In View
Thomas Mikosch, 1998-10-30 Modelling with the It0 integral or stochastic differential equations has
become increasingly important in various applied fields, including physics, biology, chemistry and



finance. However, stochastic calculus is based on a deep mathematical theory.This book is suitable
for the reader without a deep mathematical background. It gives an elementary introduction to that
area of probability theory, without burdening the reader with a great deal of measure theory.
Applications are taken from stochastic finance. In particular, the Black-Scholes option pricing
formula is derived. The book can serve as a text for a course on stochastic calculus for
non-mathematicians or as elementary reading material for anyone who wants to learn about It0
calculus and/or stochastic finance.

what is stochastic calculus: Stochastic Calculus for Finance I Steven Shreve, 2005-06-28
Developed for the professional Master's program in Computational Finance at Carnegie Mellon, the
leading financial engineering program in the U.S. Has been tested in the classroom and revised over
a period of several years Exercises conclude every chapter; some of these extend the theory while
others are drawn from practical problems in quantitative finance

what is stochastic calculus: From Stochastic Calculus to Mathematical Finance Yu.
Kabanov, R. Liptser, J. Stoyanov, 2007-04-03 Dedicated to the Russian mathematician Albert
Shiryaev on his 70th birthday, this is a collection of papers written by his former students,
co-authors and colleagues. The book represents the modern state of art of a quickly maturing theory
and will be an essential source and reading for researchers in this area. Diversity of topics and
comprehensive style of the papers make the book attractive for PhD students and young
researchers.

what is stochastic calculus: Stochastic Calculus in Manifolds Michel Emery, 2012-12-06
Addressed to both pure and applied probabilitists, including graduate students, this text is a
pedagogically-oriented introduction to the Schwartz-Meyer second-order geometry and its use in
stochastic calculus. P.A. Meyer has contributed an appendix: A short presentation of stochastic
calculus presenting the basis of stochastic calculus and thus making the book better accessible to
non-probabilitists also. No prior knowledge of differential geometry is assumed of the reader: this is
covered within the text to the extent. The general theory is presented only towards the end of the
book, after the reader has been exposed to two particular instances - martingales and Brownian
motions - in manifolds. The book also includes new material on non-confluence of martingales, s.d.e.
from one manifold to another, approximation results for martingales, solutions to Stratonovich
differential equations. Thus this book will prove very useful to specialists and non-specialists alike,
as a self-contained introductory text or as a compact reference.

what is stochastic calculus: It6’s Stochastic Calculus and Probability Theory Nobuyuki
Ikeda, Sinzo Watanabe, Masatoshi Fukushima, Hiroshi Kunita, 2012-12-06 Professor Kiyosi Ito is
well known as the creator of the modern theory of stochastic analysis. Although Ito first proposed his
theory, now known as Ito's stochastic analysis or Ito's stochastic calculus, about fifty years ago, its
value in both pure and applied mathematics is becoming greater and greater. For almost all modern
theories at the forefront of probability and related fields, Ito's analysis is indispensable as an
essential instrument, and it will remain so in the future. For example, a basic formula, called the Ito
formula, is well known and widely used in fields as diverse as physics and economics. This volume
contains 27 papers written by world-renowned probability theorists. Their subjects vary widely and
they present new results and ideas in the fields where stochastic analysis plays an important role.
Also included are several expository articles by well-known experts surveying recent developments.
Not only mathematicians but also physicists, biologists, economists and researchers in other fields
who are interested in the effectiveness of stochastic theory will find valuable suggestions for their
research. In addition, students who are beginning their study and research in stochastic analysis and
related fields will find instructive and useful guidance here. This volume is dedicated to Professor Ito
on the occasion of his eightieth birthday as a token of deep appreciation for his great achievements
and contributions. An introduction to and commentary on the scientific works of Professor Ito are
also included.

what is stochastic calculus: Stochastic Calculus and Stochastic Models E. ]. McShane,
2014-07-10 Probability and Mathematical Statistics: A Series of Monographs and Textbooks:



Stochastic Calculus and Stochastic Models focuses on the properties, functions, and applications of
stochastic integrals. The publication first ponders on stochastic integrals, existence of stochastic
integrals, and continuity, chain rule, and substitution. Discussions focus on differentiation of a
composite function, continuity of sample functions, existence and vanishing of stochastic integrals,
canonical form, elementary properties of integrals, and the Itd-belated integral. The book then
examines stochastic differential equations, including existence of solutions of stochastic differential
equations, linear differential equations and their adjoints, approximation lemma, and the
Cauchy-Maruyama approximation. The manuscript takes a look at equations in canonical form, as
well as justification of the canonical extension in stochastic modeling; rate of convergence of
approximations to solutions; comparison of ordinary and stochastic differential equations; and
invariance under change of coordinates. The publication is a dependable reference for
mathematicians and researchers interested in stochastic integrals.

what is stochastic calculus: Introduction to Stochastic Calculus Applied to Finance, Second
Edition Damien Lamberton, Bernard Lapeyre, 2007-11-30 Since the publication of the first edition of
this book, the area of mathematical finance has grown rapidly, with financial analysts using more
sophisticated mathematical concepts, such as stochastic integration, to describe the behavior of
markets and to derive computing methods. Maintaining the lucid style of its popular predecessor,
Introduction to Stochastic Calculus Applied to Finance, Second Edition incorporates some of these
new techniques and concepts to provide an accessible, up-to-date initiation to the field. New to the
Second Edition Complements on discrete models, including Rogers' approach to the fundamental
theorem of asset pricing and super-replication in incomplete markets Discussions on local volatility,
Dupire's formula, the change of numéraire techniques, forward measures, and the forward Libor
model A new chapter on credit risk modeling An extension of the chapter on simulation with
numerical experiments that illustrate variance reduction techniques and hedging strategies
Additional exercises and problems Providing all of the necessary stochastic calculus theory, the
authors cover many key finance topics, including martingales, arbitrage, option pricing, American
and European options, the Black-Scholes model, optimal hedging, and the computer simulation of
financial models. They succeed in producing a solid introduction to stochastic approaches used in
the financial world.

what is stochastic calculus: Brownian Motion, Martingales, and Stochastic Calculus
Jean-Francois Le Gall, 2016-04-28 This book offers a rigorous and self-contained presentation of
stochastic integration and stochastic calculus within the general framework of continuous
semimartingales. The main tools of stochastic calculus, including It6’s formula, the optional stopping
theorem and Girsanov’s theorem, are treated in detail alongside many illustrative examples. The
book also contains an introduction to Markov processes, with applications to solutions of stochastic
differential equations and to connections between Brownian motion and partial differential
equations. The theory of local times of semimartingales is discussed in the last chapter. Since its
invention by It0, stochastic calculus has proven to be one of the most important techniques of
modern probability theory, and has been used in the most recent theoretical advances as well as in
applications to other fields such as mathematical finance. Brownian Motion, Martingales, and
Stochastic Calculus provides a strong theoretical background to the reader interested in such
developments. Beginning graduate or advanced undergraduate students will benefit from this
detailed approach to an essential area of probability theory. The emphasis is on concise and efficient
presentation, without any concession to mathematical rigor. The material has been taught by the
author for several years in graduate courses at two of the most prestigious French universities. The
fact that proofs are given with full details makes the book particularly suitable for self-study. The
numerous exercises help the reader to get acquainted with the tools of stochastic calculus.
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