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This volume contains refereed research or review
papers presented at the 5th Seminar on Stochastic
Processes, Random Fields and Applications, which
took place at the Centro Stefano Franscini (Monte
Verità) in Ascona, Switzerland, from May 29 to June
3, 2004. The seminar focused mainly on stochastic
partial differential equations, stochastic models in
mathematical physics, and financial engineering.
The series is aimed specifically at publishing peer
reviewed reviews and contributions presented at
workshops and conferences. Each volume is
associated with a particular conference, symposium
or workshop. These events cover various topics
within pure and applied mathematics and provide upto-date coverage of new developments, methods
and applications.
The book discusses the following topics in stochastic
analysis: 1. Stochastic analysis related to Lie groups:
stochastic analysis of loop spaces and infinite
dimensional manifolds has been developed rapidly
after the fundamental works of Gross and Malliavin.
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This is a textbook for advanced undergraduate
students and beginning graduate students in applied
mathematics. It presents the basic mathematical
foundations of stochastic analysis (probability theory
and stochastic processes) as well as some important
practical tools and applications (e.g., the connection
with differential equations, numerical methods, path
integrals, random fields, statistical physics, chemical
kinetics, and rare events). The book strikes a nice
balance between mathematical formalism and
intuitive arguments, a style that is most suited for
applied mathematicians. Readers can learn both the
rigorous treatment of stochastic analysis as well as
practical applications in modeling and simulation.
Numerous exercises nicely supplement the main
exposition.
This book presents the current status and research
trends in Stochastic Analysis. Several new and
emerging research areas are described in detail,
highlighting the present outlook in Stochastic
Analysis and its impact on abstract analysis. The
book focuses on treating problems in areas that
serve as a launching pad for continual research.
Contents:Gaussian Measures on Infinite
Dimensional Spaces (V I Bogachev)Random Fields
and Hypergroups (Herbert Heyer)A Concise
Exposition of Large Deviations (F Hiai)Quantum
White Noise Calculus and Applications (Un Cig Ji
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Derivatives, Dunford–Schwartz Type Integration, and
Cramér and Karhunen Processes (Yûichirô
Kakihara)Entropy, SDE–LDP and
Fenchel–Legendre–Orlicz Classes (M M
Rao)Bispectral Density Estimation in Harmonizable
Processes (H Soedjak) Readership: Graduate
students and researchers in Probability and
Stochastic Analysis. Keywords:Stochastic
Measures;Stochastic Differential Equations;RSACurrent TrendsKey Features:The book covers new
developments in Stochastic AnalysisThe research
works contain detailed exposition to induce new
researchers
The infinite dimensional analysis as a branch of
mathematical sciences was formed in the late 19th
and early 20th centuries. Motivated by problems in
mathematical physics, the first steps in this field
were taken by V. Volterra, R. GateallX, P. Levy and
M. Frechet, among others (see the preface to
Levy[2]). Nevertheless, the most fruitful direction in
this field is the infinite dimensional integration theory
initiated by N. Wiener and A. N. Kolmogorov which is
closely related to the developments of the theory of
stochastic processes. It was Wiener who constructed
for the first time in 1923 a probability measure on the
space of all continuous functions (i. e. the Wiener
measure) which provided an ideal math ematical
model for Brownian motion. Then some important
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invariance of Gaussian measures, were discovered
by R. Cameron and W. Martin[l, 2, 3]. In 1931,
Kolmogorov[l] deduced a second partial differential
equation for transition probabilities of Markov
processes order with continuous trajectories (i. e.
diffusion processes) and thus revealed the deep
connection between theories of differential equations
and stochastic processes. The stochastic analysis
created by K. Ito (also independently by Gihman [1])
in the forties is essentially an infinitesimal analysis
for trajectories of stochastic processes. By virtue of
Ito's stochastic differential equations one can
construct diffusion processes via direct probabilistic
methods and treat them as function als of Brownian
paths (i. e. the Wiener functionals).
This book is intended for university seniors and
graduate students majoring in probability theory or
mathematical finance. In the first chapter, results in
probability theory are reviewed. Then, it follows a
discussion of discrete-time martingales, continuous
time square integrable martingales (particularly,
continuous martingales of continuous paths),
stochastic integrations with respect to continuous
local martingales, and stochastic differential
equations driven by Brownian motions. In the final
chapter, applications to mathematical finance are
given. The preliminary knowledge needed by the
reader is linear algebra and measure theory.
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Rigorous proofs are provided for theorems,
Applied Probability
propositions, and lemmas. In this book, the definition
of conditional expectations is slightly different than
what is usually found in other textbooks. For the
Doob–Meyer decomposition theorem, only square
integrable submartingales are considered, and only
elementary facts of the square integrable functions
are used in the proof. In stochastic differential
equations, the Euler–Maruyama approximation is
used mainly to prove the uniqueness of martingale
problems and the smoothness of solutions of
stochastic differential equations.
Simulation has now become an integral part of
research and development across many fields of
study. Despite the large amounts of literature in the
field of simulation and modeling, one recurring
problem is the issue of accuracy and confidence
level of constructed models. By outlining the new
approaches and modern methods of simulation of
stochastic processes, this book provides methods
and tools in measuring accuracy and reliability in
functional spaces. The authors explore analysis of
the theory of Sub-Gaussian (including Gaussian
one) and Square Gaussian random variables and
processes and Cox processes. Methods of
simulation of stochastic processes and fields with
given accuracy and reliability in some Banach
spaces are also considered. Provides an analysis of
the theory of Sub-Gaussian (including Gaussian
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processes Contains information on the study of the
issue of accuracy and confidence level of
constructed models not found in other books on the
topic Provides methods and tools in measuring
accuracy and reliability in functional spaces
Stochastic Analysis for Gaussian Random Processes and
Fields: With Applications presents Hilbert space methods to
study deep analytic properties connecting probabilistic
notions. In particular, it studies Gaussian random fields using
reproducing kernel Hilbert spaces (RKHSs).The book begins
with preliminary results on covariance and associated RKHS
This book is devoted to stochastic operators in Hilbert space.
A number of models in modern probability theory apply the
notion of a stochastic operator in explicit or latent form. In this
book, objects from the Gaussian case are considered.
Therefore, it is useful to consider all random variables and
elements as functionals from the Wiener process or its formal
derivative, i.e. white noise. The book consists of five chapters.
The first chapter is devoted to stochastic calculus and its
main goal is to prepare the tools for solving stochastic
equations. In the second chapter the structure of stochastic
equations, mainly the structure of Gaussian strong linear
operators, is studied. In chapter 3 the definition of the action
of the stochastic operator on random elements in considered.
Chapter 4 deals with the mathematical models in which the
notions of stochastic calculus arise and in the final chapter
the equation with random operators is considered.
This volume presents an extensive overview of all major
modern trends in applications of probability and stochastic
analysis. It will be a great source of inspiration for designing
new algorithms, modeling procedures and experiments.
Accessible to researchers, practitioners, as well as graduate
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ideas and methodologies in the fields of
optimization, physics, finance, probability, hydrodynamics,
reliability, decision making, mathematical finance,
mathematical physics and economics. Contributions to this
Work include those of selected speakers from the
international conference entitled “Modern Stochastics:
Theory and Applications III,” held on September 10 –14,
2012 at Taras Shevchenko National University of Kyiv,
Ukraine. The conference covered the following areas of
research in probability theory and its applications: stochastic
analysis, stochastic processes and fields, random matrices,
optimization methods in probability, stochastic models of
evolution systems, financial mathematics, risk processes and
actuarial mathematics and information security.
This book addresses the processes of stochastic structure
formation in two-dimensional geophysical fluid dynamics
based on statistical analysis of Gaussian random fields, as
well as stochastic structure formation in dynamic systems
with parametric excitation of positive random fields f(r,t)
described by partial differential equations. Further, the book
considers two examples of stochastic structure formation in
dynamic systems with parametric excitation in the presence
of Gaussian pumping. In dynamic systems with parametric
excitation in space and time, this type of structure formation
either happens – or doesn’t! However, if it occurs in space,
then this almost always happens (exponentially quickly) in
individual realizations with a unit probability. In the case
considered, clustering of the field f(r,t) of any nature is a
general feature of dynamic fields, and one may claim that
structure formation is the Law of Nature for arbitrary random
fields of such type. The study clarifies the conditions under
which such structure formation takes place. To make the
content more accessible, these conditions are described at a
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Stochastic processes are indispensable tools for development
and research in signal and image processing, automatic
control, oceanography, structural reliability, environmetrics,
climatology, econometrics, and many other areas of science
and engineering. Suitable for a one-semester course,
Stationary Stochastic Processes for Scientists and Engineers
teaches students how to use these processes efficiently.
Carefully balancing mathematical rigor and ease of
exposition, the book provides students with a sufficient
understanding of the theory and a practical appreciation of
how it is used in real-life situations. Special emphasis is on
the interpretation of various statistical models and concepts
as well as the types of questions statistical analysis can
answer. The text first introduces numerous examples from
signal processing, economics, and general natural sciences
and technology. It then covers the estimation of mean value
and covariance functions, properties of stationary Poisson
processes, Fourier analysis of the covariance function
(spectral analysis), and the Gaussian distribution. The book
also focuses on input-output relations in linear filters,
describes discrete-time auto-regressive and moving average
processes, and explains how to solve linear stochastic
differential equations. It concludes with frequency analysis
and estimation of spectral densities. With a focus on model
building and interpreting the statistical concepts, this
classroom-tested book conveys a broad understanding of the
mechanisms that generate stationary stochastic processes.
By combining theory and applications, the text gives students
a well-rounded introduction to these processes. To enable
hands-on practice, MATLAB® code is available online.
Annotation. ...study on the Power of Potential fluctuation in
living cells...some properties of measure-valued processes
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This book Probability
highlights the latest advances in stochastic
processes, probability theory, mathematical statistics,
engineering mathematics and algebraic structures, focusing
on mathematical models, structures, concepts, problems and
computational methods and algorithms important in modern
technology, engineering and natural sciences applications. It
comprises selected, high-quality, refereed contributions from
various large research communities in modern stochastic
processes, algebraic structures and their interplay and
applications. The chapters cover both theory and
applications, illustrated by numerous figures, schemes,
algorithms, tables and research results to help readers
understand the material and develop new mathematical
methods, concepts and computing applications in the future.
Presenting new methods and results, reviews of cutting-edge
research, and open problems and directions for future
research, the book serves as a source of inspiration for a
broad spectrum of researchers and research students in
probability theory and mathematical statistics, applied
algebraic structures, applied mathematics and other areas of
mathematics and applications of mathematics. The book is
based on selected contributions presented at the International
Conference on “Stochastic Processes and Algebraic
Structures – From Theory Towards Applications”
(SPAS2017) to mark Professor Dmitrii Silvestrov’s 70th
birthday and his 50 years of fruitful service to mathematics,
education and international cooperation, which was held at
Mälardalen University in Västerås and Stockholm University,
Sweden, in October 2017.
This volume contains refereed research or review papers
presented at the 6th Seminar on Stochastic Processes,
Random Fields and Applications, which took place at the
Centro Stefano Franscini (Monte Verità) in Ascona,
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partial differential equations, especially large
deviations and control problems, on infinite dimensional
analysis, particle systems and financial engineering,
especially energy markets and climate models. The book will
be a valuable resource for researchers in stochastic analysis
and professionals interested in stochastic methods in finance.

This text presents selected areas of functional analysis
that can facilitate an understanding of ideas in probability
and stochastic processes. Topics covered include basic
Hilbert and Banach spaces, weak topologies and Banach
algebras, and the theory ofsemigroups of bounded linear
operators.
"Written by two renowned experts in the field, the books
under review contain a thorough and insightful treatment
of the fundamental underpinnings of various aspects of
stochastic processes as well as a wide range of
applications. Providing clear exposition, deep
mathematical results, and superb technical
representation, they are masterpieces of the subject of
stochastic analysis and nonlinear filtering....These
books...will become classics." --SIAM REVIEW
The stochastic calculus of variations of Paul Malliavin
(1925 - 2010), known today as the Malliavin Calculus,
has found many applications, within and beyond the core
mathematical discipline. Stochastic analysis provides a
fruitful interpretation of this calculus, particularly as
described by David Nualart and the scores of
mathematicians he influences and with whom he
collaborates. Many of these, including leading stochastic
analysts and junior researchers, presented their cuttingPage 10/20
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David Nualart's career, on March 19-21, 2011, at the
University of Kansas, USA. These scholars and other toplevel mathematicians have kindly contributed research
articles for this refereed volume.
A collection of 20 refereed research or review papers
presented at a six-day seminar in Switzerland. The
contributions focus on stochastic analysis, its
applications to the engineering sciences, and stochastic
methods in financial models, which was the subject of a
minisymposium.
This volume is an attempt to provide a graduate level
introduction to various aspects of stochastic geometry,
spatial statistics and random fields, with special
emphasis placed on fundamental classes of models and
algorithms as well as on their applications, e.g. in
materials science, biology and genetics. This book has a
strong focus on simulations and includes extensive
codes in Matlab and R which are widely used in the
mathematical community. It can be seen as a
continuation of the recent volume 2068 of Lecture Notes
in Mathematics, where other issues of stochastic
geometry, spatial statistics and random fields were
considered with a focus on asymptotic methods.
Stochastic Analysis & Applications, Volume 3
This brief monograph is an in-depth study of the infinite
divisibility and self-decomposability properties of central
and noncentral Student’s distributions, represented as
variance and mean-variance mixtures of multivariate
Gaussian distributions with the reciprocal gamma mixing
distribution. These results allow us to define and analyse
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Lévy processes. A broad class of onedimensional, strictly stationary diffusions with the
Student’s t-marginal distribution are defined as the
unique weak solution for the stochastic differential
equation. Using the independently scattered random
measures generated by the bi-variate centred StudentLévy process, and stochastic integration theory, a
univariate, strictly stationary process with the centred
Student’s t- marginals and the arbitrary correlation
structure are defined. As a promising direction for future
work in constructing and analysing new multivariate
Student-Lévy type processes, the notion of Lévy copulas
and the related analogue of Sklar’s theorem are
explained.
Stochastic Methods & their Applications to
Communications presents a valuable approach to the
modelling, synthesis and numerical simulation of random
processes with applications in communications and
related fields. The authors provide a detailed account of
random processes from an engineering point of view and
illustrate the concepts with examples taken from the
communications area. The discussions mainly focus on
the analysis and synthesis of Markov models of random
processes as applied to modelling such phenomena as
interference and fading in communications.
Encompassing both theory and practice, this original text
provides a unified approach to the analysis and
generation of continuous, impulsive and mixed random
processes based on the Fokker-Planck equation for
Markov processes. Presents the cumulated analysis of
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Differential
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Equations) approach to the generation of random
processes with specified characteristics Includes the
modelling of communication channels and interfer ences
using SDE Features new results and techniques for the
of solution of the generalized Fokker-Planck equation
Essential reading for researchers, engineers, and
graduate and upper year undergraduate students in the
field of communications, signal processing, control,
physics and other areas of science, this reference will
have wide ranging appeal.

This volume contains 20 refereed research or review
papers presented at the five-day Third Seminar on
Stochastic Analysis, Random Fields and
Applications which took place at the Centro Stefano
Franscini (Monte Verità) in Ascona, Switzerland,
from September 20 to 24, 1999. The seminar
focused on three topics: fundamental aspects of
stochastic analysis, physical modeling, and
applications to financial engineering. The third topic
was the subject of a mini-symposium on stochastic
methods in financial models.
This volume collects articles in pure and applied
analysis, partial differential equations, geometric
analysis and stochastic and infinite-dimensional
analysis. In particular, the contributors discuss
integral and pseudo-differential operators, which play
an important role in partial differential equations.
Other methods of solving the partial differential
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approach to variational problems and boundary
value problems. The foundations of quantum
mechanics from the viewpoints of infinitedimensional spaces and Bell''s inequality and
contraction are also mentioned.
Stochastic Analysis for Gaussian Random
Processes and FieldsWith ApplicationsCRC Press
This title contains lectures that offer an introduction
to modern topics in stochastic partial differential
equations and bring together experts whose
research is centered on the interface between
Gaussian analysis, stochastic analysis, and
stochastic PDEs.
The topics discussed in this book can be classified
into three parts: (i) Gaussian processes. The most
general and in fact final representation theory of
Gaussian processes is included in this book. This
theory is still referred to often and its developments
are discussed. (ii) White noise analysis. This book
includes the notes of the series of lectures delivered
in 1975 at Carleton University in Ottawa. They
describe the very original idea of introducing the
notion of generalized Brownian functionals
(nowadays called “generalized white noise
functionals”, and sometimes “Hida distribution”. (iii)
Variational calculus for random fields. This topic will
certainly represent one of the driving research lines
for probability theory in the next century, as can be
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Contents:General Theory of White Noise
FunctionalsGaussian and Other ProcessesInfinite
Dimensional Harmonic Analysis and Rotation
GroupQuantum TheoryFeynman Integrals and
Random FieldsVariational Calculus and Random
FieldsApplication to Biology Readership: Graduate
students and researchers in the fields of probability
theory, functional analysis, statistics and theoretical
physics. Keywords:White Noise;Gaussian;Brownian
Motion;LÃ©vy Process;Canonical
Representation;Stochastic Infinitesimal
Equation;Generalized Functional;Innovation;Multiple
Markov;Random FieldReviews:“This collection of
papers is a tribute to one of the great researchers
within stochastic analysis, Takeyuki Hida … An
interesting appendix, however, is the collection of
remarks at the end of the book … These remarks
serve to put the various papers into perspective, and
represent a valuable contribution.”Mathematical
Reviews
This volume presents an introductory course on
differential stochastic equations and Malliavin
calculus. The material of the book has grown out of a
series of courses delivered at the Scuola Normale
Superiore di Pisa (and also at the Trento and
Funchal Universities) and has been refined over
several years of teaching experience in the subject.
The lectures are addressed to a reader who is
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functional analysis. The first part is devoted to the
Gaussian measure in a separable Hilbert space, the
Malliavin derivative, the construction of the Brownian
motion and Itô's formula. The second part deals with
differential stochastic equations and their connection
with parabolic problems. The third part provides an
introduction to the Malliavin calculus. Several
applications are given, notably the Feynman-Kac,
Girsanov and Clark-Ocone formulae, the KrylovBogoliubov and Von Neumann theorems. In this third
edition several small improvements are added and a
new section devoted to the differentiability of the
Feynman-Kac semigroup is introduced. A
considerable number of corrections and
improvements have been made.
This volume contains twenty refereed papers
presented at the 4th Seminar on Stochastic
Processes, Random Fields and Applications, which
took place in Ascona, Switzerland, from May 2002.
The seminar focused mainly on stochastic partial
differential equations, stochastic models in
mathematical physics, and financial engineering.
The book will be a valuable resource for researchers
in stochastic analysis and professionals interested in
stochastic methods in finance and insurance.
The book is a collection of memoirs on famous
Soviet physicists of the 20th century, such as Tamm,
Vavilov, Sakharov, Landau and others. The memoirs
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The narrative is situated within a remarkably welldescribed historical, cultural and social context. Of
special interest are the chapters devoted to Soviet
and German atomic projects.
This volume contains refereed research or review articles
presented at the 7th Seminar on Stochastic Analysis,
Random Fields and Applications which took place at the
Centro Stefano Franscini (Monte Verità) in Ascona ,
Switzerland, in May 2011. The seminar focused mainly on: stochastic (partial) differential equations, especially with jump
processes, construction of solutions and approximations Malliavin calculus and Stein methods, and other techniques in
stochastic analysis, especially chaos representations and
convergence, and applications to models of interacting
particle systems - stochastic methods in financial models,
especially models for power markets or for risk analysis,
empirical estimation and approximation, stochastic control
and optimal pricing. The book will be a valuable resource for
researchers in stochastic analysis and for professionals
interested in stochastic methods in finance.?
This handbook, now available in paperback, brings together a
comprehensive collection of mathematical material in one
location. It also offers a variety of new results interpreted in a
form that is particularly useful to engineers, scientists, and
applied mathematicians. The handbook is not specific to fixed
research areas, but rather it has a generic flavor that can be
applied by anyone working with probabilistic and stochastic
analysis and modeling. Classic results are presented in their
final form without derivation or discussion, allowing for much
material to be condensed into one volume.
Stochastic dynamical systems and stochastic analysis are of
great interests not only to mathematicians but also scientists
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modeling and
simulation are highly demanded in investigating
complex phenomena in, for example, environmental and
geophysical sciences, materials science, life sciences,
physical and chemical sciences, finance and economics. The
volume reflects an essentially timely and interesting subject
and offers reviews on the recent and new developments in
stochastic dynamics and stochastic analysis, and also some
possible future research directions. Presenting a dozen
chapters of survey papers and research by leading experts in
the subject, the volume is written with a wide audience in
mind ranging from graduate students, junior researchers to
professionals of other specializations who are interested in
the subject.
Stochastic Analysis of Mixed Fractional Gaussian Processes
presents the main tools necessary to characterize Gaussian
processes. The book focuses on the particular case of the
linear combination of independent fractional and subfractional Brownian motions with different Hurst indices.
Stochastic integration with respect to these processes is
considered, as is the study of the existence and uniqueness
of solutions of related SDE's. Applications in finance and
statistics are also explored, with each chapter supplying a
number of exercises to illustrate key concepts. Presents both
mixed fractional and sub-fractional Brownian motions
Provides an accessible description for mixed fractional
gaussian processes that is ideal for Master's and PhD
students Includes different Hurst indices
This volume is a collection of solicited and refereed articles
from distinguished researchers across the field of stochastic
analysis and its application to finance. The articles represent
new directions and newest developments in this exciting and
fast growing area. The covered topics range from Markov
processes, backward stochastic differential equations,
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potential theory,
functional inequalities, optimal stopping,
portfolio selection, to risk measure and risk theory. It will be a
very useful book for young researchers who want to learn
about the research directions in the area, as well as
experienced researchers who want to know about the latest
developments in the area of stochastic analysis and
mathematical finance. Sample Chapter(s). Editorial Foreword
(58 KB). Chapter 1: Non-Linear Evolution Equations Driven
by Rough Paths (399 KB). Contents: Non-Linear Evolution
Equations Driven by Rough Paths (Thomas Cass, Zhongmin
Qian and Jan Tudor); Optimal Stopping Times with Different
Information Levels and with Time Uncertainty (Arijit
Chakrabarty and Xin Guo); Finite Horizon Optimal Investment
and Consumption with CARA Utility and Proportional
Transaction Costs (Yingshan Chen, Min Dai and Kun Zhao);
MUniform Integrability of Exponential Martingales and
Spectral Bounds of Non-Local Feynman-Kac Semigroups
(Zhen-Qing Chen); Continuous-Time Mean-Variance Portfolio
Selection with Finite Transactions (Xiangyu Cui, Jianjun Gao
and Duan Li); Quantifying Model Uncertainties in the Space
of Probability Measures (J Duan, T Gao and G He); A PDE
Approach to Multivariate Risk Theory (Robert J Elliott, Tak
Kuen Siu and Hailiang Yang); Stochastic Analysis on Loop
Groups (Shizan Fang); Existence and Stability of Measure
Solutions for BSDE with Generators of Quadratic Growth
(Alexander Fromm, Peter Imkeller and Jianing Zhang);
Convex Capital Requirements for Large Portfolios (Hans
FAllmer and Thomas Knispel); The Mixed Equilibrium of
Insider Trading in the Market with Rational Expected Price
(Fuzhou Gong and Hong Liu); Some Results on Backward
Stochastic Differential Equations Driven by Fractional
Brownian Motions (Yaozhong Hu, Daniel Ocone and Jian
Song); Potential Theory of Subordinate Brownian Motions
Page 19/20

Get Free Stochastic Analysis For Gaussian
Random Processes And Fields With Applications
Chapman
Hallcrc
On Zoran
Statistics
Revisited (Panki
Kim, Monographs
Renming Song and
Vondraiek);
Applied
Research Probability
on Social Causes of the Financial Crisis (Steven
Kou); Wick Formulas and Inequalities for the Quaternion
Gaussian and -Permanental Variables (Wenbo V Li and Ang
Wei); Further Study on Web Markov Skeleton Processes
(Yuting Liu, Zhi-Ming Ma and Chuan Zhou); MLE of
Parameters in the Drifted Brownian Motion and Its Error
(Lemee Nakamura and Weian Zheng); Optimal Partial
Information Control of SPDEs with Delay and Time-Advanced
Backward SPDEs (Bernt yksendal, Agn s Sulem and
Tusheng Zhang); Simulation of Diversified Portfolios in
Continuous Financial Markets (Eckhard Platen and Renata
Rendek); Coupling and Applications (Feng-Yu Wang); SDEs
and a Generalised Burgers Equation (Jiang-Lun Wu and Wei
Yang); Mean-Variance Hedging in the Discontinuous Case
(Jianming Xia). Readership: Graduates and researchers in
stochatic analysis and mathematical finance.
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