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A considerable part of the vast development in Mathematical Finance over
the last two decades was determined by the application of stochastic methods.
These were therefore chosen as the focus of the 2003 School on “Stochastic
Methods in Finance”. The growing interest of the mathematical community in
this field was also reflected by the extraordinarily high number of applications
for the CIME-EMS School. It was attended by 115 scientists and researchers,
selected from among over 200 applicants. The attendees came from all conti-
nents: 85 were Europeans, among them 35 Italians.

The aim of the School was to provide a broad and accurate knowledge of
some of the most up-to-date and relevant topics in Mathematical Finance.
Particular attention was devoted to the investigation of innovative methods
from stochastic analysis that play a fundamental role in mathematical mod-
eling in finance or insurance: the theory of stochastic processes, optimal and
stochastic control, stochastic differential equations, convex analysis and dual-
ity theory.
The outstanding and internationally renowned lecturers have themselves con-
tributed in an essential way to the development of the theory and techniques
that constituted the subjects of the lectures. The financial origin and mo-
tivation of the mathematical analysis were presented in a rigorous manner
and this facilitated the understanding of the interface between mathematics
and finance. Great emphasis was also placed on the importance and efficiency
of mathematical instruments for the formalization and resolution of financial
problems. Moreover, the direct financial origin of the development of some
theories now of remarkable importance in mathematics emerged with clarity.
The selection of the five topics of the CIME Course was not an easy task be-
cause of the wide spectrum of recent developments in Mathematical Finance.
Although other topics could have been proposed, we are confident that the
choice made covers some of the areas of greatest current interest.
We now propose a brief guided tour through the topics chosen and through
the methodologies that modern financial mathematics has elaborated to unveil
Risk beneath its different masks.
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We begin the tour with expected utility maximization in continuous-time
stochastic markets: this classical problem, which can be traced back to the
seminal works by Merton, received a renewed impulse in the middle of the
1980’s, when the so-called duality approach to the problem was first devel-
oped. Over the past twenty years, the theory constantly improved, until the
general case of semimartingale stochastic models was finally tackled with great
success. This prompted us to dedicate one series of lectures to this traditional
as well as very innovative topic:

“Utility Maximization in Incomplete Markets”, Prof. Walter Schachermayer,
Technical University of Vienna.
This course was mainly focused on the maximization of the expected utility
from terminal wealth in incomplete markets. A part of the course was dedi-
cated to the presentation of the stochastic model of the market, with particular
attention to the formulation of the condition of No Arbitrage. Some results of
convex analysis and duality theory were also introduced and explained, as they
are needed for the formulation of the dual problem with respect to the set
of equivalent martingale measures. Then some recent results of this classical
problem were presented in the general context of semi-martingale financial
models.

The importance of the above-mentioned analysis of the utility maximization
problem is also revealed in the theory of asset pricing in incomplete markets,
where the agent’s preferences have again to be given serious consideration,
since Risk cannot be completely hedged. Different notions of “utility-based”
prices have been introduced in the literature since the middle of the 1990’s.
These concepts determine pricing rules which are often non-linear outside
the set of marketed claims. Depending on the utility function selected, these
pricing kernels share many properties with non-linear valuations: this bordered
on the realm of risk measures and capital requirements. Coherent or convex
risk measures have been studied intensively in the last eight years but only
very recently have risk measures been considered in a dynamic context. The
theory of non-linear expectations is very appropriate for dealing with the
genuinely dynamic aspects of the measures of Risk. This leads to the next
topic:

“Nonlinear expectations, nonlinear evaluations and risk measures”, Prof.
Shige Peng, Shandong University.
In this course the theory of the so-called “ g-expectations” was developed, with
particular attention to the following topics: backward stochastic differential
equations, F-expectation, g-martingales and theorems of decomposition of E-
supermartingales. Applications to the theory of risk measures in a dynamic
context were suggested, with particular emphasis on the issues of time consis-
tency of the dynamic risk measures.

Among the many forms of Risk considered in finance, credit risk has received
major attention in recent years. This is due to its theoretical relevance but
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certainly also to its practical implications among the multitude of investors.
Credit risk is the risk faced by one party as a result of the possible decline
in the creditworthiness of the counterpart or of a third party. An overview of
the current state of the art was given in the following series of lectures:

“Stochastic methods in credit risk modeling: valuation and hedging”, Prof.
Tomasz Bielecki, Illinois Institute of Technology.
A broad review of the recent methodologies for the management of credit risk
was presented in this course: structural models, intensity-based models, mod-
eling of dependent defaults and migrations, defaultable term structures, copula
based models. For each model the main mathematical tools have been described
in detail, with particular emphasis on the theory of martingales, stochastic
control, Markov chains. The written contribution to this volume involves, in
addition to the lecturer, two co-authors, they too are among the most promi-
nent current experts in the field.

The notion of Risk is not limited to finance, but has a traditional and dom-
inating place also in insurance. For some time the two fields have evolved
independently of one another, but recently they are increasingly interacting
and this is reflected also in the financial reality, where insurance companies
are entering the financial market and viceversa. It was therefore natural to
have a series of lectures also on insurance risk and on the techniques to control
it.

“Financial control methods applied in insurance”, Prof. Christian Hipp, Uni-
versity of Karlsruhe.
The methodologies developed in modern mathematical finance have also met
with wide use in the applications to the control and the management of the
specific risk of insurance companies. In particular, the course showed how the
theory of stochastic control and stochastic optimization can be used effectively
and how it can be integrated with the classical insurance and risk theory.

Last but not least we come to the topic of partial and asymmetric information
that doubtlessly is a possible source of Risk, but has considerable importance
in itself since evidently the information is neither complete nor equally shared
among the agents. Frequently debated also by economists, this topic was an-
alyzed in the lectures:

“Partial and asymmetric information”, Prof. Kerry Back, University of St.
Louis.
In the context of economic equilibrium, a survey of incomplete and asymmet-
ric information (or insider trading) models was presented. First, a review of
filtering theory and stochastic control was introduced. In the second part of the
course some work on incomplete information models was analyzed, focusing
on Markov chain models. The last part was concerned with asymmetric in-
formation models, with particular emphasis on the Kyle model and extensions
thereof.



VIII Preface

As editors of these Lecture Notes we would like to thank the many persons
and Institutions that contributed to the success of the school. It is our plea-
sure to thank the members of the CIME (Centro Internazionale Matematico
Estivo) Scientific Committee for their invitation to organize the School; the
Director, Prof. Pietro Zecca, and the Secretary, Prof. Elvira Mascolo, for their
efficient support during the organization. We were particularly pleased by the
fact that the European Mathematical Society (EMS) chose to co-sponsor this
CIME-School as one of its two Summer Schools for 2003 and that it provided
additional financial support through UNESCO-Roste.
Our special thanks go to the lecturers for their early preparation of the ma-
terial to be distributed to the participants, for their excellent performance in
teaching the courses and their stimulating scientific contributions. All the par-
ticipants contributed to the creation of an exceptionally friendly atmosphere
which also characterized the various social events organized in the beautiful
environment around the School. We would like to thank the Town Coun-
cil of Bressanone/Brixen for additional financial and organizational support;
the Director and the staff of the Cusanus Academy in Bressanone/Brixen for
their kind hospitality and efficiency as well as all those who helped us in the
realization of this event.
This volume collects the texts of the five series of lectures presented at the
Summer School. They are arranged in alphabetic order according to the name
of the lecturer.

Firenze and Padova, March 2004
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