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Foreword

Mark Kritzman, CFA, my predecessor as research director at the Research
Foundation of CFA Institute, is a wit as well as an intellect and once referred to
those casually acquainted with quantitative finance as “dilequants ” (rhymes with
dilettantes). If you dabble in quantitative methods and wonder whether you might
be so characterized, you shouldn’t be insulted. I’m a dilequant too. Understanding
and applying quantitative techniques in finance takes a lifetime of study and
mastery, and most practitioners would do well to strive for understanding what
quantitative methods in finance are, and what they are best used for, rather than
trying to achieve this mastery on their own.

But for quantitative methods to be used and appreciated in the investment
community, one needs a primer on the topic for a nontechnical audience. The
current monograph achieves this difficult goal. Its authors, Frank J. Fabozzi, CFA,
Sergio M. Focardi, and Petter N. Kolm, have translated the often highly technical
jargon and mathematical language used by “quants” into plain English.

Quantitative finance is broadly applied in three areas: (1) screening universes
of securities to help select those one wants to buy (or sell short) in an effort to add
alpha relative to a benchmark, (2) portfolio construction, in which optimization and
related methods are used to build efficient portfolios of those securities, and (3)
pricing derivatives.

The current monograph focuses, strongly but not exclusively, on portfolio
construction. Fabozzi, Focardi, and Kolm pay considerable attention to optimization
in the presence of estimation error, a topic raised most visibly by Richard Michaud
in his January/February 1989 Financial Analysts Journal article, “The Markowitz
Optimization Enigma: Is ‘Optimized’ Optimal?” Approaching the problem from a
different angle, Fischer Black and Robert Litterman, in their September/October
1992 Financial Analysts Journal article “Global Portfolio Optimization,” also
addressed the issue of estimation uncertainty in portfolio construction, as did J. David
Jobson and Bob Korkie in a series of articles in the early 1980s. Fabozzi, Focardi,
and Kolm expand on all of these concerns. And increased interest in alternative assets,
such as hedge funds, for which the standard assumption of a normal distribution of
returns may not apply, creates a need for “robust” optimization methods, to which
the authors of this monograph devote considerable attention.

Another topic addressed by Fabozzi, Focardi, and Kolm is the use of advanced
econometric techniques to try to add alpha by forecasting security (or asset-class)
returns. Although the standard assumptions of portfolio theory—the efficient
market hypothesis, the no-arbitrage condition, and general equilibrium models of
asset pricing, such as the capital asset pricing model—posit a world in which returns
are not forecastable, these assumptions do not always hold up. Practitioners have
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made money by forecasting. The current monograph provides a primer on some of
the more widely used forecasting techniques by covering such important issues as
model selection, biases in models, and data mining and snooping.

Finally, in an innovative section, the authors provide results of a survey in which
investment management organizations reveal what quantitative techniques they use
and what challenges they face in using them.

In summary, Fabozzi, Focardi, and Kolm provide an excellent and compre-
hensive survey of the challenges one meets in using quantitative methods for
portfolio construction and forecasting. By covering a wide variety of methods
rather than advocating a particular one, the monograph reflects an inclusive and
thoughtful approach. 

The Research Foundation is very pleased to present Trends in Quantitative
Finance.

Laurence B. Siegel
Research Director

The Research Foundation of CFA Institute 



©2006, The Research Foundation of CFA Institute vii

Introduction

The aim of this monograph is to introduce practitioners to recent developments in
the modeling of equity returns for the purpose of asset management. We have tried
to provide a plain-English, formula-free review of quantitative methods without
sacrificing conceptual rigor. In addition to discussing methodology, the monograph
includes the results of an ad hoc survey taken in the first half of 2005 of equity
modeling at 21 large asset management firms in the United States and Europe.

As a profession, asset managers have traditionally tried to “beat the market”—
that is, to earn returns in excess of returns obtained by an indexed strategy. Their
ability (real or supposed) to construct portfolios that earn excess returns is the reason
investors entrust assets to them and the justification for active management fees in
excess of index fund fees. This effort to outperform the market is one reason for the
growing use of modeling techniques in asset management.

Market Efficiency and Unpredictability
Under the assumption that modern financial markets are efficient, mainstream
finance theory has traditionally held that markets cannot be beaten. Although excess
returns might indeed be achieved, they are considered to be, on average, propor-
tional to risk: Markets embed a risk–return trade-off in which investors demand,
and markets supply, excess expected returns for taking risk. In an efficient market,
the risk–return trade-off also implies that above-market returns cannot be achieved
without taking additional risk. 

The assumption of market efficiency is associated with the notion of the
unpredictability of financial markets. Mainstream theory maintains that markets
must be unpredictable because if markets were predictable, they could not be
efficient and returns in excess of market returns could be made without taking
additional risk.

The notion of market efficiency has given rise to “passive” asset management
strategies because if markets are efficient, trying to beat the market is futile.
Better to reduce management costs by investing so as to match the performance
of broad indices.

Given the double-digit returns that the U.S. equity markets were providing in
the last two decades of the 20th century, few practitioners were overly concerned
about the debate on market efficiency. As the 1990s drew to a close, however, the
academic view of market efficiency and market predictability began to change under
the weight of empirical evidence and fresh theoretical insights. The market down-
turn after 2000 forced asset management firms to reevaluate their investment
processes in an effort to reduce costs and produce returns in unrewarding markets.
Because quantitative methods can help in both tasks, many firms began to take a
closer look at these methodologies.
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Actually, a complete conceptual overhaul of our thinking about equity price
processes is needed. The practice of investment management has to be reconciled
with a new theoretical concept of asset returns—namely, that the trade-off between
risk and return is dynamic and does not exclude the possibility that asset returns
are, to some extent, forecastable. This monograph provides an overview of the recent
changes in finance theory and the modeling techniques that the industry is using
or beginning to experiment with in an attempt to capture the limited forecastability
in financial markets. 

New Concepts of Risk and Return
The only really general observation we can make about market efficiency is the
absence of arbitrage—that is, in the financial markets, one cannot make a sure profit
with no net investment. There is no free lunch. Pragmatically, therefore, whatever
strategy investors adopt, they always face the possibility of losing money. Although
finance theory states that investors (or asset managers) cannot beat the market
without risk (because doing so would entail arbitrage), it does admit that an investor
can beat the market, on average, by taking risk beyond the risk inherent in the
market benchmark. Taking this additional risk means, of course, that the investor
will suffer periods of underperformance as well as periods of superior performance
relative to the market benchmark. 

To make the critical decisions about how much risk to take, the profession
clearly needs a quantitative framework for measuring risk and return—which is
provided by probability theory and statistical techniques. The quantitative princi-
ples of investment under uncertainty were laid down by Markowitz (1952) more
than 50 years ago; their adoption in full earnest requires the use of quantitative
methods and modeling. But even today, the adoption of these techniques by the
asset management community is patchy.

In a probabilistic quantitative framework, a number of concepts about markets
have to be critically revised. Market efficiency does not imply that all investments
are equivalent: Given one’s risk–return preferences, some investments are preferable
to others. Thus, we cannot state that all excess returns are equally offset by risk to
the point where every investment has the same certainty-equivalent return. Some
returns are less offset by risk than others. What remains true is that without
investment and risk, one cannot make money. Equivalently, one cannot always, or
even usually, beat the market.

To measure the ability of a manager to engineer a favorable risk–return trade-
off, researchers introduced the concepts of beta (a measure of exposure to market
risk) and alpha (a measure of return in excess of the market return, which can be
interpreted as measuring skill in stock picking or asset allocation). All security or
portfolio returns comprise a market part (beta) and a nonmarket part (alpha). The
beta part of the return is caused by correlation with the relevant market benchmark
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and thus arises from market exposure, not active management. The alpha part is
the return “above and beyond” the beta part and represents the value added by the
active manager.

Note explicitly that many realizations of asset management strategies will show
positive alpha ex post. The key challenge of investment management, however, is to
identify ex ante which strategies will produce positive alpha. Having generated a
positive alpha ex post is not by itself a sign of a good active strategy: Such a result can
sometimes be achieved simply by luck. Strategies can be considered alpha generators
only if alphas are persistent. For this reason, performance measurement is a delicate
issue. Because we cannot rely on always having access to long series of past
performance, we try to gauge the true performance of an asset manager by correcting
his ex post performance with an estimate of the risk associated with his strategy.

Models of equity returns can be static or dynamic. The models of standard
finance are static; that is, the distributions of the model variables do not depend on
the previous path of the same variables. A random walk is a typical example of a
static model. Consequently, from the point of view of standard finance, alphas and
betas are interpreted as static terms; they are constants that do not change over time.

However, we can also model the market with dynamic models. In these models,
the variables do depend on their previous paths. If we use dynamic models, the
concepts of alpha and beta have to be reinterpreted. In fact, in linear dynamic
models, we typically find long-term equilibrium relationships plus short-term
dynamics. The implication is that alpha and beta change over time. Moreover, if
we add nonlinearities and higher statistical moments (such as skewness or kurtosis)
or nonnormal distributions, we find that the risk–return trade-offs of assets cannot
be described by the linear relationship implied by alpha and beta.

Dynamic models entail predictability of expected returns or of higher moments.
This predictability is compatible with finance theory if it generates no arbitrage
opportunities. And keep in mind that forecasting models do not necessarily offer
better risk–return trade-offs than static models without predictability. True static
alpha, if it exists, generates abnormal profits without the trading costs associated
with dynamic strategies.

Generally speaking, given the large universe of investable stocks, capturing
market opportunities requires optimization methodologies to fully exploit the risk–
return trade-offs that modeling allows us to identify. Entrusting the management
of large sums to automatic models and optimizers entails a high level of confidence
in models, however, so the robustness of the quantitative models (that is, their
relative insensitivity to a violation of one or more assumptions) has become an
important concern for many firms.

A central theme of this monograph is the trade-offs that must be made among
model complexity, model risk, and model performance. We return to this idea time
and again—particularly in Chapter 3 on robust methods, Chapter 6 on machine
learning, Chapter 7 on model selection, and Chapter 9 on model estimation. 
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Overview of the Monograph
The 12 chapters of this monograph develop the themes we have outlined. We begin
by analyzing the concept of forecastability. We discuss the difficulty in predicting
financial markets because the predictions themselves influence (modify) market
behavior. This phenomenon, known as “self-referentiality,” does not mean that
forecasting markets is impossible, only that there are constraints on the risk–return
trade-offs offered by financial markets.

We argue that, counter to intuition, financial markets cannot be completely
unpredictable yet at the same time contain a risk–return structure. If markets were
totally unpredictable, for risk to be rewarded, they would have to exhibit different
time-invariant expected returns. A static, immutable spread of returns between
assets of different risk would lead to exponentially diverging prices and to exponen-
tially diverging market capitalizations. This would occur whether stock returns
provide alphas or not. Empirically, however, we do not find an exponential
distribution of market capitalizations.1 This observation leads to the conclusion that
there is some forecastability in markets.

The idea that financial markets have some degree of forecastability has now
gained broad acceptance. However, predictability is not automatically a source of
profitability. We close Chapter 1 with a discussion of the need to carefully evaluate
(1) the risk–return trade-off implied by the models and (2) transaction costs so as
to ensure that strategies that look profitable on paper do not end up producing losses
and/or inferior performance relative to a benchmark when applied in practice.

In Chapter 2, we outline the basic principles of general equilibrium theories.
The objective is to improve understanding of the capital asset pricing model and
the notion of market equilibrium. We then introduce the concept of the utility
function, which represents the investor’s financial decision-making processes. The
utility function has proved to be an important concept for the practice as well as the
theory of finance. In fact, every optimization process depends on the specification
of a utility function.

Despite their theoretical weight, general equilibrium theories are difficult to test
and to use in practice. The reason is that the specification of the utility function
remains abstract; it is an a priori assumption, one not based on empirical investigation.
In the absence of an independent empirical evaluation of utility functions, general
equilibrium is a theoretical framework that can always be used insofar as, in the
absence of arbitrage, any price process can be rationalized as a general equilibrium.

1Actually, we do find empirically that market capitalization follows a Pareto law. This Pareto law can
be described intuitively by one of its properties: The size of an individual is inversely proportional to
its rank. That is, the size of the second largest company is one-half the size of the biggest company,
the third largest is one-third, and so on. Many phenomena, including economic phenomena, obey
Pareto’s laws.
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In Chapter 3, we describe the modern robust framework for Markowitz mean–
variance optimization. We begin by describing the essentials of mean–variance
optimization theory. 

One critical aspect of the theory is the estimation of the variance–covariance
matrix. Because in estimating the variance–covariance matrix the number of entries
grows with the square of the number of assets that are candidates for portfolio
inclusion, the matrix becomes rapidly unmanageable. We discuss robust estimation
methods that allow one to reduce the number of independent covariance entries to
be estimated.

A second critical component of the modern framework for Markowitz mean–
variance estimation is robust optimization. Introduced recently in finance and still a
subject of research, robust optimization places constraints on the results of the
optimization process as a function of the uncertainty associated with parameter
estimation. We discuss how robust estimation and robust optimization are two
integrated aspects of robust methodologies.

In Chapter 4, we begin to explore models that detect forecastability in asset
returns. We discuss the types of delayed responses that markets can exhibit to past
values of variables, such as prices or returns. Forecastability is thus exploited by
strategies based on momentum, reversal, co-integration, and mean reversion. We
then discuss the issue of model complexity and sample size—that is, the size of the
available historical dataset. There is a relationship between the size of the sample used
for estimation and the complexity of the models we can estimate. If the sample is
large, we can estimate a complex model; otherwise, we can estimate only the essentials.

In Chapter 5, we review issues related to modeling at different time horizons.
Most models currently in use are estimated and reestimated on moving “windows”
of historical data. We discuss the conditions that allow the estimation of slowly
changing models and models that exhibit sudden regime shifts. Then, we discuss the
behavior of stock markets at long time horizons and the concept of time diversifica-
tion (i.e., the concept that financial risk is statistically smaller in the long run than
in the short run because the ups and downs tend to offset each other, on average).

In Chapter 6, we provide an overview of machine learning and its applications in
finance. Machine learning is a universal modeling strategy that does not depend on
any domain-specific theory. Therefore, when applied to finance, the models do not
use finance theory but rely on purely statistical analysis of financial phenomena.
Machine-learning methods place constraints on model complexity to ensure that they
retain some forecasting capability. We discuss a number of specific techniques,
including neural networks, decision trees, clustering, genetic algorithms, and support
vector machines. We also provide a perspective on artificial intelligence and tech-
niques for handling unstructured (e.g., textual) data and text-related technologies.

In Chapter 7, we review the process of model selection and its pitfalls. We
discuss how to deal with data snooping and avoid survivor biases. We also cover risk
mitigation in modeling and, extending the discussion begun in Chapter 4, consider
model complexity and the size of sample data.
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Chapter 8 offers an overview of models used in equity return forecasting. Among
the families of models discussed are the widely used models that regress returns on
predictors and models that exploit momentum and reversal phenomena. We also
discuss complex models that, although not widely used in asset management today,
are beginning to make their way into practice. Among these are autoregressive
models, factor models, hidden-variable models, and regime-switching models.

Model estimation is the subject of Chapter 9. Although (in keeping with the
nature of this monograph) this chapter does not contain formulas, it does provide
an overview of the concept of estimation and of the sampling distribution. We then
present the most widely used estimation methods: the least-squares method, the
maximum-likelihood estimation method, and the Bayesian estimation method.
The chapter closes with a description of the estimation of regressions and other
related models introduced in previous chapters.

Optimization, and in particular robust optimization, is becoming an important
component in portfolio management applications. Chapter 10 presents the concep-
tual framework of optimization and gives practical suggestions for implementation
and software selection. The development of robust methods for estimation and
optimization is one of the major achievements of modern financial modeling. Robust
technologies assume that models and the inputs themselves (like humans) are uncer-
tain; they evaluate the consequences of errors in the models and introduce corrections
that mitigate the potentially negative effects of model and estimation errors.

One of the objectives of this monograph is to provide a reading of how
quantitative methods are making their way into the investment management process.
Chapter 11 presents the results of an ad hoc market survey covering the use of
quantitative methods in three areas: equity return forecasting, model risk mitigation,
and optimization. Twenty-one asset management firms in the United States and
Europe shared information on what modeling approaches they are actually using and
experimenting with. Survey results are discussed and summarized in a table. 

Finally, Chapter 12 considers the state of quantitative modeling today, with a
discussion of modeling for portfolio management and for the profession in general,
and suggests some possible future developments.
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