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Preface

Managing financial portfolios is primarily concerned with finding a combination of
assets that serves an investor’s needs and demands the best. This includes a wide
range of aspects such as the analysis of the investor’s attitude towards risk, expected
return and consumption; estimations of future payoffs of the financial securities and
the risk associated with it have to be made; assessing the relationships between se-
curities; determining fair prices for these securities - and finding an optimal combi-
nation of financial securities. Many of these tasks are interrelated: what is an optimal
combination depends on the investor’s preferences as well as on the properties of the

assets, which, in return, will affect what is considered a fair price and vice versa.

The usual (theoretical) frameworks for portfolio management and portfolio op-
timization assume markets to be frictionless. Though it drives the models away from
reality, this assumption has long been considered the only way to make these mod-
els approachable. However, with the advent of a new type of optimization and search
techniques, heuristic optimization, more complex scenarios and settings can be in-
vestigated and many of these simplifying assumptions are no longer necessary.

This book is merely concerned with problems in portfolio management when
there are market frictions and when there are no ready-made solutions available. For
this purpose, the first two chapters present the foundations for portfolio manage-
ment and new optimization techiques. In the subsequent chapters, financial models
will be enhanced by problems and aspects faced in real-life such as transaction costs,
indivisible assets, limits on the number of assets, alternative risk measures and de-
scriptions of the returns’ distributions, and so on. For each of these enhanced prob-
lems, a detailed presentation of the model will be followed by a description of how
it can be approached with heuristic optimization. Next, the suggested approaches
will be applied to empirical studies and the conclusions for financial theory will be

discussed.
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Non-technical Summary

The theoretical foundation to portfolio management as we know it today was laid
by Harry M. Markowitz by stating a parametric optimization model. The gist of this
model is to split the portfolio selection process into two steps where first the set of
optimal portfolios is determined and then the investor chooses from this set that
portfolio that suits her best. Markowitz’s approach therefore includes (i) measuring
the expected return and risk of the available assets (independently of the investor’s
believes and preferences), and (ii) making certain assumptions about the investor’s
utility functions (independently of the available assets). These two steps are then
brought together in a quadratic optimization problem. This model, by now the cen-
tre of Modern Portfolio Theory, provoked a revised notion of risk and in due course

of what is a fair risk premium.

Chapter 1 presents some aspects of the financial theory underlying this contri-
bution, including the portfolio selection problem in a Markowitz framework and
selected related and follow-up literature. In addition, two equilibrium models will
be presented: the Capital Asset Pricing Model (CAPM), which, in this contribution,
will be used to generate data for equilibrium markets, and the concurring Arbitrage
Pricing Theory (APT) for which relevant risk factors will be identified. The chapter
concludes after a short presentation of alternative approaches to portfolio manage-

ment.

With all its merits, the Markowitz model has a major downside: to get a grip
of the computational complexity, it has to rely on a number of rather strict tech-
nical assumptions which are more or less far from reality: markets are assumed to
be perfect in the sense that there are neither taxes nor transactions costs and as-
sets are infinitely divisible; investors make their decisions at exactly one point in
time for a single-period horizon; and the means, standard deviations and correla-
tion coefficients are sufficient to describe the assets’ returns. Though there exists no
closed-form solution for the Markowitz model, the simplifying assumptions allow
for a solution with standard software in reasonable time if the number of assets is

not too large.

The limitations of the original Markowitz framework have stimulated a num-

ber of extended or modified models. These models allow for valuable insights - yet
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still have to make simplifying assumptions in order to be solvable: seemingly sim-
ple questions such as adding proportional plus minimum transactions costs, taking
into account that usually stocks can be traded in whole-numbered lots, or allow-
ing for non-parametric empirical distributed returns are unsolvable with standard
methods. It therefore appears desirable to have alternative methods that can handle

highly demanding optimization problems.

One way out of this dilemma is heuristic optimization (HO). The techniques em-
ployed in HO are mostly general purpose search methods that do not derive the so-
lution analytically but by iteratively searching and testing improved or modified so-
lutions until some convergence criterion is met. Since they usually outperform tra-
ditional numerical procedures, they are well suited for empirical and computational

studies. Chapter 2 presents some general concepts and standard HO algorithms.

Having introduced some basic concepts, heuristic optimization techniques are
applied to some portfolio selection problems which cannot be solved with other,
more traditional methods.

The effects of magnitude of initial wealth, type of transactions costs as well as in-
teger constraints on the portfolio selection problem will be discussed based on DAX
data in chapter 3. We distinguish a number of cases where investors with different
initial wealth face proportional costs and/or fixed transactions costs. As the associ-
ated optimization problem cannot be solved with standard optimization techniques,
the literature so far has confined itself to rather simple cases; to our knowledge,
there are no results for an equally comprehensive model. This problem is usually
approached by first solving the problem without these aspects and then fitting the
results on the real-world situation. The findings from the empirical study illustrate
that this might lead to severely inferior solutions and wrong decisions: Unlike pre-
dicted by theory when the usual simplifications apply, investors are sometimes well-
advised to have a rather small number of different assets in their portfolios, and the

optimal weights are not directly derivable from those for frictionless markets.

For various reasons, investors tend to hold a rather small number of different as-
sets in their portfolios. Also, it is a well-known fact that much of a portfolio’s diver-
sification can be achieved with a rather small number of assets - yet, to our knowl-
edge there exist only rough estimates based on standard rules or simple simulations

to evaluate this fact. Chapter 4 focuses on the selection problem under cardinality
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constraints, i.e., when there are explicit bounds on the number of different assets.
The empirical study uses data for the DAX, FTSE and S&P 100. The main results
are that small (yet well-selected) portfolios can be almost as well-diversified as large

portfolios and that standard rules applied in practice can be outperformed.

Chapter 5, too, investigates the effects of cardinality constraints yet in a differ-
ent setting where not just one specific portfolio, but the whole so-called “efficient
sets” are to be identified. In order to meet the high computational complexity of this
problem, a new algorithm is developed and tested against alternative optimization
heuristics. With the focus on the computational aspects, it is shown that hybrid algo-
rithms, combining aspects from different heuristic methods can be superior to basic
algorithms and that heuristic optimization algorithms can be modified according to
particular aspects in the problems. With this new algorithm at hand, the highly de-
manding optimization problem can now be approached.

The usual definition of “financial risk” captures the assumed (positive and neg-
ative) deviations from the expected returns. In some circumstances, however, the
investor might be more interested in the maximum loss with a certain probability or
the expected loss in the worst cases. Hence, alternative risk measures such as Value
at Risk (VaR) and Expected Shortfall (ES) have gained considerable attention. Chap-
ter 6 is concerned with the question of whether these new risk measures actually
make good risk constraints when the investor is interested in limiting the portfolio’s
potential losses. Based on empirical studies for bond markets and stock markets, we
find that VaR has severe shortcomings when it is used as an explicit risk constraint,
in particular when the normality assumption of the expected returns is abandoned

(as has often been demanded by theory and practice).

The Arbitrage Pricing Theory (APT) is sometimes considered superior to other
equilibrium pricing models such as, e.g., the CAPM as it does not use an (actually
unobservable) market portfolio but a set of freely selectable (and observable) fac-
tors. The major shortfall of the APT, however, is that there are no straightforward
or a priori rules of how to find the ideal set of factors: there are not always “natural”
candidates for factors, standard choices do not work equally well for all assets (or are
not applicable for other reasons). Given a set of potential candidates, the associated
selection problem is computationally extremely demanding. Chapter 7 finds that
this model selection problem, too, can be approached with heuristic search meth-

ods. The selected combinations of factors are likely to identify fundamentally plau-
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sible indicators and they are likely to explain a considerable share of the variation in

the assets’ returns.
Chapter 8 concludes and presents an outlook on possible follow-up research.

The prime focus of this contribution is on individual investment decisions under
market frictions. The main part of the study will therefore consider individual in-
vestors who already have estimates for future returns and risks but face the problem
of how to translate these estimates into optimal portfolio selections (chapters 3 - 6)
or how to translate estimates for aggregated market factors into pricing models for
individual assets (chapter 7) in the first place. In all of these problems, the investors
are considered to be rational and risk averse price takers operating in equilibrium

markets.

This contribution therefore aims to answer financial management problems that
are well identified in financial theory and faced by the investment industry but could
not yet be answered satisfactorily by the literature. Due to the restrictions in tradi-
tional optimization methods, the respective models had to rely on simplifying as-
sumptions and stylized facts that restrained the applicability of the results. In this
contribution, an alternative route is chosen and new optimization methods are ap-
plied that are capable of dealing with otherwise unanswerable problems. The results
show that this approach is capable of identifying shortcomings of traditional ap-
proaches, that market frictions and complex constraints can now easily and com-
pletely be incorporated in the optimization process without the usual prior simpli-
fications (which, as will be shown, can even be misleading), and that problems can
be solved for which just approximations or rules of the thumb existed so far.

The results from these studies also indicate the gain from the application of new
methods such as heuristic optimization: Models and problems can be investigated
that allow for more complexity and are therefore closer to reality than those ap-
proachable with traditional methods, which eventually also contributes to a better

understanding of financial markets.



X Preface

Acknowledgement

This project would not have been possible without the input, suggestions, participa-
tion, guidance, moral support, and comments of many people. My special thanks go
to Edwin O. Fischer and Peter Winker for stimulating, fostering, and supporting my
interest in finance and computational economics; for guiding, encouraging and sup-
porting my first steps in the world of academia; for valuable comments, supervision
and critique; and, not least, for their patience. Also, I would like to express my grati-
tude to W. Burr, U. Derigs, E. Dockner, M. Gilli, H.-O. Giinther, R. Hartl, C. and U. Ke-
ber, H. Kellerer, E. Kontoghiorghes, L. Kruschwitz, K. Krycha, A. Lehar, M. Leitinger,
K. Lerch, E. Loitlsberger, G. Meeks, U. Ott, V. Priemer, B. Rustem, C. Strauss, S. Sun-
daresan, F. W. Wagner, U. Wagner, P. Walgenbach, ]. Zechner, my colleagues (past
and present), to journal editors and referees, numerous anonymous participants at
conferences and research seminars, the “Habilitation” committee at the Faculty of
Economics, Law and Social Sciences at the University of Erfurt who accepted this
book for a habilitation thesis, C. van Herwaarden, H. Drees, the series editors from

Springer - and many, many more.



Contents

1.

Portfolio Management . . . . . . . . ... ... ... 1
1.1 Portfolio Optimization . . . . .. ... ... ... ........... 1
1.1.1 Mean-Variance Analysis . . .................. 1
1.1.2  Modern Portfolio Theory (MPT) . . . ... .. ... ..... 6
1.1.3 RiskReconsidered . ...................... 17
1.2 Implications of the MPTandBeyond . . .. ... ... ........ 24
1.2.1 The Capital MarketLine . .. ................. 24
1.2.2  Capital Asset PricingModel . . ... ............. 26
1.2.3  Alternative Versions of the CAPM . . .. ... ... ..... 29
1.2.4 The Arbitrage Pricing Theory . ... ............. 32
1.3 Limitationsofthe MPT . . ... ... ... .. ............ 33
14 Summary . . .. ... 37
Heuristic Optimization . . . . . . . . . . . . .. .. ... ... ... 38
2.1 Introduction . . ... ... ... 38
2.1.1  The Problems with Optimization Problems . ... ... ... 38
2.1.2  Techniques for Hard Optimization Problems . ... ... .. 40
2.2 Heuristic Optimization Techniques . . . . . ... ... ... ... .. 51
2.2.1 Underlying Concepts . . . . . ... v vv v v .. 51
2.2.2  Characteristics of Heuristic Optimization Methods . . . . . . 52
2.3 Some Selected Methods . . ... .................... 55
2.3.1 Simulated Annealing and Threshold Accepting . . . ... .. 55
2.3.2  Evolution Based and Genetic Methods . . . . ... ... ... 57
2.3.3  Ant Systems and Ant Colony Optimization . ......... 59
234 Memetic Algorithms . . ... ....... . ... .. ... 61
2.4 Heuristic Optimizationat Work . . . ... ... ........... 63



xii Contents
2.4.1 Estimating the Parameters for GARCH Models . . . ... .. 63
2.4.2  Tuning the Heuristic’s Parameters . . .. ... ... .. ... 67
243 Results . . ... ... o 72
25 Conclusion . . . .. ... 75
3. Transaction Costs and Integer Constraints . . . . . . . . . . . . .. ... 77
3.1 Introduction . ........ ... ... .. 77
32 TheProblem . ... ........ ... . ... ... . ... 78
3.2.1 The Optimization Model . .. ... .............. 78
3.22 TheHeuristic . .. ... ... .. ..., 80
323 TheData . ... ...... .. .. .. ... . .. .. ... 82
3.3 Results from the Empirical Study . . . ... ... ... ... ..... 84
3.3.1 The Influence of Non-Negativity and Integer Constraints . . . 84
3.3.2 Simple Transaction Costs . . . . . . ... oo v v v v 86
3.3.3 Compound Transaction Costs . . . ... ... ........ 92
3.4 Consequences for Portfolio Management . .. ............ 95
3.5 Conclusions . . . . ... e 99
4. Diversification in Small Portfolios . . . . . . . ... ... ... .. ... 100
4.1 Introduction . . ... ... ... ... 100
42 TheModel . ... ... . ... ... 101
42.1 Optimization Problem . ... ... .............. 101
422 AntSystems ... ........ ... . 0 oo 103
423 TheAlgorithm . . . ... ... ... ... .. ... ...... 104
43 EmpiricalStudy . ... ... .o o o 111
431 Data .. ... e e 111
4.3.2 Computational Study for the Modified Update Rule . . . .. 114
433 FinancialResults .. ...................... 116
44 Conclusion . .. ... .. .. ... 121
5. Cardinality Constraints for Markowitz Efficient Lines . . . . . . . . . .. 122
51 Introduction . ..... ... ... ... .. 122
5.1.1  The Optimization Problem . . ... ... ... ... ..... 122
5.1.2  The Problem of Optimization . . . . ... ... ........ 124
5.2 AHybrid Local Search Algorithm . . . ... ............. 127



Contents xiii
52.1 TheAlgorithm . . .. ....... ... ... ... ... .. .. ... 127
522 Variants . . . .. ... e e 131
5.2.3 Considerations behind the Algorithm .. ... ........ 132
5.3 The Computational Study . .. ... ... ... ... ......... 134
5.3.1 Dataand Parameters . ..................... 134
5.3.2  Evaluation of the Suggested Algorithm . . . . ... ... ... 135
5.3.3  Contribution of Evolutionary Strategies . ... ........ 139
5.4 Financial Implications . . . . . ... ... .. ... ... . ... 141
55 Conclusion . . . .. ... ... ... 143
6. The Hidden Risk of ValueatRisk . . . . . .. ... ... ... ..... 144
6.1 Introduction . ................ .. .. .. . ... 144
6.2 Risk Constraints and Distribution Assumptions . . . . . .. .. ... 147
6.2.1 The Stock MarketInvestor . .. ................ 147
6.2.2 TheBond Market Investor . . . . ... ............ 150
6.3 A Modified Version of Memetic Algorithms . .. ... ........ 152
6.3.1 Memetic Algorithms and Threshold Accepting . ... .. .. 152
6.3.2 TheElitist Principle . . . ... ... ... ... . . .. ... 154
6.3.3 Computational Study . . ... ... ... ... .. ...... 158
6.4 Results for Stock Portfolios . . ... .................. 162
6.4.1 Assumed and Resulting Distribution . . . . . ... ... ... 162

6.4.2 Great Expectations and Broken Promises: The Resulting
Stock Portfolios . . ... ......... ... .. ...... 165
6.5 Results for Bond Portfolios . . ..................... 171
6.5.1 Assumed and Resulting Distribution . . . . . ... ... ... 171
6.5.2 The Hidden Risks in Optimized Bond Portfolios . . ... .. 174
6.6 Conclusion . ......... ... ... ... . i, 179
7. Finding Relevant Risk Factors in Asset Pricing . . . . . . . . . . .. ... 180
7.1 Introduction . ... ...... .. ... ... 180
7.2 The Selection of Suitable Factors . . . . ... ............. 183
7.2.1 The Optimization Problem . . .. ... ... ......... 183
7.22 Memetic Algorithms . . . . . .. ... .. L o oL 185
7.3 Computational Study .. ...... ... .. ... ... ... ... 186

7.3.1 Dataand Model Settings . . . ... .............. 186



