o627

Interactive Multiple Objective
Asset Allocation |

by
Songzhi Lin

A project report
presented to Ryerson University
in partial fulfillment of the
requirement for the degree of
Master of Engineering
in the Program of

Mechanical Engineering

Toronto, Ontario, Canada, 2003
©Songzhi Lin 2003

grTy OF ,
PROPERTY
queERSON UN\\IERS\TY LIBRARY



UMI Number: EC53447

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

)

:

UMI Microform EC53447
. Copyright2009 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, MI 48106-1346



Author's Declaration
| hereby declare that | am the sole author of this project report.

| authorize Ryerson University to lend this project report to other institutions or
individuals for the purpose of scholarly research.

Signature:

| further authorize Ryerson University to reproduce this project report by
photocopying or by other means, in total or in part, at the request of other
institutions or individuals for the purpose of scholarly research.

Signature:



Borrower’s Page

Ryerson University requires the signatures of all persons using or photocopying
this project report. Please sign below, and give address and date.



Abstract

Portfolio efficiency and suitability are two important goals in the asset allocation
process involving a financial advisor and clients. In this pbject report, a multiple
objective asset allocation method which is intended to obtain a suitable portfolio
for a specific individual investor is proposed. The Analytic Hierarchy Process
(AHP) technique is employed as a framework to address an investor’s muitiple
investment objectives. Single-objective portfolio optimization techniques are
integrated into the decision hierarchy. To determine a single-objective optimal
portfolio, a method is proposed to measure an investor’s risk tolerance. An
interactive procedure based on the proposed asset allocation method is
presented to implement the allocation process. Comparisons with a
single-objective optimization method using a hypothetical example show that
improved portfolio efficiency in terms of all objectives can be achieved.
Questionnaires, GAMS (General Algebraic Modeling System) programs and

spreadsheet models are developed to facilitate the communications between the
financial advisor and investor.
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Chapter 1: Introduction

Almost every one in the world owns a combination of assets. It can be composed of real
assets, such as a house, a car, or furniture, and financial assets, such as cash, stocks, or

- bonds. Real assets are mostly for personal use in everyday life. There is not much room left
to be managed to generate income unless one sells them. Financial assets are fesourc&s that
can be organized to provide potential future growth and income. Asset allocation is an
-investment decision process about how to allocate available capital among different types
of financial assets. A combination of these assets is called a portfolio. For many individual
investors, however, the process of constructing a portfolio can be time-consuming and may
be a tough task because of limited knowledge and experience. Financial markets are full of
uncertainty. No one can predict what will exactly happen in the future. Investors worry
about making wrong decisions. And when investors seek advice from a financial
professional, they worry that the advisor may make wrong decisions for them. In order to
make a good investment recommendation, the financial advisor should consider multiple
dimensions of an investor’s objectives and preferences.

Optimization techniques have traditionally been used in asset allocation process. However,
an efficient portfolio determined by an optimization model is not necessarily also suitable
for a particular investor, partly because the judgment of a portfolio’s suitability is largely
subjective (Bolster, et al., 1995), and partly because traditional optimization is in practice
_constructed as a single-objective decision problem. Multiple-objective decision making
methods, such as the Analytic Hierarchy Process (AHP) developed by Saaty (1980), are
suitable to deal with complex situations where multiple objectives should be considered.
| However, a suitable portfolio obtained by the AHP normally is not optimal (Bolster. and
“Warrick, 2000). By integrating the AHP with traditional optimization techniques, it is
hoped that a suitable portfolio with improved overall efficiency can be obtained. A major
objective of this project report is to present such a multiple objective asset allocation model
for individual investors. When using the mean-variance optimization technique to
determine a portfolio, an investor’s risk tolerance is a key input factor. A theoretically

sound and workable measure for an investor’s risk tolerance is also presented in this report.

To develop a multiple objective asset allocation model, an understanding of asset allocation
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process is needed. An introduction to this process, as well as portfolio’s efficiency and
suitability, is-given below.

1.1 Asset Allocation Process

All decision problems have common elements: criteria of choice, alternatives and the
preferred solution(s). The decision alternatives for asset allocation are numerous possible
combinations of asset classes. For individual investors, they themselves, or the financial
advisor help them, evaluate the alternatives according to their financial goals and
considerations, and choose an asset combination that can achieve these goals. This process

can be summarized as goal setting, asset class selection, and portfolio determination.

1.1.1 Investment Goals

The key for a successful financial advisor is to know what his client needs. And the key for
an investor is to know what himself needs. The old saying “knowing the destination is half
the journey” indicates the important role of goal setting in asset allocation process. It
determines an investor’s asset allocation strategy. That is, asset allocation should be
consistent with investors’ investment goals. .

Many investors have a list of concrete- goals, such as to buy a house, send children to
universities, save enough money to retire early and comfortably, and so on. Some investors
would like to defer their income tax to future years or utilize the favorable tax rates on
different investment instruments. Some would like to preserve their capital from potential
losses. Some are concerned about the purchasing power of their money and would like to
seek investments to hedge increased inflation. Many investors seck multiple investment

objectives. Most of these goals can be translated into return requirements from investment
portfolios.

Investors’ financial status, time horizons and stages in their life cycle affect the asset
allocation decision. For example, high tax-bracket invesiors may seek investments that
generate income from capital gains and dividends, which are taxed at a lower rate than
interest income. Different investor risk attitudes also direct the investment portfolio toward

more conservative or more aggressive asset combinations.

-
£.



'1.1.2 Asset Classes

If we define asset allocation as spreading investments across a variety of asset classes, a
natural question is what asset classes are available for investors. Actually there are
thousands of asset alternatives available in the financial markets. In broad terms, cash,
bonds, stocks and real estate are four basic asset classes (see Maginn and Tuttle, 1990, p.
10-2, for the detailed discussions about treating real estate as an asset class in portfolio
analysis). They can be subdivided into smaller classes according to certain classification
methods. Stocks, for example, can be subdivided into large-cap and small-cap; value and
growth; international and domestic; and/or combinations thereof, Bonds can be subdivided
into governmental and corporate; short, intetmec\iate, and long term; convertible and
non-convertible; coupon and zero-coupon, etc. Each sub-class can be further divided. Each

asset class possesses some common properties that can distinguish it from others.

Asset classes provide various investment opportunities as well as different risk and return
characteristics. Cash and cash equivalents, such as bank accounts, term deposits, treasury
bills, money market mutual funds and other short-term instruments, typically provide
interests and generally be considered conservative because of their low risk, high liquidity
and abilities to preserve capital. Fixed-income assets, such as corporate bonds, provide
potential higher income opportunities but have moderate risk because they are subject to
potential default risk for reasons such as bankruptcy. Government bonds rarely have
default risk but are still subject to long-term inflation risk and generally have lower interest
rates than those of corporate bonds. Historically, stocks have been the best performing
asset class among traditional investments (Information Please, 2003). They typically offer
greater growth possibilities and good hedge to inflation in long-term. However, their prices
fluctuate frequently, sometimes significantly and therefore have high risk of loss.
Commercial real estate provides both lease income and potential capital appreciation, but
is not frequently traded and has high liquidity risk.

- Rational investors prefer higher returns and dislike risk (Markowitz, 1952). However, the
natural law of investments is that the higher the returns, the higher are the risks, and vice
verse. Although controversial, Efficient Market Hypothesis (Fama, 1995) states that
security prices fully reflect all available information of both historical and expected future

- events, and any efforts to pick up undervalued securities are like “random walk” in markets.
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Asset allocation is neither intended to outperform market nor a tool to “buy low, sell high”,
but a strategy to protect potential losses and to provide “satisfied” return by combining
asset classes into a portfolio.

1.1.3 Diversification

Once asset classes are identified, investors should determine how much of each class
should be included in the portfolio. That is, how much of funds should be invested in
stocks, how much in bonds, and so on. The answer is crucial to long-term portfolio
performance. An old adage tells us: “Don’t put all the eggs in one basket”. If one drops the
basket that carries all eggs, one loses all. This saying is well suited to situations of investing. If
an investor invests in a number of assets, he prevents himself from large losses linked to
one or some poor decisions. Modern portfolio theory (MPT), developed first by Markowitz
(1952), goes further than traditional random diversification. Analyses and attentions are
ot dnly given to the risks associated to each individual asset (asset class), but‘ also
provided to interrelationships among component assets within a portfolio. Diversification
works because not all financial assets go up or down at the same time or at the same rate.
When stock markets go up, bond markets may go down. While the high-tech sector falls
sharply, the food sector may slide only slightly or remain the same. If investors held assets
that do not correlate with each other, the increase in one can offset losses in another. MPT
points out that a well-diversified portfolio will achieve higher returns without having to
take more risk, or achieve given expected returns for minimal risk. This is the theoretical
foundation of asset allocation.

1.1.4 Portfolio Determination

In asset allocation process involving a financial advisor and clients, typically the advisor
provides available market opportunities (Maginn and Tuttle, 1990, p. 7-12). These
opportunities are combinations of several asset classes that are beIieved_to be efficient or
suitable based on capital market research results. A final portfolio for a given individual
investor is determined by combining the available market oppoftum’ties with that investor’s

preferences, usually the most important one is the investor’s risk tolerance (Maginn and
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Tuttle, 1990, p. 7-27). Typically the value of the investor’s risk tolerance is evaluated using
a designed questionnaire. The responses to the questionnaire are scored. An asset allocation
recommendation can be made using rules of thumb based on the accumulated score
(Droms and Stauss, 2003), or the score can be transformed into a value of risk tolerance

that can be incorporated into an optimization model to determine an optimal asset-mix
(Bolster and Warrick, 2000).

1.2 Asset Allocation’s Efficiency and Suitability

Investors hope to be given a portfolio that is consistent with their financial status as well as
investment goals and preferences. But they may be concerned about if the recommended
portfolio is the “best” one available. There are two important considerations in asset
" allocation process: portfolio’s suitability and efficiency.

After the birth of Markowitz’s mean-variance theory (Markowitz, 1952), tradiﬁbnél
research of asset allocation focuses on two major areas: one on the solution techniques of
"mean-variance optimization, the other on the different definitions of portfolio risks. The
- studies in the first area lead to the developments of other important components of modern
portfolio theory, including index model (Sharpe, 1963), Capitél Asset Pricing Model
(CAPM) (Sharpe, 1964), and Arbitrage Pricing Theory (APT) (Ross, 1976). The research
in the second area leads to various alternative portfolio optimization methods, such as
mean absolute deviation optimization (Konno and Yamazaki; 1991). Both areas of research
pay attentions to the optimality of a portfolio and distinguish themselves based on what is
the most appropriate measure of asset risk and portfolio risk. From a viewpoint of decision
making, all of these models generate objective judgments of alternatives. As long as the
properties of component assets are known, the output portfplios are deterministic. They are

optimal or efficient based on mean-variance sense or mean absolute deviation sense.

The efficient portfolios derived from optimization models are not necessarily also suitable
'fo_r' a particular investor. In many portfolio optimization meihods, one of the major
‘investment objectives is often formulated as the objective function that needs to be -
"op'ﬁn;ized, while other objectives or considerations come into the optimization models as
;:onstraintsf A portfolio obtained by this single-objective optimization method is efficient in
terms of this obje;:ﬁve, but not necessarily also optimal in terms of others. Because of the
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~various situations faced by different investors, it may be impossible to find a universally
optimal poxtfolio (Saraoglu and Detzler, 2002). If multiple conflicting objectives coexist -
and one objective does not significantly dominate others, investors may not think the
portfolio is suitable for them. Furthermore, the determinations of portfolio suitability are
largely subjective, and financial advisors often have to rely on intuition and past
experience to make judgments. Disgruntled investors may sue for damage or file
complaints against financial advisors if they believe the recommended investments are not
suitable for them (Bolster, et al., 1995). o

Professional associations, such as Association for Investment Management and Research
(AIMR, 2003), require their members consider the appropriateness and suitability of
investment recommendations for clients. However, the research in the suitability of a
portfolio appeared in financial literature only in recent years and was relative rare. The |
Analytic Hierarchy Process (AHP), developed by Saaty (1980), has been used by several
researchers to formulate portfolio mix (Khaksari, et al., 1989), to determinate an investor’s
suitability (Bolster, et al., 1995) and to select mutual funds (Saraoglu and Detzler, 2002).
AHP constructs the asset allocation decision problem as a hierarchy. Each objective in the
hierarchy is prioritized and its relative importance is weighed. The performance of each
asset is evaluated in terms of each objective or sub-objective. A portfolio can be formulated
i)y combining the weighed asset classes. The purpose of using AHP in asset allocation is to
ensure that investors’ objectives and preferences are reasonably satisfied. Generally,
however, the portfolio obtained is not optimal (Bolster and Warrick, 2000).

1.3 Organization of this Report

This project report presents an asset allocation method which is intended to obtain a
suitable portfolio for a specific individual investor. Improved overall portfolio efficiency
can also be achieved. In this proposed method, the AHP is employed as a framework to
. address an investor’s multiple investment objectives. For each objective, an optimization
‘ rﬁodel is used to determine a local optimal portfolio. Interactive communications between
the financial advisor and the investor ensure that the asset allocation process effectively
reflect the investor’s preferences. |

This project report is organized as follows. In Chapter 2, the classical mean-variance
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portfoho theory, alternative portfolio optnmzatron methods and efficient asset allocatron.

techmques are reviewed and their limitations are discussed. In Chapter 3, the Analytlc. |

_ ‘Hrerarchy ‘Process (AHP) is first. mtroduced A multiple-objective asset allocatron model
which: mtegrates the AHP framework and portfolio optimization techniques is presented. A
hypothetlcal investment problem is constructed to illustrate the application of the proposed
model In Chapter 4, a theoretical formulation of measuring an investor’s risk tolerance is
derlved An interactive process is designed to ascertain the measurement. In Chapter 5, the
process of constructing a complete portfolio is first reviewed. Then the complete portfolios

'constructed for the hypothetical investment problem are presented. A deviation index is

- designed to measure the overall efficiency of the complete portfolios and used to compare

) vthe results with those obtained using a single-objective optimization method. In Chapter 6

a summary of the author s contributions is provided and some areas of future work are. v
suggested



_ Chapter 2: Portfolio Theory and Asset Allocation

Modern portfolio theory is the theoretical foundation. of efficient asset allocation. It
suggests that diversifying a portfolio into different assets increases portfolio return or
decreases portfolio risk. Combining efficient market opportunities with an investor’s
preference, an optimal portfolio can be determined. In this chapter, the classical
mean-variance portfolio theory is first introduced aﬁd alternative optimization methods are

reviewed. The methods of determining optimal portfolios are described. Limitations of
single-objective optimization methods are discussed.

|
2.1 Mean-variance Portfolio Theory

The first pioneering contribution to modern portfolio theory.was the seminal work of Dr.
Markowitz (1952), who received the 1990 Nobel Prize in Economics (Royal Swedish
Academy of Science, 1990). Before Markowitz, the investment management principle was
to buy assets thought to be undervalued, and sell them later hopefully for a profit.
Markowitz formulated the portfolio selection problem as to take the mean or expected rate
of return of a portfolio as the investment return and the standard deviation (or variance) of
return of a portfolio as the investment risk. The mechanism of portfolio diversification was
qﬁantitatively analyzed. When assets are properly mixed, investors could construct a
portfolio that provides a higher overall return without having to undertake more portfolio
risk. Markowitz’s mean-variance theory has since become the standard framework in
modern portfolio management (Michaud, 1998, p. 2).

An efficient portfolio, according to Markotiwz, is defined as one that has the largest
expected return for a given level of risk, or the smallest portfolio risk for given level of
expected return. The mathematical formulation of this problem is a quadratic programming
model (denoted as Model 2.1):

Model 2.1:
Objective:

N
Maximize E(R,) =) x,E(R,)
i=1 )
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Subjectto:

o= xlol+ Z > xx,p,00,

where: E(Rp) = expected return of portfolio;,
op= standard deviation of return of portfolio‘;
E(R;) = expected return for asset class i;
= standard deviation of return of asset class i;
" p,j = correlation coefficient between returns of asset class i and J
" N = the number of asset classes;

“and x; = proportion of portfolio invested in asset class i.

Rational investors would seek efficient portfohos because these portfohos are optlmlzed on
‘both expected returns and risks, which are believed to be the most nnportant con51derat10ns
to mvestors This can be illustrated in Flgure 2.1. The clrcled area in Flgure 2.1 is the
opportunity set, wh1ch is the entire set of all attainable asset combinations. The efficient
portfohos are found along the efficient ﬁ'ontler startmg from pomt K to 'Q. The efficient
frontier is a concave risk-return trade-off curve in the expected return-standard deviation
space that extends from the minimum variance portfolio K to the maximum return
portfolio Q (Elton and Gruber, 1991, p. 53) Each porl:foho in the eﬂ'lclent frontier, say,
portfolio G, is optlmal because the expected retum of portfoho G is greater than the
_Aexpected return of all other portfollos w1th1n the opportumty set with the same standard
:'dewatlon, and its standard deviation is less than any other portfohos with the same level of
expected return. Portfolio K is the global minimum variance portfolio because no other
mlmmumfvarlance portfolio has a smaller risk. Portfolio Q _1s the maxunumv return

portfolio because no other efficient portfolio has a higher return.



efficient frontier

Expected return

opportunity set

T

Standard deviation

Figure 2.1: The opportunity set and efficient frontier
(Source: Bnhammer and Sephton, 1998, p. 127)

In Markowitz’s mean-variance model, analysis of portfolio risk not only includes the
analysis of the risks associated with individual component assets, but also contains the
anaIysxs of the co-movements, .or correlations, between the component assets within a
portfolio. A positive correlation means their returns tend to change in the same dlrectlon,.
while a negative correlation indicates ﬂleir returns tend to change in the opposite direction.
A well-diversified portfolio would eliminate part of the total risk, the nonsystematic risk of
a portfolio (Jones, 1998, p. 220). That is, the risk of a portfolio is commonly less than the
risk of the any of the component assets, provided that they are not perfectlyA positively
correlated. Thus rational investors diversify to reduce risk.

Assets’ expected returns, standard deviations, and the correlation coefficients can be
obtained from research results of security analyses. They are iriputs in the Markowitz
model. In strategic asset allocation, which always employs long-term capital market
conditions, these inputs are considered constant (Sharpe, 1987). Weights of assets making
up the portfolio are variables that can be manipulated to solve the quadratlc programmmg
problem to determine efficient portfollos

Variant optimization models have been proposed based on Markowitz’s work. In particular,
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in 1960s and 1970s, some simplified approximation methods weré proposed in order to
reduce computational difficulties related to the solution of a quadtaticﬂpl;ogramming model
(see Sharpe 1967, 1971; Stone, 1973). Sharpe was the co-recipient of the 1990 Nobel Prize
in Economics for having developed the Capital Asset Pricing Model (CAPM) (Royal
Swedish Academy of Sciences, 1990). CAPM (Sharpe, 1964) was built on Markowitz
portfolio theory. It treated market as a whole as optimal risky portfolio, and gave us the

concept of the "beta" -- a coefficient designed to measure the risk of a particular stock
relative to the performance of the market portfolio.

2.2 Alternatives to Mean-variance Portfolio Theory

Markotiwz’s model was built on some assumptions. Two of- those -assumed that the
expected returns of assets are normally distributed and an investor is rational, which means
he prefers higher return of the portfolio and smaller standard deviation. Markotiwz’s model
is known to be valid if these underlying assumptions are satisfied (Konno and Yamazaki,
1991). However, these assumptions may not represent the more sophistical real situations.
Some researchers commented that rational investors are not necessarily all risk aversive,
and standard deviation (or variance) not necessarily the most appropriate measure of risk
(see Cohen, et al., 1987, p. 135). Polsky (1998) stated that even though expected future
volatility and- correlation are good inputs, there is a limitation to using them as risk
measures when taking portfolio options into considerations. Michaud (1998, p. 3) also
argued that, the most important limitations of Markowitz’s model-zwere"its-inst'ability and
ambiguity. The optimized portfolio was extremely sensitive to input changes and tended to

maximize input errors.

Alternative models have been proposed. They include mean-absolute deviation
optimization model (Konno and Yamazaki, 1991); mean semi-absolute ‘deviation model
' (Speranza, 1996), and mean-semivariance model (Hamza and Janssen, 1998). In addition,
researchers. have proposed alternative portfolio theories that included more'moments such
as skewness (see Elton and Gruber, 1997). Shortfall risk, downside va;iahée,’ Value-éf-ﬁsk,
and relative risk are considered as alternative measures of risk (see ‘Chriss and Fanelli,
©1998). Other portfolio selection techniques include Monte Carlo simulation approaches
(Maginn and Tuttle, 1990, p. 7-46) and utility function evaluations (Maginn and Tuttle,
1990; p. 7-49). | L
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