
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

� INTRODUCTION 

The most important topic covered in this topic is the modern theory of portfolio 
management. It has now been more than 50 years since the Markowitz portfolio 
was introduced. The Markowitz portfolio theory is a set of methods to select an 
optimal or the best portfolio. The landmark paper on „Portfolio selection‰ that 
was published in the Journal of Finance enabled Markowitz to receive the Nobel 
Prize in Economics in 1990.  
 
The other task of this unit is learning to derive the capital market line (CML). The 
CML shows the risk-return trade-off for all financial assets and portfolios. To 
derive the CML, we will define the efficient frontier as a graph that represents all 
portfolios that yield the highest level of return for a given level of risk. A rational 
risk-averse investor will choose portfolios on the efficient frontier. The capital 
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LEARNING OUTCOMES 
By the end of this topic, you should be able to: 

1. Explain the concept of efficient frontier and Markowitz portfolio 
theory; 

2. Discuss the concept of capital allocation line (CAL) and capital 
market line (CML); 

3. Apply asset allocation strategies in forming optimal portfolios; and 

4. Evaluate the usefulness of market indices. 
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market line is the linear combination between a risk-free asset and a risky 
portfolio that is tangent to the efficient frontier.  
 
We will introduce the construction and use of market indices. Broadly speaking, 
a market index is a numerical value that measures the performance of the market 
and also serves as a benchmark for portfolios and mutual funds.  

 THE EFFICIENT FRONTIER AND 
MARKOWITZ PORTFOLIO THEORY 

Up to now you have learned how to reduce risk by forming a two-stock portfolio. 
However, in the real world, we need to consider portfolios that consist of more 
than two stocks. The Markowitz portfolio theory allows us to examine cases in 
which the portfolio consists of more than two stocks. In other words, you can 
think of the Markowitz portfolio theory as the generalisation of the portfolio 
theory youÊve studied so far.  
 
The Markowitz portfolio theory is a set of methods used to select the optimal or 
best portfolio. According to this theory, an investor calculates and then compares 
the rewards and risks of alternative portfolios. As you know, an investor who is 
risk averse prefers portfolios with higher returns and with lower risks.  
 
The Markowitz portfolio theory has been used extensively to choose the optimal 
portfolio in a complex investment environment. The origin of the theory is vested 
in the consumer optimisation theory from microeconomics. Markowitz published 
the landmark paper on „Portfolio selection‰ in the Journal of Finance more than 
50 years ago. This paper and other works on portfolio theory enabled Markowitz 
to win the Nobel Prize in Economics in 1990.  
 
You should first read the paper in the Journal of Finance in order to grasp its 
insights on the Markowitz portfolio theory. The article is non-technical and you 
would enjoy reading it.  
 
In the remainder of this section, we will first review the construction of the 
Markowitz portfolio and take you through an example of a three-asset portfolio 
case. Next, we will see examples of how to construct the efficient frontier. Finally, 
we will derive the capital allocation line (CAL) in a portfolio that consists of one 
risk-free asset and one risky asset. 

4.1 
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4.1.1 Portfolio Construction with More than Two 
Assets in the Portfolio 

The Markowitz portfolio theory is just an extension of a two-asset portfolio case 
to an n-asset case portfolio. The expected return and variance of the n-assets 
portfolio is as follows: 
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An example of a three-asset portfolio case (n=3) 

Using the example ; itÊs set for two securities, and here one more stock is added 
to the portfolio. The additional stock is based on the actual data from Citic Pacific 
(CP) for the period from January 2, 2007 to May 31, 2007. 

Stock Daily average return (r) Standard deviation (�)
HSBC 0.02% 0.74% 
Swire 0.07% 1.56% 
CP 0.20% 1.91% 

 �HSBC,Swire = 0.43 

 �HSBC,CP = 0.43

 �Swire,CP  = 0.46
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Again, assuming an equally weighted portfolio, the return and the standard 
deviation of the portfolio are as follows: 
 
Let HSBC be subscript 1, Swire be subscript 2, and CP be subscript 3. 

 rP = w1r1 + w2r2 + w3r3 

 rP = 0.33(0.02) + 0.33(0.07) + 0.33(0.20) = 0.096% 

 �2
P = w2

1�2
1 + w2

2�2
2 + w2

3�2
3+ 2w1w2�1�2�1,2 + 2w1w3�1�3�1,3 +  

2w2w3�2�3�2,3

 �2
P = (0.33)2(0.74)2 + (0.33)2(1.56)2 + (0.33)2(1.91)2 + 

   2(0.33)(0.33)(0.74)(1.56)(0.43) +  

   2(0.33)(0.33)(0.74)(1.91)(0.43) +  

   2(0.33)(0.33)(1.56)(1.91)(0.46) 

 �2
P = 0.060 + 0.265 + 0.397 + 0.108 + 0.013 + 0.30 = 1.143

 �P = 1.143  =1.069% 
 
By the same token, you can calculate the portfolio return and variance for a 
portfolio that consists of more than three assets by extending the formula of 
calculating the portfolio return as well as the portfolio variance. In Table 7A of 
your Bodie textbook, a spreadsheet model shows how to calculate returns and 
standard deviations for stock indices from seven countries. Thus you can use 
Excel to do the same calculations. I would like to summarise the procedures of 
estimating a portfolioÊs return and variance as follows: 

Step 1: Download the appropriate data from a reliable database such as 
Datastream. Datastream contains all the stock prices for the global 
markets. 

Step 2: You can calculate the individual stock return on a daily, weekly, 
monthly, quarterly or annual basis using the following formula (for 
simplicityÊs sake, we ignore the dividend part of the return formula): 

 
1t

1tt
t P

PPr
�

���  

 where Pt = the market price of an individual stock at time t. 

Step 3: Calculate the average return of each stock during the sample period 
or holding period. 

Step 4: Once you obtain the average return of each stock in your portfolio, 
you need to determine the weight or proportion of each stock in your 
portfolio. 
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Step 5: Estimate the pair-wise correlation or covariance coefficient of the 
returns data. 

Step 6: Now you can calculate both the portfolioÊs return and its variance 
(standard deviation) in Excel. 

4.1.2 Quantifying the Efficient Frontier 

An efficient portfolio is one that gives the maximum return for a given level of 
risk. The efficient frontier, on the other hand, is a collection of portfolios that has 
the maximum rate of return for every given level of risk, or the minimum risk for 
every potential rate of return. In other words, only the efficient frontier contains 
all the optimal portfolios. „Optimal portfolios‰ implies the portfolios that yield 
the highest rate of return for every given level of risk. I will start to develop the 
construction of the efficient frontier by considering the case of a two-asset 
portfolio again.  
 
Recall, from our previous discussion, the expected return and variance of a two-
asset portfolio as follows: 

 E(rP) = w1E(r1) + (1�w1)E(r2) 

 �2
P = w2

1�2
1 + w2

2�2
2 + 2w1w2�1�2�1,2

 
Now suppose that we have two assets, A and B. The assetsÊ expected return and 
standard deviations are: 

 AAsset A Asset B 
Expected return 20% 10% 
Standard deviation  10% 6% 

 
LetÊs first assume that the returns between two assets are perfectly positively 
correlated (i.e.,��A,B = 1). Next I am going to vary the weights of the two assets and 
then present the results in the graph. First, letÊs assume wA= 1 (i.e., all the wealth 
is invested in asset A). The return and standard deviation of the portfolio are: 

 E(rP) = 1(20%) + 0(10%) = 20% 

 �P = [(1)2(10%)2 + (0)2(6%)2 + (2)(1)(0)(10%)(6%)(1)]1/2 = 10% 
 
As you can see, the expected return and standard deviation of the portfolio are 
the same as for individual asset A since all wealth is invested in asset A. I am 
now going to construct the portfolio again, now assuming that wA and wB are 
both 50% (i.e., an equally weighted portfolio). In this case, the expected return on 
the portfolio is 15% and the standard deviation of the portfolio is 8%.  
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I now add the case in which wA = 0 and wB = 1. In this case, the expected return 
and the standard deviation are the same for individual asset B. I can graph these 
three computations as three points on the graph, and show what happens to 
expected returns and standard deviation as the portfolio weights vary across the 
assets. As the correlation between asset A and asset BÊs returns = 1 (�A,B = 1), 
when I connect the three points together, they form a straight line, as shown in 
Figure 4.1. 

 
Figure 4.1: Portfolio return and standard deviation when �A,B = 1 

 
However, when �A,B is not equal to 1, then the relationship is not going to be 
linear. Let us recalculate the same three points (wA = 0, wA = 0.5, and wA = 1), 
but with a different assumption of the correlation coefficient. Suppose that the 
correlation coefficient (�A,B) is equal to 0.75. In this case the returns on both assets 
are positively correlated, but not perfectly correlated. For the two extreme cases 
in which all wealth is either invested in asset A or asset B, the expected returns 
and standard deviation of the portfolio are the expected returns and standard 
deviation for that asset (we have shown this earlier). When wA = wB = 0.5 (i.e., an 
equally weighted portfolio), the expected returns and standard deviation under 
different assumptions of �A,B are: 



 � TOPIC 4  EFFICIENT FRONTIER AND ASSET ALLOCATION  
 

64 

 
Correlation 

coefficient (�A,B) 
wA = 1 wA = wB = 0.5 wA = 0 

1.0 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 8% 

E(rP) = 10% 
�P  = 6% 

0.75 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 7.52% 

E(rP) = 10% 
�P  = 6% 

0.5 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 7% 

E(rP) = 10% 
�P  = 6% 

0.25 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 6.44% 

E(rP) = 10% 
�P  = 6% 

0 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 5.83% 

E(rP) = 10% 
�P  = 6% 

�0.5 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 4.35% 

E(rP) = 10% 
�P  = 6% 

�1.0 E(rP) = 20% 
�P = 10% 

E(rP) = 15%  
�P = 2% 

E(rP) = 10% 
�P  = 6% 

 
As indicated in the above table, when the correlation coefficient decreases, the 
portfolioÊs risk decreases as long as some wealth is invested in each asset. As the 
correlation of assets in the portfolio decreases, we can reduce the risk of the 
portfolio. We need to pay attention to ensure that the line relating risk and return 
was straight when �A,B = 1. When �A,B = 0.75%, risk is reduced, so the line bends 
to the left (i.e., becomes concave), as shown in Figure 4.2. 

 
Figure 4.2: PortfolioÊs return and standard deviation when �A,B = 0.75

 
As shown in Figure 4.3, when the correlation coefficient drops further, the line 
becomes even more curved (i.e., more concave). 
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Figure 4.3: PortfolioÊs return and standard deviation when �A,B = 0.5
 
What you have learned so far is that we can diminish risk by investing in assets 
that are less than perfectly correlated. We can diversify our portfolio by owning 
an amount of each financial asset. We can graph a large number of assets in risk-
return space. This graph looks like the top part of an umbrella. The outer curve 
solid line represents the combination of assets that are efficient. This is known as 
the efficient frontier (Figure 4.4). These are the efficient portfolios that yield the 
highest-level returns given the level of risk (or the lowest level of risk given the 
level of returns).   

 
Figure 4.4: The efficient frontier 

 
Once the efficient frontier has been set, it not only indicates whether our portfolio 
is efficient, but also tells us how to adjust the components of our portfolio in 
order to achieve the highest return with the same risk (the standard deviation of 
return). However, although youÊve now been taught how to quantify the efficient 
frontier, you might think that it is very complicated and difficult for you to do so, 
especially if a portfolio comprises a lot of stocks or securities, because this 
involves a lot of calculations. Please donÊt worry - we have computers! There are 
a lot of computer applications on the market that can help us develop the 
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efficient frontier for optimising our investment portfolio. Some websites even 
offer free services for optimising portfolios for higher expected return! In the 
following activity you will see how easy it can be for you to check whether your 
portfolio is efficient or not! 
 

 

 CAPITAL ALLOCATION VERSUS ASSET 
ALLOCATION 

In a broader sense, capital allocation is the choice of investing funds in both risky 
and risk-free assets. For instance, if you had RM1 million, how much would you 
put into risk-free assets such as time deposits in a reputable bank, and how much 
would you put into risky assets such as stocks, bonds, foreign exchanges, options 
and futures, etc.? Asset allocation comprises the investment decision making 
over the choices of different risky assets that I mentioned earlier. You should 
read the following textbook selections as outline in the course guide in order to 
learn more about the concept of capital allocation as well as asset allocation.  

4.2 

Although there are some websites which can help us to do portfolio 
optimisation 

What I am going to introduce to you is an Excel template from Excel 
Business Tools. Please visit the following Web address: 

<http://www.excelbusinesstools.com/portopt.htm> 

After going to the above Web address, you can click ÂTryÊ to download 
the Excel template of portfolio optimisation for free. Assume that you 
have the following investment portfolio: 

Please open the Excel template from the Web address above. You will 
see that there is a sample of five US stocks in the template. Please delete 
these data and download the previous 32-month stock returns of the 
above five stocks from Yahoo Finance, at: 

<http://Malaysia.finance.yahoo.com/stock/index.php>.  

After that, reset the „Min Constraint‰ and „Max Constraint‰ of each 
stock to 0% and 100%, respectively. Please also change the current units 
of each stock according to the number of shares shown above. Finally, 
you can click „Optimise Portfolio‰ to see how efficient your portfolio is. 

ACTIVITY 4.1 
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Now that youÊve read the text, you probably know how to calculate the weights 
of a complete portfolio of both risk-free and risky investments. 

4.2.1 The Capital Allocation Line (CAL) 

The capital allocation line (CAL) is derived from the investment of a complete 
portfolio that consists of one risky portfolio and a risk-free asset. You should 
consult the following readings, after which I will summarise the concept of CAL 
and provide you with numerical examples of the construction of the CAL. 
 
Let us make a summary of the concept of CAL as follows: 
 
LetÊs say the risk-free asset has a return rf (since the return is certain and there is 
no expectation sign attached to it). The risky portfolio, however, has an expected 
return E(rp) and variance �2

P, and let y and (1 � y) be the risky and risk-free 
weights. Here I use y instead of w to represent the weights for differentiation of a 
conventional risky portfolio to a complete portfolio. 
 
Then the expected return of a complete portfolio (E(rCP)) holding positions in 
risk-free and risky assets is: 

 E(rCP) = y E(rp) + (1 � y)rf  

Re-arranging the equation yields: 

 E(rCP) = rf + y[E(rp) � rf] 

The variance of the complete portfolio (�2
CP) is 

 �2
CP = y2�2P + (1 –  y)2�2

rf + 2y(1 –  y)�P,rf�P�rf

where  

� �2
rf is the variance of risk-free asset, which is equal to zero  

� �P,rf is the correlation coefficient between the risky portfolio and the risk-free 
asset, which is equal to zero. 

� �P is the standard deviation of the risky portfolio.

� �rf is the standard deviation of the risk-free asset, which is equal to zero. 

In the equation of �2
CP, the second and third terms are zero; it then reduces to 

�2
CP = y2�2P, and the standard deviation is simply y�P.

 
In Malaysia, the one-month or three-month Kuala Lumpur inter-bank offer rate 
(KLIBOR) is a proxy for the return of the risk-free asset. In the US, the 90-day 
treasury bill rate (TB) is a proxy for the return of the risk-free asset.  
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Suppose the one-month KLIBOR is 3% and the expected return and standard 
deviation of a portfolio consisting of Malaysian stocks are 15% and 8%, 
respectively. Then the return and standard deviation of the complete portfolio 
are as follows: 

 E(rCP) = 3% + y[15% � 3%] 

 �CP = y(8%)
 
The actual outcomes depend on the value of y (i.e., the weight of risky stock 
portfolios). Suppose y takes the values of 0, 0.5, and 1 and we obtain the 
following table. 

y Expected return Standard deviation 

0 3% 0 

0.5 9% 4% 

1 15% 8% 

 
The above table indicates that if y = 0, then the expected return is exactly the 
same as the rate of return of the one-month KLIBOR (risk-free asset), and the 
standard deviation is zero. If y = 1, then the expected return and standard 
deviation are the same as the risky stock portfolio. If y = 0.5, then this is the linear 
combination between the risky portfolio and the risk-free asset. This information 
can be plotted in the following graph (Figure 4.5). 

 
Figure 4.5: The capital allocation line (CAL) 

 
The straight line is known as the capital allocation line (CAL), and it represents 
the risk-return combination that investors must encounter. 
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4.2.2 Reward-to-risk Ratio 

You should now see that the slope of the CAL is the reward-to-risk ratio: 

P

fP r)r(ES
�
��  

This is also known as the Sharpe Index, and it represents the risk-adjusted excess 
rate of return. The definition of excess rate of return is [E(rP) - rf], which is the 
numerator of the reward-to-risk ratio. The Sharpe Index is a performance 
measure of portfolios and mutual funds. The higher the value of S, the more 
preferable it is to investors or mutual funds managers, since it implies a higher 
risk-adjusted excess rate of return. In order to have a higher value of S, we tend 
to maximise the excess rate of return and to minimise the risk of the risky 
portfolio. 

The following table is an extension of the table in the topic above. Fill in 
the blanks and plot the capital allocation line (CAL). 

y Expected return Standard deviation 

0 3% 0 

0.5 9% 4% 

1 15% 8% 

1.5 ? ? 

2 ? ? 

SELF CHECK 4.1 

ACTIVITY 4.2 

How can you invest more than what you have in the portfolio P,
(i.e., Y > 1)?
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 THE CAPITAL MARKET LINE (CML) 

The derivation of the capital allocation line (CAL) is based on the assumption of 
an active portfolio strategy. The derivation of the capital market line (CML), 
however, is based on the assumption of a passive portfolio strategy. Instead of 
constructing our own portfolio, the derivation of the CML employs a market 
portfolio as the benchmark. In this section, I will first show you how to derive a 
CML by using the market portfolio as the benchmark, and then I will talk about 
the CML and the separation theorem. You should now refer to the textbook 
sections to gain a better understanding of the CML and the separation theorem. 

4.3.1 The Derivation of the CML 

As you have learned, the efficient frontier contains the only efficient portfolios. I 
will therefore construct a portfolio with the risk-free asset and one of the efficient 
portfolios. This CML is drawn from the risk-free rate of return to a point just 
tangent to the efficient frontier as shown in Figure 4.6. 

 
Figure 4.6: The tangency of CML to efficient frontier 

 
Note that the CML is tangent to the efficient frontier at point M. Point M is 
known as the market portfolio, which has to include all assets if investors are risk 
averse. An investor who is risk averse chooses portfolio A such that the investor 
allocates part of his/her funds to the risk-free asset, and the remaining funds to 
the market portfolio. On the other hand, if the investor chooses portfolio B, then 
that investor would borrow money at the risk-free rate, and invest all of his/her 
funds - including the borrowed funds - in the risky portfolio, M.  
 

4.3 



 TOPIC 4  EFFICIENT FRONTIER AND ASSET ALLOCATION � 71 

We can derive the CML within the context of a two-asset case portfolio. The two 
assets in the portfolio are the risk-free asset with the rate of return (rf) and the 
market portfolio with the expected rate of return E(rM). Let w be the proportion 
of the portfolio invested in the risk-free asset and (1 � w) be the proportion 
invested in market portfolio. The expected return of the portfolio will be: 

 E(rP) = wrf + (1 � w)E(rM) 

where rM is the rate of return on the market portfolio. 

 �P = [w2�2
rf + (1 – w)2�2

M + 2w(1 – w)�rf,rM�rf�M]1/2

where  

 �2
M is the variance of return on the market portfolio

 �M is the standard deviation of return on the market portfolio 

 �rf,rM is the correlation coefficient between the rate of return of the risk-free 
asset and the market portfolio. 

 
In the above equation, since �2

rf, �rf, and �rf,rM are all zero, the above equation 
reduces to:  

 �P = (1 – w) �M

From the standard deviation equation we can solve for w: 

 w = 1� (�P/�M)

We can also solve for 1 � w: 

 1 � w = �P/�M

We can then substitute for (w) and (1 � w) in the expected return equation. This 
substitution reveals: 

 E(rP) = [1 � (�P/�M)]rf + (�P/�M)E(rM)

Simplifying the equation gives: 

 E(rP) = rf + [E(rM) � rf] (�P/�M)

The above is the equation for the CML.  
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4.3.2 The Capital Market Line and the Separation 
Theorem 

The separation theorem implies that portfolio choice can be separated into two 
independent tasks. The first task is to determine the optimal portfolio purely 
based on existing information from the market portfolio. This is rather passive 
investment decision making. That is, if an investment analyst has data on the 
market portfolio then he or she can achieve the optimal portfolio, as can other 
investment analysts using the same data. This is exactly the point M on the 
capital market line in Figure 4.6, which is tangent to the efficient frontier. The 
second task is the personal choice of the best mix of the risky portfolio and the 
risk-free asset. This means that the choice of any of the points moving along the 
capital allocation line depends upon the risk preferences of individual investors. 
We will talk more about the relationship between risk tolerance and asset 
allocation in the next section. 

 OPTIMAL COMPLETE PORTFOLIOS 

In this section, I am going to introduce to you the relationship between risk 
tolerance and asset allocation. In particular, weÊll consider how the changes in 
investorsÊ preferences eventually alter their asset allocation decisions. In other 
words, we will combine both indifference curves as well as the capital allocation 
line (CAL) to show you how the optimal portfolio is derived. In addition, I 
would like to show you how to determine optimal composition in the portfolio if 
we have more than one risky asset in that portfolio. Finally, I will show you how 
to construct and use market indices. 

4.4.1 Risk Tolerance and Asset Allocation 

The textbook provides a very good numerical example to show you how to 
superimpose an investorÊs indifference curves onto the capital allocation line. 
You should consult the following reading to enhance your understanding of the 
relationship between risk tolerance and asset allocation. 
 

4.4 

1. What is the slope of the CML? 

2. What kind of portfolios will never lie on the CML?

SELF CHECK 4.2 
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If we superimpose an investorÊs indifference curves with the capital allocation 
line (CAL), we can obtain that investorÊs optimal portfolio. By superimposing the 
two graphs, we can see how tolerance for risk impacts an investorÊs choice of 
portfolio. Recall from our earlier discussion that this portfolio comprises the risk-
free asset and the portfolio of risky assets. In Figure 4.7, we have two investorsÊ 
indifference maps.  

 
Figure 4.7: The lending and borrowing portfolios 

 
The first investor has a lending portfolio (i.e., has a lower tolerance for risk). This 
investor chooses to invest part of his wealth in the risk-free asset and part of his 
wealth in the risky portfolio. The lending portfolio is tangent at point L. This is 
the point at which the highest indifference curve just touches the CAL. The 
second investor has a borrowing portfolio (i.e., has a higher tolerance for risk). 
This investor chooses to invest all her wealth in the risky portfolio. In addition, 
this investor also borrows money from financial institutions at a set borrowing 
rate, and has a leveraged portfolio. Here we implicitly assume that the lending 
rate is the same as the borrowing rate, and is exactly the same as the risk-free rate 
(i.e., rL = rB = rf). The tangency point of the indifference curve and the CAL is at 
point B. Point B therefore yields the highest level of satisfaction for the investor 
who has a high tolerance for risk.  
 
As you can see, both the lending and borrowing portfolios have invested in the 
same risky portfolio. However, the investor who holds the lending portfolio is 
more risk averse and invests in both the risk-free asset and the risky portfolio. 
The investor who holds the borrowing portfolio is less risk averse and invests all 
her wealth in the risky portfolio. 
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4.4.2 Optimal Composition (Weightings) in a Portfolio 

Your textbook illustrates the simple case for optimal weightings in a portfolio of 
one risk-free asset and two risky assets. You are advised to read the following 
section from your textbook; you should work carefully through the numerical 
example provided, and be sure you should know how to calculate the optimal 
weightings for a portfolio of one risk-free asset and two risky assets. Activity 2.9 
in the textbook then guides you in obtaining the optimal weightings in a 
portfolio for a two risky asset portfolio case; if you can handle Activity 2.9 easily, 
then you should have no problem understanding the construction of an optimal 
portfolio. However, if your portfolio has more than two risky assets, then you 
will likely want to make use of computer software to figure out the optimal 
weightings of your portfolio.  
 

 
 

What will the CAL look like if the lending rate and borrowing rate are
not the same? In reality, the borrowing rate is, of course, greater than
the lending rate (i.e., rB > rL). 

ACTIVITY 4.3 

Suppose you have the following data on two risky assets: 

 Asset 1 Asset 2 
Expected return 12% 8% 
Standard deviation 10% 5% 

The correlation coefficient of return between Asset 1 and Asset 2 is 0.40 
and the return on the risk-free asset is 4%. 

1. Find the optimal weights for w1 and w2. 

2. What is the expected return for a portfolio consisting of these two 
assets? 

3. What is the standard deviation of the portfolio? 

4. What is the slope of CAL or the reward-to-risk ratio? 

5. If an investor has a coefficient of risk aversion A=20, what will be 
the proportion invested in the two risky asset portfolio? What 
will be the proportion invested in the risk-free asset? 

ACTIVITY 4.4 
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 CONSTRUCTION AND USE OF MARKET 
INDICES 

In the construction of the capital market line (CML), we need to have the 
information on the market portfolio (M). As youÊve learned, a stock market index 
can serve as a proxy for this market portfolio. A stock market index is a number 
that indicates the relative level of prices or value of securities in a market on a 
particular day compared with a base-day figure, which is usually 100 or 1000. 
There are three main types of index, namely price-weighted indices, value-
weighted indices and equally weighted indices. You should learn more by 
working through the following readings on the construction of stock indices in 
the US as well as in Malaysia. The two commonly quoted stock market indices in 
the US are the Dow Jones Industrial Average (DJIA) and the Standard and Poor 
500 (S&P500) indices. In Malaysia, the Kuala Lumpur Composite Index (KLCI) is 
the most important stock market index.  
 
The main objective of constructing market indices is to measure the performance 
of the relevant markets. By comparing the values of a market index over time, we 
can see how a market is performing over different periods. Technical analysts 
also use market indices to forecast the up and down trends of markets. They 
argue that these patterns of market index movements tend to repeat themselves. 
This kind of analysis requires a way to measure market performance. Besides 
measuring market performance, however, returns on market indices may be used 
as benchmarks to evaluate the performance of particular portfolios and mutual 
funds.  
 
Finally, market indices may be used to make comparisons on the performance 
and riskiness of various international markets, thereby providing information 
that can be used for international investments. We can try to find out, for 
example, which market has out-performed others. In fact, there are lots of 
financial futures instruments attached to market indices, such as the Hang Seng 
Index futures (Hong Kong), the Dow Jones Industrial Average Index futures 
(US), and the Nikkei 225 futures (Japan). See Figure 4.8 for an example. 

4.5 
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Figure 4.8:   KLCI and other indices 

Source: http://www.klse.com.my/website/bm/  
 
Satisfaction and lower utility means a lower level of satisfaction. We generally 
assume that investors are risk-averse. This is one of the major assumptions for 
the construction of MarkowitzÊs portfolio selection. The level of risk aversion can 
be measured with indifference curves. An indifference curve, which is sometimes 
known as an indifference map, measures the mean and variance of portfolios that 
an investor would be equally happy with. A risk-averse investor will prefer 
higher indifference curves in the risk and return space.  
 
The concept of risk-aversion and utility theory were the essential elements 
needed to discuss the idea of diversification. A risk-averse investor tries his best 
to minimise risk. Diversification is a means of reducing risk in investment 
decision-making. Practically speaking, diversification is the process of adding 
assets to a portfolio in order to minimise the portfolioÊs diversifiable risk, and 
hence the portfolioÊs total risk.  
 
In this unit, you were shown many numerical examples of how to reduce risk by 
means of a well-diversified portfolio. The difference between diversifiable and 
non-diversifiable risks was discussed. According to many empirical studies, if 
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investors hold a portfolio that consists of at least 20 stocks, then the portfolio is 
considered to be well-diversified. A well-diversified portfolio implies that all you 
have to be concerned with is non-diversifiable, or systematic, risk.  

 
� We have discussed the importance of efficient frontier and Markowitz 

portfolio theory.  
 
� We have also learned the concept of capital allocation line and its application. 
 
� The derivation of capital market line and its importance in portfolio 

management have been highlighted. 
 
� We have discussed the asset allocation strategies in forming optimal 

portfolios. 
 
� The construction of market indices and their usefulness have also been 

discussed.  
 
 

 
Asset allocation 
Asset allocation Strategies 
Benchmarks  
Capital allocation 
Capital allocation Line (CAL) 
Capital Market Line (CML) 
Dow Jones Industrial Average (DJIA) 
Efficient frontier  
KLIBOR 
Kuala Lumpur Composite Index (KLCI) 

Market indices  

Markowitz portfolio theory 
Optimal complete portfolio 
Optimal allocation 
Reward-to-risk ratio 
Risk tolerance 
Separation theorem 
Sharpe index 
Standard and poor 500 (S&P500) 
Two-asset portfolio 

 

 



 � TOPIC 4  EFFICIENT FRONTIER AND ASSET ALLOCATION  
 

78 

 

1. Explain why more risk-averse investors have a steeper indifference curve. 
 
2. Portfolio X, consisting of stocks and T-notes, has an expected return and 

risk equal to 10% and 14% respectively. Your coefficient of risk aversion is 
5. The T-bill rate equals 4%. What is your allocation of investment between 
T-bills and portfolio X? If Portfolio X is made up of 70% bonds and 30% 
stocks, what are your investment proportions in T-bills, bonds and stocks?  

 
3. You are given the following information: 

 Expected return Standard deviation 

T-bills 4% 0% 

Bond A 12% 40% 

Stock B 20% 60% 

The correlation coefficient between bond A and stock B is 0.3. 

(a) Calculate the weight, risk and expected return of the optimal risky  
portfolio formed by bond and stock. 

(b) Find the slope of the CAL. 
 
4. S&P500 index has an expected return of 12% and a standard deviation of 

20%. The T-bill rate is 4%. Calculate the slope of the CML. 
 
5. Would you choose a passive strategy by investing in S&P500 index fund or 

would you invest in portfolio A? 

 Expected return Standard deviation 

T-bills 4% 0 

S&P500 index 12% 20% 

Portfolio A 15% 25% 
 
6. Which of the following investments violates MarkowitzÊs efficient frontier? 

Investment Expected return Standard deviation 

A 8% 12% 

B 10% 16% 

C 30% 40% 

D 9% 20% 

E 15% 25% 
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7. Suppose you are given the following information: 

Portfolio Expected return Standard deviation 

T-bills 4% 0% 

A 10% 11% 

B 18% 16% 

C 23% 18% 

D 24% 20% 

E 25% 25% 

(a) Using the above information, plot the CAL. 

(b) Which is the optimal risky portfolio? Why? 
 
8.  You have the following data on two risky assets: 

 Asset 1 Asset 2 

Expected return 12% 8% 

Standard deviation 10% 5% 

  
The correlation coefficient of returns between Asset 1 and Asset 2 is 0.40  
and the return on risk-free rate is 4%. 

(a) Find the optimal weights for w1 and w2. 

(b)  What is the expected return for a portfolio consisting of these two 
assets? 

(c) What is the standard deviation of the portfolio? 

(d) What is the slope of CAL or the reward-to-risk ratio? 

 

1. How efficient frontier is related to the attainable set of all possible 
portfolios?  

 
2. How efficient frontier can be used with an investorÊs utility function to find 

the optimal portfolio? 
 
3. Differrentiate among the diverfiable, non-diversifiable and total risk of a 

portfolio? 
 
4. What does the term „relevant risk‰ refer to and how is it measured? 
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5. How can one measure the beta of a portfolio when we know the beta for 
each of the assets included in it? 

 
6. Discuss the feasible or attainable set of all possible portfolios with relation 

to efficient frontier. 
 
7. Summarise the idea of modern portfolio theory (MPT) based on the 

concepts of correlation, beta and diversifiable risk. 
 
8. Discuss how to apply the concept of  modern portfolio theory (MPT) from 

the perspective of individual investor. 
 


