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1. Collect monthly data for three securitj

recent S years for this proj . €y and duration. Let’s use the monthly data only over
“adjusted close” price. project. This data can be easily collected from Yaho

2. Calculating past mean returns

Copy the price data into three columns
in Excel and calculate the return
between periods (in this example,
between months) as follows:
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Rt = LN(P:/Pr1) N
Make sure that is like LN(“new”/"0ld").
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Do this for each successive pair of
returns for each of the three stocks.

f each stock using the MEAN function and create t!\ree excess returns
Ca:culitsef:)l;ee:::‘;la:t;z:cu;; :ubtracting the mean return from each of the individual period returns.
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3. Calculating standard deviations

We are going to now calculate the variance-covariance matrix for these returns using the matrix
operations built into Excel.

Caution: even if you have used the IRR approach to expected returns when calculating the expected
mean returns, you must use the following method to determine the volatility (as a measure of risk).

Create a 3x3 matrix and label the rows and columns.
S L M

2
3 VARIANCE-COVARIANCE MATRIX
B RXOM  RMSFT  RDIS

vt - Ay . -

: T it - Highlighted
N ’ J
G
Highlighted
Z- 1 T P W
Highlight the cells of the table and, with the highlighted % ER_xom ER_MSFT  ER_DIS
cells, use the following command to matrix-multiply the = Py il |
excess returns: 0120  -0067 0233
o R
=MMULT(TRANSPOSE(13:K69),13:K69) /(COUNT(13:169)-1) 5.1 0027 0081 0164
*Caution: The “Count” function should use only the % i % :ﬁ;i m
same column. In this example, it is the Column L. e ‘
Then press either Ctrl+Shft+Enter or Cmd+Enter :

depending on whether you use Mac or PC. The variance-
covariance matrix should fill in completely.

: J-00a8:. 088, -0021
RXOM R MSFT R DIS Ii-~ i
R_XOM 000223 000100  0.00184 e A0

__JR_MSFT 0.00100 0.00388  0.00196

(RIS 0.00184  0.00196  0.00456

The entries along the main diagonal of the matrix represent the variance of each stock return, while
the off-diagonal entries are the covariances of the respective corresponding stocks. Use the square
TOOLS Ot o find standard deviation of each stock.
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4. Concept of Investment Opportunity Set

This partex
p\ains only concepts
opportunity set). You Pts on how to determine the fronti i :
: ca ; ontier coo
n plot the three coordinates of the return vers:i"t‘::ers;s(l?:;fl::z:t::‘;g‘;anw
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Now also imagine two portfolios 1 and 2 on the
frontier, which we will combine later to create

the efficient frontier for all three assets.

| Constant2

how t
parts in this document.

You don’t know how to determine the frontier set

inv ni
rmi fronti

w. Y ill learn
in the followin

At least, you know there do exist this frontier by
imagination.
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There must be the lines (capital allocation lines:
“CAL") that are tangent to the portfolios 1 and 2
It is not difficult to know that there are respective

constants on the y-axis.

Use 0.001667 for the first constant (as the
monthly risk-free rate is around 0.1667%) and
a high constant (like 0.1).

Notice that when we use risk-free rate for the
constant 1, then the “Portfolio 1” will be the
optimal risky portfolio sine it is determined by
maximizing the Sharpe ratio (see below.)

Try to understand the fact that the two constants
dete;mine the portfolio 1 and 2 on which the CALs
touch.

correlation between between portfolio 1 and 2 is

very closed to 1, then change the val

vy closed ge the value of Constant

The highest mean of monthly return +

The ! 0.01

0.005) as the value of Constant 2. For the ex(:t:\ le
ev : the highest mean of 0.02296. Hence tl;

ve value of Constant 2 is around 0,03, .



e ratio is the slope of the capital allocation line (CAL). Keeping that in mind,
e recaellt.ht:z isnh:l::ﬁrst portfolio, the Sharpe ratio is maximized. The Sharpe ratio is minimized
wgﬂr;a t::i’ortfolio 2: the slope is maximum negative with the Portfolio 2,
yl‘v; help us create these portfolios 1 and 2 and the frontier curve, we will use the “Solver” in Excel
Use thz following diagram as reference for the next steps.

MEAN RETURN
0.00611
0.01677
0.02296

<~For Solver, select for each case

Porfolic mean

Portfolio variance

Portfolio standard deviaiton
Covariance

Correlation

Sharp ratio

Set up the table as shown in N10 - Q16 with the given constants. You have to command
“=sum(P13:P15)" for P16 cell. Similarly, “=sum(Q13:Q15)” for Q16 cell.
4 o P

Q Although we will use the Excel Solver to find the optimal
11 Constant 0.00166667 0.1 weights on the portfolios, we need to seed the table with
12 Portfolio 1 |Portfolio 2 some initial weights. A reasonable set of initial weights
13 W on XOM 0.3333 03333 might be an equal percentage (0.33) in each asset, although
14 'W on MSFT 0.3333 03333 any combination can be used so long as the sum is equal to 1.
15 'Won DIs 0.3333 0.3333
16 Total 1.0000 1.0000

We will fill in the cells in P19 ~ Q24 as
Ctrl+Shft+Enter (or Ctrl+Enter) on PC

Mean: =MMULT(TRANSPOSE(P13:P15),5S5:57

Variance: =MMULT(MMULT(TRANSPOSE(P13:
Standard Deviation: =SQRT(P20)

Covariance: =MMULT(MMULT(TRANSPOSE(P13:P15),
Correlation coefficient () = (Covariance
The Sharpe ratio is calculated as the
Sharpe Ratio: =(P19-P11)/P21
&

(e]

Calculate the mean, variance, standard deviation, covariance,
and correlation for the two portfolios.

follows. Note that when you execute the commands, click
and Cmd+Enter on Mac.

) then as above press [Ctrl+Enter]
P15),N5:P7),P13:P15) [Ctrl+Enter]

N5:P7),Q13:Q15) [Ctrl+Enter]
)/(0102): =P22/(P21*Q21)

(portfolio mean - intercept) /(portfolio std dev)

P Q

| 0.01527642
-l 0. 2

0.01527642

- 0.00

y :

0.00225113




~ Q15. We now y
se the Solyer t
i 2 ofi
- m Ctual optima] portfolio w«eightl:i the
To: ®Max OMin Ovalveor ———— For th
n E e first i
B t0 maximize the Sppcp ¢ 09King
_ . : —eainize the Sharpe Ratjg,
$PS13:5PS1S 12 (Ccuess ) =
= = T};:? tl?rtiet cell is the Sharpe ratio
i . whic eSolverwilltrytom
Subject Constraints: _ axi
s o (Heip ) by changing the valyes within thremze
C~add—) . cel!s that contain the portfolio
| C:: ; gelghts, }s;ubject to the constraint that
| | e weights add up to 1. Once you set
| { Delete ) up the parameters, click “Solve.”
'l | Vi ‘ *caution: uncheck the non-
negativity of the solver.
["JMake Unconstraned Variables Non-Negative|

We will repeat the Solver procedure for 5
the second portfolio, except this time A G

we are looking to minimize the Sharpe | ST OMax @Min Ovaleof o T (" cose )

Ratio.

Note:
Be sure to select the correct sets of cells
to ensure the minimization is correct.

We now end up with two portfolios whose
asset weights have been optimized. Recall the
Portfolio 1 and 2 are those on the frontier
curve.

IO | e N P Q

s [ [conmant. | 0.00166867|

§12 | Portfolio 1 |Portfolio 2
13 \Asset 1 W on XOM -0.7584

Asset 2 W on MSFT 0.5361
W on DIS

Caution: If the optimized weights for
portfolios 1 and 2 are too big in size, like -5.2
or 12,890.45, then use different values for
“constants.” The optimized weights should be
less than or at most around 1 to -1. Also check
with the graph of investment opportunity set

~ as shown in the next page. If the shape is not
like the shape of “C”, then redo determining
the weights.




We can now treat these two portfolios like individual assets and combine them in different weights
as we have been doing in the two-asset model where:

Portfolio mean (Lp) = wy E[r;] + W2 E [r2]

Portfolio variance (Opz) = (W1:01)? + (W2:02)? + 2.w1.w2+ (0)-01.02

Portfolio standard deviation (Or) = VVariance

Create a table calculating the portfolio mean and standard deviations for combinations of the
various weights of each portfolio. Let wi range from-1to2andletwz;=1-w;

For example:
If we use the values above, E[r;] =0.032419, E[r,] =0.00732, O1 = 0.0869, 02 = 0.04364, p=

0.366138.
Then for wi=0.1 and w2 = 0.9,

1t = (0.1)(0. 032419) + (0.9)(0.00732) = 0.0098.
O = [(0.1)(0.0869)]2 + [(0.9)(0.04364)] 2 + 2(0.1)(0.9) (0.366138)(0.0869)(0.04364) = 0.00187
Or=V0.00187 = 0.0432.

Repeat the calculations for other weights.

Monthly returns, std dev. Annual returns, std dev.

If we plot the ANNUAL mean versus

standard deviation, we end with a curve
that illustrates the frontier for the three
assets. Report this graph as well.

Annual Return

0% 10% 20% 30% 40% 50% 60%
Annual Standard Deviation

To convert to annualized values, do:
op = V12x(monthly ap)

E[rp] = 12x(monthly E[rp])
(where, 12 represents the number of
months.)

Example,
0.1497 (14.97%) = V12x0.0432
0.118 (11.8%) = 12x0.0098

2RRRRRRRARMARNGDM - — _ _ _
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5. Investing in only risky assets (without risk-free
-Iree assets)

We }
can use the table we just created to the relati

required to achieve a : ve weigh
portfolio that has a parti ghts of XOM, MSFT, and DI
Suppose we want to maximize the remmgzl;‘tl:ular rate of return and standard desvis::izl:l.that .

portfolig thathas a risk of 5% (monthly std. dev.)

M
onthly Annual

w1
W2 stddev mean stddev mean

0.0506  0.0174 01753 02083

.

According to the table .;ve can ::chi ;
: ) eve the
comprised of 40% Portfolio 1 and 60% Porntlf?)llli?lzsf St

ortiono 1 |Portiole2 Weight on XOM = (0.4)(-0.07584) + (0.6)(0.8248) = 0.1915
[w on XOM _0.7584 0.8248 Weight on MSFT = (0.4)(0.5361) + (0.6)(0.2807) = 0.3829
|W on MSFT 0.5361 0.2807 Weight on DIS = (0.4)(1.2223) + (0.6)(-0.1055) = 0.4256
|W on DIS 1.2223]  -0.1055

To replicate the risk and return of this portfolio, we would buy (or short, if negative) the respective
proportion of each asset. Soifwehad a $100,000 investment fund, we would buy $19,150

(= $100, 000x0.1915) worth of ExxonMobil, $38,290 worth of Microsoft, and $42,560 worth
of Disney stock.

K1 W2 |W on XOM W on MSFT

W onDIs_|Total If we take the weights of each portfolio and
10 00254 -1.4333 t:: multiply by the weight of each asset in that
09 19 0.0509 :uoos 1000 portfolio, we can find the weight of each of the
'_g‘} 17l 19330 .1.0350, 1.000 three assets that will generate the respective
PR sy s mm m mean and standard deviation.
o5 15| 16164 O 0,
2 & 1,000 .

-:;1 :‘3 toe| 02041 05038 1.000 Thus we have created an efficient frontier for
PEE - 1_’-3 three assets. If we want to create an efficient
01 13 osesat 5 1,000 frontier for more assets, we would include

0o, ” 0.3063 273 1000 more columns of returns, but otherwise the

o os] osom)  oss 2355 process is identical.

03 07 1.000

05 05 osss4) 1000

06 04| 01252 20| 1000

07 03| 0283 68| 1.000

0s 02| © 1000

0”4 - E f ) 1.000

10 00| o 1358y 1090

1.1 03 05872 00

12 02 1.000
‘ 13 =5 _1OW
14 04 '

A5



In conclusion,
If you have $100,000, ho

w much do you have to spend on each stock to achieve a certain expected

rate of return (“mean”) and the risk (“std dev”)? The following nicely summarizes the plan.
Notice that the negative values stand for the amount of short sales.

Annual returns, std dev. ‘

Investment opportunity set| How much to spend on each stock?

Optimal weights

with XOM, MSFT, DIS

With total Investment of $100,000

Won XOM (Wo

n MSFT

std dev mean

$ XOM

$ MSFT

2.4080
2.2496
2.0913
1.9330
1.7747
1.6164
1.4580
1.2997
1.1414
0.9831
0.8248
0.6664
0.5081
0.3498
0.1915
0.0332
-0.1252
-0.2835
-0.4418
-0.6001
-0.7584
-0.9168
-1.0751
-1.2334
-1.3917
-1.5500
-1.7084
-1.8667
-2.0250
-2.1833
-2.3416

0.0254
0.0509
0.0764
0.1020
0.1275
0.1530
0.1786
0.2041
0.2297
0.2552
0.2807
0.3063
0.3318
0.3573
0.3829
0.4084
0.4340
0.4595
0.4850
0.5106
0.5361
0.5616
0.5872
0.6127
0.6383
0.6638
0.6893
0.7149
0.7404
0.7659
0.7915

0.3397
0.3145
0.2899
0.2661
0.2432
0.2215
0.2015
0.1838
0.1689
0.1578
0.1512
0.1497
0.1536
0.1623
0.1753
0.1916
0.2104
0.2312
0.2535
0.2768
0.3010
0.3259
0.3513
03771
0.4033
0.4297
0.4563
0.4832
0.5102
0.5373
0.5645

$240,796
$224,964
$209,132
$193,300
$177,468
$161,636
$145,804

$129,972
$114,140
$98,308
$82,476
$66,644
$50,812
$34,980
15,148

-$12,516)

$2,536

$5,090

$7,644
$10,198
$12,751
$15,305
$17,859
$20,412
$22,966
$25,520
$28,073
$30,627
$33,181
$35,735

S

$43,396

-$143
-$130,054
-$116,776
-$103,497
-$90,21¢
-$76,941

200000000000 0000000 aca. . __
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Annualized
Std dev Mean r
Risk-free asset
w1 ]wz std dev mean w1l w2 std dev mean =~ —
-1 2| 0.60206901} 0.758¢ -1 2 0.60206901{ 0.75807502 0.75807502
-0.9 1.9 0.57196556 0.721 -0.9 19 0.57196556 0.72117127 0.72117127
0.8 1.8 0.54186211 0.684 0.8 1.8 0.54186211 0.68426752 0.68426752
0.7 1.7 0.51175866 0.647; -0.7 17 0.51175866 0.64736377 0.64736377
-0.6 1.6 0.48165521 0.6104 0.6 1.6 0.48165521 0.61046002 0.61046002
-0.5 1.5 0.45155176 0.573 0.5 15 0.45155176 0.57355626 0.57355626
04 1.4 0.42144831 0.536 04 14 042144831 0.53665251 0.53665251
-0.3 1.3 0.39134486 0.3 1.3 0.39134486 0.49974876 0.49974876
-0.2 1.2 0.36124141 O 0.2 1.2 0.36124141 0.46284501 0.36124141 0.46284501
0.1 1.1 0.33113796 O. .01 11 033113796 0.42594126 0.33113796 0.42594126
0 1 0.30103451 0.38 0 1 0.30103451 0.38903751 0.30103451 0.38903751
0.1 0.9 0.27093106 01 09 027093106 0.35213376 0.27093106 0.35213376
_ ~ 0.2 0.8 0.24082761 0.31523001 0.24082761 0.31523001
0.2 0.8 0.24082761 0.3 : '
I | 0.21072415 0.2 0.3 0.7 0.21072415 0.27832626 0.21072415 0.27832626
03 070 0.4 0.6 0.1806207 0.24142251 0.1806207 0.24142251
0.4 0.6 0.1806207 05 0.5 0.15051725 0.20451875 0.15051725 0.20451875
0.5 0.5 0.15051725 ‘06 04 01204138 0.167615 01204138  0.167615
0.6 0.4 0.1204138 0.7 0.3 0.09031035 0.13071125 0.09031035 0.13071125
07| _ 03! 0.09033088 08 02 00802069 0.0938075 0.0602069
0.8 0.2 0.0602069 09 01 0.03010345 0.05690375 0.03010345
09 0.1 0.03010345 1 ] e
11 01 -0.0301035 12 02 -0.0602069 -0.0538075
13  -03 -0.0903104 -0.0907113
=2 01204138  -0.127615
: -0.1505173 -0.1645188
.0.1806207 -0.2014225 S
1S es in red), remove
-values ), those parts as shown ip the

.onto the investment opportunity set with
. tw
. To do this, on the chart area, do right clicl?and pr
ess




08 Select Data Source

.2 Delete Chart data range:
. o T Reset to Match The data range is 100 complex to be
05 wi panel
o i1 Change Chart 1 (,
3 i g
03 . . iy Save as Templz %
o', R [ Select Data.. Legend Entries (Series)
; % —
0 : ~] 3.D Rotatior add Edt  XE
L1 o'. e —————— > p—N———
0o ® o5 ¥ Format Plot Are =
Gl Bl _Or. 03 04 ‘e 2 serie2
e 1 mean
0.2 . _) |

Then click the “Series X values” button and select only the values of the standard deviation of the
CAL. Similarly, click the “Series Y values” button and select only the values of the Mean return of

the CAL. Then, click “OK.” Now, you have the CAL.

:EditSQriu ? b’
|
* Series pame:

| e - E Select Range
,mxm
1 i E Select Range
Series Y values:
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EXPECTED RETURN AND RISK ON PASSIVE STRATEGY. Now, we have to determine how much
to spend on risk-free assets and on the optimal risk portfolio (“Portfolio 1"). It depends on the
degree of your risk aversion. Suppose that you want to put 30% on risk free assets and 70% on the
optimal risky portfolio. With the total initial investment of $100,000, the amount of the optimal
risky portfolio should be $70,000. Then, what are the expected return and standard deviation?
This example shows that 0.2783 (27.83%) and 0.2107 (21.07%), respectively. See below.

Description on the expected return and risk of the passive portfolio (¢ Report this table):

My Passive Portfolio
Expected return 27.83%
Standard deviation 21.07%
Sharpe Ratio (with risk free rate of 2%) (27.83%-2%)/21.07% = 1.23

The recent dau shows.that the Sharpe ratio of the market portfolio with the risk-free rate using
3 th T-bill ound 0.4. Hence, the risk-adjusted return on this passive

DARRARARARARARARARRARARRAGCSASTA® - o~ - _



; = Annual returns, std dev. |
owosised OW  [Tow el vesments __ S100000 ';"*.r mmju.m-muuu1
—— x with MSFT, DIS With total Investment of $70.000
W1 |W2 |stddev  |mean &5 . oy
L (W2 (stddev  |mean Portfolio fotal W1 W2 XOM MSFT DIS  std dev
<1 2 0.60206901 0.75807502| $ (100,000} $ 200,000 $100,000 -
Q9

19 0.57196556 0.72117127($  (90000) $
1.8 0.54186211 0.68426752 $ (80,000) $
17 051175866 0.64736377|$ (70,000) $
16 048165521 0.61046002\ $ (60,000) $
15| 0.45155176 057355626/ $ (50,000} $
14| 042144831 053665251 § (40000) $
03 13| 039134486 0.49974876/ $ (30,000) $
02 12| 036124141 0.46284501| $ (20,000 §

190,000 $100,000
180,000 $ 100,000
170,000 $100,000
160,000 $100,000
150,000 $ 100,000
140,000 $100,000
130,000 $100,000 !
120,000 $100,000

Q8
Q.7
06
Q5
Q4

0.1 1.\0.331117“ 042594126/ $ (10,000) $ 110,000 $ 100,000 |
0 1] 030103451 038903751 § - $ 100000 $100,000
01 05027093106 035213376 10000 § 90,000 $100000 |
02 08l 024082761 0.31523001'$ 20000 $ 80,000 $100000 |
021072415 s s
04 0.6‘ 0.1806207 0.24142251 $ 40000 $ 60,000 $100,000
0.5 0S5 015051725 020451875 50000 §  S0000 $100000
06 04 01204138 0167615 60000 § 40000 $100000
07 03| 0.09031035 013071125{$ 70000 § 30000 $100000
08 02 00602069 00938075\ 80000 § 20000 $100000
09 0. 0.03010345 o.nsmm\s 90000 § 10000 $100,000
1 0 [ 002/ $ 100,000 $ . $100000

1S?

To conduct the passive strategy, how much d_o we have to fgerrng ol?oelasiz:f ):(noa:?l ;rlsz; ;:Ir:: é)harpe
Since the optimal risky portfolio was determined early by “Portiolio &, thy L
ration with the constant 1 (same as the value of risk free rate)): find out the weig B

ith weights 1 and 0 on “portfolio 1" and “portfolio 2, res;?ectlvgly. Those werctei‘ X unts 0
\'1\71222 reipectively. With the amount of $70,000 ;: the Zpst;rgzlorasl;);‘z:r:fhcﬂi:r,no : :::re o
urch ined by multiplying the weights an ,000. ! ?
F():t:(?r‘tai:\eg;r;3qf;;‘:7ma‘:§ SSg,564 fc?r XOM, MSFT and DIS, respectively.

[End of this guide]




