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Abstract: This article is mainly about finding the most efficient portfolio for some chosen
stocks in the S&P 500. It is an application of portfolio management. The article introduced
data collection and processing for 10 important S&P 500 companies’ stock data. These
companies are chosen as representatives of different industries. The data processing will give
sufficient material for the following calculation, such as the covariance matrix for those
stocks, average return, monthly return, etc. Markowitz’s model is a model for portfolio
optimization. Using this model to first minimize the standard deviation, in other words, the
risk, and then, the most efficient portfolio weighting for those companies can be chosen.
Solver in Excel is also used based on previous data to test the accuracy of the result calculated
based on the model. Then, the article introduces possible errors during the calculation and
corresponding reflection and improvement.
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1. Introduction

Portfolio management is a very important topic of finance [1-3]. It can help investors choose better
stock combinations to get more returns in the market [4-6]. This article is mainly about an
investigation on finding the most efficient portfolio within 10 stocks. These 10 stocks are chosen
from the S&P 500 and all of them are of great importance in their own industry. These 10 stocks are
3M, P&G, Disney, Activation Blizard, Lockheed Martin, J.P. Morgan, Nike, Tesla and Netflix. This
investigation that aims to find such optimized portfolio from these 10 stocks could be a great
application of portfolio management related knowledge.

In this article, data about these 10 stocks will be collected and processed. Then, the most efficient
portfolio can be calculated using these data and Markowitz’s model. Excel solver would be used as a
tool to testify the result.

2.  Data Collection and Processing
This part will introduce how data for these stocks is collected and processed.
2.1. Target Stock Selection

For this project, | have selected 10 companies from different industries in the United States to find an
optimal portfolio for these companies. All of these companies are members of the S&P 500 [7]. Here
is a list of my choices of companies:

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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3M: 3M is known for its culture of innovation and investment in research and development. It
made great efforts the invent innovative products; for example, adhesive tape, audio-visual equipment,
and medical products. Thus, its stock is a good choice for research. Here is a stock price graph for
3M in the last 10 years.

3M stock price graph
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Figure 1: 3M stock price graph.

Figure 1 shows that the increase generally increased from 2013 to 2018, and decreased from 2018
to 2020. Then, increased slightly in 2021 but started to decrease since then.

P&G: P&G is a manufacturer of daily products such as baby care, feminine care, cleaners, etc. It
is one of the biggest enterprises in this area in the United States. Here is the stock price for P&G in
the last 10 years.

P&G stock price graph
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Figure 2: P&G stock price graph.

Figure 2 shows that the stock price of P&G generally increased within the last 10 years with some
slight decrease from time to time
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Disney: Disney is a corporation that covers areas like entertainment, theme parks, movies, etc. Its
theme parks are all around the world which makes it the largest corporation in the entertainment
industry. Here is the stock price for Disney in the last 10 years.

Disney stock price graph
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Figure 3: Disney stock price graph.

Disney’s stock price with stable from 2013 to 2019 while there was a sharp increase from 2020 to
2021 (Figure 3).

Activation Blizard: Activation Blizard is one of the most successful interactive entertainment and
gaming corporations in the world. Here is the stock price for Blizard in the last 10 years (Figure 4).

Activation Blizard stock price graph
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Figure 4: Activation Blizard stock price graph.

Activation Blizard’s stock price increased slightly from 2013 to 2018 while it fell dramatically in
2018 and recovered in 2020.

Lockheed Martin: Lockheed Martin is a global-leading security and aerospace. It mainly covers 4
areas: Aeronautics, Missiles and fire control, rotary and mission systems, and space. Here is the stock
price for Lockheed Martin in the last 10 years.
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Lockheed Martin stock price graph
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Figure 5: Lockheed Martin stock price graph.

Lockheed Martin’s stock price increased gently but also consistently in the last ten years with some
fluctuation from 2018 to 2020 (Figure 5).

American Electric Power: American Electric Power offers gas and electricity for families all over
the United States. It produces power using coal, lignite, natural gas, etc. Here is the stock price for
American electric power in the last 10 years (Figure 6).

American Electric Power stock price graph
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Figure 6: American electric power stock price graph.

American Electric Power’s stock price increased from 2013 to 2019 but fell sharply in 2019 and
fluctuated around $90 since then.

J.P. Morgan: J.P. Morgan is a financial holding company that offers consumer and commercial
banking, investment banking, financial transaction processing, and asset management solutions
through its subsidiaries. Here is the stock price for J.P. Morgan in the last 10 years (Figure 7).
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J.P. Morgan stock price graph
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Figure 7: J.P Morgan stock price graph.

J.P Morgan’s stock price trend was similar to previous stocks, increased from 2013 to 2019, and
fell in 2019 while recovering in the following years.

Nike: Nike is a multinational corporation that manufactures and sells footwear, apparel, equipment,
accessories, and services. Here is the stock price for Nike in the last 10 years (Figure 8).

Nike stock price graph
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Figure 8: Nike stock price graph.

Nike’s stock increased slightly from 2013 to 2019, to around $100. Then, it sharply increased from
2019 to 2022 with the highest price of around $180 but decreased to $100 from 2022 to 2023.

Tesla: Tesla engages in the design, development, manufacture, and sale of fully electric vehicles,
energy generation and storage systems. It also offers a supercharger station and self-driving capability.
Here is the stock price for Nike in the last 10 years (Figure 9).
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Tesla stock price graph
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Figure 9: Tesla stock price graph.

Tesla’s stock price was very low from 2013 to 2020 and dramatically increased to $400 in 2021
but decreased the next year.

Netflix: Netflix is a streaming entertainment service company, which offers subscription service
for streaming movies and TV shows. Here is the stock price for Netflix in the last 10 years (Figure
10).

Netflix stock price graph

$800.00

$700.00

$600.00

$500.00

$400.00

$300.00

$200.00

$100.00

$0.00
Mmoo NN =" 00 O @ WM M™~M W WwWwwmw s s g m
Fon e B O B O O N O e e O e e B e O e, e e e e, e O e O e B e e, e B
C OO0 0000 000000000000 0000000 0Q
S994ddddaas9ad9d9d99d4848449
e e e s A O I I = T e =T = N = S O o N o = N G o I S o = N
pdgofdododbaedododeagaaadag
Mo Od W N 8 O e 0 oW e $O N0
OO0 -H 0000 100400001 0C0C 40 0QC 0000

Figure 10: Netflix stock price graph.

Netflix’s stock price increased from $70 to $700 from 2013 to 2021 while decreasing back to $200
in 2022. It recovered to $460 this year.

2.2. Model Introduction

With these choices of companies and stock prices collected as shown in the graph, we can use the
Markowitz model to optimize our portfolio. Using this model, it is possible to find optimal weightings
for each stock.

Markowitz model, which is also known as mean-variance model, is a portfolio optimization model
[7-9]. Using this model, we analyze various conditions for various expected returns (mean) and
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variances for different portfolios to maximize our “return-to-risk” ratio, which in other words, the
Sharpe ratio.

Applying our data of stock price into this model to optimize our portfolio:

Firstly, from the data of stock price for each month, we can calculate a monthly expected return
for 10 companies. The equation is shown below

Pg—Pgy_
—a _‘a-1 (1)

Pg_1

where P, is the stock price for this month and P,_; is the stock price for last month. Thus, the rate
of return for every week is calculated. Then, the average rate of return can be calculated using Excel:

Table 1: Average return and standard deviation.

Company Average return Standard deviation
3M 0.0029 0.0486
P&G 0.0054 0.0379
Disney 0.0025 0.0593
Activation Blizard 0.0155 0.0692
Lockheed Martin 0.0119 0.0449
American Electric power 0.0083 0.0415
J.P. Morgan 0.0091 0.0535
Nike 0.0121 0.0597
Tesla 0.0389 0.1535
Netflix 0.0203 0.1013

These are important data to calculate the covariance matrix for the rate of returns.
To calculate the covariance matrix [10], we first use Excel to come up with a matrix D, where all
elements in this matrix are calculated in the following formula:

R,—E(R
e @

where R,, is the corresponding rate of return for a certain month and E (R) the average rate of return
for this stock. N is the number of data, which in this case is the number of months in 10 10-year
period.

After calculating the matrix D, based on the definition of covariance and the previous formula, we
multiply the transpose of it by itself to get the covariance matrix.

YX-EX)(Y-E(Y))
§ 3)

Cov(x,y) =
C=DTD 4)

The covariance matrix of the rate of return is shown below:
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Table 2: Covariance matrix.

M P&G | Disne | Activati | Lockhe | Americ | J.P. Nike | Tesla | Netfli
y on ed an Morg X
Blizard | Martin | Electri an
c
power
0.003 | 0.001 | 0.001 | 0.00088 | 0.0012 | 0.0010 | 0.002 | 0.002 | 0.002 | 0.000
3M 62 03 98 9 5 15 38 35 96
0.001 | 0.001 | 0.000 | 0.00020 | 0.0007 | 0.0013 | 0.000 | 0.001 | 0.000 -
03 94 83 7 0 57 19 35 0.001
P&G 06
0.001 | 0.000 | 0.006 | 0.00137 | 0.0017 | 0.0008 | 0.003 | 0.002 | 0.005 | 0.002
Disney 98 83 33 7 9 20 93 41 83
Activati | 0.000 | 0.000 | 0.001 | 0.00594 | 0.0008 | 0.0002 | 0.000 | 0.000 | 0.002 | 0.002
on 88 20 37 9 2 67 85 56 93
Blizard
Lockhe | 0.001 | 0.000 | 0.001 | 0.00089 | 0.0031 | 0.0010 | 0.001 | 0.001 | 0.000 | 0.000
ed 29 77 77 2 0 54 18 29 58
Martin
Americ | 0.001 | 0.001 | 0.000 | 0.00022 | 0.0010 | 0.0030 | 0.000 | 0.001 | 0.001 -
an 05 30 89 0 5 38 10 25 0.000
Electric 09
power
J.P. 0.002 | 0.000 | 0.003 | 0.00067 | 0.0015 | 0.0003 | 0.004 | 0.002 | 0.002 | 0.001
Morgan 15 57 20 4 8 41 12 88 78
0.002 | 0.001 | 0.002 | 0.00085 | 0.0011 | 0.0011 | 0.002 | 0.005 | 0.003 | 0.002
Nike 38 19 93 8 0 12 31 52 43
0.002 | 0.000 | 0.005 | 0.00256 | 0.0002 | 0.0012 | 0.002 | 0.003 | 0.032 | 0.008
Tesla 35 35 41 9 5 88 52 63 31
0.000 - 0.002 | 0.00293 | 0.0005 - 0.001 | 0.002 | 0.008 | 0.015
96 0.001 83 8 0.0000 78 43 31 09
Netflix 06 9

After this, the expected return should be collected. Although the average rate of return seems a
good source for the expected return, it is not a reliable estimation for the expected return in the future,
which is very important in further calculations. Thus, data that is predicted by experts from
TIPRANKS are used in this calculation.

Then, all these data can be used to calculate the most efficient portfolio.

Using indexes about efficient frontier for a given R, where

A=1311 )
B=15"1r (6)
C=r2"1r (7
D = AC — B? )

All of these values, A, B, C, and D are used to minimize the risk, in this case, the variance for our
data. This variance should be on our efficient portfolio frontier. The processed variance can be
calculated with the following formula:
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AR?-2BR+C
2 SR 9)

In these formulas, X stands for the covariance matrix while r is the future expected return. Based
on this variance, the following formula can be used to calculate the weighting of the most efficient
portfolio.

3. Result

Here is the most efficient portfolio weighting and its corresponding risk (Table 3).

Table 3: Result and risk.

Stock Weighting Risk(Std)
3M -275% 0.03449714
P&G -190% 0.03388252
Disney 498% 0.06335799
Activation Blizard -59% 0.03456839
Lockheed Martin -46% 0.03448689
American Electric power 241% 0.03691576
J.P. Morgan -171% 0.03419464
Nike 205% 0.0438001
Tesla -67% 0.0344148
Netflix -35% 0.03398806

To test the accuracy of this result, an alternative method is used to calculate this weighting. Solver
in Excel can be used to calculate this weighting.
The weighting calculated using the solver is:

Table 4: Solver calculated weight.

Stock Weighting
3M -275.11%
P&G -190.18%
Disney 497.92%
Activation Blizard -58.93%
Lockheed Martin -46.07%
American Electric power 240.52%
J.P. Morgan -171.28%
Nike 204.60%
Tesla -66.60%
Netflix -34.86%

This is the weighting calculated from the Excel solver (Table 4), which is the same as our previous
result. This proves that this weighting is accurate. Also, using this solver, we can set some constraints
to the weighting, such as all of the weightings should be greater or equal to zero (Table 5). (As shown
below)
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Table 5: Weighting with constraints.

Stock Weighting
3M 0.00%
P&G 0.00%
Disney 68.00%
Activation Blizard 0.00%
Lockheed Martin 0.00%
American Electric power 26.85%
J.P. Morgan 0.00%
Nike 5.15%
Tesla 0.00%
Netflix 0.00%

4. Conclusion and Reflection
4.1. Background and Methodology

The idea of this portfolio management comes from a project together with my classmates. We had
just learned about portfolio management and decided to use the Markowitz model to calculate the
most efficient portfolio for some companies that we are interested in. All of the companies chosen
are in the S&P 500, which is an essential index. When choosing these target stocks, we a wide range
of companies and eliminated most of them with only 10 representative companies left for
investigation.

4.2. Results Analysis

For the result calculated, we can make some conclusions about the weightings calculated. Disney,
American Electric Power, and Nike are positive in weighting in our most efficient portfolio. This
result is reasonable since these three have higher future expected returns, which reflect its higher
possible return in this case. Also, after setting the constraints to the Excel solver which lets all of the
weighting be greater or equal to zero, only these three stocks have positive weighting which is
consistent with the previous result. For this portfolio, we have a Sharpe ratio of 42.5% and 31.1%
with constraint, which is a very high Sharpe ratio for a portfolio, this number reflects that this portfolio
is successful. For the expected return, the former portfolio gives a 16.2% expected return while
constrained weighting only gives a 2.3% future expected return. Optimization gives a very impressive
expected return for the weighting, however, the real situation would be far more complex and a 16%
monthly expected return is impossible.

4.3. Errors and Further Development

When collecting data for the future expected return, many more choices can be used. For example,
CAPM is a very feasible way to calculate future expected returns for those stocks.

r =1+ (1, —17) (10)

This is a formula for CAPM calculation. However, the choice of market return will still be a
problem and might cause biased calculations. On the other hand, the calculation of beta values based
on all given data was difficult. This is the reason that an expert’s prediction is used to future expected
returns.
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For the result calculated from optimization, the expected return was way higher than expected.
This should be because we used an expert’s prediction on future expected returns. The real expected
return should be more complex. On the other hand, expected returns calculated for constrained
weighting were more reasonable. This might imply that not all portfolio weightings are possible in
real life. Instead, adding some constraints would help the calculation closer to reality.
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