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Abstract. With the increasing growth of the capital market, investment is partic-
ularly important in the application of the market. On this premise, this paper aims
to explore the application of portfolio theory in practical investment activities,
and take BYD Co., Ltd. and Bank of China as examples for in-depth analysis.
Firstly, the paper reviews the basic framework and core principles of portfolio
theory, including the risk diversification effect of portfolio, the trade-off between
expected return of assets and risk, and the construction of effective frontier. Sub-
sequently, the article takes BYD and Bank of China as examples to elaborate on
how to use portfolio theory to make investment decisions. As the leader of new
energy vehicles in China, BYD has high growth potential and large market vola-
tility, while Bank of China, as a large state-owned commercial bank, has stable
returns and low risks. By incorporating the two into the same portfolio, the bal-
ance of risk and return can be achieved. The article further evaluates the perfor-
mance of BYD and Bank of China in their portfolios through quantitative analy-
sis. Finally, the paper summarizes the effectiveness and challenges of portfolio
theory in practical application, and puts forward targeted suggestions in order to
provide investors with more scientific and effective investment reference.

Keywords: Investment Decision Daking; Portfolio Theory; Risk Management;
Equity Investment.

1 Introduction

With the increasing complexity of the global financial market, investors face many
challenges when seeking suitable investment strategies. Investment involves the risks
and returns of the capital market as well as the preferences and objectives of the inves-
tors. Some are risk-averse, while others are risk-averse, so finding the balance between
risk and return is necessary. Investors often hope to achieve satisfactory returns while
reducing risks.

In order to balance risk and return optimally, investors opt for equity, bond, and
fixed-income, which makes a portfolio an ideal investment strategy. In investment,
portfolio risk management and control have always been the focus of attention for in-
vestors. As is well known, the risk of an investment portfolio is closely related to the
proportion of its asset allocation. In other words, by adjusting the proportion of various
assets in the investment portfolio, investors can achieve control over the level of risk.
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Portfolio theory is an essential branch of modern finance, and the core idea is to
reduce risk by diversifying investments. Investors should fully understand the risk char-
acteristics of various assets, adjust asset allocation flexibly based on the market envi-
ronment and their risk tolerance, and then achieve a balance between investment port-
folio risk and return. Risk control is always the top priority in the investment process.
Investors can steadily move into a capital market by completing an excellent job in risk
management.

Since the risk of an investment portfolio depends not only on the risk of individual
assets but also on the effect of correlation between each asset, diversified investment
strategies have become the secret to reducing investment risk. When making an invest-
ment, risk and return are often proportional. In order to achieve higher returns while
reducing risks, investors have adopted a diversified investment strategy, also known as
diversification. This word comes from French and means “diversity”.

Diversified investment strategy is a widely used risk management method in the in-
vestment field. By allocating the proportion of assets, investors can diversify risks
among different asset categories, industries, and regions, thereby reducing the overall
risk of the investment portfolio. In short, diversified investment strategies are a practi-
cal risk management approach. However, implementing a diversified investment strat-
egy is difficult, as investors need specific investment knowledge, risk awareness, and
long-term investment concepts. In practical operation, investors can utilise professional
investment tools such as funds and wealth management products to achieve diversified
asset allocation.

This article will use two practical cases to analyse portfolio theory’s deep application
in investment practice. The research method adopted in this article is mainly portfolio
theory. Through this theory, the research will analyse how to construct an effective
investment portfolio based on investors’ risk tolerance and return needs. The samples
in this article will come from various investors worldwide to demonstrate the applica-
tion of portfolio theory in different contexts.

This article aims to provide investors with a practical tool to help them build a suit-
able investment portfolio, achieving their return goals while meeting their risk toler-
ance.

The structure of this article is as follows: Firstly, the article will outline the basic
principles of portfolio theory. Secondly, the article will provide a detailed analysis of
two practical cases, demonstrating how to apply portfolio theory to make investment
decisions. Finally, the article will summarise the main points of this article and propose
future research directions.

2 Methodology

This paper mainly uses portfolio theory to calculate the optimal result of two portfolio
assets. In the 1950s, Harry Markowitz pushed forward several changes in the thinking
of stock prices in modern portfolio theory. [1] In 1952, Markowitz put forward the
portfolio theory for the first time and conducted systematic, in-depth and fruitful re-
search. The classical Markowitz portfolio selects parametric representations based on
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the first and second moments, assuming no predictable time change. [2] From a narrow
point of view, a portfolio is a portfolio of securities that specifies the proportion of
investments. Of course, a single security can also be used as a particular portfolio.

Essentially, people invest in uncertain returns and risk choices. Typical financial en-
tities have different kinds of risks — operation risk, liquidity risk, market risk, solvency
risk and credit risk. [3] Portfolio theory uses mean variance to characterise these two
key factors. The notion of exchangeable random variables plays an essential role in the
optimality of the expected utility theory of the naive diversification principle, a partic-
ular case of the law of significant numbers diversification principle. [4]

When applied, it is necessary to calculate the mean, variance, standard deviation,
and covariance and construct them to obtain the portfolio frontier of the investment

portfolio.
Suppose that there is a random portfolio of assets. ¥ and asset ¥, the values of them
are Xi, Xy, X3, ... , X, and Y1, ¥,, ¥z, ... , ¥n, their probabilities of occurrence at

different states are p;, P2, P3, - » Pn, Where the sum of probability is 1.

Mean is the expected return of a portfolio, which is the expected return of a single
stock weighted average, and the relative weight of the investment ratio can be calcu-
lated with Equation (1).

E[X] =x =X_1pi " x; (1)
Variance is the degree of dispersion of return on a portfolio, which can be calculated
as Equation (2).
~ ~ _ \2
Var(#] = 02 = E[(F — %] = L, pi - (3, — %) 2)

The more dispersed the value, the greater the variance, and the greater the probability
of the final result deviating from the mean, the more concentrated the values, the
smaller the variance value, and the closer the final result is to the mean.

The standard deviation is another measure of dispersion, the risk measure chosen in
the model. [5] The standard deviation of yield is often referred to as volatility, which is
used to describe the risk of a portfolio with Equation (3).

StD[X] = o, = /Var[X] 3)

Covariance is a measure of how two portfolios “vary together”, which can be calcu-
lated as Equation (4).

Cov[%, 7] =0,y = E[E—0)F - W] =310 (x, —%)(y; — ¥) (4)

Correlation is the degree of correlation between two portfolio investments, which is
Equation (5).

Corr[%, 7] = pyy = 7y (%)

Ox0y

In general, it can be seen from a scatter plot that two variables have one of the fol-
lowing relationships: positive correlation, negative correlation, and non-correlation. If
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one variable is high, then the other is high. Likewise, if the low value is low, then there
is a positive correlation. The value of the correlation factor must lie between -1 and 1.
The two random portfolios are perfectly positively correlated if correlation factor is 1,
thus, are perfectly negatively correlated if correlation factor is -1. If correlation factor
is 0, they are uncorrelated.

The expected yield is measured by the average return, and the risk is measured by
the variance of the expected yield. The portfolio is built on the basis of these two fac-
tors. [6] After calculating the expected returns of each two assets, the expected returns
of their portfolio investments can be further calculated. Their respective investment
proportions are represented by w; and w,( the sum of them equals to 1). The expected
portfolio return is Equation (6).

f'p = erl + Wzrz , Wy = 1-— w1 (6)

Variance represents the degree of dispersion of data. Therefore, the more consider-
able the variance, the more dispersed the data, and the higher the risk. In finance, it is
believed that as long as the actual situation is different from the expected rate of return,
it is a risk. So it is calculated with Equation (7).

Var[f,] = 02 =E [(fp - fp)z] = w?0? + wcs + 2w, w,04, @)

The standard deviation of the investment portfolio is an important indicator for
measuring investment risk, which can help investors evaluate the volatility and stability
of investment portfolios, thereby better asset allocation and risk management. The
Equation (8) below is used to calculate the standard deviation.

StD[F,] = 0, = /Var[fp] (8)

Because of the importance of covariance, the risk of a single asset is not the standard
deviation of its yield, but the contribution of the asset to the standard deviation of port-
folio yield. The larger the standard deviation, the higher the volatility and risk of the
investment portfolio; The smaller the standard deviation, the lower the volatility and
risk of the investment portfolio.

Efficient Boundary is a fundamental resource allocation problem that requires find-
ing the optimal investment portfolio that maximizes returns at a given level of risk.[7]
However, in practice, the parameters of the effective boundary are unknown and, there-
fore, must be estimated. The estimator replaces parameters with an estimator to obtain
the effective boundary of the sample. The distributional properties of the sample effi-
cient frontier were studied by previous researchs.[8] The point located at the minimum
risk is the mean-variance frontier portfolio. Draw a dashed line parallel to the x-axis
based on the y-axis of this point. Above the dashed line is the effective frontal portfolio,
and below the dashed line is the no effective portfolio. The area above the effective
frontier is unattainable. An efficient frontier can be understood as the optimal portfolio
of risk assets the market can provide as in Figure 1.
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Fig. 1. The chart of an efficient frontier

The above discussion is limited to risk asset portfolios that do not include risk-free
assets. Now, introduce a risk-free asset with a return rate of r¢, which is weighted to-
gether with a given efficient combination to form a straight line with an intercept term
of r¢, passing through the point corresponding to the efficient combination (on the ef-
ficient frontier). Taking the risk-free return rate as the y-axis intercept, tangent the Ef-
ficient Frontier to the Tangency Portfolio. The tangency portfolio is linked to the risk-
free rate as the capital allocation line. The capital allocation line has the Equation (9).

'p~Tr
Op

ro =r¢+ X 0, )
The efficient frontier represents the investment portfolio that provides the best risk-
return trade-off and integrates risk-free interest rates, promoting the construction of
Capital Market Line and optimal risk investment portfolios. The Capital Allocation
Line shows the trade-off between risk and return for risk-free assets and risk investment
portfolios, with the slope representing the Sharpe ratio.[9] The Sharpe Ratio is the slope
of CAL, which represents the risk premium for a portfolio that is evaluated according
to the risk that the portfolio carries.[10] The larger the absolute value of the slope, the
greater the value that rises or falls in the tangential direction when moving one unit
horizontally. As the sharp ratio increases, an increase in one unit’s risk rate can lead to
a more significant increase in returns. The Sharpe ratio is defined with Equation (10).

Sharp ratio = H (10)
9p
where 1y the risk-free rate and o, is the standard deviation of p during the invest-
ment time. All investors are pursuing the maximum sharp ratio in their investment de-
cisions.
For a portfolio asset of two assets, the expected return and the standard deviation is
calculated with Equation (11) and Equation (12).
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’Fp = win + WoTy (11)

o, = [Var[f,] = Jw20? + w202 + 2w, W,0, (12)

When maximising sharp ratio, the constraint that the sum of combination weights is
1 needs to be met. So, as Equation (13).

Max,,S, = 2 (13)
p

With constraint the sum of weights equals to 1.
In the case of two risky assets, the solution of the optimal risk portfolio is calculated
with Equation (14) and Equation (15).

w=re+ (% — re)wy (14)

W2 =1- W (15)

3 Analysis

3.1 Introduction of the Financial Assets

The financial assets selected in this paper are the stocks of BYD and Bank of China in
the past decade.

BYD is a high-tech company dedicated to "satisfying people's desire for a better life
through technology innovation." Founded in Feb. 1995, BYD has developed rapidly for
over 20 years and has established over 30 industrial parks around the world. BYD's
business plan covers electronics, cars, new energy sources, and rail transport, and has
a crucial role to play in those areas. BYD is listed in both Hong Kong and Shenzhen,
with a turnover of over 100 billion RMB. BYD has built up technology in the battery
sector, which has helped it successfully enter the car industry across borders. After ten
years of efforts, BYD has successfully implanted battery technology into cars to create
new energy-electric vehicles, covering pure electric private cars, urban public transpor-
tation, taxis, forklifts and other fields. BYD’s new energy vehicle business has achieved
remarkable results and gained a good reputation in the market.

The Bank of China, as one of China’s leading financial institutions, has made re-
markable progress in many ways in recent years. The Bank of China has been commit-
ted to international development, adding many branches worldwide in recent years, es-
pecially in Asia, Europe and North America. This not only strengthens the position of
Chinese banks in global financial markets but also brings more business opportunities.
In order to meet the diversified financial needs of customers, the Bank of China has
continuously launched innovative products. For example, various financial products,
such as credit cards and loans, have been launched to meet the needs of different cus-
tomer groups. In recent years, the Bank of China has achieved remarkable development
results in internationalisation strategy, digital transformation, product innovation, risk
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management and social responsibility, further enhancing its competitiveness and influ-
ence in the global financial market.

3.2 Risk and Return of Financial Assets

This paper collects the closing stock prices of the two companies at the end of each year
in the past ten years in Table 1, calculates their annual stock price returns through Excel
formula, and finally obtains the average annual returns of each company and the overall
expected returns are obtained by calculating the price changes at the beginning and end
of the period.

The expected return of BYD is 20.93%, while Bank of China is 5.71%.

The variance, standard deviation, covariance of these two assets and correlation be-
tween them were then calculated by using formulas is shown in Table 2.

Table 1. The data of the stock prices of each year from 2014 to 2023 (¥)

202 average expected
date 2014 2015 2016 2017 2018 2019 2020 2021 2022
3 return return

pri BYD 35.81 62.06 47.70 63.25 49.34 46.22 192.9 266.9 255.83 198 42.6% 20.93%

ce BOC 42 247 2.07 2.77 2.59 2.85 2.53 2.60 2.93 3.99 7.07% 5.71%

Table 2. The date of the variance, standard deviation, covariance and correlation corfficient of

each stock
Variance Standard deviation Covariance Correlation coefficient
BYD | 1.17 1.08
-0.05923 -0.29725
BoC | 0.03 0.18

Through calculation, it is found that the covariance between BYD and Bank of China
is - 0.05923, and the correlation coefficient is - 0.29725, indicating a specific negative
correlation between the two, but the correlation is not very close.

33 Construct Portfolio Frontier

Operate Excel to set 2000 sets of evenly distributed values as the weights of two assets
with the constrain of the sum of the weights equals 1, which can obtain the chart of
portfolio frontier as Figure 2.
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Portfolio frontier from stock of BYD & BoC
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Fig. 2. Portfolio frontier from stock of BYD & BoC

Using Excel solver to find the point with the smallest risk value is the mean-variance
frontier portfolio: with 2.73% standard deviation per year and 6.78% in return. The
portfolios above this point are efficient frontier as shown in Figure 3.
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Fig. 3. The efficient frontier of the portfolio
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34 Construct Risk-free Portfolio

This is to find the capital allocation line. This paper chooses 1-year treasury bonds as
zero-risk assets and selects the bond price for the past decade to calculate each year’s
return which is shown in Table 3.

Table 3. The data of the stock price of risk-free portfolio from 2014 to 2023

aver-
Year 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 age re-

turn

Return
3.26 230 2.65 3.79 2.60 236 247 224 2.10 2.08 2.59%

(%)

The return rate of risk-free assets is 2.59% per year.

3.5  The Optimal Portfolio

According to the capital allocation line’s Equation (16).

I'p—T'f
9p

Re=r¢+ X 0, (16)

When the sharp ratio is the largest, it is the optimal solution and the point tangent to
the effective frontier. Based on this theorem, the maximum sharp ratio and the corre-
sponding weight can be found simultaneously with the Excel Solver. In this case, the
optimal solution is to buy 14.49% BYD and 85.51% Bank of China, and investors can
get a 7.92% expected return while taking 18.63% risk.

In portfolio construction, investors must weigh the relationship between returns and
risks. According to the expected rate of return, standard deviation and correlation with
other assets, investors can adjust the proportion of BYD’s shares in the portfolio to
balance risk and return.

4 Conclusion

Based on the above analysis, BYD Company’s stock plays an important role in the
portfolio as an investment asset with high growth potential and certain risks. Investors
can reasonably adjust the proportion of BYD’s shares in the portfolio according to their
risk tolerance and earnings expectations. Through scientific asset allocation and risk
management strategies, investors can achieve the return target and reduce the risk level
of the overall portfolio.

It should be noted that the financial market is uncertain and volatile, and investors
should fully consider various risk factors when making investment decisions and seek
professional investment advice and guidance. At the same time, with the change in the
market environment and the company’s operating conditions adjustment, investors
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need to regularly evaluate and adjust their portfolios to ensure that they meet their in-
vestment objectives and risk tolerance.

With the increasing integration of the global economy and the rapid development of
financial markets, investors’ choices and allocation of financial assets have become
increasingly important. Through analysis and discussion, this paper explores the poten-
tial value of two financial assets (BYD and Bank of China) in portfolios. Using the
analysis method mentioned in the methodology, the portfolio under different propor-
tions can be simulated and evaluated to determine the optimal investment strategy and
eventually got the solution to buy 14.49% BYD and 85.51% Bank of China, at 18.63%
risk to get 7.92% return.

This paper aims to help people use portfolio investment theory to make sound deci-
sions. The method mentioned in this paper will benefit the selection of other portfolios
in future investment strategies. This will also help assess how portfolio investment in
different financial products may affect expected returns and risk decisions and how
these choices, in turn, affect investment returns.
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