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Abstract: In this paper, Monte Carlo simulation is used for constructing Efficient Frontier
and optimizing the portfolio. Then the performance of the optimized portfolio had been
evaluated and compared to the performance of the whole market, Firstly, this study collected
the closing prices of five stocks in different industries that was listed in New York stock
exchange between 2023/01/01 and 2023/04/12. Secondly, to testify if the construction of the
portfolio can possibly mitigate the volatility, the correlation coefficient between these chosen
stocks has been calculated. Then, Monte Carlo simulation has been used to construct the
Efficient Frontier and find the weights of Maximum Sharpe Ratio portfolio and Minimum
Variance portfolio. Lastly, this study put the market price data between 2023/03/12 and
2023/04/12 into the portfolios which had been built in the last step. The returns were
compared to the S&P 500 subsequently. As the results shows, the Maximum Sharpe Ratio
portfolio is performed better than S&P 500, Minimum Variance portfolio is performed worse
than S&P 500. The results of this paper show the performance of these two portfolios compare
to the market, which may help investors to decide which strategy to use when it comes to
constructing a portfolio.
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1. Introduction

Nowadays, constructing an effective investment portfolio is becoming more and more important for
investors as market moves quickly. The portfolio optimization is vital to investors determine portfolio
strategies [1]. A good investment portfolio can always help investors spread their risk across stocks,
bonds, and other types of securities and financial instruments. By investing into a portfolio, investors
can bear less volatilities than putting all their funds into an individual security. However, while
lowering the risks, investors would like to see a higher return for their portfolios [2]. That is why
investors and economist are keen on finding different types of investment strategies and use model to
optimize their investment portfolio [3].

There are plenty of models and research on finding optimal investment portfolio at present. One
of these is CAPM, the capital asset pricing model, it is very useful in evaluate the investment portfolio
and widely used. However, it has problems on the assumptions of the model for example, investors
only focus on one period risk and return of portfolio [4]. Sharpe index model, which is a better model
than CAPM and gives the accurate weights of each asset in investment, it also measures the risk and
return of stocks. Sharpe index model can help to cover the loss of return of securities from other assets
in the portfolio [5]. Another is Markowitz model; Markowitz is one of the important models for
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optimize the investment portfolios by maximize the portfolio return through risk minimized by
diversification. But the variance that used for Markowitz model is not totally the risk that taken by
the investors [6]. Mean variance model is based on the risk that investors are willing to take, and it
encourages risk diversification. However, the potential distribution of returns is not well understood,
and no higher level of information is utilized beyond means [7].

All of these models may help to optimize investment portfolio and have their own certain limitation.
However, using particular strategies to find investment portfolio and compare them to the
performance of the whole market are still lacking. Therefore, the aim of this study is going to compare
the performance of different investment portfolios to the market.

2. Data

All the data in this study are from Alpaca (https://alpaca.markets/) and yahoo finance
(https://finance.yahoo.com/). To begin with, this paper will choose 5 companies included in New
York Stock Exchange, which are Deutsche Bank (DB), Analog Devices (ADI), Johnson & Johnson
(JNJ), Beauty Health (SKIN), General Motors Company (GM). This paper Collect the Close pricing
data between 2023/01/01 and 2023/04/12 of these companies and is total 100 days. For this study,
these data will be split into two parts. The date for the first part is between 2023/01/01 and 2023/03/12,
which is 70 days, and the data between this period will be used for finding the Maximum Sharpe ratio
portfolio and the Minimum Variance portfolio, and the returns and companies’ weights of them (See
Table 1, Figure 1 and Figure 2). Second, the data from 2023/03/12 to 2023/04/12 and use two set of
weights have found in first 70 days, will be applied to comprise with S&P 500 index.

Tablel: The basic statistics information of these companies.

DB ADI INJ SKIN GM
Mean -0.000853 0.00261 -0.00346 0.00491 0.00201
Variance 0.000546 0.000341 9.439¢-05 0.00153 0.000689
Max return 0.0658 0.0747 0.0136 0.114 0.0835
Min return -0.0675 -0.0375 -0.0370 -0.091 -0.0488

As the data in Table 1, SKIN has the highest Mean, and the lowest mean is DB. For Variance
SKIN is the highest one, JNJ has the lowest variance. Also, SKIN is still the highest in maximum
return, and same JNJ is the lowest. However, SKIN has the lowest minimum return, GM is the highest
one. After finish construct the table there is a graph of cumulative return for companies with first 70
days.

From the graph that has plotted, that SKIN has the highest cumulative return over this period, and
JNJ has the lowest cumulative return of all.
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Figure 1: Cumulative return for each ticker in first 70 days.

The reason to choose these five companies is because they are all from different business, and by
finding the correlation of them, it shows that they do not have a relative high correlation, which means
these assets have not behave in the similar way and choose various assets with low or weak correlation
it always can help to reduce the risk of portfolios.
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Figure 2: The correlation of five companies.
3. Methods
3.1. Monte Carlo Simulation

The study is going to use Monte Carlo simulation. Monte Carlo simulation is a type of simulation
that relies on repeated random sampling and statistical analysis to compute the results [8]. The
simulation it is widely used in solving complex problems and optimizing the problems, and with a
large number of repeated samplings, it can bring a best result for certain research.
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3.2. Expected Weighted Return

By finding the weighted return, this can help us maximize the return of our portfolio, and weighted
returns can be calculated as:

Weighted return of company = W; X R; @
Weighted return of portfolio = Y. W; X R; (2)

W; is the weight of the i, ticker within the whole portfolio.
R; is the return of i, security.

3.3. Portfolio Variance

The variance tells us the how much risk of specific portfolio, and variance is the square of the standard
deviation [9].

portfolio Variance = (W;)?(01)% + (W,)%(02)% + 2W; X W, X Covy , (3)

portfolio Standard deviation = \/( W1)2(01)? + (W)2(0)% + 2W; X W, X Covy,  (4)

W; = the weight of the i, assets
( g; )? = the variance of the i, asset
Cov, , = the covariance between assets 1 and 2

3.4. Sharpe Ratio

Sharpe ratio shows the relationship between risk and return and considered to be the evaluation of
portfolio performance [10].

Sharpe ratio = % (5)

R; is the return of the portfolio.

Ry is the risk-free rate of the portfolio.

o; is the standard deviation of the portfolio.

For this study, assume that the risk-free rate is 0 for every portfolio, which means the value of Rf
is 0 at this equation. So, with a higher Sharpe ratio, it means how much excess return under each unit
of risk of portfolio. When Sharpe ratio is bigger than 1, it always tells us it has a higher return from
the investment of the portfolio.

4. Results

For this paper. First, Monte Carlo simulation would randomly generate the weights of companies
10000 times, producing 10,000 sets of weights of the companies included in the portfolio. Thus,
returns and volatilities of the portfolios be calculated. Then, an efficient frontier can be constructed
and plotted (See Figure 3).
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Figure 3: Efficient frontier by simulation.

As seek out which weights perform best. According to the chart and the definition of Variance and
Sharpe ratio. This paper will find the weights of Maximum Sharpe ratio portfolio and Minimum
Variance portfolio. From these two portfolios, it shows the highest excess return per unit risk, and the
excess return with lowest risk, also these two portfolios on the above the graph, which plotted as stars.
The set of weights and the weighted returns of portfolio as shown in the Table 2 and Table 3:

Table 2: The weights of companies.

DB ADI INJ SKIN GM
Maximum Sharpe Ratio 0.42% 73.2% 0.375% 20.12% 5.85%
Minimum Variance 6.14% 12.95% 72.47% 6.21% 2.23%
Table 3: The specific data of portfolio between 2023/01/01 and 2023/03/12.
Returns Volatility Sharpe ratio
Maximum Sharpe Ratio 13.8% 1.92% 722%
Minimum Variance -8.44% 0.94% -898%

From the Table 2. In Maximum Sharpe ratio, ADI has the biggest weight 73.2%, and JNJ has the
lowest weight only 0.375%. For Minimum Variance portfolio, JNJ now has the largest weight 72.47%,
and GM becomes to the least weight 2.23%. So, there is a huge difference on weights between these
two portfolios. Then this paper constructs another Table 3 which shows the Returns, Volatility and
Sharpe ratio between 2023/01/01 and 2023/03/12. From that table. The maximum Sharpe ratio
portfolio has the highest Sharpe ratio and a higher return, but it has the maximum Volatility. The
Minimum Variance it has the least risk, but the return of this portfolio is negative and has a huge
negative value of Sharpe ratio.
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Moreover, this paper will continue on testing these two portfolios with the corresponding weights
that we have already calculated out in first 70 days, which between 2023/03/12 and 2023/04/12. Also,
the study will collect the data of returns of S&P500 in this period and make a comparison, S&P 500
is an index indicate 500 of largest companies of stock exchange in United states, which can be
basically represent the whole market.

The graph below shows, the cumulative return of Maximum Sharpe Ratio is 8.02% and the S&P
500 is 6.1%, which means the Maximum Sharpe Ratio portfolio is performed better than the S&P
500. The cumulative return of minimum Variance portfolio is 5.44%, and compared to the S&P 500
6.1%, is performed worse than S&P 500 (See Figure 4).
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Figure 4: Cumulative return graph of two portfolios and S&P 500.

5. Conclusion

In conclusion, this study constructs an Efficient Frontier by Monte Carlo simulation and make a
comparison of Maximum Sharpe Ratio portfolio and Minimum Variance portfolio between the
performance of the market. The results demonstrate that, Maximum Sharpe Ratio performed better
than S&P 500, Minimum Variance portfolio has a weaker performance than S&P 500. The results of
this study can help investors to decide which portfolio to use by comparing the performance with the
market and according to the risk preference of investors.

To sum up, the Efficient Frontier approach can optimize the portfolios well, and help to maximize
the return or minimize the risk. The Maximum Sharpe Ratio portfolio has a higher cumulative return
but with a higher risk, Minimum Variance portfolio has a low risk however the return is low. As these
two portfolios seem to be the optimal portfolio, there is no specific answer for which portfolio is
better, it is all depend on investor own risk preference. Also, Monte Carlo simulation have some
limitations, when simulation is used in portfolio management, itself is based on assumptions which
assume there is a perfectly efficient market, so it may not be performed well within the real market.
In this case, the simulation may be improved and expanded in the future.
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