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Abstract: Portfolio is a scientific model that maximizes returns and minimizes risks. It is 

widely used in production and life, such as stock investment, production optimization, and 

engineering models. This article selects the stocks of Google, Microsoft, Nvidia, Amazon, 

and Tesla from September 1, 2022, to March 1, 2023. First, this article uses the LSTM model 

to learn the top 70% of the data, and predicts the bottom 30% of the data, then use the portfolio 

strategy for the forecast results. Thus, this paper gets the maximum return model and the 

minimum risk model on the effective frontier of Monte Carlo. By applying two models of the 

portfolio and combining two results with the S&P 500 within the same time frame, this article 

draws a conclusion that models in this paper are better. This article provides a portfolio 

method using the latest LSTM model as a forecasting model, and the comparison reflects the 

power of the joint use of the LSTM model and the portfolio model. 
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1. Introduction 

Project portfolio selection is an important issue for many firms, which is also important for investors 

[1]. A diversified portfolio can provide investors with higher yields at equal risk [2]. Thus, how to 

obtain higher returns under the lowest risk conditions is undoubtedly investors most important con-

cern. 

Inspired by Harry Markowitz's Modern Portfolio Theory [3]. The portfolio has achieved several 

impressive outcomes. For instance, Bo and Lay researched portfolio optimization under the entire 

uncertain real financial market [4]. Eyal analyzed portfolio selection in non-stationary markets [5]. 

Hans, Sahamkhadam and Stephan studied the best portfolio performance of global timber and forestry 

industry and compared it with the global S&P index [6]. Meanwhile, some researchers have also 

introduced predictive models into portfolios, which is useful for improving portfolio performance. 

For example, Ma, Han and Wang introduced a variety of neural network prediction models into port-

folio construction in the paper to improve portfolio performance [7]. In recent days, LSTM is a re-

search hotspot, and the related research on introducing LSTM into portfolio construction is still rela-

tively limited. 

This paper connects LSTM with portfolio management and makes the following contributions. 

First, this article selects and processes the stock data of five well-known multinational high-tech com-

panies in the same period. The processed data sets are Google, Microsoft, Nvidia, Amazon, and Tesla 

from September 1, 2022, to 2023. The closing price of the stock on March 1. Second, this article uses 

LSTM model to regard top 70% of the data as the set trained, and the bottom 30% of the data as the 
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set tested to obtain the set predicted. Third, the predicted closing price of the forecast set is converted 

into the cumulative rate for returns, the maximum Sharpe ratio pattern and the minimum variance 

pattern are obtained by using the mean variance model. Fourth, draw cumulative returns of two mod-

els using data predicted and cumulative returns of the S&P 500 in the same graph, and get the con-

clusion that both Sharpe model and Risk model are better than the S&P 500. 

The paper is structured in the following patterns, Data section introduces stocks chose and data in 

the study. Methods section describes means of LSTM and MVA. Results and the conclusions will be 

presented in Section 4 and Section 5.  

2. Data 

This paper selects 5 representative stocks based on the aspect of Driven by technology, technological 

innovation, a global company with high market value and efficient operation that promotes the pro-

gress of human society. The ticker of the 5 stocks is GOOGL, MSFT, NVDA, AMZN, TSLA. Closing 

prices from September 1st, 2022, to March 1st, 2023, are collected from Yahoo finance 

(https://finance.yahoo.com/) and separated into training set and test set. For further research, we do 

data cleaning that matches the time. Finally, 615 data are collected (Details are shown in the following 

Table 1, Table 2). 

Table 1: Selected stocks. 

Stock Symbol Company 

GOOGL Alphabet Inc. 

MSFT Microsoft Corporation 

NVDA NVIDIA Corporation 

AMZN Amazon.com, Inc. 

TSLA Tesla, Inc. 

We transfer these closing prices to Compounded return (log-return) and calculate some basic in-

formation shown in the following table: 

Table 2: Descriptive statistics of five stocks. 

 'GOOGL’ 'MSFT' 'NVDA' 'AMZN' 'TSLA' 

Mean -0.0016 -0.0004 0.0042 -0.0025  -0.0024 

Std 0.0257 0.0230 0.0379 0.0290 0.0444 

Skew -0.1404 0.1367 0.3266 0.3525 -0.2175 

Kurt 1.950 1.593 1.393 2.087 0.2534 

 

This paper removes the outliers and get cumulative returns of those five stocks in Fig. 1.  

 

Figure 1: Cumulative returns of selected stocks. 
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3. Methods 

3.1. Monte Carlo Model 

Monte Carlo modelling is a stochastic simulation technique. Based on probability and statistical the-

ory, the problem to be resolved is related to a certain probability pattern, and the computer is used to 

realize statistics or sampling, to obtain the numerical solution of the problem [8] (See Fig. 2).  
 

 

Figure 2: Monte Carlo. 

3.2. Efficient Frontier 

Efficient frontier is fundamental to contemporary investment theory. The efficient frontier curve plots 

risks and returns of different portfolios on a graph. The curve is upward sloping, reflecting the positive 

relationship between risk and return, but it also levels off at a certain point, indicating that additional 

risk does not lead to higher returns. 

3.3. Mean-variance Analysis 

Modern Portfolio Theory (MPT) is the portfolio optimization framework developed by Harry Mar-

kowitz in 1952. The optimization process used in MPT is often referred as Mean-Variance Optimi-

zation (MVO), which aims at helping investors optimize their portfolio by balancing risk and return.  

Expected return is an average return that a portfolio of investment is expected by an investor. The 

weighted average of the expected returns of every asset in the portfolio is its calculation way. 

 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑓 𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 = E(𝑅𝑃) = 𝑊𝑇𝑅 (1) 

 

In MVO, risk is typically a symbol as the variance of the portfolio returns. The variance of a 

portfolio is the total of the weighted variances of every asset in the portfolio, plus twice the weighted 

covariance between each pair of assets. 

Proceedings of the 2023 International Conference on Management Research and Economic Development
DOI: 10.54254/2754-1169/25/20230504

237



𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒: 𝜎𝑃
2 = var (∑ 𝑤𝑖𝑟𝑖 ) = ∑ 𝑤𝑖 𝑤𝑗cov(𝑟𝑖𝑟𝑗) (2) 

 

The Sharpe ratio is a prevalently used tool for measuring and evaluating the risk-adjusted return 

in investments [8]. When getting positive value, it means that the cumulative rate of return is higher 

than the risk. As for negative value, it means that the risk is greater than the cumulative rate of return.  

 

𝑆ℎ𝑎𝑟𝑝𝑒 𝑅𝑎𝑡𝑖𝑜 =  
𝑅𝑝  −  𝑅𝑓

𝜎𝑝

(3) 

 

The risk-free rate is Rf. The return of portfolio is Rp and  𝝈𝒑 is the standard deviation of the port-

folio’s return [9-10]. 

3.4. LSTM 

LSTM is a new method to predict meaning Long Short-Term Memory, and it is a kind of artificial 

neural network which is commonly used in deep learning for processing and analyzing sequential 

data (See Fig. 3, Fig. 4 and Fig. 5). 
 

 

Figure 3: LSTM model.   

There are four main points in LSTM which are Time_step, Lstm_units, Epochs and Batch_size. 

Time_step is steps of time including each input sequence. It is a better example NLP to understand 

it. Suppose you have a sentence to process, then here sample is one, which means one sentence to 

read, time_step is the number of words in that sentence. Lstm_units is the number of LSTM units in 

each layer of the model (default= [50, 50, 50]). For each num_units, LSTM network can regard it as 

a standard LSTM unit: 
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Figure 4: LSTM_units. 

Epochs is the number of epochs to train the model (default=50). An epoch indicates that all data 

is sent to the network, and that a computational process before further retro propagation is completed. 

The number of epochs is significant in prediction. When epochs are small, the graph is non-fitting 

status. When epochs lifts, the iterations grow, and the graph becomes optimal fitting state and even-

tually enters an over-fitting status.  

 

 

Figure 5: Different State. 

Batch_size is the batch size to use during training (default=64). There are two obviously advantages. 

The biggest benefit is to make computer run at full capacity, which increases the speed. The second 

one is to make the direction of gradient descent more accurate.  
 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑎𝑡𝑐ℎ𝑒𝑠 =  
𝑇𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑆𝑒𝑡 𝑆𝑖𝑧𝑒

𝐵𝑎𝑡𝑐ℎ 𝑆𝑖𝑧𝑒
(4) 

 

4. Results 

Firstly, from the size of the training set, the test set has the best effect when Time_Step is 5, 

Lstm_units is 50, Batch_Size is 64, and Epochs is 50. Also, this paper predicted data of five stocks 

by LSTM from January 11th, 2023, to March 27th, 2023, shown in Fig. 6. 
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Figure 6: Predicted Data. 

Secondly, this article uses the Monte Carlo model to assign 40,000 different portfolio weights to 

the results and shows the expected returns and volatility of these different portfolios in the same graph 

shown in the following Fig. 7. 

 

 

Figure 7: Monte Carlo Graph. 

The circles Fig. 7 represent the combination distribution randomly generated by Monte Carlo, the 

cross marks represent the efficient frontier, the red star marks the highest Sharpe combination, and 

the yellow star marks the minimum variance combination. According to the portfolio investment 

model, we have two allocation options, the first is the maximum Sharpe ratio model, and the second 

is the variance minimum model. For the first case, choose 22% of Nvidia, 78% of Tesla, the expected 

return rate is 3.645, the expected volatility is 0.226, and the optimal Sharpe index is 16.111. In the 

model with the smallest variance, all choose Microsoft, and the expected return rate 0.47, volatility 

0.073, Sharpe index 6.41. In the real situation, all the models with the largest Sharpe rate choose 

Nvidia, the expected return rate is 2.965, the expected volatility rate is 0.666, the optimal Sharpe 

index is 4.455, and the combination with the smallest variance is Google at 0.005, Microsoft at 0.994, 

and the expected return rate at 0.398. Rate 0.322, Sharpe index 1. 235.Based on these asset weights, 

this paper evaluates the portfolio performance and shows the results as follow in Fig .8. 
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Figure 8: Cumulative Returns of two models and S&P 500 index. 

The blue line represents the S&P 500. Clearly, both of our forecasts beat the S&P 500. So, Maxi-

mum Sharpe Ratio Model is better. 

5. Conclusion 

Portfolio is a scientific and popular model which maximizes returns and minimizes risks. This article 

selects five famous high tech companies’ stocks: Google, Microsoft, Nvidia, Amazon, and Tesla from 

September 1, 2022, to March 1, 2023. First, the article uses LSTM model to learn the first 70% of the 

data and predicts the bottom 30% of the data. Second using the portfolio pattern for the forecast 

results, the paper gets the maximum return model and the minimum risk model on the effective fron-

tier of Monte Carlo. Finally, by applying two models to the portfolio and combining two results com-

paring the yield with the S&P 500 within the same time frame, the paper draws the conclusion. This 

article provides a portfolio method using the latest LSTM model as a forecasting model, and the 

comparison reflects the power of the joint use of the LSTM model and the portfolio model. 
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