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Abstract. Market trading has always been a popular choice for bold investors, but market trading 
doesn't rely on pure luck. More need for daily experience and data. In this article, we will model the 
random forest algorithm for a specific situation and find the best strategy. Then it is proved that the 
model can provide the best trading strategy, which can be understood as proving the fit of the model 
established above. Using the real value of bit coin and gold prices in 5 years, establish a time series 
ARIMA model, analyze the smoothness and pure randomness of the series.Then get the ARIMA 
model fitting of bit coin and gold, indicating that the prediction model is very suitable. For the dynamic 
programming model, this paper adopts a genetic algorithm for the judgment of the optimal buy-sell 
node, which accelerates the convergence speed. To understand how the trading price affects the 
strategy and the results, sensitivity analysis is also done in this paper. Considering giving a certain 
perturbation to the results and giving a perturbation margin of 5% to the buying and selling fees 
respectively, the algorithm is iterated to calculate the sensitivity of the investment strategy to the 
trading cost and analyze how the change in the trading cost would affect the buying and selling 
strategy. 
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1. Introduction 

Market traders often choose to buy and sell shares to maximize their earnings. For each purchase 

and sale, there is also a return commission [1-3]. Suppose that as of September 11, 2016, the trader 

has an account in which the initial states of cash, gold, and bit coin are [1000,0,0]. During the five-

year trade period, the cost of each trade (purchase or sale) is a% of the trade amount, where a% for 

gold and bit coin is 1% and 2%, respectively, and the stock held costs nothing. Considering that the 

topic requires a given daily optimal trade strategy, we choose a time series model with a random 

forest algorithm to predict the next day’s market situation [4-6]. A planning model is then built and 

the model is iterated using a genetic algorithm to finally output the best node for trading. To prove 

the feasibility of the strategy we will test it and perform sensitivity analysis. The mind map of the full 

text is shown in Figure 1. 
 

 
Figure 1. Mind Map 
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2. Assumption and Justification 

1. It is assumed that no additional investment is made during the trading period.  

2. Assume that the trade is made at the close of the stock market on the nth day, i.e., the price does 

not change on that day.  

3. Assume that transaction costs are settled at the same day’s price and generate revenue from the 

next day onwards.  

4. The uncertainty of the return is measured by the variance of the return.  

5. Assume that at the start of the starting time, the entire principal is chosen to be purchased in 

gold or bit coin. 

3. Symbols and assumptions are shown in Table 1 

 

Table 1. Symbols and assumptions 

Symbol Description 

N Sample size 

𝑡𝑖 Time of the i-th transaction 

𝑄 Number of transactions at 𝑡𝑖 
𝑃 Sold Price 

𝑍 Holdings 

𝐶 Cash volume 

𝑛𝑓 Sample size for update time 
 

*The subscript ti is the parameter for bit coin and the subscript tk is the parameter for gold. 

4. Optimal Trade Strategy 

Market trading is often incredibly dangerous; it may both bring you a fortune and cost you 

everything you own [7]. To avoid this, we must forecast the market to maximize our profits. In this 

post, we utilize the example of combining two markets, gold, and bit coin, to determine the best trade 

strategy for investors. 

4.1 Model Preparation  

To decide the optimal trade strategy, we first introduce the time series model and the random forest 

algorithm and introduce them [8].  

Random forest is a decision tree-based integrated method that uses numerous decision trees to 

avoid over fitting [9]. It also includes properties like being simple to understand, handling class 

features, being simple to extend to multi-classification situations, and requiring no feature scaling. 

The random forest trains a series of decision trees independently, resulting in a parallel training 

process. Because the algorithm includes a random process, each decision tree is slightly different. To 

reduce the number of prediction scenarios, combine the prediction results of each tree to improve 

performance on the test set.  

The principle of time series predictive analysis is to use the characteristics of the time of an event 

in the past period to predict the characteristics of the event in the future period, that is, to predict the 

unknown event from existing data [10]. Unlike regression analysis models, this is a relatively 

complex class of predictive modeling problems. The time series model relies on the sequence of 

events, and the results generated by the same values will change when the sequence is changed. The 

first point that needs to be clarified is that time series can be divided into smooth series, i.e., those in 

which there is some period, seasonality, and trend in the variance; and non-smooth series, i.e., those 

in which the mean does not change over time. 
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In this paper, we first use a time series model to forecast the data of the first two days to forecast 

the data of the next day to decide whether to buy or sell on that day. 

The model is shown in the following equation: 

 

 (1 − ∑ ∅1𝐿
𝑖𝑝

𝑖=1 )(1 − 𝑙)𝑑𝑋𝑡 = (1 + ∑ 𝜃𝑖𝐿
𝑖𝑞

𝑖=1 )𝜀𝑡                   (1) 

 

 
Figure 2. Machine learning algorithm schematic 

4.2 Model Building 

First, the objective function is given to buy gold or bit coin from November 9, 2016, until October 

9, 2021, based on the price data up to that date, giving the best strategy for each day’s trade to make 

the highest total return, according to the conditions of the question. Let the total assets of the day i be 

Wi (total assets = amount of cash + bitcoin holdings + amount of gold holdings × today’s price - 

buying and selling fees), then the relationship can be listed according to the above equation: 

 

 𝑊𝑖 = 𝐶𝑘 + 𝑍𝑖 ∙ 𝑃𝑡𝑖 + 𝑍𝑡𝑘 ∙ 𝑃𝑡𝑖 − |𝑄𝑡𝑖 × 1%| − |𝑄𝑡𝑘 × 2%|              (2) 

 

Assuming that day i is traded, the price trend of day i+1 is first predicted by the data of day i-1, i. 

With the price increase or decrease of day i+1 as the constraint, firstly, the profit from the transaction 

needs to be greater than the commission; the trading volume must not be greater than the holding 

volume; secondly, the prescribed function is satisfied. 

Specify the function F(X): 

F(X) = {

1        When the trade is a buy
0  When not buying or selling
−1                        When selling

                       (3) 

 

The constraints are obtained by collating the above requirements and stock market trading laws:  

 

𝐶𝑘 ≥ 𝐹(𝑋)𝑄𝑡𝑖 ∙ 𝑃𝑡𝑖 + 𝐹(𝑋)𝑄𝑡𝑘 ∙ 𝑃𝑡𝑘                        (4) 

 

The final dynamic planning model can be obtained as maxWi:  
 

{
 
 
 
 

 
 
 
 
𝑊𝑖 = 𝐶𝑘 + 𝑍𝑖 ∙ 𝑃𝑡𝑖 + 𝑍𝑡𝑘 ∙ 𝑃𝑡𝑖 − |𝑄𝑡𝑖 × 1%| − |𝑄𝑡𝑘 × 2%|

𝑃𝑡𝑖+1

𝑃𝑡𝑖
− 1 > 0.02

𝑍𝑖 ≥ 𝑄𝑡𝑖
𝑃𝑡𝑘

𝑃𝑡𝑘+1
− 1 > 0.01

𝑍𝑡𝑘 ≥ 𝑄𝑡𝑘
𝐶𝑘 ≥ 𝐹(𝑋)𝑄𝑡𝑖

              (5) 
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Genetic algorithms are essentially a series of operations performed on chromosomal patterns, i.e., 

inheritance of good patterns from the current population to the next generation population by selection 

operators, pattern recombination by crossover operators, and pattern mutation by variation operators. 

Through these genetic operations, the pattern gradually evolves in a better direction and finally, the 

optimal solution of the problem is obtained.  

Genetic algorithm to achieve global convergence, easy to parallelize the processing, the use of 

heuristic search and the adapted function is not subject to the constraints of continuous, differentiable 

and other conditions, a wide range of applications. 

 

 
Figure 3. Genetic algorithm flow chart 

4.3 Model solving 

After the model is built, the existing data is integrated and the algorithm is used to find the daily 

returns of gold and bit coin respectively. 

As the chart shows, yellow represents the daily return of gold and pink represents the daily return 

of bit coin, which visually reflects that the daily return of bit coin is significantly larger than the daily 

return of gold. It also reflects the fact that gold’s price is more stable while bit coin’s price is more 

volatile. 

A random forest algorithm is used to predict the next day’s market price and the probability of 

increase or decrease, and the predicted values of gold and bit coin are compared with the real values 

respectively. 
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Figure 4. Comparison of predicted and real values of gold. 

 

 
Figure 5. Bit coin predicted value compared to the true value 

 

Using MATLAB to perform calculations, the optimal strategy for each day’s trade, the daily trade 

volume, gold holdings, bit coin holdings, and the amount of gold and bit coin traded can be derived. 

Due to the large size of the data, the output is detailed in the appendix. Then based on the obtained 

result data, the trend of cash holdings share, total assets, bit coin and gold holdings share are plotted. 

model fits well, so you can refer to our model with confidence. 

5. Test of Optimal Trade Strategy  

In the above article, we used a time series model based on machine learning to predict the next 

day’s market price. To validate the reasonableness of this model, we tested the prediction results for 

gold and bit coin respectively using all available data, and the steps to validate the time series 

prediction model are as follows. 
 

 
Figure 6. Time series prediction proof ideas 



BCP Business & Management FIBA 2022 

Volume 26 (2022)  

 

220 

According to the time series plot, it can be seen that there is no obvious trend or shows periodic 

characteristics. Firstly, the bit coin series plot is made differential, and after the ADF test, the pvalue 

is less than 0.05, which means that the series is smooth; after that, the pure randomness test is done, 

and according to the results, the series is a non-white noise series, thus judging that this time series is 

a smooth non-white noise series. After that, autocorrelation and partial autocorrelation plots were 

drawn. 

 

 
Figure 7. Bit coin’s autocorrelation and partial autocorrelation graphs 

 

From the figure 7, the autocorrelation (ACF) plot is in the second-order truncated tail and the 

partial auto correlation (PACF) plot is in the trailing tail, based on the AIC information criterion to 

find the optimal parameters, the model results for the ARIMA model (0,1,2) test table and based on 

1 difference data, the model equation is as follows: 

 

 𝑦(𝑡) = 25.067 − 0.076𝜀𝑡−1 = 0.068𝜀𝑡−2                 (6) 

 

Similarly, the series of gold can be differenced using the above method, after which a pure 

randomness test for smoothness is performed to obtain a smooth non-white noise series, after which 

the model is obtained as ARIMA model (0,1,0) by fixing the order with the above method. And the 

model’s goodness-of-fit R2 = 0.997 can be derived, indicating that the model is a good fit. In summary, 

our time series model fits well and validates its usability, so we can use the model to forecast the 

market.  

6. Sensitivity Analysis  

To prove that the scheme is the best solution we provide to investors, we consider applying a range 

of disturbances by giving results, through the disturbance and handling of investment programs, 

further determine data to predict the uncertainty of disturbance for the specific influence the output, 

and then we can analyze the disturbance after processing data, To improve the reliability and 

credibility of the investment scheme we output, the actual operation process is to repeat the above 

investment judgment and trading process within the given disturbance range, add 5% disturbance 

range to the trading scheme of bit coin and gold, and output the following results: 

To determine the sensitivity of our specified trading strategy to transaction costs, we explored the 

extent to which the parameters in the genetic algorithm related to transaction costs: ’the percentage 

of transaction fees for gold’ and ’the percentage of fees for bit coin transactions’ affect the final 

trading strategy as well as the outcomes, and we calculated the sensitivity of this investment strategy 

to transaction costs by running iterations of the algorithm varying the parameters to obtain the 

following results. where "a gold", "a bit" represent the proportion of gold and bit coin transaction fees 

respectively, returns represent the final revenue of the overall scheme under different fee ratios; "g 
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tans times" represents the number of times gold changes in the whole strategy; "bit trans times" 

represents the number of times bit coin changes in the whole strategy. According to the results, with 

the change of transaction fees, the overall return changes more obviously, with the increase of 

transaction fees, the number of large transactions of gold and bit coin decreases significantly, with 

the decrease of transaction fees, the number of large transactions of gold and bit coin has a significant 

increase. 

7. Strengths and Weaknesses  

Strengths: Separate models for gold (non-equal interval day trading) and bit coin (price time-

continuous trading) are built to synchronize the non-synchronous trading and make the dynamic 

planning model more concise and rigorous. 

Weaknesses: Since only today’s prices of gold and bit coin are available, not including data such 

as opening price, closing price, and trading volume, the risk model can only use simple variance 

fluctuations to determine the uncertainty of returns. In practice, the risk model can be improved with 

more characteristic data, such as the value-at-risk model VaR.  

8. Model Improvement 

The model produced in the previous part is a planning model that divides the price persistence 

model and the non-equal interval trading model by time, respectively, and it is recommended below 

to improve the model to make non-synchronized trading synchronized. 

While the relationship between various assets in both time series and cross-section is crucial, the 

research of cross-sectional correlations can be hampered by multiple time series of nonsynchronous 

transactions. To transmit price events to new prices in a non-equally spaced, nonsynchronous form, 

the first step is to synchronize the non-synchronous time series. 

All of the above models only consider the basic constraints at the time of trading but do not take 

into account the risk issue. Here we introduce a risk model with 
𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑣𝑎𝑙𝑢𝑒−𝐴𝑐𝑡𝑢𝑎𝑙𝑣𝑎𝑙𝑢𝑒

𝐴𝑐𝑡𝑢𝑎𝑙𝑣𝑎𝑙𝑢𝑒
as the risk 

assessment criterion and calculate its variance, which is used to judge the uncertainty of the return. 

Given the sequence of returns B will be substituted into the model as a constraint, making the model 

more realistic and enhancing the model credibility. 
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