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Abstract: The investment trading market is changing rapidly; how do the traders choose trading 
strategies in the highly uncertain trading market? Take gold and bitcoin as an example. Based on 
Bitcoin and Gold price data from September 11, 2016, to September 10, 2021, we used the ARIMA 
algorithm to predict the closing prices of bitcoin and gold in five years, 𝑅𝑅2 is over 0.9 so that the 
predicted data are similar to the actual data. Then, we built a linear programming model with the 
maximization of return as the objective function and the variation of cash as the constraint while 
considering the risk factor. We proposed to split the feasible region to solve the linear programming 
model where the constraints contain absolute values. Moreover, finally, we obtained the strategy that 
could be provided for the trader, and the total value of the assets, in the end, is 42,051.42 USD.  

1. Introduction 
Market traders often buy and sell volatile assets with the expectation of maximizing the total 

value.[1] Moreover, gold and bitcoin, as the most popular trading varieties, have greater instability in 
this process.[2] On the one hand, with the deepening of information technology in the industry, a 
large amount of financial data has been accumulated; on the other hand,[3] with the continuous rise 
of financial technology, quantitative analysis has become a common analysis tool in market 
trading.[4] Combining a large amount of financial data with quantitative analysis can consistently 
achieve long-term and steady returns for investors while bringing more excellent social value and 
economic benefits.[5] 

2. Financial Product Price Prediction Model Based on ARIMA 
For the sake of discussion, let us assume we start with a thousand dollars. Our problem is to choose 

the right investment strategy, which necessarily requires us to predict the price trend of bitcoin and 
gold. Thus, one must first forecast the price over five years to solve the problem. 

We used bitcoin and gold price data from September 11, 2016, to September 10, 2021. After 
testing, it was found that the given data source has missing data for gold on some days, as opposed 
to bitcoin data. This missing data is that gold is only traded on trading days, but bitcoin is traded all 
day. 

 
Figure 1. Data Cleaning. 
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In order to analyze the data, the missing values are processed, filled with the last adjacent value, 
which is in line with the real-life logic: on non-trading days, the price of gold keeps the same as the 
closing price of the previous trading day. 

 
Figure 2. Actual Daily Closing Price of Gold and Bitcoin. 

As you can visually see from the chart, the prices of both bitcoin and gold are generally trending 
upwards. However, what cannot be ignored is that, on the one hand, bitcoin has risen much more than 
gold. On the other hand, bitcoin is far more volatile than gold. Since 2016, Bitcoin has seen two 
particularly large swings, the exact places identified in the chart. Gold is more of a preservation asset 
than bitcoin, and in times of market turmoil, it would be wise to swap bitcoin for gold properly. 

A more refined and accurate algorithm for analysis and forecasting of time series data is the Box-
Jenkins method, whose common models include: Autoregressive model (AR model),[6] Moving 
average model (MA model),[7] Autoregressive moving average model (ARMA model),[8] and 
Autoregressive integrated moving average model (ARIMA model).[9] Among them, the ARIMA 
model requires only endogenous variables without the help of other exogenous variables, which 
exactly fits the characteristics of the data source given in the topic. Moreover, the ARIMA model 
combines the advantages of the AR model, MA model, and ARMA model, and the forecasting 
performance is relatively better. Therefore, it is chosen as the model used for forecasting. 

The ARIMA, the Autoregressive integrated moving average model, separates signal and noise by 
taking past observations and considering the difference between autoregressive and moving average 
components. The optimal model parameters can be found by minimizing the AIC (Akaike 
Information Criterion). 
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Figure 3. Modeling Steps of ARIMA Model. 

Using the ARIMA algorithm for prediction, the following relationship equation holds: 
             (1) 

Differentiate the sample time series, and if the mean and variance of the series do not change 
significantly after processing, the fitted curve meets the requirement of stability. The difference is 
carried out according to the following relation: 

                                 (2) 

Performing one differencing on the bitcoin data yields the following bitcoin data curve, as shown 
in Figure 4(a): 

     
(a) Bitcoin            (b) Gold 

Figure 4. Stability Test. 
For the gold data to be differenced twice, the gold data curve obtained is shown in Figure 4(b). 
After applying stability test to the bitcoin data, we can obtain its autocorrelation and partial 

autocorrelation plots using SPSS software, as shown in Figure 5: 
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    (a) Autocorrelation.                    (b) Partial Autocorrelation 

Figure 5. Determine the Order of the Bitcoin Data. 
Based on the truncated, it can be determined that the bitcoin data corresponds to p, q of 5, 5 

respectively. 
After smoothing the gold data, we can use SPSS software to get its autocorrelation diagram and 

partial autocorrelation diagram, as shown in Figure 6: 

    
    (a) Autocorrelation.                   (b) Partial Autocorrelation. 

Figure 6. Determine the Order of the Gold Data. 
The gold data can be determined to correspond to p, q of 1, 1 respectively, based on the truncate. 
From this, we have determined the respective price forecasts for bitcoin and gold over five years 

based on the ARIMA model. 
The results are shown in Figure 7 and Figure 8: 

 
Figure 7. Gold Daily Forecast Closing Price. 
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Figure 8. Bitcoin Daily Forecast Closing Price. 

Among them, the predicted price of gold and the historical data satisfy the following equation: 

                     (3) 

Likewise, for Bitcoin, it satisfies the following equation: 

           (4) 

3. Trading Strategy Based on Linear Programming 
Having obtained daily forecast data, traders need to make investment decisions based on the past 

data and forecast data of the day. As mentioned in Assumption 1, traders only need to consider two 
factors: return and risk when making investment decisions. Therefore, we try to maximize the benefits 
and minimize the risks. So, we use a linear programming model to make decisions. 

Linear programming studies the extremum problem of a linear objective function under linear 
constraints [10]. 
It is generally solved using the Simplex algorithm. 

The data obtained from the forecasts are not yet ready to build a linear programming model. We 
need to introduce new variables: 

Table 1. Variables 

Symbol Description 
𝑦𝑦𝐵𝐵𝐵𝐵 The actual price of bitcoin on day t 
𝑦𝑦𝐺𝐺𝐺𝐺 The actual price of gold on day t 
𝑓𝑓𝐵𝐵𝐵𝐵 Forecast price of bitcoin on day t 
𝑓𝑓𝐺𝐺𝐺𝐺 Forecast price of gold on day t 

𝑀𝑀𝑀𝑀5𝐵𝐵𝐵𝐵 The bitcoin value of the five-day moving average on day t 
𝑀𝑀𝑀𝑀5𝐺𝐺𝐺𝐺 The gold value of the five-day moving average on day t 
𝑘𝑘𝑡𝑡 Bitcoin range of change on day t 

(𝐶𝐶𝑡𝑡,𝐵𝐵𝑡𝑡,𝐺𝐺𝑡𝑡) Cash, bitcoin, and gold holdings on day t when the stock 
market closes 

Then, we construct the Linear Programming Model: 

              (5) 
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            (6) 

Ct, Bt, and Gt are the only decision variables, and other parameters are known variables. 
The absolute value condition exists in the linear programming constraint, and we handle it by 

dividing the solution space into four parts based on the relationship of 𝐺𝐺𝑡𝑡,𝐺𝐺𝑡𝑡−1,𝐵𝐵𝑡𝑡, and 𝐵𝐵𝑡𝑡−1 dividing 
the solution space into four parts. 

                             (7) 

                             (8) 

                             (9) 

                            (10) 

The optimum solution 𝐺𝐺𝑡𝑡 ,𝐺𝐺𝑡𝑡−1,𝐵𝐵𝑡𝑡, and 𝐵𝐵𝑡𝑡−1 is found in four different solution spaces with the 
optimum value corresponding to the objective function, where the optimal solution with the largest 
value is the optimum solution corresponding to the original linear programming model. 

The model is imported into MATLAB to solve it cyclically, and the following data results are 
obtained. 

 
Figure 9. The Strategy of Buying Assets. 

4. Conclusion 
In this paper, we used an ARIMA model to predict the five-year closing prices of bitcoin and gold. 

Secondly, we evaluated the daily trading risk and built a linear programming model to find the optimal 
trading strategy for each day, taking the trading risk and the estimated return into account. When 
choosing a prediction model, we did not choose a complex model such as neural networks or a series 
of other complex models. We believe that the model is used to solve practical problems. As long as 
the chosen model solves the problem well enough, it is a suitable model, rather than saying that the 
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more complex the model is, the better. So, we chose the ARIMA model for prediction. And 𝑅𝑅2 is 
very close to 1, and the actual prediction result is rather good. We believe that traders will be forced 
to liquidate when the bitcoin price falls too much. It is a means of managing risk. However, maybe 
we can find a better way to deal with it in practice. In this article, we mainly focus on investing in 
bitcoin and gold; however, our approach can be used in other investment situations, as it takes both 
risk and reward into consideration. 
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