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Abstract. This paper forecasts the trend of the asset based on historical prices. First, through the 
establishment of exponential smoothing method, 𝐴𝑅𝐼𝑀𝐴, BP neural network and other models, the 
trader invest in three assets: gold, bitcoin and cash in USB. The thesis is based on historical price 
to predict the trend of assets, determine whether traders should purchase, hold or sell and what 
percentage of the asset, and evaluate its future value. This paper first predicts the future returns and 
volatility of the two assets. In the initial forecast, the exponential smoothing method and 𝐴𝑅𝐼𝑀𝐴 
model are used to predict premiums and future returns. BP neural network is used to predict the 
future earnings in the middle and late forecast. First, for the first 60 days, we sit tight and wait for the 
data to accumulate. After 60 days, by looking back at historical data and setting appropriate technical 
indicators, the secondary trend curve and risk exposure curve of gold and Bitcoin can be obtained 
respectively. Once we have the curves, the commission, expected rate of return, and volatility of the 
two markets are combined, we will set up a scoring system to score the daily trading feasibility. 
Finally, we simulate the transaction, allocate the investment share, get the asset accumulation curve, 
and complete the decision. 

Keywords: Gold; Bitcoin; ARIMA; Neural Network. 

1. Introduction 

To maximize the total return, market traders usually consider commissions and many other factors 

to deci de the best portfolio strategy. In this problem, the initial capital is $1000, and the tradable 

assets are gold and bitcoin. Based on the unknown of the future price trends, we are required to 

construct models and develop trading strategies to buy or sell both assets to maximize the total return. 

By observing the trend charts of gold and bitcoin, we found that the daily capital flows of both are 

in fluctuations. It can be seen from the figure that for gold, the early, middle and late stages are in a 

slow-changing trend. In contrast, bitcoin is relatively flat in the early and middle stages, while the 

price changes sharply in the late stage. Because BP neural network needs more historical data, for the 

early stage, we use the ARIMA model to make the initial prediction. Under the condition of sufficient 

historical data, the neural network is used for prediction in the middle and late stage, and the trading 

strategy is determined based on the factors that are closely related to the prediction judgment and 

price fluctuation. 

2. Model assumptions and notation 

Combined with the actual problem, in order to ensure the accuracy and rationality of the model 

solution, this paper eliminates the interference of some factors and makes the following assumptions 

for the model.  

●Bitcoin and gold split indefinitely.  

●There is no arbitrage in the market.  

●Investors pursue the highest return with the lowest risk.  

●Money has no time value.  

●Non-systemic risks are not considered. 

The symbols and their meanings are as following Table 1. 
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Table 1. The symbols and their meanings 

Rt Expected return 

𝜎𝑡 Risk on the current day 

𝑛𝑡 Residuals 

3. Model construction and solving 

3.1 Date Processing 

We first process the given data, since gold is not traded on non-working days, we adopt the price 

of the previous trading day as the gold price of the day, then establish a new indicator to determine 

whether gold trading can be carried out on that day. In addition, we calculate the 5-day and 30- day 

averages of bitcoin prices, the 10-day and 60-day averages of gold prices, and the residuals of the two 

assets. 

3.2 Prediction Model 

3.2.1 Prediction Model of early stage 

(1) Exponential Smoothing Method (ES)  

Exponential smoothing method [1] is characterized by giving different weights to the past 

observations. The weights of recent observations are larger than those of long-term observations. The 

predicted values are the weighted sum of previous observations, which is consistent with the 

prediction based on historical data, mentioned above. In general, the first-order exponential 

smoothing method can be expressed as. 
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(2) Moving Average Model (MA)  

Moving average model [2] sets up a discrete linear system. 𝑢(𝑛), the input variate, is a zero-mean 

white noise sequence variances variance, and the output variate is 𝑥(𝑛). The relationship between the 

output variate and the input variate of this discrete linear system can be expressed by the following 

difference equation. 
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Its system function is. 
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In the above formula, 𝑋(𝑍) is the Z-transformation of the output signal 𝑥(𝑛), 𝑈(𝑍) is the Z-

transformation of the input signal 𝑢(𝑛), and 𝑏𝑟(𝑟 = 0, … , 𝑀) is the coefficient.  

(3) Autoregressive Integrated Moving Average model  

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞) model [3] is the extension of model 𝐴𝑅𝑀𝐴(𝑝, 𝑞). 𝐴𝑅𝐼𝑀𝐴(𝑝, 𝑑, 𝑞) model can be 

expressed as. 
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Through the thesis, SPSS software and 𝐴𝑅𝐼𝑀𝐴(𝑝, 𝑑, 𝑞) model are used to conduct a stepwise 

analysis, using the known historical data of gold and bitcoin. The forecast value is then calculated, 

and the subsequent forecast price is more precisely adjusted based on the forecast premium. The 

model can be expressed as. 
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(4) Initial Stage Empirical Prediction  

The 𝐿𝑗𝑢𝑛𝑔 − 𝐵𝑜𝑥 𝑡𝑒𝑠𝑡 statistical test [4] is used to perform on whether there is a lag in the time 

series. This test is mainly used to examine whether a series of observations in a certain period is 

random independent, and exclude the autocorrelation between observations. The result can avoid 

autocorrelations that reduce the accuracy of time-based forecasting models (such as transition 

diagrams) and lead to the misinterpretation of the data.  

The result of 𝐿𝑗𝑢𝑛𝑔 − 𝐵𝑜𝑥 𝑡𝑒𝑠𝑡 is p − value < 2.2𝑒 −16, which is a significant non-white noise 

sequence at the 99% level, so the time sequence is meaningful to establish [5]. The analysis recursion 

is as follows. 
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After adjusting the parameters, the value of 𝐴𝐼𝐶 is the smallest under this parameter configuration, 

so this parameter model is selected. 

 

 
Fig. 1 Gold and bitcoin initial price predictions compared to the real value 

 

Figure 1 shows the 𝐴𝑅𝐼𝑀𝐴 modbitcoin-based on of gold and bitcoin based on historical data. The 

forecast series from September 11, 2016 to April 11, 2017 is selected as the initial forecast. However, 

due to the uncertainty of the future and the lack of the previous data, the prediction of the 𝐴𝑅𝐼𝑀𝐴 

model is not very accurate, so we consider replacing the model during the mid-to-late forecast. 

However, BP neural network needs more historical data, so when BP neural network data is 

insufficient in the early stage, 𝐴𝑅𝐼𝑀𝐴 model is still used. 

3.2.2 Prediction Model of Mid-Late stage 

(1) Back Propagation Neural Network  

The calculation process of the backpropagation neural network [6] is made up of three segments, 

a positive-going calculation process and a reverse calculation process. In forward propagation, the 

operation mechanism is as follows: from the input layer through the hidden layer, then processing to 

the output layer. The state of each layer of neurons only affects the state of the next layer of neurons. 
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If the desired output data cannot be reached at the output layer, reverse propagation will be carried 

out to return the error signal along the connection path, and the error signal will be minimized by 

modifying the parameters of each neuron.  

BP neural network has strong nonlinear mapping ability and flexible network structure, which is 

suitable for financial data forecast in the case of a large number of historical data [7]. 

 

 
Fig. 2 Structure diagram of 3-layer BP neural network 

 

(2) Mid-late Empirical Prediction  

This paper uses Matlab software and selects the BP neural network model to analyze the historical 

data of gold and bitcoin. Backpropagation neural network is a multi-layer feedforward network 

trained by an error backpropagation algorithm. Its topology includes the input layer, hidden layer and 

output layer [8]. Weights and thresholds of the network are constantly adjusted through Back 

Propagation to minimize the sum of error squares of the network. 

 

 
Fig. 3 Gold and bitcoin mid-late stage price forecast compared to true value 

 

Figure 3 shows a comparison of the BP neural network's predictions with real data, based on 

historical data for gold and bitcoin. The data from March 11, 2017 were selected for mid to late 

prediction. According to the prediction graph, it can be seen that the predicted value of the model is 

close to the actual value, which preliminarily shows that the prediction of the neural network is good.  

Through calculation, the 𝑅2 value of gold is 0.98804 and the 𝑅2 value of bitcoin is 0.97267, which 

indicates that the model has a high degree of fit. This shows that the BP neural network model can 

predict the future trend of gold and bitcoin well based on the obtained historical data. 

3.3 Transaction Model 

3.3.1 Trend Grading System 

After obtaining the forecast data, we formulate a trading model according to the return and 

fluctuation characteristics of the data. Due to insufficient understanding of the market in the first 60 

days, the 60-day moving average is usually associated with a secondary trend, so the volatility is large. 

Therefore, for the first 60 days, we chose not to trade, but to make predictions. After 60 days, we 

made an analysis based on the past daily increasing trend, and set 10 days as a threshold value [9].  

As long as the asset's rising and falling direction changes or continues to depreciate within 10 days, 

it is considered that these 10 days follow the downward trend. On the contrary, if the asset continues 

to rise within 10 days, it is considered that these 10 days obey the upward trend. After that, the 10-

day bias of the first 60 days can be obtained by calculation. So we designed a scoring system to 
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evaluate whether the market is in an ascent stage or a declining stage. The initial values of the system 

are formulated as follows. 

 

 
2 1

 score ( Average yield of earlier 60 days ) (10  day bias of earlier 60 days )
3 3

=  +  −  (7) 

 

The above formula is designed because we usually believe that the ascent and decline direction of 

assets tomorrow is usually the same as today, that is, if it rises today, it is very likely that it will 

continue to rise the next day. Therefore, we set a larger weight on the average return rate of the past 

assets to obtain the above formula and the initial value. The initial value is shown in Figure 4. 

 

 
Fig. 4 Initial value 

 

After obtaining the initial value, the distribution curve of its rise and fall can be exported. However, 

there is a problem that cannot be ignored in the previous mechanism, that is, if it is judged that there 

is a rising trend on the day, it requires that there is an upward trend all the 10 days before.  

According to the mechanism, if there is a downward trend only on the previous day of the first 10 

days, the current day will be judged to have a downward trend, which will cause errors in the 

calculation results of the day. To eliminate the error, we define the initial value as 0. If the calculation 

result of the day shows that there is an upward trend, the value of the previous 60 days will be 

increased by 1, and if there is a downward trend, it will be reduced by 1.  

Through the above operation, it can be seen whether it is going up or down. The result is shown 

in Figure 5. 

 

 
(Fluctuation Distribution Chart of Gold)       (Fluctuation Distribution Chart of Bitcoin) 

Fig. 5 Gold and Bitcoin volatility distribution chart 

3.3.2 Quantification of Risk Exposure 

During the trading, in addition to the yield rate of return will affect the final decision, the risk is 

also a factor that cannot be ignored. Based on this, in order to quantify the risk exposure during the 

trading [10], we define it exists a positive correlation between purchase risk, upward trend and 10-

day convergence divergence, then give the weights of these two variables, 2 3 and 1 3 respectively. 

We obtained the purchase risk curves of gold and bitcoin, and quantified the risk exposure. The 

buying risk chart is shown in Figure 6. 
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Fig. 6 Buying risk chart 

 

The value of the ordinate represents the size of the risk exposure, the larger the value is, the higher 

the purchase risk is. Therefore, it is not a wise investment strategy to buy or add positions at this time.  

The risk exposure curve of bitcoin changes more frequently, and there are more values close to 1, 

which indicates that the investment risk of bitcoin is higher than gold. However, the risk premium of 

bitcoin also brings more expected returns for it, making up for the excess risks that investors need to 

bear. 

3.4 Portfolio Strategy 

After excluding 5% of abnormal data, we normalize our score to facilitate our subsequent scoring 

[11]. In particular, abnormal data was recorded as ±1. We then establish a basic threshold based on 

the price forecast in the previous period, bitcoin's performance in the first 30 days, gold's performance 

in the first 60 days, and use this threshold to guide our investment.  

Our purchase amount is set as follows. 

 

 
sell shares  =  holdings shares  *(1-  score  +  threshold of sell  ) 

purchase shares  =[  cash  *  score  (1-  premium  )] /  price
 (8) 

 

To sum up, the overall flow chart of the strategy is shown in Figure 7. 

 

 
Fig. 7 The overall flow chart of the strategy 
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According to our strategy, as of September 10,2021, the total accumulated asset value is 

$318,499.0744. The asset chart is shown in Figure 8. 

 

 
(Cumulative Assets Chart of Gold and Bitcoin)      (Total Cumulative Assets Chart) 

Fig. 8 The asset chart 

4. Conclusion 

By observing the trend charts of gold and bitcoin, we found that the daily capital flows of both are 

in fluctuations. It can be seen from the figure that for gold, the early, middle and late stages are in a 

slow-changing trend. In contrast, bitcoin is relatively flat in the early and middle stages, while the 

price changes sharply in the late stage. Because BP neural network needs more historical data, for the 

early stage, we use the ARIMA model to make the initial prediction. Under the condition of sufficient 

historical data, the neural network is used for prediction in the middle and late stage, and the trading 

strategy is determined based on the factors that are closely related to the prediction judgment and 

price fluctuation. 
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