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Abstract 
Market traders usually buy or sell volatile assets. In this study, we focus on the trading 
strategies of gold and bitcoin. We build a model using only the prices of gold and bitcoin 
over a five-year trading period. In addition, at the beginning of a transaction, we can only 
obtain asset price data from the first trading day, and do not consider other important 
but not completely transparent information in the market such as transaction volume 
and policies. This restriction simplifies the trading strategy to a certain extent, but it also 
poses a great test for the accuracy of the trading strategy. Fortunately, the trading 
strategy we have established has proved to be a perfect pass, sharing profit with 
investors higher than other funds in the market. 
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1. Introduction 

Market traders usually buy or sell volatile assets. In this study, we focus on the trading 
strategies of gold and bitcoin. Notably, bitcoin is surprisingly volatile and traded daily. By 
contrast, the price of gold is more stable and trading is allowed only on the day the market 
opens. In the field of financial mathematics, volatility refers to the price fluctuation of financial 
assets in a relatively short period of time. The risk caused by the large fluctuation of asset prices 
in the process of investment is called volatility risk, and volatility risk and the risk of falling 
absolute level of asset prices in financial investment are two kinds of risks that investors need 
to focus on. 
Of course, everything has two sides. Volatility could also mean gains. Francisco Garcia parames, 
known as the "Spanish god of stocks", wrote in "Long-term Investment" that "volatility is not 
the best measure of risk. Investment risk is the magnitude of the probability that purchasing 
power will be permanently lost as a result of poor investment judgment. " Volatility measures 
the intensity of changes in asset prices, which may or may not be related to changes in 
underlying underlying assets. Parames even feels that volatility is the best friend of long-term 
investors, allowing them to seize opportunities that do not already exist. Greater short-term 
volatility means more investment opportunities, higher long-term returns and less risk. 
The goal of investors is always to avoid risks as much as possible and maximize their total 
return. In this study, we will use quantitative trading to help investors simulate and forecast 
trading strategies. The so-called "quantitative transaction" can be simply understood as the 
operation of buying and selling volatile assets to algorithms and procedures for decision-
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making. Investors manage their portfolios by pre-designing models, adjusting parameters and 
using quantitative investment methods such as mathematics, statistics and information 
technology. The research object of modern financial theory is financial pricing system, which is 
the horizontal relationship between the risks and returns of all financial assets. This 
fundamentally determines that a large amount of capital investment in large institutions should 
mainly consider asset allocation, and at the same time, it also gives institutions a place to make 
quantitative investment. With the rapid development of machine learning, people have found 
in financial practice that machines have a stronger ability to learn history than traditional value 
investments in the face of huge amounts of historical data in financial markets and high 
volatility of assets, and can more keenly observe changes in the market. The first quantitative 
fund was established in the 1970s and grew rapidly from the 1990s to the beginning of this 
century. The Medal Fund, managed by James Simmons, the king of quantitative investment, 
which has achieved an average annual return of 38.5% since its establishment in 1988. He has 
also become the most profitable fund manager in 20 years. 
In this study, we will present you with a mathematical model that quantifies the investment's 
unparalleled ability to capture excess returns and control risks in a volatile asset investment. 

2. Model Establishment and Solutions 

2.1. Model Introduction 
In this model, based on the different volatility characteristics of gold and bitcoin, we choose the 
five-day bitcoin divergence rate and the 15-day gold divergence rate as investment decision 
indicators. In view of the small price volatility of gold, we adopted a medium-to long-term 
trading strategy for gold in order to maintain and appreciate the value of assets. In order to 
obtain excess revenue, we will focus on the research of the trading strategy of bitcoin, and adopt 
the strategy of short-term trading according to its volatile asset characteristics. 
We established a bull market evaluation index model for gold through the 90-day average of 
gold's increase and the 90-day average of gold's 15-day divergence rate. We used the average 
30- day increase in bitcoin and the 30-day average of bitcoin's 5-day divergence rate as 
important indicators for establishing a bitcoin bull market assessment model. 
Most financial studies involve returns, instead of prices, of assets. Campbell et al. give two main 
reasons for using returns. First, for average investors, return of an asset is a complete and scale-
free summary of the investment opportunity. Second, return series are easier to handle than 
price series because the former have more attractive statistical properties [1]. 
If we further study the nature of the yield distribution. Such as joint distribution, marginal 
distribution, conditional distribution, moments of a random variable of random variables, can 
help us better understand the performance behavior of different assets and returns in different 
periods. 
This model decides to use the N-day divergence rate to guide our investment strategy. Deviation 
rate is also called deviation rate. It expresses the difference between the asset's price and the 
average moving line as a percentage and tells us the difference between the asset's price and 
the average moving line. 
 
Deviation rate = [(the closing price of the day - N day average price) / N day average price]  

*100%                                                                               (1) 
 
The moving-average chart provides information about stock price relative to its recent history. 
In statistics, averaging is a simple way to reduce the random variability [2]. Calculating the 
average price increase and decrease of gold and bitcoin within 5 days, 10 days, 15 days, 20 days, 
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25 days and 30 days and draw visualization to observe the price increase and decrease 
characteristics of gold and bitcoin, thus guiding investors to choose what length of time (n days) 
to evaluate the average value of assets and the best n-day deviation rate, which can be 
expressed as: 
 

Change =
(     )

  
× 100%                                       (2) 

 
In this model, we choose the Min-max normalization (also known as dispersion normalization) 
to linearly transform the original data so that the result values are mapped between [0-1]. This 
normalization method is suitable for data with non-normal distribution and obvious 
boundaries, which can be expressed as: 
 

𝑋 =                                                                     (3) 

 
Therefore, next we will build a mathematical model to judge the bull market and bear market 
based on the asset price data of the previous year. 
2.1.1. Gold Bull Market Evaluation Index Model 
Since we cannot use information other than asset price data, we use the 90-day average of the 
gold price increase and the 90-day average of the 15-day divergence rate of gold, which can be 
calculated from historical data, as an important indicator for establishing the model. The 
weighted scores of the indicators are derived from the recommendations of the references and 
the results of our discussions. Since past asset price data are not available at the time of trading 
in the first year, the bullish and bearish judgment needs to be based on long-term data 
observations. We believe that at least more than 90 days of data are needed to judge a bull 
market. The model is therefore planned to be used from the third trading quarter. 
We believe that the first 90-day average of the gold increase reflects the real gains investors 
have made and is a strong positive indicator pointing to the bull market. The first 90-day 
average of the 15-day divergence rate of gold can also reflect the extent to which asset prices 
are higher than the average, helping investors to judge the bull market, which is a positive 
indicator within a certain range. However, the increasing value of divergence rate also means 
that the possibility of asset price rebound increases. Therefore, it also has the function of 
reverse prediction for future asset prices. In this model, we set the weight of the first 90-day 
average of the gold increase as 3, and the weight of the first 90-day average of the 15-day 
divergence rate of gold as 1, which are more important absolute positive indicators. Therefore, 
the bull market assessment index is formulated as follows: 
 

Bull Market Indicator = (90 −  day average of gold s gains) × 0.75 + (90 −
   day average of gold′s 15 −  day deviation rate) × 0.25                            (4) 

 
The results is shown in Figure 1. As can be seen from Fig.1, the gold bull market forecast model 
established by our team has very high accuracy and can well match the trend of the market and 
guide the investment strategy. 
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Figure 1. Gold bull market assessment index change chart (left), gold bull bear market and 

market trend chart (right) 
2.1.2. The Evaluation Index Model of Bitcoin's Bull Market 
Bitcoin has a highly volatile asset price trend. The volatility of stock is one of many factors that 
affect the price of stock options. The only factor that cannot be directly observed in the Black- 
Scholes model is the volatility of stock. Volatility here refers to the conditional standard 
deviation of the stock price. Therefore, we selected 30 trading days as the observation time, and 
used the 30- day average increase rate and the 30-day average deviation rate of bitcoin on the 
5th as the important indicators for establishing the model. The weight is 3:1. After normalizing 
the bull  market evaluation index, the bull market status on the trading day when the bull 
market evaluation index is greater than 0 is defined, and the trading day when the bull market 
evaluation index is less than or equal to 0 is defined as the bear market status. 
 

Bull Market Indicator = (30 −  day average of Bitcoin s gains) × 0.1 + (30 −
 day average of Bitcoin′ s 5 −  day deviation rate) × 0.3                      (5) 

 

 
Figure 2. Change chart of bitcoin bull market assessment indicators (left), trend chart of 

bitcoin bull market and bear market (right) 
 
As can be seen from the Fig.2, the bull market prediction model of bitcoin established by our 
team has very high accuracy and can well match the trend of the market and guide the 
investment strategy. 

2.2. An Investment Risk Model 
An investment that contains uncertain expected results is called a risk investment. Investing in 
volatile assets such as gold and bitcoin requires investors to pay more attention to the asset's 
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risk score. Through risk analysis, investors can understand the marginal impact of changes in 
asset allocation on the total risk, residual risk and active risk of the portfolio. 
Keeping the expected return of the portfolio unchanged, the quantitative algorithm can reduce 
the risk by analyzing and optimizing the risk, or equivalently, by analyzing and optimizing the 
risk, the quantitative algorithm can exchange the optimized risk margin for a larger return. 
The first investment risk model we established was based on the asset's bull market assessment 
index and the asset's N-day divergence rate. The results of the model are shown in   the 
following figure, which can well reflect the trend of the market. 
 

Risk Indicator = (Bull Market Indicator) × 0.666 + (gold s 15 −  day deviation rate) 
× 0.333                                                                          (6) 

 
Risk Indicator = (Bull Market Indicator) × 0.666 + (Bitcoin′ s 5 −  day deviation rate) ×

0.333                                                                           (7) 
 

 
Figure 3. Gold investment risk map (left), bitcoin investment risk map (right) 

2.3. A Forecast Model 
At the beginning of the transaction in this study, we were required to forecast future asset 
prices using limited short-term time data. Compared with the classical machine model which 
requires a large amount of data training, the time series model, especially the ARIMA model, 
can efficiently predict the short-term data and has excellent prediction ability for the long-term 
time data. Moreover, the ARIMA model only needs endogenous variables and does not need to 
rely on other exogenous variables, which greatly makes up for the limitation of this study that 
only historical price data and other transaction information are missing. Therefore, we choose 
ARIMA model as the price prediction model for gold and bitcoin. 
ARIMA model, namely Autoregressive Integrated Moving Average model, is one of the methods 
of time series prediction and analysis. In ARIMA(p, d, q), AR is "autoregressive" and p is the 
number of autoregressive terms; MA is the "moving average", q is the number of moving 
average terms,  and d is the number of differences (orders) made to make it a stationary 
sequence. Although the word "difference" does not appear in the English name of ARIMA, it is a 
key step. 
(1) AR Model 
The autoregressive model AR describes the relationship between the current value and the 
historical value, and predicts the variable with its own historical time data. The autoregressive 
model must satisfy the requirement of stationarity, which can be expressed as: 
 

𝑦 = 𝜇 + ∑ 𝛾 𝑦 + 𝜖                                                         (8) 
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where 𝑦  is the current value, 𝜇 is the constant term, p is the order 𝛾  is the autocorrelation 
coefficient, 𝜖  is the error. 
(2) MA Model 
The moving average model MA focuses on the accumulation of error terms in the 
autoregressive model. The formula of Q-order autoregressive process is defined as follows: 
 

𝑦 = 𝜇 + 𝜖 + ∑ 𝜃 𝜖                                                        (9) 
 
(3) ARMA ModelL 
Combining autoregressive model AR with moving average model MA model, we obtain 
autoregressive moving average model ARMA(p,q), the calculation formula is as follows:  
 

𝑦 = 𝜇 + ∑ 𝛾 𝑦 + 𝜖 + ∑ 𝜃 𝜖                                        (10) 
 
Basically, an ARMA model combines the ideas of AR and MA models into a compact form so that 
the number of parameters used is kept small, achieving parsimony in parameterization. The 
model is useful in modeling business, economic, and engineering time series. 
(4) ARIMA Model 
Combining autoregressive model, moving average model and difference method, we get the 
difference autoregressive moving average model ARIMA(p,d,q), where d is the order of the data 
that needs to be differentiated. 
The ARIMA model was introduced by Box and Jenkins in 1970. The model is most prominent 
methods in financial forecasting [4-6]. ARIMA models have shown efficient capability to 
generate short-term forecasts. It constantly outperformed complex structural models in short-
term prediction [7]. In ARIMA model, the future value of a variable is a linear combination of  
past values and past errors, expressed as follows: 
 

𝑌 = 𝜙 + 𝜙 𝑌 + 𝜙 𝑌 + ⋯ + 𝜙 𝑌 + 𝜀 − 𝜃 𝜀 − 𝜃 𝜀 − ⋯ − 𝜃 𝜀      (11) 
 
where 𝑌  is the actual value and 𝜀  is the random error at t, 𝜙  and 𝜃  are the coefficients, p and 
q are integers that are often referred to as autoregressive and moving average, respectively. 
The ARIMA model is a generalization of the ARMA model. The ARMA model features many 
terms with 1 as its feature root, then the model becomes the well-known autoregressive sum 
moving average model. The AR feature polynomial of the model has unit root, so the ARIMA 
model is called as non-stationary with unit root. Just like the mobile phone model, the ARIMA 
model has a strong memory, because the system in the Starane meter does not decay with the 
time, which has a lasting effect on the sequence. The conventional method to deal with unit root 
non-stationarity is to use the difference method [8]. 

3. Prediction Model Construction 

The prediction model of gold is established using time series data. The model parameters are 
as follows: 
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Table 1. ADF test results of gold 
ADF test results 

variable difference order t p AIC critical value 

1% 5% 10% 

 
gold 

0 -0.434 0.904 9957.828 -3.436 -2.864 -2.568 
1 -8.159 9.269e-13*** 9948.534 -3.436 -2.864 -2.568 
2 -12.877 4.750e-24*** 9993.297 -3.436 -2.864 -2.568 

Note: * * *, * *, * represent the significance level of 1%, 5% and 10% respectively. 
 
As can be seen from the table 1, the p value of the original data > 0.05 does not meet the stability 
requirement. The first-order difference of the data has a p value less than 0.05, and the t value 
is less than 1%, 5% and 10%, which can reject the original hypothesis significantly, indicating 
that the data is stable. And the AIC value of the first-order difference is smaller than that of the 
second- order difference, so we use the first-order difference data of the original data to model. 
In addition, the output of acorr_ljungbox function in Python is based on the p statistics of chi- 
square distribution, and the p values of the first-order difference are all less than 0.01. therefore, 
the data rejects the original assumption, i.e. the data is considered to be not pure random data 
and meets the condition of time series analysis. 
Moreover, we use Durbin-Watson test to test the first-order autocorrelation of the residuals in 
regression analysis. Statistic =1.1201360848279707, between 1 and 3, the original hypothesis 
is rejected, indicating that there is no autocorrelation in the first order of the residuals. 
 

 
Figure 4. ACF graph (left) and PACF graph (right) of golden ARIMA model Blue area with 

approximate pointwise 95% confidence interval. 
 
The blue area represents the upper and lower limits of approximately two standard errors 
±2/√252. 
The PACF diagram indicates that the AR(4) model is suitable. 
Because at the 5% level, the sample PACF appears to be significant at the first 4 intervals. PACF 
with intervals of 6, 7, 8, etc. were also slightly significant. For simplicity, we do not consider this 
higher-order model here 
Similarly, the time series data is used to establish a prediction model of bitcoin, and the model 
parameters are as follows: 
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Table 2. ADF test results of Bitcoin 
ADF test sheet 

variable difference order t p AIC critical value 

1% 5% 10% 

 
 

bitcoin 

0 -0.238 0.934 29168.936 -3.434 -2.863 -2.568 
1 -8.535 9.276e-08*** 29151.816 -3.434 -2.863 -2.568 

2 -15.723 2.383e-26*** 29187.267 -3.434 -2.863 -2.568 

Note: * * *, * *, * represent the significance level of 1%, 5% and 10% respectively. 
 
As shown in the table, the original data P = 0.934, the original assumption cannot be rejected, 
and the sequence is an unstable time series. 
When the difference is divided into order 1 and 2, P < 0.01, rejecting the original assumption, 
the sequence is a stationary time series. 
Since the AIC value of the first-order difference is smaller than that of the second-order 
difference, we use the first-order difference data of the original data for modeling. 
In addition, the output of acorr_ljungbox function in Python is based on the p statistics of chi- 
square distribution, and the p values of the first-order difference are all less than 0.01.Therefore, 
this data rejects the original assumption, i.e. it is considered that this data is not pure random 
data and meets the conditions for time series analysis. 
Moreover, we use Durbin-Watson test to test the first-order autocorrelation of the residuals in 
regression analysis. Statistic =2.012285183608588, between 1 and 3, the original hypothesis 
is rejected, indicating that there is no autocorrelation in the first order of the residuals. 
 

 
Figure 5. ACF Diagram (left) and PACF Diagram (right) of Bitcoin ARIMA Model, blue area 

with approximate pointwise 95% confifidence interval. 
 

 
Figure 6. Comparison of Real Values of Gold (Left) and Bitcoin (Right) with ARIMA 
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4. Model Forecast 

By comparing the predicted value calculated by the ARIMA prediction model with the real value, 
we can see that our prediction model can very effectively predict the changes and trends of 
asset prices, and has significant advantages in specific asset price prediction. Fig.7 and Fig.8 
show the historical backtesting results of our trading strategy model applied to the trading 
periods over the past five years. 
 

 
Figure 7. Total Assets Trend Chart 

 

 
Figure 8. showing the trend of cash, gold and bitcoin holdings 

5. Conclusion 

In conclusion, the trading strategy we have designed has significant advantages in controlling 
retracement and seeking excess returns above the market level. This is due to our appropriate 
use of ARIMA model to forecast the short-term time data, the efficient use of dynamic 
programming model to find the best trading opportunity and determine the trading strategy, 
and the clever use of divergence rate and the rise and fall of asset prices to fully predict the 
market trend and trading risk. 
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