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Abstract 
With the economic development and the change of people's investment consciousness, 
asset investment has become an important part of modern life. The purpose of this paper 
aims to help market traders make full use of the gold coins and bitcoins to maximize 
their total profits. Therefore, we test the correlation between the gold and bitcoin value 
streams. The results show that they vary between positive and negative correlation. 
Based on the changing trend of the comprehensive value of gold and bitcoin, this paper 
puts forward four trading scenarios, that is, bottom, peak, hedge and stable, and gives 
the corresponding optimal trading strategies. On the basis of the above classification 
model, we set up a multi-objective nonlinear programming model to ensure the optimal 
quantitative investment strategy under the constraints of each transaction scenario. The 
results shows that our model is the best in terms of the number of transactions and 
annualized rate of return, and the winning rate is second only to MACD. 
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1. Introduction 

With the development of the economy and the shift in people's investment awareness, asset 
investment has become an important part of modern life. The financial market is a high-risk, 
high-return investment area in which investors are constantly exploring its intrinsic laws and 
searching for its effective analytical methods and tools in order to maximise investment returns 
and minimise investment risks. Market traders often buy and sell volatile assets with the goal 
of maximising total returns. Two of these assets are gold and bitcoin. During the current 
economic downturn, gold is a relatively low risk investment and is often seen as a good tool to 
preserve value on the upside. Compared to gold, bitcoin, with its high yield, high volatility, 
freedom from regulation and tax-free nature, will have tremendous scope for growth in the 
financial sector, and using gold and bitcoin to complement each other for asset hedging has 
become a common income strategy. On this basis, financial analysis models such as quantitative 
investment are beginning to proliferate and play an important role in investment decisions. 
This paper first establishes a value flow prediction model for gold and Bitcoin. Historical value 
flow data is used to predict changes in the value of gold and Bitcoin in the coming days. Secondly, 
four types of decision scenarios are given based on the fluctuations and correlation of the two 
values over time. We use Bollinger Bands as the basis of judgement, taking into account the 
differences in profitability and risk of gold and bitcoin, we consider them jointly and set 
different judgement indicators for each of them. Finally, a multi-objective optimised benefit-
risk assessment model was developed. Based on the changes in the value streams of both and 
the decision scenarios over the past five years, we set different constraints for the three types 
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of decision scenarios, divided the expected benefits into a multiple time series function of 
forecast value and value-added potential, and divided the combined risks into a comprehensive 
evaluation model of transaction costs and portfolio risks to seek the optimal strategy for each 
day. 

2. Data Processing and Analysis 

For the study of gold and bitcoin value streams, extracting information from the daily price data 
and uncovering valuable quantitative features is the first step in studying the trends in both 
price movements over the past five years. We first process the raw data and use descriptive 
statistics to analyse the quantitative characteristics of the gold and bitcoin value streams in 
terms of concentrated and discrete trends, variance and frequency distributions, and finally 
obtain the distribution patterns at the time dimension level. 
We begin with a simple analysis of the low-frequency returns of gold and bitcoin, as shown in 
Table 1 and Figure 1. Given the continuity of the investment process and the persistence of price 
volatility, we believe it is more meaningful to study the price volatility of both over a longer 
period of time. We use the weekly and monthly returns of gold and bitcoin to reflect the trend 
of both over time, and the standard deviation to reflect the volatility of both prices. The results 
of the descriptive statistics are as follows. 
 

Table 1. Statistics Summary of Value 
Value Mean Std Median Max Min Skewness Kurtosis JB Test ADF Test

Gold Value 1464.02 249.64 1328.73 2067.15 1125.70 0.65 1.89 No No
Bitcoin Value 12206.07 14043.89 7924.46 63554.44 594.08 2.01 6.08 No No  

 
Table 2 shows the descriptive statistics for the values of bitcoin and gold. It can be seen that the 
daily value and volatility of bitcoin is higher than that of gold, and both the return series of gold 
and bitcoin have excess kurtosis and no zero skewness. The results of the JB (JarqueBera) test 
indicate that the two return series do not follow a normal distribution. The results of the ADF 
test (Augmented Dickey-Fuller Test) indicate that the two return series have non-stationary 
properties and are non-stationary time series. Figure 1 shows a line graph of the value series of 
bitcoin and gold. Both have fluctuations in value from day to day, but in the long term, both have 
an upward trend and have investment potential.  
 

Table 2. Statistics Summary of Yields 
Yields Mean(%) Std(%) Median(%) Max(%) Min(%) Skewness Kurtosis JB Test ADF Test

Gold Daily Yields 0.02 0.66 0.02 5.27 -5.13 -0.39 12.56 No Yes
Gold Weekly Yields 0.14 1.96 0.22 7.07 -10.35 -0.39 6.83 No Yes
Gold Monthly Yields 0.57 3.72 0.21 9.94 -8.49 0.25 2.85 Yes Yes
Bitcoin Daily Yields 0.32 4.15 0.14 21.87 -39.14 -0.13 10.92 No Yes

Bitcoin Weekly Yields 2.37 11.90 1.66 46.31 -41.94 0.09 4.45 No Yes
Bitcoin Monthly Yields 10.37 26.02 7.37 70.57 -41.14 0.30 2.63 Yes Yes  

 
Table 2 shows the descriptive statistics for gold and bitcoin yields. Bitcoin has a higher average 
yield than gold, which has a smaller range of price volatility, and Bitcoin's yield volatility is 
significantly greater than gold's yield volatility. 
The standard deviation of weekly yield volatility for Bitcoin is 11.9%, while the standard 
deviation of weekly yield volatility for gold is 1.96%. Bitcoin is approximately 6 times more 
volatile than gold, while Bitcoin's weekly yield is approximately 17 times greater than gold's 
yield. Figure 1 shows a line graph of the weekly returns of gold and bitcoin. The monthly return 
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on Bitcoin is approximately 32.4 times the daily return, while the standard deviation of 
Bitcoin's monthly return is approximately 6.3 times the standard deviation of the daily return, 
potentially yielding higher risk-adjusted returns for monthly holdings. 
Both gold and bitcoin have excess kurtosis and non-zero skew in their return series. As the 
skewness of the daily and weekly returns is less than zero and the kurtosis is greater than the 
skewness of a normal distribution3, the JB test on the daily and weekly return data shows that 
they do not follow a normal distribution and exhibit the sharp peaks and thick tails often 
associated with financial asset returns. However, the monthly returns for both are 95% certain 
to follow a normal distribution. The results of the ADF test on the yield data show that the yield 
data series of both have 95% certainty of being a smooth time series.  
 

 
Figure 1. Time series diagram of price and weekly yield of gold and Bitcoin 

3. ARIMA Model for Time Series Analysis of Gold and Bitcoin Separately 

The differential autoregressive moving average model, or ARIMA model for short. It is denoted 
as ( , , )ARIMA p d q , where p  is the autoregressive coefficient, q  is the moving average order 
and d  is the differential order. Since financial prices such as gold and bitcoin generally have 
non-stationary characteristics, and are non-stationary time series, we can make forecasts of 
their future price flows by building time series ARIMA  models of the price flows of both stocks. 

The ( , , )ARIMA p d q  model takes the form of: 
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Using the Spss  software package, the best-fit model was obtained based on the optimal solution 
of the parameters ( p , d , q values) and the residuals (white noise). The best-fit models for gold 
and bitcoin are (3,1,7)ARIMA  and (0,1,2)ARIMA  respectively, and the results are as follows: 

 

1 1 4 5 6 70.87 0.142 0.64 0.53 0.713t t t t t t ty y                 (4) 
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1 20.66t t ty y     (5) 

 
Finally, the model's fitness for purpose is tested, i.e. the independence of the model is tested. 
Once the corresponding model has been built, we can use this model to make forecasts for the 
corresponding stocks. 
 

 

Figure 2. ACF and PACF of gold ARIMA model 
 

 

Figure 3. ACF and PACF of bitcoin ARIMA model 
 
Figures 2 and 3 show schematic diagrams of the residuals of the ACF and PACF for the ARIMA  
model, which allow for verification of the reasonableness of the Spss  solution parameters 
based on the trailing and truncated tails. Significance tests were performed on the estimated 
parameters of the model and all parameters were found to be significant. 
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Based on the fit of the model, the goodness of fit 2R  was calculated and was 0.998 and 0.997 
respectively, indicating that the fitted values did not differ significantly from the true values. 
Figure 4 and Figure 5 show the fit effect of the ARIMA  model. 
 

 

Figure 4. Fitting effect of gold ARIMA model 
 

 

Figure 5. Fitting effect of bitcoin ARIMA model 
 
However, when we performed the Ljung-Box test on both models, we found that the p-value of 
the Q-statistic for the squared residuals was <0.05, indicating that the residual distributions for 
both gold and bitcoin were not white noise. Dynamic covariance study of gold and bitcoin - 
based on semi-parametric MIDAS quantile point regression model pointed that gold and Bitcoin 
are at risk of contagion (Ye Wuyi et al., 2018), which we believe this may be due to the 
correlation between gold bitcoin. 

4. Cointegration Test for Gold and Bitcoin 

4.1. Overall Correlation Analysis 
Based on the results of the JB test, the price flows of both gold and bitcoin do not satisfy a normal 
distribution and cannot be analysed using Pearson correlation, so we use Sperman correlation 
analysis and calculate a significant positive correlation coefficient sr = 0.78, which indicates 
that overall, the price flows of gold and bitcoin are significantly positively correlated.  
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4.2. Segmental Correlation Analysis. 
Research shows that gold and bitcoin correlation is uncertain (Kim, 2017). We have analysed 
the correlation between gold and bitcoin by taking different time periods over a five year period. 
The results show that the two are also significantly correlated most of the time, but no longer 
remain positively correlated in terms of overall trend, but vary between positive and negative 
correlation. 
 

 
Figure 6. Segmental correlation analysis 

 
Figure 6 shows the analysis of the correlation between gold and bitcoin on a six-month cycle. 
Red indicates a positive correlation and blue indicates a negative correlation; darker colours 
indicate larger absolute correlation coefficients; p-values less than 0.05 indicate that the gold 
and bitcoin correlation is significant. 

4.3. Cointegration Test. 
The theory of cointegration (Cointegration) was proposed by Engle and Granger in 1978. To 
further explore the relationship between the value streams of gold and bitcoin, we conducted a 
cointegration test. 
According to the results of the ADF test, the value series of both gold and bitcoin have non-
stationary properties and are non-stationary time series, but after first-order difference, both 
change to a stationary series. Thus the value streams of gold and bitcoin have both non-
stationary and homogeneous order single integer properties, satisfying the prerequisites for 
conducting the cointegration relationship test. If the two series are also smooth after some 
linear combination, then there is a cointegration relationship between them. 
We use the Engel-Granger two-step cointegration test to perform a unit root test on the 
residuals of the regression equation. The specific steps are: firstly, we estimate the 
cointegrating regression equation using OLS to obtain the coefficient of co-integration of 0.89; 
and then ADF test to test the smoothness of the residuals. The results show that the residual 
terms do not satisfy the stationarity, indicating that the value flows of gold and bitcoin are not 
sufficiently cointegrated. 

5. Cointegration Test for Gold and Bitcoin 

Based on the above analysis, we can draw the characteristics and role of gold and bitcoin in 
portfolio investment: 
Gold has less volatility and less risk than bitcoins. Because of the lower rate of return, 
transaction cost is much greater than weekly rate of return. So gold is not suitable for fre-quent 
trading, but suitable for longer-term investment, and the role in portfolio investment is value 
preservation. 
Compared to gold, bitcoin yields fluctuate and pose a greater risk. Although its transac-tion 
costs are higher than gold, sharp fluctuations bring higher returns, which is suitable for venture 
capital and high returns with gold. 
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There is a correlation between the change in the value of gold and bitcoins, so when formulating 
trading strategies, we should not only consider their own financial characteris-tics, but also the 
value trend of both. 

6. Model I: Optimising the Bollinger Bands Decision Model 

6.1. Simple Bollinger Bands Strategy 
Technical analysis has a long history in stock market trading. Bollinger Bands are one of the 
many technical analysis methods. Bollinger Bands are made up of three main lines: the top line, 
the middle line and the bottom line. The middle rail is the moving average of the stock price, 
while the upper and lower rails are symmetrical about the middle rail, and the distance between 
them and the middle rail is portrayed by a multiple of the moving standard deviation of the 
stock price, so Bollinger Bands capture the volatility of the stock price very well. The formula 
for their calculation is: 
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where Pt is the closing price of the stock at time t , tMiddle  is the mid-track of the stock at time 
t , tLower  is the lower track of the stock at time t , tUpper  is the upper track of the stock at time 
t , n  is the number of moving average days and k  is the adjustment parameter. 
The upper Bollinger Bands are often considered overbought, while the lower Bollinger Bands 
are often considered oversold. Since in the long run the stock will always converge to its 
intrinsic value, when the stock hits the upper Bollinger Bands it will fall back towards the mid-
bar, and when it hits the lower Bollinger Bands it will rebound towards the mid-bar. This is how 
the simplest Bollinger Bands strategy (BB ) was devised. Buy when the price crosses the lower 
Bollinger Bands from above and sell short when the price breaks the upper Bollinger Bands 
from below. The strategy has two parameters to be determined: the number of moving average 
days n and the adjustment parameter k, abbreviated as ( , )BB n k . 

6.2. Improved Quantitative Investment Model 
Step1: Determining the type of value stream characterised by the Bollinger Bands. 
Based on the historical prices of gold and bitcoin over the past 5 years, we divide the decisions 
into 4 categories. 
If the price of gold (Bitcoin) is above the upper track line on that day, we judge its future value 
stream to be in a clear upward trend; similarly, if the price of gold (Bitcoin) falls out of the lower 
track line on that day, we judge its future value stream to be in a clear downward trend. 
Accordingly, we divide the joint daily trends in gold and bitcoin into four characteristic types. 
Peak type: falls out of the lower Bollinger line and the value of the day is significantly lower 
compared to the past, indicating that the value has reached its peak. 
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Trough: Longer than the upper Bollinger Bands, with a significant increase in value on the day 
compared to the past, indicating that the value has reached a trough. 
Hedonic: Gold and Bitcoin are moving up and down in opposite directions. 
Stable: between the upper and lower Bollinger Bands, with no clear upward or downward trend. 
As shown in Figure 7, the daily price combinations for gold and bitcoin can be divided into 9 
groups based on the three scenarios of up, down and flat, and we have divided the daily 
decisions into 4 categories based on these 9 groups.  
 

 
Figure 7. Nine combinations of daily price fluctuations for gold and bitcoin 

 
Step2: Make daily decisions based on characteristic types and economics. 
The primary task of the model is to maximise profit over time, so finding the troughs and peaks 
of the value stream is key to making daily decisions. A period of buying at the lowest point and 
selling at the highest point will maximise interest over that period. In addition, there is always 
risk in trading and we want to minimise the risk in the model to hedge against it. While in 
general Bitcoin and gold are positively correlated, it is difficult to state the correlation between 
the two over a shorter period of time. The transaction fees of 0.01gold   and 0.02bit   of the 
transaction amount respectively are much greater than the average daily return of both, so 
frequent trading would massively reduce returns over time and therefore we do not trade 
unless necessary to reduce transaction costs. 

7. Model Ⅱ: Multi-objective Optimization Model 

In the process of analysis of decision types, this paper establishes an improved quantitative 
investment model based on Bollinger Bands 4 types of decision models, namely peak, trough, 
hedge and smooth, by considering the daily value fluctuations and growth trends of gold and 
bitcoin, and giving the best daily decision according to the economic characteristics of the 
different types. Based on this, we investigate the multi-objective optimisation problem where 
the optimal value of daily trading volume has been maximised and risk minimised in the long 
run, to determine the best accurate decision for a single day and over a longer period of time, 
given the overall correct trading direction. 

7.1. Simple Exponential Smoothing Model to Predict Future Values 
The simple exponential smoothing model, for series with no trend or seasonality, whose only 
smoothing parameter is the level. Simple exponential smoothing is very similar to the ARIMA  
model and includes a zero-order autoregressive, a first-order difference, a first-order average 
moving value, and no constants. Looking at the line graphs of the value streams of gold and 
bitcoin, it is clear that neither has a trend or seasonality. According to the results of the ADF 
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test, the value series of both gold and bitcoin have non-stationary properties and are non-
stationary time series, but after first-order differencing, both change to a stationary series. 
Therefore, the simple exponential smoothing method can be used to predict the value of gold 
and bitcoin on the next day. 

Let tx  be the observed data for period t  and tS  be the smoothed value for period t . Let 
^

1ttS x  , 

the predicted value for period 1t  , and satisfy: 
^

1 (1 )t t tx x x      . 

It can be shown that:  
 

^
2 1

1 1 2 1 0(1 ) (1 ) ?·· (1 ) (1 )t t
t t t tx x x x x l       
             (10) 

 

where 
^

10l x  is considered as the initial value and 𝛼 is called the smoothing factor. 

Clearly: each smoothed data is obtained by weighting and summing the past data, the closer to 
the current period, the greater the weighting. This means that the closer the data is to the 
current period, the greater the impact on the current period; conversely, the earlier the data is, 
the smaller the impact on the current period. There are three principles regarding the choice of 
the smoothing coefficient 𝛼. 
1) If the time series has irregular ups and downs, but the long-term trend is close to a stable 
constant, the value of α is generally small, taken between 0.02 and 0.05. 
2) If the time series has a tendency to change rapidly and sharply, the alpha value should be 
taken to be larger, taking 0.3-0.5. 
3) If the time series is changing slowly, a smaller value should also be chosen, typically between 
0.1-0.4. 
The value streams of both gold and bitcoin have a tendency to change rapidly and significantly, 
so alpha should be taken as 0.3-0.5. In addition, since gold has a smaller range of price 
fluctuations, and bitcoin's returns fluctuate significantly more than gold's, the smoothing factor 
is taken as 0.3 for gold and 0.5 for bitcoin. 
The characteristics of the formula for the simple exponential smoothing method dictate that it 
can only predict the value of the next day and not the exact change in value over a longer period 
of time in the future. Therefore in the following analysis we use the next day's value as an 
approximation to represent the expected future returns. 

7.2. Multi-objective Optimization Modeling 
Based on an improved quantitative investment decision model based on Bollinger Bands, this 
model needs to further determine the specific value of the single day trading volume and seek 
the best accurate decision for a single day and over a longer period of time. Here we argue that 
the optimal decision will be influenced by two key indicators: namely the expected return f1 
and the composite risk f2. where the expected return is a multivariate time series model 
consisting of both forecast value and value-added potential, and the composite risk is a 
comprehensive evaluation model consisting of transaction cost and portfolio risk. 
7.2.1. Determination of the Peak-type Objective Function 
This model is a multi-objective optimisation model, there are two optimisation objectives, the 
first optimisation objective is to maximise the expected return over a period of time and its 
expression is: 
 

1 1 2 2 3 3max f x x v x v    (11) 
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where 1f  denotes the full value of ownership after the transaction has taken place, 1x  is the cash 

value, 2x , 2x  are for the gold and bitcoin holdings respectively, and 2 3v v、  are for the gold and 
bitcoin holdings respectively. 
The second optimisation objective is the combined risk consisting of transaction and portfolio 
costs, and we wish to minimise the combined risk associated with the daily transactions, which 
is expressed as: 
 

2 2' ' 3 3
2 2 3

1 2 2 3 3 1 2 2 3 3

min gold bit
gold bit

x v x v
f G v B v

x x v x v x x v x v

        
   

 (12) 

 

where 2f  denotes the combined risk of daily trades, in the peak type we will execute the 

decision to sell gold and bitcoin holdings, gold  and bit  denote the transaction fees for gold and 

bitcoin respectively, the change G , B  denotes the change in both holdings, and 'v  denotes 

the value stream the day after the trade. : 1 : 2gold bit   .In addition to the risk associated with 

trading, we set risk factors gold  and bit  for gold and bitcoin to describe the magnitude of 
portfolio risk, as the two financial currencies differ significantly in economic indicators of value 
and stability, respectively. In the descriptive statistics section, we find that the standard 
deviation of returns for gold and bitcoin, consistently have a 1:6 ratio, so we set the risk factor 
for both to 1:6 as well. 
In addition, we need to take into account the variability of individual investments, and we define 
a risk factor   to simplify the multi-objective function. A larger   indicates that the decision 
maker prioritises profitability, while ignoring to some extent the combined risks associated 
with the transaction. The two optimisation objectives are further simplified by transforming 
the multi-objective optimisation into a single objective optimisation, and the resulting new 
equation is as follows: 
 

2 1(1 )( )f f f      (13) 

 
Further analysis on   is in the sensitivity analysis section, which discusses the optimal risk 
factor, the balance between conservative and adventurous. 
7.2.2. Determination of Constraints 
First, for the topping decision, there is the following corollary; the decision maker observes that 
the value of gold (or bitcoin) continues to rise over time, which indicates that the gold currently 
held is on an increasing trend of appreciation and that the total real assets owned are also rising. 
In order to maximise returns over time, we consider the combined risk of cash to be zero, so 
the decision maker wants to identify the location of the volatility peak and sell at the peak of 
value, converting gold (or bitcoin) to cash to maximise returns while minimising risk over time. 
It follows that on the day that the peak is known, the decision maker will make a large sell-off, 
and the resulting change in trading volume and value flow should satisfy the following 
constraints: 
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where ' ' '
1 2 3x x x、 、  are the pre-trade cash gold and bitcoin holdings respectively, G B  、 are 

the decreasing values of gold and bitcoin holdings, the holdings of the three financial 
instruments always remain non-negative and the maximum change in holdings should not 
exceed the pre-trade holdings. 
7.2.3. Determination of the Valley Type Objective Function 
The valley bottom model is also a multi-objective optimisation model with two optimisation 
objectives, the first being to maximise the expected return over time and the second being to 
minimise the combined risk. The expression 1f  for the value stream is the same as for the peak 

model, but the combined risk 2f  changes significantly due to differences in the form and volume 
of transactions and is expressed as: 
 

' '
2 22 3 3 3

2
1 2 2 3 3 1 2 2 3 3(1 ) (1 )

gold bit
gold bit
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where 2f  represents the combined risk of the daily trades. In the trough type we will execute 

the decision to buy gold and bitcoin holdings, with the change in G B  、  representing the 

change in both holdings, : 1 : 2gold bit    and : 1 : 6gold bit   . 

The same variability in individual investment needs to be considered in the trading process for 
the trough type decision, and the risk factor   is also present, with the simplified model 
remaining unchanged. 
7.2.4. Determination of Constraints 
In contrast to the peak type decision, for the trough type decision there is the following 
corollary, where the decision maker observes that the value of gold (or bitcoin) has been 
declining over time, indicating that the current holdings are in a constant depreciation trend 
and the total real assets owned are declining. However, we have already achieved benefit 
harvesting in the top line decision, the gold (or bitcoin) holdings have fallen significantly and 
although in the short term the decision maker's total assets are falling, they are always on an 
upward trend compared to initially as the decision maker has accumulated a significant level of 
asset accumulation as a result of ongoing benefit harvesting in the top line. Whereas the 
combined risk of cash is zero, in order to achieve the objective of maximising returns over time, 
buying heavily at the trough will build up capital for the next benefit harvest at the top decision, 
and at the same time the lower the price bought the greater the price flow interpolation with 
the top will be and the greater the return. The decision maker therefore wants to identify the 
bottom of the volatility and buy in bulk at the lowest value point, converting more cash into 
gold (or bitcoin) to indirectly maximise returns while leveraging the liquidity value of idle cash. 
It follows that on the day that the trough is known, the decision maker will make a large buy, 
and the resulting change in volume and value flow should satisfy the following constraints. 
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where G B  、 are the decreasing values of the gold and bitcoin holdings, the holdings of the 
three financial instruments remain non-negative at all times, and the maximum change in 
holdings should not exceed the pre-trade holdings. 
7.2.5. Determination of the Hedge-type Objective Function 
As with the previous two models, the hedged model is also a multi-objective optimisation model 
with two optimisation objectives, the first being to maximise the expected return over time and 
the second to minimise the aggregate risk. As with the first two, the expression 1f  for the value 

stream is the same, but the combined risk 2f  changes significantly due to differences in the form 
and volume of trades, and is expressed as: 
 

' '
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2 2 3
1 2 2 3 3 1 2 2 3 3(1 ) (1 )

gold bit
gold bit gold bit

gold bit

x vG v B v x v
f G v B v

x x v x v x x v x v

    
 

 
   

       
       (17) 

 

where 2f  represents the combined risk of the daily transactions, in the hedge type we would 
execute the hedging decision to simultaneously buy and sell gold and bitcoin, i.e. sell (or buy) 
the same number of futures contracts on a futures exchange as a hedge to avoid or reduce losses 
in the event of adverse price movements, while temporarily replacing physical transactions 
with futures transactions. The amount of change G B 、  represents the change in both 
holdings, : 1 : 2gold bit    and : 1 : 6gold bit   . Clearly the combined risk associated with 
executing a hedge transaction becomes more complex as both gold and bitcoin undergo a 
change in price flow, and we consider the combined risk as the primary objective for 
optimisation in the hedge type decision. 
In executing the hedge in the hedge type decision the trading process also needs to take into 
account the variability of individual investments, the risk factor   is also present and the 
simplified model remains unchanged. 
7.2.6. Hedged Decision Optimisation Model Summary 
Eq. (23), which is the optimisation model for the maximum daily benefit of the peak-type 
decision, is finally summarised as shown below. 
 

2 1(1 )( )f f f      
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(18) 

8. Results. 

8.1. Results for Question 1 
The initial capital used for this backtest was US$1,000, and the total capital after the trade was 
completed was US$74,184.31, for a total backtest gain of approximately 7318.43%. Throughout 
the backtest trading period, the account capital was as low as $936.5654 when the capital was 
lost and as high as $100,449 when the account was profitable. As can be seen from Table x-x, 
the main profits were concentrated in the periods September 2016 to September 2017, 
September 2018 to September 2019 and September 2020 to September 2021, achieving annual 
net gains of 777.48%, 80.06% and 294.66% respectively, while even negative gains were 
recorded in the period September 2019 to September 2020. 
 

Table 3. Statement of profit and loss for the year 
Time Net profit Rate of return Commission 

2016.9-2017.9 7774.76 777.48% 10 
2017.9-2018.9 2997.81 34.16% 76.9527497 
2018.9-2019.9 9424.77 80.06% 65.78747672 
2019.9-2020.9 -2400.19 -11.32% 391.4978874 
2020.9-2021.9 55387.15 294.66% 687.7412485 

 

 
Figure 8. Total account equity versus bitcoin price trend under model decisions 
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The total account equity under the model decision roughly coincides with the price movement 
of bitcoin. By observation, there is a small fluctuation in the price of bitcoin from September 
2019 to September 2020, while total account equity is relatively flat under our model decisions. 
 

 
Figure 9. Gold and Bitcoin trading volumes 

 
The feature is evident when gold is bought and sold in small amounts and bitcoin is sold and 
sold in large amounts, and when the value of bitcoin is highly volatile. That is, the model tends 
to buy and sell investment products with higher yields. 
2, In 1826 days, the model bought and sold a total of 53 times, indicating that the model does 
not trade most of the time in order to reduce unnecessary fees. 
Most of the time, the model does not trade one investment product alone, and the hedging 
strategy is fully reflected. This suggests that the gold and bitcoin markets are trending in 
opposite directions from time to time, and confirms that the gold and bitcoin value streams 
sometimes show a significant negative correlation 

8.2. Results for Question 2 
①Comparison with other models 
The Bollinger Bands, MACD-based quantitative trading model (Liu Feng et al., 2018) and KDJ-
based quantitative trading model (Liu Feng et al., 2018), along with our pre-modification pure 
target planning model, yielded the following results by backtesting simulations on historical 
data from 2016-2021. 
 

Table 4. Results of backtesting data of the model against other models 
Model Number of trades Annualised return Win rate 

Bollinger Bands 88 649.08% 22.64% 
MACD 47 422.87% 63.64% 

KDJ 50 309.56% 47.62% 
Pure Target Planning 104 664.84% 15.38% 

Improved target planning 174 768.83% 53.07% 

 
The number of trades is an important parameter in a strategy's ability to effectively spot trade 
signal points, and a good strategy should have a sufficient number of trade signals for its trade 
execution. The improved target planning model is able to capture the timing of trades with great 
sensitivity. 
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Annualised return is the most intuitive representation of a strategy's return and a good strategy 
must first have a relatively high rate of return. The improved target planning model has the 
highest return of the five models, demonstrating the superiority of the strategies it offers. 
The win rate reflects both the number of trades and the number of profitable trades within 
them, which intuitively reflects the probability of a winning strategy. A good strategy with a 
high win rate is more likely to ensure profitability. The improved target planning model has a 
win rate of over 50%, demonstrating that it offers a high probability of strategy profitability. 
Optimal degree of risk parameter  . 
The model is made optimal by adjusting the parameter  . The range of values of   is [0,1] and, 
as shown in Figure 10, the asset outcome at the end of the trading period changes as   takes 
on different values at [0,1].   increases from 0 to a value of 0.5 where the model effect is 
optimal. This demonstrates that our model provides the best strategy. 
 

 

Figure 10.  -result change curve 

8.3. Results for Question 3 

①When the :gold bit   ratio is constant, as in Figure 11, the final asset at the end of the trading 
period gradually decreases as the commission rate increases. An increase in the handling fee 
rate increases the model objective function 2f . To reduce the impact of an increase in 2f , 
investments are reduced and cash holdings are increased. The risk of the investment increases 
and the return decreases. 
 

 

Figure 11. :gold bit   ratio is constant 
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② gold  remains constant and changing bit , as in Figure 15, the final asset at the end of the 
trading period increases and then decreases as the bitcoin commission rate increases, with the 
result reaching a maximum at the original commission. For bit <0.02, as αbitcoin decreases, the 

risk in 2f  decreases, the transaction cost of bitcoin decreases, investment in bitcoin increases 
and investment in gold decreases in relative terms, and the smaller amount of gold held is not 
sufficient to hedge against a decline in bitcoin price volatility, which may reduce profits or even 
lead to losses. bit >0.02, as α bitcoin increases, the coefficient on the amount of bitcoin sold in 

2f  increases, selling of bitcoin decreases and holding of bitcoin increases. At the same time, the 
total transaction fee rate increases, more cash is held to reduce risk, the total investment 
decreases and the size of the profit is reduced. 
 

 

Figure 12. gold  remains constant and changing bit  

 

With bit  constant and changing gold , as in Figure 16, the final asset at the end of the trading 

period gradually decreases as the gold commission rate increases. As gold  increases, the 

coefficient on the amount of gold sold in 2f  increases, with fewer sales of gold and more gold 
held. At the same time, the total transaction fee rate increases, more cash is held to reduce risk, 
the total investment decreases and the size of the profit is reduced.  
 

 

Figure 13. bit  remains constant and changing gold  
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9. Sensitivity Analysis. 

In order to analyze the sensitivity of the weights of Model 1 and Model 2, we select different 
values of β to calculate the precision of the Combined Forecast Model. We select each element 
in the set {0.1, 0.3, 0.6, 1, 3, 6, 10} in sequence as the value of β. The boxplot is showed below. 
 

 
Figure 14. Sensitivity analysis of β 

 
It can be concluded from the figure above that β has little effect on the prediction precision of 
our model, which shows that our model is robust and very reliable. 
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