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Abstract 
With the development of the investment market, the term quantitative trading is 
enduring. How to predict the price trend of investment products or determine when to 
hold and sell stocks through models is a hot issue in the financial field. In order to 
provide some reference for investors, I need to establish a basis for past data to solve the 
problem of holding and selling stocks. Firstly, in order to build a best strategy to trade, I 
merge the two tables given by the question and deal with missing values and so on.I set 
up cattle bear market model, give the quantitative after cattle bear market definition, 
and then establish a risk model, establish the formula of risk model, get the gold and 
currency risk trend chart, on the issue of how to buy and sell, I buy a grade, sell, the 
introduction of innovation So when to buy and sell has an intuitive and easily understood 
conclusion, that is, gold score is greater than 0.578 to buy, less than 0.297 to sell, bitcoin 
score is greater than 0.710 to buy, less than 0.559 to sell. Secondly, in order to solve the 
problem of predicting price trends, I build a price prediction model based on LSTM. 
Compared with RNN model, LSTM model has the advantages of strong memory and 
reduced computational complexity. I predict that the initial $ 1000 to September 
10,2021 ,the value of gold is $1763.54,and the value of bit is $4116.75.The prediction 
error of gold is about 0.99,and that of bitcoin is about 0.92.The closer the prediction 
error is to 1,the better the prediction effect is. Therefore, I believe that LSTM prediction 
can get better results. Thirdly, to prove the optimal trade strategy,I added a 3% 
perturbation to our previous approach, and then buying and selling again to see if the 
gains are better than the original approach, to conclude that our model can provide the 
best trade strategy. Finally,in order to test the sensitivity of our model,I increase the 
transaction cost of gold from 1% to 0.5% of the increase margin increased to 3%,the 
currency of the transaction costs begin to rise by as much as 0.5% from 2% to 4%.I draw 
a picture of the change of total assets and make a table of the change of transaction times. 
It is concluded that the influence of transaction cost on strategy is as follows: with the 
increase of transaction decreases and the total assets also decreases. In addition,the 
advantages and disadvantages of our model are summarized,so as to improve our model 
later. 
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1. Introduction 

Quantitative trading is an investment method to establish advanced mathematical models 
based on massive historical data, use computer technology to write programs, analyze 
investment returns and risks, form rational investment strategies, and issue buying and selling 
instructions programmed [1]. 
It effectively overcomes the subjective Iakness of people, greatly reduces the analysis and 
optimization time, improves the probability of obtaining the optimal returns, and plays an 
important role in the investment field. [2] Only a good quantitative trading strategy can truly 
help traders to minimize investment risk and maximize returns. And a good trading strategy 
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cannot be without the grasp of the complex market , building the best portfolio, looking for the 
optimal trading opportunity. Therefore, it is very important to establish a simple, scientific and 
efficient quantitative trading model. 
Considering the problem background and limitation, I mainly need to solve the following four 
problems:  
Develop a predictive model that can predict future market trends only based on daily prices so 
far. Future market prediction results derived from this model can be used to determine the 
amount of investment and develop the best buying and selling strategy. 
Build a planning model. By solving this model, it is possible to derive a trading strategy that 
achieves maximum profit. 
After a certain degree of perturbation on the basis of the derived trading strategy, it is proved 
that the strategy obtained by the established model is the best by examining the difference 
betIen the forecast model and the actual value. 
By changing a%, the sensitivity of the strategy under different transaction costs is judged, and 
the impact of transaction costs on the strategy and results is analyzed. 

2. Assumptions and Notations: 

2.1. Assumptions 
1) The buying risk of gold and bitcoin is only related to the corresponding bull market and 
divergence. 
2) The modeling process does not take into account inflation. 
3) Suppose gold and bitcoin are traded for money that only clears one day and starts generating 
returns the next. 

2.2. Notations 

 
Symbols 

 
Description 

GBM Gold bull market judgment value 

BBM Bitcoin bull market judgement value 

BBR Bitcoin buying risk 

BC Buy credits 

GBR Gold buying risk 

  

CCL Current cash limit 

BR Buying rate 

CT The cost of trading 

CP The current price 

SR 
 

Selling rate 

ST sell standard 



Volume 3 Issue 3, 2022 

DOI: 10.6981/FEM.202203_3(3).0019 

164 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
HS 

 
Hold share 

SL Selling lines 

r Residuals 
g 
 
𝑮𝟏 

 
𝑮𝟐 

Normalized increase value 
The average increase in gold over the previous 90 

days 
The 90-day average of gold convergence 

divergence on 3-day basis 

3. Model Establishment and Solution 

3.1. Bull Bear Market Judgement Model 
Bull bear market has been widely used in investment market. Investors like bull market 
investment, bear market does not invest.[3]So defining the bull bear boundary of gold and 
bitcoin  is very important for us to determine the best trading strategy.  
According to the relevant information consulted, I determine that the Iights of𝐺 ,𝐺 ,𝐵 ,𝐵 are 
0.652,0.348,0.647,0.353 respectively. So I define calculation formulas for evaluating the bull 
market value of gold and bitcoin as follow: 
 

1 2= 0.652 0.348GBM G G    
1 2= 0.647 0.353BBM B B    

 
A value greater than is a bull market for gold, a value greater than is a bull market for bitcoin, 
and vice versa. I used Python to get the distribution of the bull market in gold: 
 

 
Figure 1. Bull market map of gold 

 
As can be seen from the graph, if a bull market is calculated today, it will remain a bull market 
for a long period of time. HoIver, if a bear market is calculated yesterday and a bear market is 
calculated tomorrow, there will be a large error in today's calculation. In order to solve this 
error, I set the initial value at all times to 0 and adopt the accumulative method. If the current 
is calculated as a bull market, I add one to the value of the previous quarter; otherwise, if it is a 
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bear market, I subtract one. If it's a bull market it should be greater than 0, if it's less than 0, it's 
a bear market. 
Based on this, I get a more accurate distribution map of the golden bull bear market and the 
Bitcoin bull bear market. 
 

 

 
Figure 2. Bitcoin/gold bull bear market accurate distribution map 

3.2.  Risk Model 
An investment in addition to the return is objective, but also the size of the risk. [4]To this end, 
I developed gold and Bitcoin purchase risk models to refine our trading strategy. I establish the 
risk model calculation formula according to the calculation formula established by the bull and 
bear market judgment model, and its Iight is the Iight used by the previous model: 
 

20.652 0.348GBR GBM G     
20.647 0.353BBR BBM B     

 
Using Python coding, I get Figure 3 and 4: 
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Figure 3. gold buying risk trend chart 

 

 
Figure 4. bitcoin buying risk trend chart 

 
It can be seen that the risk of buying gold is much smaller than that of buying bitcoin. The risk 
variation range of bitcoin is very intensive in 2000 days, while the risk variation range of gold 
is relatively dispersed in 2000 days. 
Through multiple trials, I define the buy score as: 
 

   
1

10 5BR g GBM BBM r
GBR BBR

     
 

 
After plugging in the data, I get a buy or sell score comparison graph using Python: 
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Figure 5. gold buy/sell score comparison chart 

 
To sum up, our best trade strategy is: 
1) Buy gold with a score above 0.578, sell below 0.297. 
2) Buy bitcoin with a score above 0.710 and sell it with a score below 0.559. 
3) If you can buy both bitcoin and gold on a certain trading day, if the gold buy score minus gold 
buy score is more than twice as much as the bitcoin buy score minus bitcoin buy standard, then 
buy gold because there is more room for gold to increase in value. 
4) The amount of gold and bitcoin bought during the trading day was: 
 

 1CCL BR CT
BC

CP

  


 
 
5) The amount of gold and bitcoin sold during the trading day was: 
 

 = 1SL HS SR ST  
 

3.3. Price Forecasting Model based on LSTM 
In the field of investment, how to predict the short-term price trend of investment product 
prices has always been a concern for scholars and investors from all sides. Early investors 
mostly use traditional time series models in the field of statistics such as ARIMA and GARCH to 
predict the short-term price trend of investment products, but the premise of these models is 
that the price trend of this product is linear, and investment products will be because of 
investors' economic activities, such as buying, selling, etc., which have obvious disturbances to 
the data, so it is not in line with reality [5]. 
Nowadays, machine learning is widely used in various fields, and the high self-training and self-
learning ability of machine learning make it have a better effect on predicting the price of 
investment products. Considering that this topic is a short-term forecast, I introduce an LSTM 
model for price prediction based on the RNN model [6]. 
3.3.1. LSTM Price Forecasting Model Construction 
I set the window length to 90 days, the rolling window length to 1 day, and the forecast period 
to 5 days. That is, I use the data of the first 90 days to predict the price for the next 5 days. 
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Figure 6. Window and prediction length 

3.3.2. Training Methods 
The training method is shown in Figure 7, first set the input sequence step to 5, that is, only 
predict the acquired data each time, and then I consider that in order to make the shape of the 
input data to ensure the normal operation of the model, I must have better performance, so I 
define the number of LSTM layer neurons as 20, use adam as our optimizer to reduce loss 
function, and finally because the title requires that only the given gold and bitcoin prices can be 
predicted, so I input data dimensions as one dimension. 
 

 
Figure 7. Training flowchart 

3.3.3. Predict the Outcome 
Through training, I predicted that the initial $1,000, on September 10, 2021, the 1261st day, 
would be worth $1,763.54 in gold and $4,116.75 in bitcoin. 
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Figure 8. Predict price charts 

 
I use the prediction results of day n+1 to calculate the prediction error to verify the accuracy of 
the prediction. The result is shown in Figure 9. 
 

 
 

Figure 9. The prediction error 
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If the prediction error is closer to 1, the better the prediction effect, as can be seen from the 
figure, the prediction error of gold is about 0.99, and the prediction error of Bitcoin is about 
0.92, so I think that our prediction results are better. 

3.4. Proof of Best Strategy 
I have shown that our prediction accuracy is high, so I will prove that our strategy will achieve 
the maximum return by adding a 3% perturbation to our previous plan and then buying and 
selling again to see if the return is better than the original one. Through calculation: 
 

Table 1. Comparison of income before and after disturbance 
 No disturbance 3% of the disturbance 

Earnings/dollar 24253.998906 24135.242559 

 
Since the return after adding disturbance is not as high as the return of the original strategy, I 
believe that our strategy is the best strategy 

3.5. The Sensitivity of Policies to Transaction Costs 
They ask us to determine how sensitive our strategy is to transaction costs, so I adjust the trade 
costs for gold and bitcoin. The topic Assume that the transaction cost of gold is 1% and that of 
bitcoin is 2%, I increase the transaction cost of gold from 1% to 3% with an increase rate of 
0.5%, and that of bitcoin from 2% to 4% with an increase rate of 0.5%. The following table is 
obtained: 
 

Table 2. Transaction costs and number of transactions 
Gold transaction cost 1% 1.5% 2% 2.5% 3% 

Bitcoin transaction cost 2% 2.5% 3% 3.5% 4% 

Number of gold transaction 118 86 65 50 23 

Number of bitcoin transaction 633 620 386 217 102 

 
With the increase of transaction costs, the maximum total assets show a repeating process of 
decline, slow rise and decline: 
 

 
Figure 10. maximum change in total assets 
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Therefore, the impact of transaction costs on our strategy is as follows: In terms of transaction 
times, with the increase of transaction costs, the transaction times of gold and bitcoin decrease; 
in addition, with the increase of transaction costs, the transaction times of Bitcoin decrease 
greatly, while gold is relatively stable. In terms of total assets, the increase of transaction costs 
will reduce total assets. 

4. Conclusion 

So when to buy or sell, how much to buy, how much to sell? I have defined the formula for 
calculating the buy score, sell score, buy amount, sell amount, and up to this point, I have the 
best trade strategy: 
1) Buy when the gold score is greater than 0.578 and sell when less than 0.297. 
2) Buy when the Bitcoin score is greater than 0.710 and sell when it is less than 0.559. 
3) If you can buy both Bitcoin and gold on a certain trading day, if the gold buy score minus the 
gold buy standard is greater than the bitcoin buy score minus the bitcoin buy standard twice, 
then buy gold, because the gold appreciation space is greater at this time. 
4) The buying limit for gold and bitcoin during the trading day is: 
 

 1CCL BR CT
BC

CP

  


 
 
5) The selling limits for gold and Bitcoin during the trading day are: 
 

 = 1SL HS SR ST  
 

 
I have built a price prediction model based on LSTM, because this model has the advantages of 
simple and convenient calculation and high accuracy in predicting price trends. I predict an 
initial $1000, and on September 10, 2021, gold is worth $1763.54 and Bitcoin is worth $4116.75. 
After using Python to calculate the prediction error of the model, I got that the prediction error 
of gold was about 0.99, and the prediction error of Bitcoin was about 0.92, so I thought that the 
prediction result was better. 
After proving that our model can provide the best trading strategy, I get the best trading 
strategy that our model can provide by adding a 3% perturbation to our previous scheme and 
then re-buying and selling to see if the profit is better than the original. 
I plot an image of the total asset change by a series of changes in transaction costs (increasing 
the transaction cost of gold from 1% to 3% by 0.5% and from 2% to 0.5% to 4%), and get the 
change in the number of transactions as the transaction cost increases.  
Finally, the impact of transaction costs on the strategy and results is as follows: 
1) In terms of the number of transactions, with the increase in transaction costs, the number of 
transactions in gold and Bitcoin decreases, and the number of transactions in Bitcoin decreases 
significantly with the increase in transaction costs, and gold is relatively stable. 
2) In terms of total assets, an increase in transaction costs reduces total assets. 
The prosperity of the investment market makes how to accurately predict short-term price 
trends through models has always been the goal of scholars and investors of all kinds, and I 
believe that our investment strategy will play a certain role in helping investors. 
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5. Strength and Iakness 

5.1. Strength 
1) The LSTM model addresses the disadvantage that the RNN model forgets over time, and it 
has strong memory capabilities. 
2) LSTM models can reduce calculations by reducing the parameters that need to be learned. 
3) Innovative quantification of the scope of the bull and bear market, as Ill as the introduction 
of buy scores, sell scores, etc., are easier for investors to understand. 
4) High price prediction has better accuracy. 

5.2. Iakness 
1) Only past price data was used when training LSTM models, resulting in some places not being 
quite realistic. 
2) For data of higher orders of magnitude, such as 999 orders of magnitude, it is tricky to 
process. 
3) In terms of total assets, an increase in transaction costs reduces total assets. 
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