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Abstract 

The popularity of Bitcoin in recent years has ignited the enthusiasm of a new wave of 
investors. Since the birth of market investment, trading strategies for different assets 
have been the focus of investors' research. Our team conducted research on investment 
decisions of gold and bitcoin, aiming to help traders who buy and sell volatile assets 
frequently to maximize their profits. Our framework shows a strong accuracy, 
robustness. It can be easily implemented to other data with our model. 
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1. Introduction 

Investment is full of risks and challenges. It can make a senior investor become impoverished 
within a trading day, and it can also allow an ordinary person to experience the joy of making a 
fortune. For a long time, people's exploration of investment strategies has never stopped, and 
the richness of investment types is even more dazzling. There was a time when stocks took the 
world by storm. The advent of virtual currencies such as Bitcoin has made investing more 
difficult to control. So, what would be the best investment strategy for a trader without God's 
perspective. 

2. Assumptions & Nomenclature 

To simplify our modeling, we make the following assumptions: 

Asm.1   Bitcoin and gold do not have a situation where they cannot be traded due to the limit-
up and limit-down.  

Asm.2   Traders are rational, not affected by personal emotions, and operate strictly according 
to the decisions given by the model.  

Asm.3   All assets that traders want to sell can be sold successfully, and there is no situation 
where they cannot be traded. 

3. Main Idea 

For investors without God's perspective, the safest, most maneuverable and highly accurate 
investment method in addition to experience is to use past data to predict tomorrow's exchange 
rate trends[5] and make today's decisions. When making a decision, an essential consideration 
is whether the possible benefits of tomorrow are worth the corresponding transaction costs to 
transfer assets. Therefore, this model is mainly divided into two parts, the prediction part and 
the decision rule part. Under this idea, if the prediction is more accurate, most asset transfers 
can be profitable. 
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4. Prediction model based on CEEMDAN-SE-SWA-LSTM 

In order to make better decisions, the forecast itself is very important, and the forecast results 
will seriously affect the direction of the decision. Therefore, the choice of forecasting method 
becomes the top priority.  

We divide the time into three parts based on the amount of known historical data: 

1. Stand by the sidelines for the first 15 days, do not perform any operations, and do not buy 
any assets  

2. From the 16th day to the 400th day, apply time series forecasting for short-term forecasting 

3. Starting from 400 days, there is enough historical data to be used as a training set for long- 
and short-term neural networks for prediction.  

The long-term and short-term neural network[1]has a relatively complex structure, which 
avoids the problem of long-term dependence, and can remember information that needs to be 
remembered for a long time and forget unimportant information. At the same time, we adopt 
the idea of sliding window, and make predictions in a rolling cycle of 30 days, so that the 
learning effect is better.  

To further improve the prediction accuracy, we turn our attention to combined models that 
integrates the advantages of various model algorithms. A preprocessing algorithm is used to 
reduce the complexity of the original prediction sequence. The decomposition method can 
effectively extract data features and greatly improve the model accuracy[2][3]. Therefore, we 
decompose the exchange rate data through the fully integrated empirical mode decomposition 
of adaptive noise, and decompose the one-dimensional data with higher complexity into 
components with different frequencies that are more filterable. However, predicting so many 
components at the same time may be counterproductive, so the sample entropy is used to 
merge and reconstruct modal components with similar complexity as the final predictor. The 
specific operation process is as shown in Figure 1: 

 
Figure 1. Flowchart of the prediction model 
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1. Decompose the original data with CEEMDAN to obtain several modal components and 
residuals  

2. Use sample entropy to analyze the complexity of components, merge components with 
similar complexity, and reconstruct new components 

3. SWA-LSTM prediction for each reconstructed component  

4. Combine the forecast results of each component, which is the forecast value of the exchange 
rate 

5. Update the training set every 100 days, that is, add 100 to the number of training sets every 
100 days 

 

5. Decision Models Based on Risk and Growth Rates 

4.1. Risk Model 

Risk, the uncertainty of returns, is an important factor in daily trading strategies[4]. The 
consideration of risk mainly includes two aspects: one is the amount of loss per unit time, and 
the other is the degree of price volatility per unit time. This paper uses the loss rate of the 
previous 30 days and the unit price offset of the previous 30 days to characterize the risk. 

Loss rate of the previous 30 days 

Loss rate of the previous 30 days : When considering the loss rate of the previous 30 days of 

day , assuming that an investment of $1 (including transaction costs) in an asset on day 

, the asset will be sold on the n-1st day. The loss (including transaction costs) of the 

amount obtained after the withdrawal is the loss rate of the previous 30 days. 

 

This parameter represents the severity of the current asset loss. 

Unit Price Offset of the Previous 30 Days 

Unit price offset of the previous 30 days : When considering the unit price offset of the 

previous thirty days on day , it is assumed that the unit price change rate is the same every 

day from day  to day . Calculate the sum of the squares of the difference between 

the daily unit price and the assumed unit price for the thirty days from day  to day , 

and then calculate the average value. The two curves in Figure 2 below are the assumed curve 
and the actual curve respectively. 

The expression of the above assumed daily price is: 

 

Therefore, the unit price offset of the previous 30 days can be obtained as: 

 

This parameter represents the degree of asset volatility. 

Comprehensive Risk Factor 

The more serious the asset loss, the greater the degree of volatility, that is, the greater the loss 
rate of the previous 30 days and the greater the unit price offset of the previous 30 days, the 
higher the risk. When the loss rate of the previous 30 days is negative, it means that the profit 
for the previous 30 days is positive. Taking into account that the loss rate in the previous 30 
days can be positive or negative, and the unit price offset of the previous 30 days can only be 
positive, there is a comprehensive risk coefficient model: 
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Where ,  and  are risk parameters. The value range of the comprehensive risk coefficient 

is . 

 
 

Figure 2.  Schematic diagram of the assumed curve and the actual curve 

4.2. Decision Model 

When making decisions, deciders need to refer to the predicted results[6]. Although 
theoretically, in order to maximize the benefits of September 10, 2021, the price of each day 
before that date should be predicted, but considering the limitations of the prediction model, 
that is, the accuracy of the prediction data with a long distance from the prediction time is 
missing, this paper only predicts the following one day's price and make decisions based on 
that. 

Buying Decisions 

If the price on day  is , the predicted price on day is , the cost of purchasing a unit of 

asset on day  is , and the income of selling the asset on the next day is , then: 

 

If the income of selling the next day is greater than the cost of buying today, , it means 

that even if the asset purchased today is sold tomorrow, considering the transaction cost, it can 
still be profitable, so it can be purchased. Assuming  is the growth rate, we have: 

 

Combining the above formulas, it can be deduced: 

 

This indicates that an asset can be purchased when the expected growth rate of the asset is 
greater than some value related to the transaction cost of the asset. 

However, since both assets may meet the above requirements at the time of purchase, the 
question of how to choose should be considered, so you should consider the benefit of paying 
the unit cost, that is, the return on investment : 
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When both assets meet the requirements, compare the ROI of both assets and select the asset 
with the highest ROI. 

Transfer Decisions 

When one asset has a much higher return on investment than another, deciders should sell the 
low-yield asset and buy the high-yield asset, a process called transfer. 

Transferring a unit amount from asset 1 to asset 2 loses transaction costs, the actual amount 
transferred to asset 2 is: ： 

 

The asset appreciates on the second day after the transfer and becomes: 

 

If deciders sell all of asset 2 on the second day, they need to bear the transaction cost of the 
asset, and we can finally get: ： 

 

If the transfer is carried out, the income after the transfer should be greater than the income 
without the transfer. If the transfer operation is not performed, the unit amount in asset 1 also 
appreciates to , and the transaction cost is required to sell on the next day, and the final 

actual income is . So the transfer condition is:  

 

which is: 

 

This indicates that when the growth rate of asset 2 is high enough, the transfer operation should 
be carried out. 

Selling decisions 

Since the transaction cost of selling has been considered when buying, it should be sold in time 
when the growth rate is negative, that is: 

 

4.3. Improved decision-making model considering investment risk    

Investment risks should also be fully considered when making decisions, so the above decisions 
should be revised: 

Buying Decisions 

The most conservative investment strategy used in the above model is that decision makers 
will only buy if they can make a profit the day after the purchase. But in practice, investors often 
do not buy and sell quickly, and they often buy and sell on a weekly or even monthly basis. 
Therefore, sometimes even if the next day's earnings cannot make up for the transaction costs, 
investors will buy the asset if they are confident that the asset will continue to appreciate in the 
future due to the small investment risk. Therefore, when the investment risk is small, a more 
aggressive investment plan can be adopted, even if the investment cannot be guaranteed to be 
profitable immediately the next day. The investment at this time depends on the expected 
growth rate and the comprehensive risk factor of the asset. When the risk is high, the growth 
rate needs to be high. If the risk is low, the growth rate can also be low. 

So the purchase model is revised to: 
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Where  is the purchase parameter. When the comprehensive risk factor is large, the modified 

model is roughly the same as the unmodified model. 

The allocation of purchase funds should take into account both the return on investment and 
the comprehensive risk factor of the asset. The model allocates according to the ratio of ROI to 

the overall risk factor, i.e. . 

Transfer Decisions 

When considering whether to transfer, in addition to the return on investment, the 
comprehensive risk factor should also be considered. The greater the risk, the more it should 
not be transferred. This means that even if the investment cannot be made immediately 
profitable the next day, since the risk of the asset is relatively low, it can be considered that it 
will gradually become profitable in the future, so it can be transferred. New transfer decisions: 

 

Where k is the transfer parameter, which is used to balance the relationship between risk and 
profit. The above formula means that in order to transfer funds from low risk to high risk, the 
high risk gain rate is much higher. The transfer ratio is similar to the purchase ratio. 

Selling decisions 

The selling decision of the original model is to sell as long as there is depreciation, which is 
obviously too conservative. In fact, depending on the market risk factor, a more aggressive 
investment strategy can be adopted, because while a decline can be expected tomorrow, low-
risk markets tend to rise in the future. Compared to frequent sales, the loss caused by it is less 
than the loss of transaction cost. Therefore, the threshold for selling should be adjusted. This is 
similar to buying decisions. So there is a new sales decision model: 

 

5. Conclusion 

According to the specified decision-making rules, solve the decision-making for different assets 
respectively, and obtain their own decision-making matrix. 1 means buy, 0 means hold, -1 
means sell, as is shown in Figure 3.  

 
Figure 3.  Decision result 
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