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Abstract. To be or not to be is the question that Hamlet thinks about day and night. Gold or Bitcoins 
is an inescapable choice for investors. With the ever rising and falling price of gold and bitcoin, 
making good trading decisions is of paramount importance. In this paper, we systematically 
investigate how data can be used to quantify the factors that influence trading and make the final 
decision. We build time series with the prices of gold and bitcoin for the past five years. We obtained 
forecast curves with excellent fit by seasonality analysis and ARIMA time series model forecasts. 
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1. Introduction 

1.1 Problem background 

Market traders often trade volatile assets to earn returns. By buying low and selling high, they can 
make a profit from the spread. Bitcoin and gold are the two primary investments.By forecasting asset 
price movements and measuring risk, investors can determine whether they should buy, hold or sell assets 
in their portfolio today.However, due to the complexity of changes in the investment market and the 
bias of people’s perceptions, qualitative analysis based on experience and guesswork can hardly 
guarantee the optimality of decisions.Therefore, we need to establish suitable mathematical models 
and formulas quantitively, write efficient programs using computer technology, study and analyze the 
future returns and risks of financial products, judge the probability of various market movements, and 
issue buy and sell orders through the program to realize the trading of investments. 

1.2 Problem Restatement 

• Develop a model that gives the best daily trading strategy only on the basis of price data up to 
that day. Use your model and strategy to determine what is the value of an initial $1,000 investment 
on September 10, 2021. 

• Prove that your model provides the best strategy for daily trading. 
• Determine the sensitivity of your strategy to transaction costs and discuss how transaction 

costs influence strategy and results. 
• Write a memo of no more than two pages to communicate your strategies, models, and results to 

traders. 

2. Model Assumptions 

We make some general assumptions to simplify our model. These assumptions are listed below. 
1. Gold and Bitcoins both use t+0 trading mode, whi ch means unlimited buying and selling on 

the same day. 
2. Gold and Bitcoins prices do not move during the day, and traders determine whether to buy, 

hold or sell assets in their portfolios today based on past daily price flows to date and price forecasts 
for tomorrow. 

3. Disregard futures, options, and other trading models, gold and bitcoin instant buy and sell. 
4. We do not take inflation and time value into account. 
5. Bitcoins can be traded daily, but gold is only traded on open days, namely days other than 

double holidays and statutory holidays. 
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3. Model Preparations 

3.1 Notations 

We list the symbols and notations used in this paper in Table1. 

3.2 Data processing 

• Develop a model that gives the best daily trading strategy only on the basis of price data up to 
that day. Use your model and strategy to determine what is the value of an initial $1,000 investment 
on September 10, 2021. 

• In the official data supplied, daily gold prices are listed for market opening days between 
November 9, 2016, and October 9, 2021, but some of the data is missing.We derived the predicted 
values of the missing points by judging the linear trend of the neighboring points and regressing them 
with the number of periods as x and the time series values as y. 

• Since gold is only traded on days when the market is open, the amount of gold held by the 
trader remains the same on non-open days.We filled the amount of gold for a non-open day with the 
amount of gold from the previous day of that day. 

• To measure the movement of gold and bitcoin prices with the same criteria, we normalize the 
data. We use the min-max normalization method and perform a linear transformation on the original 
data. The transformation function is as follows. 

 xᇱ ൌ ሺx െ min Aሻ ሺmax 𝐴 െ min 𝐴ሻ⁄  
Normalization allows variables of different dimensions to be numerically comparable. 

4. Predictive Model: Time Series Analysis Based on ARIMA Model and 
Seasonality Test 

4.1 Time series 

4.2.1 Numerical change pattern 
There are four categories of numerical decomposition results for time series, namely, long-term 

variation trend T, seasonal variation pattern S, cyclic variation pattern C, and irregular variation I . 
4.2.2 Superposition models and multiplication models 

Expressing the eventual change in the value of the indicator in terms of Y, then 
1. If the four changes are independent of each other, then the superposition model can be 

expressed as Y = T + S + C + I 
2. If there is a mutual influence relationship between the four variations, then the product model 

should be used: Y = T ∗ S ∗ C ∗ I 

4.2 Forecasting using ARIMA time series analysis model 

4.2.3 Stability test 
In the time series plot of the seasonality detection, we can determine that the time series of the 

prices of the two products are not smooth. To be able to forecast using the ARIMA model, we 
transformed the non-stationary data into stationary data using differencing. The time series plot after 
first-order differencing is shown in Figure 5. 

In the time series plot after first-order differencing, Bvalue and Gvalue are symmetrically and 
uniformly distributed on both sides of the mean. We can see that 
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Figure 1: Time series plot after first-order differencing 

• Deviation from the mean value is small except for a few outliers 
• The variance is relatively small 
• There is no trend and seasonality 
So we can consider the time series as having stationarity. 

4.2.4 Building ARIMA model 
First, we exclude the outliers (outliers) from the gold and bitcoin prices. 
We use seasonal and time series graph features to make predictions by building appropriate 

ARIMA models for Bvalue and Gvalue, respectively. The number of differential transformations has 
all been determined as 1. Using spss software, we obtained the programming results as in Table 3. 

Table 1: Model Description 

Model ID Model Type 
Bvalue model 1 ARIMA(0,1,0)(0,0,0) 
Gvalue model 2 ARIMA(0,1,0)(1,0,1) 

 
The models corresponding to Bvalue and Gvalue are listed in Table 4. The p-value in the AR 

model part and the q-value in the MA model are zero for both, i.e., they are autoregressive on 
themselves and no moving average is required. In addition, Gvalue has an additional seasonal 
component compared to the B value. 

Model parameters are shown in Table 2. 
4.2.5 Model evaluation 

1. Model fit 
Table 2: ARIMA Model Parameters 

 
• Stationary R-squared: The Stationgry R-squared of Bvalue and Gvalue reach 0.243 and 

0.357, respectively, which are significantly different from 0. This reflects the clear advantage of the 
model over the baseline model. 

• R-squared: The R-squared value of Bvalue is 0.997 and Gvalue is 0.999, which reflects 
the excellent fit and accuracy of the model to the time series. 

2. White noise test 
• Q-test: As is shown in Table 5, the p-values obtained from the Q-test of the residuals by 

B value and G value are 0.366 and 0.521, respectively, both of which exceed 0.05. Therefore, we 
cannot assume that the residuals are white noise series. Therefore the two ARIMA models can 
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identify the sales data in this example very well. 
Table 3: Data obtained from Q-test 

 
Bvalue 0 0.243 19.425 18 0.366 18 
Gvalue 0 0.357 29.531 16 0.521 26 

ACF/PACF test: The plots of ACF and PACF for the residuals are shown in Figure 6. As seen in 
Figure 6, the autocorrelation and partial autocorrelation coefficients for all lag orders are not 
significantly different from 0. 

4.2.6 Predictions 
Combining the model parameters in Table 4, we are able to make reasonable forecasts for the 

prices of gold and bitcoin using the two ARIMA models obtained. 
The SARIMA model has the following form: 

ሺ1 െ ∑ ϕ୧L୧୮
୧ିଵ )(1 െ ∑ ϕ୧L୫୧ሻ୮

୧ିଵ ሺ1 െ Lሻd(1-Lm)Dyt=𝛼଴ ൅ ሺ1 ൅ ∑ 𝜃௜
௤
௜ୀଵ 𝐿௜ሻሺ1 ൅ ∑ 𝛩ொ

௜ୀଵ 𝐿௠௜ሻ𝜀௧ 
(1) 

By substituting the parameter estimates in equation (1), we obtain respectively: 
ARIMA(0, 1, 0)(0, 0, 0) : yt = α0 + εt + yt−1 (2) 

 
 

Figure 2: The plots of ACF and PACF test 
 

ARIMA(0, 1, 0)(1, 0, 1) : yt = α0 + εt + ϕ1yt−7 - ϕ1yt−8 + yt−1 + Θ1εt−7 (3) 
The predicted prices of gold and bitcoin can be obtained from the data and equation (2)(3), as 

shown in Table 4. 
Table 4: The predicted prices of gold and bitcoin 
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5. Decision Model Based on Linear Program 

5.1 Model building and solving 

The amount of gold(bitcoins) owned on day i+1 is equal to the sum of the amount of gold(bitcoins) 
owned on day i and the amount of gold(bitcoins) traded on day i. 

Gi+1 = Gi + gi                                 (4) 
Bi+1 = Bi + bi                                 (5) 

The number of dollars owned on day i+1 is equal to the number of dollars owned on day i minus the 
number of dollars spent on gold or bitcoin on day i and commissions. 

𝐶௜ାଵ ൌ 𝐶௜ െ 𝑔𝑉𝑎𝑙𝑢𝑒ሺ𝑖ሻ ∗ |𝑔| െ 𝑔 ∗ 𝑔𝑉𝑎𝑙𝑢𝑒 െ 𝑏𝑉𝑎𝑙𝑢𝑒ሺ𝑖ሻ ∗ 𝛼௕ ∗ |𝑏| െ 𝑏 ∗ 𝑏𝑉𝑎𝑙𝑢𝑒ሺ𝑖ሻ  (6) 
On day i, we take day i+1 asset maximization as our goal. This is because on day i, we do not 

know the prices of gold and bitcoin on day i+1. Therefore, our objective function can only be based on 
the price of gold and bitcoin predicted on day i+1. 

Our objective function is as follows. 
maxgoal1 ൌ C୧ାଵ ൅ G୧ାଵ ∗ gValue_pሺi ൅ 1ሻ ൅ B୧ାଵ ∗ bValue_pሺi ൅ 1ሻ             (7) 

According to the actual situation, the constraint conditions are that the number of dollars, gold and 
bitcoins after the transaction are not less than zero. 

൝
𝐺௜ାଵ ൒ 0
𝐵௜ାଵ ൒ 0
𝐶௜ାଵ ൒ 0

                            (8) 

We use matlab to solve the linear programming problem to get the number of gold and bitcoins 
that should be traded daily, as shown in the Figure 7(a). 

 

  
(a) Based on predicted values (b) Based on true values 

Figure 3: The number of gold and bitcoins that should be traded daily 
We calculated the total value of assets owned on day i+1 based on the number of gold and bitcoins 

bought and sold on day i obtained by solving. 
Valueሺi ൅ 1ሻ ൌ C୧ାଵ ൅ G୧ାଵ ∗ gValueሺi ൅ 1ሻ ൅ B୧ାଵ ∗ bValuepሺi ൅ 1ሻ (9) 

According to the results derived from the linear programming model, on October 9, 2021, the 
initial investment value of the starting $1,000 is worth 109.403 ≈ 2.529 ∗ 109 dollars. 

5.2 Model evaluation 

To test the accuracy of the results we obtained, we stand in God’s perspective and substitute the 
actual price of gold and bitcoin on day i+1 into the objective function. 

maxgoal2 ൌ C୧ାଵ ൅ G୧ାଵ ∗ gValueሺi ൅ 1ሻ ൅ B୧ାଵ ∗ bValuepሺi ൅ 1ሻ (10) 
We solve the linear programming with the same constraints (Equation 8) to obtain the number of 

gold and bitcoins that should be traded daily,as shown in the figure6(b). 
Likewise, we make a plot with the number of days as the x-axis and the logarithm of the total value 

of assets owned on day i as the y-axis, as in Figure 8. 
As can be seen in Figure 8, the difference between the optimal solution derived from linear 

programming with predicted and true values is small. This also reflects the high accuracy of our 
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predictions for gold and bitcoin prices. 
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