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Abstract: In recent years, the bitcoin market has developed rapidly and has been recognized as a new
type of gold by many investors. It may replace gold as a hedge against inflation and become a new
investment asset for financial management. The investment relationship with gold has increasingly
important research value and practical significance. This paper modeled daily price flow data from
11 September 2016 to 10 September 2021 to help market traders determine whether they need to
buy, hold, or sell assets in their portfolios daily. The model predicts price fluctuations through
linear regression prediction of machine learning, K-Nearest Neighbor (KNN) algorithm. In the linear
regression prediction, the goodness of fit of gold is 89.44%, and the goodness of fit of Bitcoin is 98.43%.
In the test set prediction of KNN algorithm, the goodness of fit of gold is 97.25%, and the goodness
of fit of Bitcoin is 95.06%. Based on this, the optimal investment strategy and the initial investment
value are obtained. Empirical analysis shows that bitcoin price volatility and gold price volatility
have a strong substitution effect; gold and currency used will be a suitable combination of hedging,
which will bring momentum for the development of the market economy and become an important
force in the sustainable development of a high-quality-driven economy.
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1. Introduction

Market traders often buy and sell volatile assets, which is a risky investment behavior,
and its volatility is usually measured by the standard deviation of fluctuations over a period
of time. Among these tradable and volatile assets, gold and bitcoin play an important
role [1–3]. With the rapid development of digital information technology, the social econ-
omy is also developing continuously. At present, human society is in the era of a digital
economy, and the form of currency is always in line with technological and economic
development [2–5]. In the context of the digital economy, the generation of digital currency
has a certain inevitability [6]. Compared with traditional currencies, digital currencies can
be divided into two categories. The first category is a legal digital currency issued by the
central bank or the government, and the second category is a virtual digital currency issued
by non-financial institutions and other entities. Bitcoin is presently entering the public
eye [7–10].

At present, gold investment has become an important part of investors’ investment
portfolios [11]. Therefore, the gold market has opened up a wealth of investment channels
for investors in the financial market and improved the investment function of the financial
market [12–15]. However, after the subprime mortgage crisis, along with the bursting of
the bubble and the devaluation of paper money, the calls for decentralization of currency
issuance and transactions are getting louder and louder [16]. Bitcoin, which was born
amidst this background, has attracted much attention from investors. Compared with gold,
bitcoin has the characteristics of high yield, high volatility, exemption from supervision,
and tax exemption. It also has the characteristics of decentralization, globalization, and
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anonymity, like the Internet. With this so-called “digital gold”, there is huge room for
development in the financial field [17–19]. The liquidity and limitation of bitcoin determine
that bitcoin can serve as a currency function equivalent to a general equivalent; however,
this measurement is not a physical measurement, such as gold, but a digital product. It can
replace gold to deal with inflation or complement gold for package preservation [18–21].
Therefore, research on the relationship between bitcoin and gold will play an important
role in developing the financial industry.

However, the nature and investment attractiveness of gold and bitcoin are not the
same, so how to make the correct investment strategy for the two has become a problem
of public concern. Based on this, a trader asked our team for help by way of developing a
model that uses only the daily price stream from 10 September 2016–10 September 2021 to
determine whether they should buy, hold or sell assets in their portfolio, which included
cash, gold, and bitcoin.

As a stochastic process model, the Markov decision process model is widely used in
the modelling and optimal control of systems evolves with Markovian property [22]. Due to
the large volatility of financial market transactions, affected by many non-standard factors,
and showing strong randomness, the introduction of the Markov decision process model
applied to asset management can further obtain an actual market investment strategy [23].
A growing body of research shows that the Markov decision process model is a powerful
tool for predicting market share and profit expectations. In addition, the Markov decision
process model will be expanded to economic management areas, such asenterprise human
capital investment, international project bidding risk prediction, and non-performing bank
asset management.

With the rapid expansion of the bitcoin market, there is an increasing amount of
literature on bitcoin research. The primary literature focuses on correlation analysis between
bitcoin and gold. Dyhrberg used the GARCH model to study the US dollar, gold, and
bitcoin. It was found that all three can be used as hedging tools. The asymmetric GARCH
model was then used to find that bitcoin can be a diversified investment tool [24]. At the
same time, Ye Wuyi et al. conducted research on gold and bitcoin based on semi-parametric
MIDAS and found a quantile cointegration relationship between the two [25]. In summary,
bitcoin and gold are more closely linked than other traditional assets, so it is necessary to
pay attention to changes in the correlation between the two.

In this article, a portfolio model was established for market traders, which can deter-
mine the investment strategy of gold and bitcoin according to the price changes of gold and
bitcoin over 5 years, to help traders to make better investment plans. Although the model
and algorithm adopted in this study are easy to understand, there are still some problems.
For example, to maintain data consistency, gold and bitcoin data was processed, which
may cause errors in the prediction model. In addition, simpler models affect the accuracy
of the results, so we adopted a combined model and carried out a sensitivity analysis to
deal with these problems.

Our work mainly includes the following:

• Based on the historical pricing data of gold and bitcoin, to establish a price fluctuation
prediction model for both;

• Establishment of a model for effective evaluation of the portfolio strategies;
• Based on the investment portfolio model of the financial industry, this paper studies

the relationship between bitcoin and gold, puts forward investment suggestions for
maximizing benefits and conducts a sensitivity analysis of the scheme to put forward
reasonable suggestions for improvement.

In summary, the whole modeling process can be shown in Figure 1:
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2. Assumptions and Justifications

To simplify the problem, this paper made the following basic assumptions, each of
which is properly justified.

Assumption 1. Assume a trader only trades on gold trading days.

Justification: Gold is only traded on the opening day, which means that the trading status
of gold during weekends or holidays will remain in holding, so assume that trading occurs
on the opening day of the gold market [26].

Assumption 2. Suppose the trader only makes one trade per day.

Justification: There is no limit to the number of trades per day in a trader’s requirements.
To enable the model to achieve higher prediction rates and accuracy, assume that traders
only make one trade per day to minimize the associated error [27].

Assumption 3. It is assumed that each transaction is carried out with the minimum transaction
cost method.

Justification: From the request made by the trader, know that the commission cost of each
transaction is α% of the transaction amount, and αgold = 1% and αbitcoin = 2%, so assume
that the transaction cost of each transaction is the minimum state, to maximize the value of
the final USD 1000 [28].

Assumption 4. It is assumed that there is a decimal point in the transaction amount during the
transaction of USD, gold, and bitcoin.

Justification: Both gold and bitcoin are easily divided as currencies in circulation. Bitcoin
can be divided into eight decimal places, which is 1 Satoshi. Although gold can also be
divided, it is more troublesome than bitcoin. At one time assumed that the transaction
amount of the two could be accurate to the same decimal point during the transaction [29].
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3. Notations

The key mathematical notations used in this paper (shown as Table 1).

Table 1. Notations used in this paper.

Symbol Description Unit

PCT_change Past price fluctuation %

HL_PCT Maximum price difference in the past %

present_crash Cash held after the transaction $

present_gold Post-trade gold holdings oz.t

present_bitcoin Hold bitcoin after the transaction BTC

δ1 Change in the estimated price of gold (15 days later) $/oz.t

δ2 Change in the estimated price of bitcoin (after 15 days) $/BTC

thePriceO f Gold The current price of gold $

4. Model Preparation

In this section, a brief overview of the data was used to build the models with subse-
quent descriptions.

Our model was built around investing in gold and bitcoin to gain maximum value.
This paper obtained the daily pricing data for gold and bitcoin from 10 September 2016 to
10 September 2021 [30]. The data were obtained from the London Gold and Silver Market
Association and the NASDAQ. From the two pricing data files, LBMA-GOLD.csv and
BCHAIN-MKPRU.csv, not only did learn about the daily price fluctuation range and rising
trend of gold and bitcoin but also that it was also found that bitcoin can be traded daily.
Gold trades only on the opening day, which was our key message. Due to the large amount
of data provided and which was not intuitive, so visualized the data in the subsequent
modeling process.

5. Model I: Linear Regression Prediction Model
5.1. Data Preprocessing

Based on the machine-learning regression prediction model, it’s necessary to ensure
the accuracy and availability of the data before performing the data analysis. If machine
learning is performed based on unreliable data, then accurate predictions cannot be made.
According to the data files provided by the traders, gold is only traded on an opening
day, so I deleted the blank lines in the LBMA GOLD.csv file. In addition, to ensure the
consistency of the data and reduce the prediction error, also the pricing data corresponding
to bitcoin was deleted during the gold shutdown day, predicting that the model could be
more accurate.

5.2. Data Segmentation

During the development of the machine-learning linear regression prediction model
built, it was hoped that the trained model would perform well on new, unseen data. To
simulate new, unseen data, this paper split the pricing data on gold and bitcoin into
two parts. Of these, the first part was a larger subset of the data, used as a training set,
representing 90% of the original data, while the second part was a smaller subset, where
the remaining 10% was used as a test set. This method does not use cross-validation to
overcome the possible overfitting phenomenon, while K-fold cross validation is used in the
following application of the method.

Next, used the training set to build a predictive model and then applied this trained
model to the test set for prediction to select the best model based on the model performance
on the test set.
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5.3. Linear Regression Model (LRM)
5.3.1. Regression to the Problem

Regression is used to predict the relationship between the input and output variables,
especially when the output variable changes when the value of the given input variable
changes. The regression model is an exact function representing the mapping between
the input variable and the output variable. The learning of such problems is equivalent
to function fitting, where a function curve was chosen to fit the pricing data for gold and
bitcoin for the period from 10 September 2016 to 10 September 2021 to predict future
data prices.

5.3.2. Linear Regression Model Description

In the linear regression analysis, two independent variables were included, and linear
relationships were found between the dependent and independent variables. This paper
chose the price fluctuations before the day of gold and the difference between the largest
and smallest as the influence factors, where the formula in the multivariate linear regression
is as follows, X denotes the vector, and θ denotes the parameters:

hθ(X) = θ0 + θ1x1 + θ2x2 + . . . + θnxn (1)

Here, default that 0 is always equal to 1. To facilitate representation, consider the
hypothesis function can be written in the form of vectors:

hθ(X) = θTX (2)

What’s more,
θ = [θ0, θ1, . . . , θn]

T (3)

X = [1, x1, x2, . . . , xn]
T (4)

The influence factor solution formula is as follows:

Y = θ1 × X1 + θ2 × X2 + Gold(ETF)price
= θ1 × PCT_change + θ2 × HL_PCT + c

(5)

To choose the most suitable linear regression model, this paper still used the loss
function to find out the vector that minimized the loss function. Next, found a line in
the given gold and bitcoin data file to fit it, then assumed the equation of the line, then
substituted the data point into the assumed equation to get the observation, and found
the parameters minimizing the sum of the square of the actual value from the observation,
presented in the following formula:

J(θ) =
1

2m

m

∑
i=0

(hθ(X)− y)2 =
1

2m
(Xθ − y)T(Xθ − y) (6)

In addition, to obtain the optimal local solution, the gradient descent algorithm was also
adopted in the machine-learning process, and the whole process used the following formula:

∂J(θ)
∂θ

=
∂

∂θ

1
2

m

∑
i=1

(hθ(x)− y)2 = (hθ(x)− y)x (7)

6. Model II: K-Nearest Neighbor Algorithm

Data algorithms use feature similarity to evaluate the accuracy of two predicted data.
To guarantee that the new data predicted by gold and bitcoin are at the same points in the
original data set, this paper decided to use the K-Nearest Neighbor KNN algorithm(KNN)
to predict feature similarity.
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6.1. KNN Algorithm Application

First, use two simple pictures to understand how the KNN algorithm could help us
achieve our goal, including the distribution of red diamonds (RD) and green triangles(GT),
which shown in Figure 2. Where, RD and GT represent different classes in the training set,
and blue star(BS) represent predicted instances.
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neighbor of the KNN algorithm to select from it, which is shown in Figure 3.
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6.1.1. Selecting the Appropriate K-Value

In the process, choose the appropriate K value to predict gold and bitcoin. First,
in order to train the error rate and verify the error rate, we need to access two param-
eters with different K values. The following charts show the error rate of gold and bit-
coin in the prediction, corresponding to the test set and the training set, which show in
Figures 4 and 5.
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6.1.2. Obtaining the Results

The above process makes our goal more clear. From the initial data separation training
and testing, we can get the optimal value of K. We can draw the verification error curve
and get the optimal value of K, which can be applied to the prediction of gold and bitcoin.

6.2. Score Function to Determine Portfolio

In the end, this paper adopted the score function method to determine our portfolio
scheme, where the score function was the built-in function and was used in calculation
using Python 3.7 [31]. The results also used the decision coefficient to reflect the extent of
the interpretation of the independent variables set in gold and bitcoin. The determination
coefficient reflected what percentage of y fluctuations can be described by fluctuations of x,
the percentage of variants characterizing variable Y that the controlled independent variable
X can explain. The higher the interpretation, the higher the independent variable-induced
change as a percentage of the total change, and the more successful our portfolio was.

7. Results
7.1. Forecast Results

With the help of Python 3.7, the linear regression modeling process was implemented,
and through the variables, the pricing data of gold and bitcoin were predicted as the
fluctuation range. From our fitting, the prediction accuracy was high, and the results are
shown in Figures 6 and 7:
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In addition, through Matlab 2018b [32], this paper obtained the prediction comparison
results of training set and test machine in KNN algorithm, as shown in Figures 8 and 9:
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Figure 9. Test set prediction results.

7.2. Test of Goodness of Fit

The mapping process looked for very mild gold, and bitcoin data sequenced mathe-
matical model processes. After fitting good data, it better evaluated our prediction accuracy
and adopted the goodness of fit test scheme with the concept of test probability to evaluate
the quality of gold and bitcoin data fit. Specifically, X2

d f represents the degree of difference
between theory and practice, Oi represents the actual value, and Ti represents the theoret-
ical value. The goal of the chi-square test was to check the significance of the difference
between the observed frequency and the expected frequency, and the goodness-of-fit test
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measured the relationship strength between variables. This paper used the Chi-square
statistics for statistical significance tests with the following formula:

X2
d f =

k

∑
i=1

(Oi − Ti)
2

Ti
(8)

In the linear regression prediction, the goodness of fit of gold is 89.44%, and the
goodness of fit of Bitcoin is 98.43%. In the test set prediction of KNN algorithm, the
goodness of fit of gold is 97.25%, and the goodness of fit of Bitcoin is 95.06%.

7.3. Price Change Weights Determine the Optimal Strategy

This paper predicted the price changes of gold and bitcoin in the fifteen days after and
took the average value as the estimated amount. According to the following formula:

present_crash : present_gold : present_bitcoin
= logistic(δ1 + δ2) : logistic(δ1) : logistic(δ2)

(9)

where δ is the estimated average price minus the current price, δ1 is the price expressed
as gold, expressed δ2 as the price of bitcoin; αgold = 1% and αbitcoin = 2%. In the above
formula, this paper determined the investment strategy by controlling the daily ratio of
gold and bitcoin.

present_crash + present_gold × thePriceO f Gold
+present_bitcoin × thePriceO f Bitcoin
= previous_crash + previous_gold × thePriceO f Gold
+previous_bitcoin × thePriceO f Bitcoin
−α × previous_gold−present_gold

thePriceO f Gold

−α × previous_bitcoin−present_bitcoin
thePriceO f Bitcoin

(10)

According to the following formula, supplement the judgment:

crash_all < present_gold + avarage_gold × thePriceO f Gold
+avarage_bit × thePriceO f Bitcoin

(11)

If the above formula was true, traders could trade on the opening day of the gold
market; otherwise, they would not trade. With this algorithm, this paper succeeded in
arriving at the final result.

8. Discussion

This paper used the established model to obtain a series of data by changing the size of
the initial amount, the range of which was from USD 1000 to USD 10,000. Using Python 3.7,
finally a straight line was drew. The image is as Figure 10:

This shows that our initial amount had a positive relationship with the final return,
which indicates that our model is relatively robust and reliable. The advantages and
disadvantages of this modeling process are discussed below.

By comparing the prediction of the linear regression model and KNN algorithm, it can
be seen that the prediction accuracy of the former for Bitcoin is 3.37% higher than that of
the latter. In comparison, the prediction accuracy of gold is far lower than that of the latter,
with a difference of 7.81%. Compared with linear regression, KNN algorithm prediction
is relatively simpler and rougher, but the computational volume also increases. It has
been proved that if the linear relationship between the data is obvious, linear regression
prediction will be better than that of the KNN algorithm; otherwise, KNN will be better. In
addition, with the increase of dimension, KNN algorithm will face more obvious failure
problem, namely dimension disaster.
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9. Conclusions

In this paper, the machine learning linear regression model based on time series and
KNN algorithm are used to model the Bitcoin and gold portfolio transactions so as to
obtain the prediction results and determine the best portfolio. In order to evaluate the effect
of the model, the goodness-of-fit test is used to determine the weight of price changes,
and the investment proportion of gold and Bitcoin is obtained. The experimental results
show that our initial amount is positively correlated with the final return, which reflects
that our model is relatively stable and reliable and can increase the investment confidence
of investors.

The model used in this paper mainly focuses on the price prediction between gold and
Bitcoin. In the future, the model could be applied to different financial domains and, with
some tweaks to the model architecture, to other emerging industries. In addition, in the
context of accelerating globalization of economic and financial markets, there will be more
investment into bitcoin, gold, stocks and other financial investment markets in the future.
How to improve the model to avoid financial risks is also the next research direction of
this paper.
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