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Abstract

With the improvement of data technology advances and the sharp addition of web customer
numbers since the 90s, we see that numerous computerized monetary standards are presented.
The most popular among them is Bitcoin. All transactions are verified and recorded on a block-
chain as well and security depends on cryptographic algorithm stability. We have decided to
investigate the possible relations between the most popular cryptocurrency Bitcoin price dy-
namics and global S&P 500 index dynamics using statistical methods.
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1. Introduction

To begin, we looked at the history of Bitcoin
and it was very interesting. While looking at
different ideas on how to investigate if Bitcoin is
the new kind of currency, we decided that if
Bitcoin is “money”, then it could be somehow
related to the Real Economy and its performance.
Computerized cash is virtual cash, it doesn't have
a physical structure, it’s an unlimited,
decentralized system and can displace the cash in
any trade. In addition, it is interesting:

1. What is the effect of the cryptographic
types of cash on the economy of the country and
cash subject to existing monetary techniques?

2. How might we have the option to think
about compensation from computerized cash in
the country’s real economy?

Starting from 2008 Cryptocurrency has
become too popular. The first cryptocurrency was
created in 2008 by an unknown person, or gang,
known as Satoshi Nakamoto. However, there
have been times when people have tried to make
virtual money that would be cryptographically
protected. For example, “Bit-Gold” and “B-
Money.” They were brought to an early stage, but

not fully developed so that anyone could consume
them [1].

In 2009, a system was developed to make
Bitcoin available to the public. “Mining” was
introduced, as one of the ways to generate
cryptocurrencies. At this time the user will gain
new bitcoins and transactions will be written and
verified in the blockchain. The main purpose of
blockchain technology is to create a secure and
secure digital identity based on the right
combination of open and closed cryptographic
keys (Fig. 1) [2-4].
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Figure 1: Combination of public and private key

The combination of these keys is treated as
consent and represents a digital signature. In turn,
this digital signature provides strong ownership
control. It seems that the Bitcoin is safe, and this
is the advantage. The problem of safety is very
important and we investigated the safety in
previous works of authors [5-7].
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2. Cryptocurrency

The first cryptocurrency was created in 2008
by an unknown person, or gang, known as Satoshi
Nakamoto. However, there have been times when
people have tried to make virtual money that
would be cryptographically protected, for
example, “Bit-Gold” and “B-Money.” They were
brought to an early stage, but not fully developed
so that anyone could consume them.

In 2009, a system was developed to make
Bitcoin available to the public. “Mining” was
introduced, as one of the ways to generate
cryptocurrencies. At this time the user will gain
new bitcoins and transactions will be written and
verified in blockchain (Fig. 2). The main purpose
of blockchain technology is to create a secure and
secure digital identity based on the right
combination of open and closed cryptographic
keys. The combination of these keys is treated as
consent and represents a digital signature. In turn,
this digital signature provides strong ownership
control. It seems that the Bitcoin is safe, and this
is the advantage.
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Figure 2: Blockchain scheme

So far no one traded in the real economy using
Bitcoins. That is why no one could price their
cryptocurrency units. However, the time has come
for this and Bitcoin needs to be evaluated.
Initially, one customer exchanged 10,000 units of
BTC in two pizzas. At today’s prices, it reaches
one hundred million dollars. Later, when many
had already heard about Bitcoin and reached a
certain level of popularity, other cryptocurrencies
appeared to offer improved conditions for
consumers. For example, more protection, speed,
etc. There are more than 1,000 cryptocurrencies in
the world today and over time they are being
created. Therefore, it is not clear for now if Bitcoin
can replace the real currency [8-10].
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3. S&P 500 Index

The S&P 500 or Standard & Poor’s 500 Index
is a market-capitalization-weighted index of the
500 largest U.S. publicly traded companies. The
index is widely regarded as the best gauge of
large-cap U.S. equities. Other common U.S. stock
market benchmarks include the Dow Jones
Industrial Average or Dow 30 and the Russell
2000 Index, which represents the small-cap index.
The S&P does not currently provide the total list
of all 500 companies on its website, outside of the
top 10. Many of the top companies in the S&P 500
include technology firms and financial
businesses. The S&P 500 uses a market
capitalization weighting method, giving a higher
percentage allocation to companies with the
largest market capitalizations. Determination of
the weighting of each component of the S&P 500
begins with summing the total market cap for the
index [11-13].

Calculate the total market cap for the index by
adding all the market caps of the individual
companies.

The weighting of each company in the index is
calculated by taking the company's market
capitalization and dividing it by the total mar-
ket cap of the index.

For review, the market capitalization of a com-
pany is calculated by taking the current stock
price and multiplying it by the company’s out-
standing shares.

Fortunately, the total market cap for the S&P
as well as the market caps of individual com-
panies is published frequently on financial
websites saving investors the need to calculate
them.

The market capitalization of a company is
calculated by taking the current stock price and
multiplying it by the outstanding shares. The S&P
only uses free-floating shares, meaning the shares
that the public can trade. The S&P adjusts each
company's market cap to compensate for new
share issues or company mergers. The value of the
index is calculated by totaling the adjusted market
caps of each company and dividing the result by a
divisor. Unfortunately, the divisor is proprietary
information of the S&P and is not released to the
public [14-16].

We are interested in answering the following
guestion using statistical methods: Are the Bitcoin
prices somehow related to the S&P 500 Index? It
defines the main objective of the work.



3. Data Collection

We collected data from official sources like
Yahoo finances and Bitcoin WIKI. The data we
decided to use is from June 1 to September 23,
2020. Because Bitcoin prices in this data are given
daily (every day), but S&P 500 Index data is given
for working days, we decided to use for Weekend
and Holiday days S&P 500 Index to equal to the
closest preceding working day. The data is
presented in the table and chart below.

The correlation coefficient between Bitcoin
prices and the S&P 500 index is 0.802 and
indicates quite a good correlation. At the same
time to investigate the real relations between these
two values, more deep analysis is needed. One
possible idea is to investigate the relations
between rates of change of these variables [17—
20].

The data about the corresponding rates of
changes is presented in Figs. 3 and 4.
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Figure 3: BTC price dynamics at 2020
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Figure 4: Blockchain scheme
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The correlation coefficient between rates of
change of Bitcoin prices and the S&P 500 index
is 0.290 and indicates quite a weak correlation.

4. Qualitative Research

When thinking about dependence/
independence of two qualitative variables it is
usual to consider two Hypothesis:

The null hypothesis, Ho, states that the
variables are independent (there is no
relationship between them).

The alternative hypothesis, Ha, states that
there is a relationship between the two
variables.

With the hypotheses identified, the next step in
the hypothesis test is to examine the data set to see
if it supports rejecting or not rejecting the null
hypothesis.

We can display the data efficiently with a two-
way table (also called a contingency table), so
named because it displays two variables [21].

A two-way table shows the relationship
between two variables by listing one variable in
the rows and the other variable in the columns.
The entries in the table’s cells are called
frequencies.

The basic idea of the hypothesis test is to
decide whether the data provide enough evidence
to reject the null hypothesis [22-24].

For the case of a test with a two-way table, the
specific steps are as follows:

e We start by assuming that the null hypothesis
is true, meaning there is no relationship
between the two variables. In that case, we
would expect the frequencies (the numbers in
the individual cells) in the two-way table to be
those that would occur by pure chance. Our
first step, then, is to find a way to calculate the
frequencies we would expect by chance. For
each cell in the two-way table, identify O as
the observed frequency and E as the expected
frequency if the null hypothesis is true (no
relationship between the variables).

We next compare the frequencies expected by
chance to the observed frequencies from the
sample, which are the frequencies displayed in
the table. We do this by calculating something
called the chi-square statistic for the sample
data. The larger this value is, the greater the
average difference between the observed and
expected frequencies in the cells.



Decision rule:

If the calculated value of ¥? is less than the
critical value, the differences between the
observed and expected values are small and
there is not enough evidence to reject the null
hypothesis.

If the calculated value of y? is greater than or
equal to the critical value, then there is enough
evidence in the sample to reject the null
hypothesis [24, 25].

. Qualitative Data Preparation

We decided to use the following criteria for the
data:
If the percentage change is less than minus 1%,
then we say that the value went down by a
sufficiently large value and denote it as
DownDown.
If the percentage change is between minus 1%
and minus 0.2%, then we say that value went
down and denote as Down.
If the percentage change is between minus
0.2% and 0.2%, then we say that the value is
almost unchanged Unchanged.

Table 2
Bitcoin vs. S&P 500

If the percentage change is between 0.2% and
1%, then we say that value went up and denote
as Up.

If the percentage change is more than 1%, then
we say that the value went up by a sufficiently
large value and denote it as UpUp.

According to these criteria, the following two-
way Table 1 is created.

Table 1

Qualitative data preparation
Down Unch Up
Down anged P Up
DownDown 4 4 6 3 5
Down 3 5 11 5 4
Unchanged 0 2 6 2 1
Up 2 3 11 6 2
UpUp 2 4 5 12 7

After this compilation, we used Excel Add-in
to conduct the y? test for independence with a 5x5
table. As usual, the Null Hypothesis is that S&P
500 Index rates of change and Bitcoin Price rates
of change are independent. Testing results are
given in Table 2.

Observed Frequencies

DowDown Down Unchanged Up UpUp Total
DownDown 4 4 6 3 5 22
Down 3 5 11 5 4 28
Unchanged 0 2 6 2 1 11
Up 2 3 11 6 2 24
UpUp 2 4 5 12 7 30
Total 11 18 39 28 19 115
Expected Frequencies
DowDown Down Unchanged Up UpUp Total
DownDown 2.1043 3.4435 7.4609 5.3565 3.6348 22
Down 2.6783 4.3826 9.4957 6.8174 4.6261 28
Unchanged 1.0522 1.7217 3.7304 2.6783 1.8174 11
Up 2.2957 3.7565 8.1391 5.8435 3.9652 24
UpUp 2.8696 4.6957 10.1739 7.3043 4.9565 30
Total 11 18 39 28 19 115
Data Results
Level of Significance 0.05 Critical Value 26.296228
Number of Rows 5 Chi-Square Test Statistic 16.616684
Number of Columns 5 p-Value 0.4108103
Degrees of Freedom 16
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5. Conclusions and Future Research

In this paper have decided to investigate the
possible relations between the most popular
cryptocurrency Bitcoin price dynamics and global
S&P 500 index dynamics using statistical
methods. We used Qualitative investigations.
Qualitative methods tell us that the rates of change
of these two variables are independent.

Acknowledgments

The work was conducted as a part of PHDF-
19-519 financed by the Shota Rustaveli National
Science Foundation of Georgia.

References

[1] P. Chaim, M. Laurini, Is Bitcoin a Bubble?,
Physica A: Statistical Mechanics and Its Ap-
plications, 2018. doi: 10.1016/j.physa.2018.
11.031

J. Bennett, W. Briggs, M. Triola, Statistical
Reasoning for Everyday Life, 2014.

B. Bebeshko, et al., Application of Game
Theory, Fuzzy Logic and Neural Networks
for Assessing Risks and Forecasting Rates of
Digital Currency, Journal of Theoretical and
Applied Information Technology, 100(24)
(2022) 7390-7404.

V. Grechaninov, et al., Formation of Depend-
ability and Cyber Protection Model in Infor-
mation Systems of Situational Center, in:
Workshop on Emerging Technology Trends
on the Smart Industry and the Internet of
Things, 3149 (2022) 107-117.

A. Gagnidze, M. lavich, G. lashvili, Some
Aspects of Post-Quantum Cryptosystems,
Eurasian journal of business and manage-
ment, 5(1) (2017) 16-20.

S. Tynymbayev, et al., Development of Pipe-
lined Polynomial Multiplier Modulo Irreduc-
ible Polynomials for Cryptosystems, East-
ern-European Journal of Enterprise Technol-
ogies, 1(4-115) (2022) 37-43.

A. Gagnidze, M. lavich, G. lashvili, Im-
proved Version of Merkle Crypto System,
Modern Scientific Researches and Innova-
tions, 2017.

[2]
[3]

[4]

[5]

[6]

[7]

76

[8] G. lashvili, M. lavich, A. Gagnidze, Hash
Based Digital Signature Scheme with Inte-
grated TRNG, in: IVUS International Con-
ference on Information Technology (2018).
S. Gnatyuk, et al., Improved Secure Stream
Cipher for Cloud Computing, in: CEUR
Workshop Proceedings, 2732 (2020) 183
197.

[10]S. Tynymbayev, et al., Devices for Modular
Multiplication of Numbers with Analysis of
Two Least Significant Bits of the Multiplier,
in: CEUR Workshop Proceedings, 2654
(2020) 762-772.

[11] V. Sokolov, P. Skladannyi, H. Hulak, Stabil-
ity Verification of Self-Organized Wireless
Networks with Block Encryption, in: Work-
shop on Cybersecurity Providing in Infor-
mation and Telecommunication Systems,
3137 (2022) 227-237.

[12]S. Gnatyuk, et al., Studies on Cryptographic
Security and Speed Analysis of New Ad-
vanced Block Cipher, in: CEUR Workshop
Proceedings, 2711 (2020) 202-213.

[13]B. Akhmetov, et al., Studies on Practical
Cryptographic Security Analysis for Block
Ciphers with Random Substitutions, Interna-
tional Journal of Computing, 19(2) (2020)
298-308.

[14] O. Solomentsev, et al., Sequential Procedure
of Changepoint Analysis During Operational
Data Processing, in: IEEE Microwave The-
ory and Techniques in Wireless Communica-
tions (MTTW) (2020), 168-171. doi:
10.1109/MTTW51045.2020.9245068

[15] M. Kalimoldayev, et al., The Device for Mul-
tiplying Polynomials Modulo with Analysis
of Two Least Significant Bits of the Multi-
plier per Step, News of the National Acad-
emy of Sciences of the Republic of Kazakh-
stan, Series of Geology and Technical Sci-
ences, 3(441) (2020) 102-109.

[16] V. Grechaninov, et al., Decentralized Access
Demarcation System Construction in Situa-
tional Center Network, in: Workshop on Cy-
bersecurity Providing in Information and
Telecommunication Systems I, vol. 3188(2)
(2022) 197-206.

[17]R. Majumder, S. Datta, M. Roy, An En-
hanced Cryptosystem based on Modified
Classical Ciphers, in: 8" International Con-
ference on Advanced Computing and Com-
munication Systems (2022) 692-696. doi:
10.1109/ICACCS54159.2022.9785033

[9]



[18]S. Gnatyuk, et al., New Secure Block Cipher
for Critical Applications: Design, Implemen-
tation, Speed and Security Analysis, Ad-
vances in Intelligent Systems and Compu-
ting, 1126 (2020) 93-104.

[19]R. Brumnik, et al., Techniques for Perfor-
mance Improvement of Integer Multiplica-
tion in Cryptographic Applications, Mathe-
matical Problems in Engineering (2014) 1-7.

[20]S. Periketi, R. Kulkarni, U. N. Dulhare,
LSTM and Prophet Model Fusion Frame-
work for Bitcoin Candlestick Visualization
and Price Prediction Forecasting, in: 10" In-
ternational Conference on Computing for
Sustainable Global Development (INDIA-
Com), New Delhi, India (2023) 1190-1194.

[21]B. Sonare, et al., Analysis of Various Ma-
chine Learning and Deep Learning Algo-
rithms for Bitcoin Price Prediction, in: Inter-
national Conference on Recent Advances in
Electrical, Electronics, Ubiquitous Commu-
nication, and Computational Intelligence
(2023) 1-5. doi: 10.1109/RAEEUCCI57140.
2023.10134467

[22]C. Kang, J. Woo, J. W.-K. Hong, Bitcoin
Double-Spending Attack Detection using
Graph Neural Network, in: IEEE Interna-
tional Conference on Blockchain and Cryp-
tocurrency (ICBC), Dubai, United Arab
Emirates (2023) 1-3. doi: 10.1109/
ICBC56567.2023.10174934

[23] K. Ramani, et al., Prediction of Bitcoin Price
through LSTM, ARIMA, XGBoost, Prophet
and Sentiment Analysis on Dynamic Stream-
ing Data, in: 9™ International Conference on
Advanced Computing and Communication
Systems (2023) 1514-1518. doi:
10.1109/ICACCS57279.2023.10113014

[24]P. Humranan, S. Supratid, A Study on GCN
using Focal Loss on Class-Imbalanced
Bitcoin Transaction for Anti-Money Laun-
dering Detection, in: International Electrical
Engineering Congress (iIEECON), Krabi,
Thailand (2023) 101-104. doi: 10.1109/iEE-
CONb56657.2023.10126580

[25] M. Casillo, et al., Sentiment Analysis and
Recurrent Radial Basis Function Network for
Bitcoin Price Prediction, in: IEEE 215 Medi-
terranean  Electrotechnical ~ Conference
(2022)  1189-1193.  doi: 10.1109/
MELECONb53508.2022.9842889

7



