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The objective of this paper is to determine the basic features of the use of mathematical modeling of
the system to forecast cryptocurrency exchange rate. The study determines that cryptocurrency is the
simplest investment asset being and, at the same time, the riskiest one. Advantages and disadvantages
of cryptocurrency use are specified. Advantages include: code openness, anonymity, decentralization,
emission, and reliability. Disadvantages include lack of guarantees, instability, risk of prohibition and
possible loss. A model to forecast bitcoin cryptocurrency exchange rate is proposed and substantiated
mathematically. The observations are the basis to develop a hypothesis: the faster the cryptocurrency
(e.g. bitcoin) is mined, the more difficult it is to forecast bitcoin cryptocurrency exchange rate. Certain
factors emphasize which may affect the cryptocurrency exchange rate: trade wars of the USA with
other export-oriented world economies (China); advent of IEO as the alternative for ICO and new
drivers connected with the interest in cryptocurrency; FATF recommendations for market control, the
entry of world giants (e.g. Facebook) into the crypto-market and the development of the stablecoin
market.

© 2020 by the authors; licensee Growing Science, Canada

1. Introduction

Use of the digital computing tools to process scientific, economic, and social information has changed the human capacity,
considerably. Virtual space is being activated year over year being the result of efficient application of information resources.
Currently, people live in dual lives: the first life is real while the second one is virtual. People’s attitude to real money is changing
as well. More and more often the humanity uses electronic money, electronic wallets, and specific modern phenomenon —
intangible asset represented by “cryptocurrency”. Nowadays, owing to the virtual space, information is one of the key economic
resources; and access to the World Wide Web has made us to assess constantly the value of the obtained information which
depends on its topicality level. The obtained data should be reliable and accurate since it affects considerably the formation of
market circumstances. Reliable information helps control the market situation; moreover, if there is the possibility to have real
influence on that information and change it for one’s own benefit, it allows reducing the probability of adverse consequences in
the future. Cost of assets at an enterprise is being constantly assessed and changed according to the certain date of balancing

and time interval. In other words, value is recorded relative to certain date and hour. Phenomenon of modern digital money in
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the form of cryptocurrency is at the same time the least researched and the simplest investment asset. More and more people are
paying attention to cryptocurrency investing in and hoping to get passive income, which is not subject to income tax in Ukraine.
Investing in cryptocurrency is rather risky. Nevertheless, the majority of people take risk and invest in cryptocurrency seeing it
as the potential for their gaining. Cryptocurrency trades attract more and more speculators — either novices in trading operations
or those who have experience of stock or national currency trading. It is possible to evaluate dynamic conditions of income
correlation between cryptocurrency and traditional assets using DCC (there is the direct information exchange without any
server). Investment portfolios are built according to classic impulse strategy using everyday data on twelve cryptocurrencies
within the period of three years. Cross correlations of weekly income between the portfolio of cryptocurrencies impulses and
traditional assets are not stable. Portfolio of cryptocurrencies impulses does not only propose diversification advantages but also
it may be the protection against the depreciation for traditional assets (Tzouvanas et al., 2019). Considerable liquidity of digital
currency results in the development of the growing number of cryptocurrencies. Nowadays, the market contains more than a
thousand of tokens of different cryptocurrencies. However, the majority of cryptocurrencies are not in demand since they do not
differ technically from their predecessors and have poor capitalization. Exchange rate of new cryptocurrencies depends mostly
on the marketing making it possible to forecast their rate involving analysis of internal or external factors. Value of
cryptocurrency and its exchange rate relative to any traditional asset may be forecasted. To do that, it is required to use
mathematical modeling of the system of exchange rate forecast involving Microsoft Excel environment (Shen et al., 2019).

2. Literature review

Many scientists have been engaged in solving the problem of cryptocurrency exchange rate forecast using mathematical
methods; in particular, Pieters and Vivanco (2017) define considerable differences in bitcoin prices at 11 different
cryptocurrency exchanges making up almost 26% of world total of that asset trading. It is specified that in terms of the market
not requiring client identification to open account, deviation from the representative market prices occurs faster. Bouri et al.
(2019) have developed their own dynamic correlation model to study the issue whether bitcoin may be used as hedging or it
will become safe haven for main world stock indices, bonds, oil, gold, or general commodity index and USD index. It is
determined that bitcoin is poor hedge being appropriate only for diversifications. However, bitcoin may be only the safe haven
against extreme weekly falls in Asian stocks. Feng et al. (2018) evaluate price sensitivity of bitcoin in terms of political and
economic events; they define that information trading is rather profitable for the cryptocurrency market. They propose new
index to assess informed trades before the events connected with cryptocurrency. Phillip et al. (2018) specify that bitcoin rate
makes up and unites numerous diverse identified facts including long-term memory and heteroscedasticity (dense range for
generalization of a linear model). The scientists unite numerous attributes into one mathematical model to assess investment
attractiveness of cryptocurrency. They have determined that, in general, cryptocurrency has several unique features including
leverage effect and error distribution effect. Tzouvanas et al. (2019) have analyzed more than 120 events from five clusters to
check compliance with the regulatory basis for cryptocurrency value. They have identified that the evaluations within the market
environment and estimations for 300 separate coins demonstrate statistically and economically considerable counteracting effect
to money laundering and money emission control. Katsiampa et al. (2019) study interaction between information demand
measured by means of Google search index, price returns, and trade volumes for five basic cryptocurrencies. Shen et al. (2019)
analyze interaction between the investors’ attention and Bitcoin profitability, trade volumes and implemented instability.
Pastrana and Suarez-Tangil (2019) investigate illegality of certain types of cryptocurrency operations and proved possibility of
their evening-out. Hong et al. (2018) prove that cryptocurrency mining grows in its popularity. Chen and Ko (2019) show that
Blockchain-wallet plays essential role in blockchain industry; and offer a cryptocurrency blockchain-wallet which is integrated
with augmented reality and crypto-technology, i.e. augmented cryptocurrency (CryptoAR Wallet). Adhami et al. (2018) describe
the phenomenon of Initial Coin Offering (ICO), which made it possible for startups to collect more than USD 5.3 billion before
the end of 2017 worldwide. They also demonstrate that success probability for ICO is even higher if the code source is accessible
when advance sale of tokens is organized and when markers helps participants access certain service (or for income distribution).
Yiying and Yeze (2019) claim that cryptocurrency is gaining its importance in reformatting financial system owing to its rising
popularity. Nabilou and Priim (2019) state that cryptocurrencies affect significantly banking, financial, and monetary systems.
Adamik and Kosta (2019) develop decentralized exchange solution based on the reasonable contracts operating within the
Ethereum network being close and tested and not requiring trust. Lukyanov (2014) believes that cryptocurrency is the symbol
of information money, which is now competing with traditional paper money, and substantiates the fact that cryptocurrency is
the attribute of global matrix of information era. Baur et al. (2015) consider cryptocurrencies as potentially destroying means of
payment. Among Ukrainian scientists, Petruck and Novak (2017) should be mentioned who study the essence of cryptocurrency
and analyze features of accounting representation of such an asset. Derun and Skliaruk (2018) study issues of cryptocurrency
classification analyzing its signs and types. The authors analyze a model of decentralized cryptocurrency schemes and reveal
their basic characteristics. Fostolovich (2018) researches problems of digital information space and necessity to solve problems
of accounting and taxation of cryptocurrency operations. Augustova (2018) examines economic and legal cryptocurrency
essences and studies stages of world conquering by cryptocurrency. She also proposes to define cryptocurrency as a virtual
currency and put it equal to payment means of the economic entities. Studying the problem of accounting of cryptocurrency
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value, dependence between the cryptocurrency exchange rate and, for instance, adopted decision in People's Republic of China
(as for the prohibition of “mining” in the northern part of the country due to considerable electric power consumption) is defined.
Currently, there are three key tendencies to forecast currency exchange rate, i.c.: technical analysis, fundamental analysis, and
analysis of economic cycles (Kornieiev & Cheberiako, 2018; Safiullin et al., 2018). Cryptocurrency has appeared owing to the
use of certain technology such as blockchain which makes it possible to exchange resources in electronic form. The idea of
implementation and application of such asset as cryptocurrency is stipulated by the elimination of the participation of controlling
parties to support certain liveness of the developed infrastructure (Kinash et al., 2019; Andrusiv et al., 2020; Shanaev et al.,
2020). At the same time, there is a possibility to exchange resources between the unknown people who do not trust each other.
That is possible because accounting of cryptocurrency transactions is transferred from the centralized system to the decentralized
one developed with the help of autonomous computers (in terms of Ukraine, that is NBU, VRU, and President). In terms of that
system, cryptocurrency auditing is constant being unchangeable and public; it is constantly controlled through the network of
independent computers (Fedorova, 2018). Reasonable investments in cryptocurrency may bring considerable dividends. To
make money out of cryptocurrency trading, one should know how to forecast correctly future movement of cryptocurrency
price. Thus, it is required to define basic parameters and factors effecting the cryptocurrency rate forecast. The Objective of the
paper is to define key features of the use of mathematical modeling of the system to forecast cryptocurrency rate.

3. Results

Cryptocurrency has rather floating exchange rate to the national currencies and their types. Thus, stablecoin has entered the
financial cryptocurrency market; stablecoin is cryptocurrency but its value depends on the value of traditional financial assets.
Traditional financial assets include US dollar, oil, natural gas, and gold. Cryptocurrency rate pegging to the value of such an
asset is the attempt to adapt digital technology to the real life. That makes it possible to use Stablecoin as the payment instrument
in the exchange relationships since that helps determine and compare prices for goods and services. The available stablecoins
may be divided into three types. Type one includes stablecoins backed with the traditional currencies and other assets. For
instance, in terms of a dollar, digital tokens are issued in one-to-one correlation. Type two includes stablecoins backed with
other cryptocurrencies. Such stablecoins and their value depend on the advanced cryptocurrencies, e.g. Bitcoin and Ethereum.
Such a scheme has higher risk as the cryptocurrency crash may depreciate that stablecoin. Type three includes stablecoins which
are not backed. Such coins differ from the standard cryptocurrencies in the fact that in terms of smart-contracts, automatic
increase or reduction of the supply to control the price is used; the process is similar to the Central Bank operation. One of the
stablecoins feature is that they are impossible to be “mined”; they may be obtained only after their conversion at the exchange
market. The most popular stablecoins are represented in the form of Tether (USDT) or “digital dollar”; Didig (DGX) or “digital
gold”; El Petro or “digital oil”. Nowadays, development in digital technology affects the changes not only in the technologies
dealing with goods and service payment operations but also people’s attitude to that process (Ievdokymov et al., 2020). One
generation replaces another, modern society experiences constant transformations. Since the ancient time, people got used to
real money, which may be kept in their own pocket or wallet. Such money was made from precious metals; later, it was replaced
with “paper money”. With the advances in information technology, humanity began to use electronic money and open their
electronic wallets using WebMoney and Qiwi resources. The majority of modern generation use Privat24 and PayPal services.
Such technological development has simplified considerably processes of shopping, utility payments, account top-up etc.
However, our society consists of different generations with different ideas based on their upbringing and education. Not all the
people understand modern technologies and use them in their everyday life. Bitcoin is considered to be the first cryptocurrency
because the algorithm of its operation was described in 2008. Certain technical aspects of that currency functioning were
represented. In January 2009, cryptocurrency code appeared with no access restrictions; and in September 2009, first data block
for that currency was developed.

American scientists Strauss and Howe (2000) represented their book entitled as “Generations” where they demonstrated life
cycles of different generations. According to their ideas, the Greatest Generation lived within the period of 1900-1923 being
replaced by the Silent Generation (1923-1943) who were succeeded by the Baby Boom Generation (1943-1963). End of the
Generation X (1963 — 1983) was marked by the origin of information technology era connected with a personal computer
represented by the IBM company on 12 August, 1981. Then came the Generation Y (millennials) from 1983 to 2003 and the
Generation Z (from 2003 up to now). Chaum (1983) tried to develop the system which would be transparent for all the market
participants and represented the payment anonymity at the same time. Actually, those were the first steps to found a system with
“blind signatures” to use electronic cash. The richest people in the world established Google, Tesla, Amazon, and Space — all
of them were the representatives of the Generation X. That was not just a coincidence — “X” generations were born before the
Internet advent (1980) which effected the events and advantages in the Internet. Millennials are children of the Generation X
and grandchildren of the Baby Boom Generation. In other words, not all the living and still active generations use credit cards,
connected to the MasterCard or Visa systems of leading banks, instead of “paper money”. Most people perceive cryptocurrency
as something vague and strange being fearful of it. Any currency should encourage consumers to make purchases and simplify
payments. Current digital currencies, such as bitcoin, use one-range networks and open-code software to make end transactions.
Use of cryptocurrency during payments may be considered as a challenge for accounting. While using cryptocurrency, it is
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impossible to identify from whom and to whom the monetary means are being transferred. The main task here is to form
complete and reliable information for inquiry of different users. That creates certain restrictions to understand the participants
paying for different goods, operations, and services. Trading at cryptocurrency exchange markets is organized on the twenty-
four-hour basis. Most traders and brokers emphasize that average monthly instability of bitcoin profitability is higher than in
terms of gold. Generations Y and Z pay great attention to investment in such specific assets, because millennials not only use
their monetary means in different way; their investment habits also experience constant changes. Generation Y uses technology
which alters its investment habits. According to the data by Accenture UK consulting, 67% of millennials want to use robotics-
based services. At the initial stage, a user specifies his/her objectives, and Betterment recommends him/her a sum to be invested
with further automatic selection of the plan with the risk identification (Dwyer, 2015). The service changes regularly the
portfolio balance, which support uniform risks and reinvest automatically the received dividends. Nowadays, cryptocurrency is
the simplest way to invest in; however, there are considerable risks as well. Analyze the approaches to stablecoin investment,
which is compared with electronic gold, and determine key positive and negative features of cryptocurrency and stablecoin use.
Code openness is the advantage of the cryptocurrency and stablecoin use. That features ensure the equality of all the network
participants. The system is transparent and clear for every participant who wants to mine coins. Next feature is anonymity. It is
not simple to find information about the owner of a cryptocurrency wallet. In the ideal case, you can only know the wallet
address and transaction data. More advanced cryptocurrencies (Monero, ZCash) even provide transaction anonymity. Main
feature differing cryptocurrency from the usual monetary means is decentralization. Cryptocurrency is independent from the
third party interference. Cryptocurrency emission as well as transactions is controlled by the program code, which is open and
installed in all the computer networks. Next feature demonstrates the rule of cryptocurrency emission, i.e. there is certain
limitation due to the use of mathematical rules, which include inflation depending on the emitter activity. In the digital world,
great attention is paid to reliability. Currently, it is considered to be impossible to break or split transactions. For instance, target-
financing operations involving cryptocurrency transferred as information blocks help understand whether a customer receives
the total sum and what objectives and what amount of the sent finances are, since cryptocurrency leaves certain “virtual prints”.
Such problems with non-target use of monetary means and ways of their solution were proposed in terms of coal mining industry
(Petruk & Makurin, 2015) as the dotation level in this industry is considerably higher (consequently, corruption is rather
possible) comparing to other economic industries in Ukraine. Disadvantages of the cryptocurrency and stablecoin use are
represented by the lack of certain guarantees and high risks, i.e. each user is responsible for his/her wallet since there are no
controlling institutions and agencies. It is impossible to appeal to a court if someone steals access code for your wallet.
Considerable instability of cryptocurrency prevents investors from investing in it. Thus, if it is required to save your finances,
it is reasonable to use first type of stablecoins, which are backed with traditional financial assets. There is also a risk connected
with prohibition of cryptocurrency use at the state level. Some countries have introduced restrictions for its use. Next risk is
possibility of cryptocurrency loss. Access to electronic money may be changed by means of special key. If that key is lost, we
will never be able to access our money.

Table 1
Advantages and disadvantages of cryptocurrencies

Ne Advantages of cryptocurrency Disadvantages of cryptocurrency Advantages of stablecoins Disadvantages of stablecoins

1 code openness lack of guarantees instability dependence on the fiat money

2 anonymity instability emergence of new possibilities necessity in intermedia

3 decentralization risk of prohibition global digital currency

4 limitation risk of loss

5 reliability

* formed by the authors based on their own research

To forecast the exchange rate of traditional currencies, technical analysis, fundamental analysis, and analysis of economic cycles
are used. On the Internet, different companies propose services concerning short-term and long-term forecast of cryptocurrency
rate (Khalimonchuk, 2018). However, none of them offers the forecast methods since that is the commercial secret. Scientific
community shares the idea that the value of “virtual coins” is defined in a market-oriented way. Increasing demand for certain
cryptocurrency increases its exchange rate. In its turn, the demand depends on those advantages, which the coin proposes. If
costs for bitcoin mining will be accepted in China and the bitcoin will be the official currency for payments, then bitcoin value
will increase in algebraic progression. Factor of interest will come into action — the more people know about the product, the
more people want to invest their money in it or control and possess it. For instance, if only demand affects the exchange rate
forecast, then there is a quantitative evaluation of that demand. Then, it may be concluded that further demand influences the
pricing, i.e. conclusion on the demand of some cryptocurrency may be drawn with the help of such scientific method as
observation. One can also define the fact how often the cryptocurrency-related topics are discussed on the Internet or how
Internet-users are interested in searching for cryptocurrency-related materials using Goggle search engine (“bitcoin rate cash”,
“coin binance”). Moreover, it is possible to analyze how many cryptocurrency-related posts Facebook or Twitter contain. Such
an approach has following advantages: the index is quantitative; the index is technically accessible for calculation; such approach
is simple to use; connection between demand and forecasted cryptocurrency exchange rate is clear.
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Thus, solution of such formal mathematical model may be represented in the form of Eq. (1) — forecast of bitcoin cryptocurrency
rate.

B!+ (dB(d — dy)); G (d—dp) 0
B=4 B x (d—d;—1); G=y G (d-d—1);
B+ (d—d; — dp) G * (d—dy—dm)

where,

B! is forecasted cryptocurrency exchange rate (bitcoin);

d is amount of days spent for forecasting;

B is real cryptocurrency exchange rate (bitcoin) per date;

ds is day of forecasted events;

dmi is sampling of days in terms of exchange rate forecasting;

dm2 is number of days in terms of which data from Google search engine are obtained.

Elaboration of the mathematical model to forecast cryptocurrency exchange rate is not studied enough. Nevertheless, it has
certain similarities with the forecast of real exchange rate of traditional currencies (Fig. 1). Solution of that forecast problem is
represented in the form of commercial service which does not reveal the details of the applied instruments. Effect of the Internet
users’ interest is rather considerable. Observations over the users mining the cryptocurrency have made it possible to draw the
following conclusion: the faster cryptocurrency (e.g. bitcoin) is mined, the more complex mining is. That has partial effect on
the exchange rate level as well. It means that there is the dependence: the higher complexity is, the higher rate is. There is also
another hypothesis: complexity and cryptocurrency hashrate increase along with its price since the market becomes more
favorable with the growing number of miners. The developers introduce limitations for coin mining dealing with the mining
complexity. The more popular the coin is, the more miners are interested in its mining: they connect computing facilities to the
network increasing its hashrate; thus, they make mining to be more complicated (Table 2).

Table 2
Factors influencing the cryptocurrency exchange rate
Period number, Metric value,  Number of network members (pcs)  Difficulty level (t) Network Power

12.10.2019 7477 accurate data cannot be obtained 6.3 56
15.10.2019 7944 accurate data cannot be obtained 6.5 56
18.10.2019 8177 accurate data cannot be obtained 6.6 57
21.10.2019 8220 accurate data cannot be obtained 6.9 58
24.10.2019 8374 accurate data cannot be obtained 8 58
27.10.2019 8809 accurate data cannot be obtained 10 59
30.10.2019 9362 accurate data cannot be obtained 12 60
02.11.2019 9608 accurate data cannot be obtained 12.5 62
05.11.2019 9906 accurate data cannot be obtained 13.7 65
22.11.2109 7367 accurate data cannot be obtained 8.8 60
01.12.2019 7351 accurate data cannot be obtained 8.1 62
15.12.2019 7140 accurate data cannot be obtained 7.8 64
31.12.2019 7600 accurate data cannot be obtained 7.6 60

* formed by the authors based on their own research

4. Conclusions

Many investors have felt anomalous fluctuation levels of cryptocurrency investment indices within different periods of market
cycles. Though instability may be more intense then it was predicted during certain periods of time, a conclusion may be made
on the fact that the typical method to measure instability favors the problem of unpredicted instability. It is proposed to take into
consideration the factors, which may also affect the cryptocurrency exchange rate:

. Trade wars of the USA with other export-oriented world economies (China);
. Advent of [EO as the alternative to ICO and new drivers connected with the interest in cryptocurrency;
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. FATF recommendations to control the market;
Entry of world giants into crypto-market (e.g. Facebook);
Development of the stablecoin market.

Thus, it is quite real to forecast the exchange rate movement basing on the network complexity and the amounts of participants;
however, such an approach is rather unreliable. Actually, the rate is affected by the totality of certain factors, and there should
be comprehensive analysis anyway: number of transactions in a mempool, halving, trade volume, technical and fundamental
factors, news, number of new wallets.

Forecasting the Bitcoin exchange rate
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Fig. 1. Forecasting the Bitcoin rate
Source: the author’s development
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