®IHAHCW, BAHKIBCbKA CIPABA TA CTPAXYBAHHA

EKOHOMIKA TA CYCIMNINbCTBO Bunyck # 54 / 2023

DOI: https://doi.org/10.32782/2524-0072/2023-54-40

UDC 336.1.07

EXTRAPOLATION USAGE
FOR PREDICTING CRYPTOCURRENCY PRICING

BUKOPUCTAHHS EKPANO/SALLI )
0151 MPOrHO3YBAHHSA LIIHOYTBOPEHHS BITKOIHA

Matskevych Dmytro
PhD. student of the Finance, Accounting and Taxation Department,
Hryhorii Skovoroda University in Pereiaslav
ORCID: https://orcid.org/0000-0002-9765-8305

Granovska Inna
PhD in Economics,
Sr. lecturer of the Finance, Accounting and Taxation Department
ORCID: https://orcid.org/0000-0003-4270-5001

MaukeBu4 AMUTpPO
YHisepcuteT Npuropia Ckosopoau B lNMepescnasi

FpaHOBCbLKa IHHa
YHiBepcuteT Mpuropisa CkoBopoam B Nepesicnasi

In this article, we delve into the challenging problem of forecasting cryptocurrency prices using mathematical ex-
trapolation techniques. We highlight the scarcity of research in this domain, underlining the necessity for in-depth in-
vestigation. The article outlines the unresolved issues related to extrapolation-based cryptocurrency price prediction,
such as market volatility and non-linearity. It primarily aims to showcase the potential of extrapolation for predicting
bitcoin prices. The analysis involves a year-long bitcoin price trend, with the application of linear and polynomial ex-
trapolation methods. While some correlation exists, notable discrepancies, especially during abrupt price changes,
are evident. The conclusion emphasizes the limitations of extrapolation and advises a diversified approach to cryp-
tocurrency investment decisions, considering various factors beyond mathematical data. In this article, we delve into
the challenging problem of forecasting cryptocurrency prices using mathematical extrapolation techniques. We high-
light the scarcity of research in this domain, underlining the necessity for in-depth investigation. The article outlines
the unresolved issues related to extrapolation-based cryptocurrency price prediction, such as market volatility and
non-linearity. It primarily aims to showcase the potential of extrapolation for predicting bitcoin prices. The analysis
involves a year-long bitcoin price trend, with the application of linear and polynomial extrapolation methods. While
some correlation exists, notable discrepancies, especially during abrupt price changes, are evident. The conclusion
emphasizes the limitations of extrapolation and advises a diversified approach to cryptocurrency investment deci-
sions, considering various factors beyond mathematical data.
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Y uiii cTaTTi AOCNIAXYETLCA akTyaslbHe 3aBAaHHS NPOrHO3yBaHHS LiH Ha KPUMNTOBa/OTY, 30KpeEMa OITKOIH, BU-
KOPUCTOBYOUN MaTemaTuyHi MeToau ekctpanonsuii. CTarTa po3noynHaeTbes 3i cPOpMy/IbOBaHHS 3arasibHOl Npo-
6nemMu, sika nofsrae B po3po6Lji NPOrHO3HMX MoAenelt A8 TOYHOro nepefbayeHHss MainbyTHIX LiH Ha KpUNTOBasTHOTY
B Pi3Hi Nepiogy yacy, Big, KOPOTKOCTPOKOBUX (TOAUHW [0 AHIB) 4O AOBrOCTPOKOBUX (TWXKHI, MicsL ab0 HaBiTb POKK).
B ctucnomy, 3agaya nepegbayeHHs LiH Ha KPUMTOBaUIOTY BK/OYAE 36ip Ta norepefHio 06pobKy faHux, BUGIP
Ta HaBYaHHSA NPOTHOCTUYHUX MOZENEN, OUIHKY IXHbOT e(PEKTVBHOCTI Ta BNPOBAMKEHHS iX Yy NPAKTVKY, NP LbOMY
BPaxOBYHOUM acnekTy ynpaBAiHHA pu3nkamy Ta eTUYHI BUMOrun. Lis 3apava € GaratoamcumniiHapHO i BUMarae
cnevjanicTiB y rasysi Hayku nNpo AaHi, hiHaHCIB Ta 3HaHb y cdepi KPUNTOBA/TIOTHUX PUHKIB. CTaTTS Haro/oLWye Ha
06MexeHOMy 06CA3i HayKOBUX POBIT, MPUCBAYEHNX BUBYEHHIO KPUMTOBA/IOT Ta MareMaTUUHUX MOAENENR y LiboMy
KOHTeKCTi. OAWH i3 3ragaHux focnigHvkise — Paniua MeTtkosa, pa3oM 3 iHWwWuMmy cnisasTopamu — xeTiHom Abpaxa-
MoM, [leHieniom XirgoHoM, [xekoM HenbcoHoM Ta XyaHoM |6appa — BKasye Ha aKTyasIbHICTb el TeMU. Y CTaTTi
Haro/10LYETbCS, L0, HE3BAXKAIOUM HA MOX/IUBICTb BUKOPUCTaHHS eKCTPanonsLii 415 NPOrHo3yBaHHS LiH Ha KpUnTo-
BaJItOTY, ICHYHOTb Ki/flbKa HEBMPILLEHMX BUK/TUKIB TA 0OMEXEHb, NOB'A3aHUX 3 LIMM MiaAXx0A0M. 30Kpema, BUCBIUYHOTLCS
0COONMBOCTI KPUNTOBA/IIOTHUX PUHKIB, Taki SIK TXHS HEMWHINHICTb, BONATUNLHICTb, YYTAMBICTb A0 CEHTUMEHTY Ta
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HOBVIH, & TakoX MOCTIMHO 3MiHIOKUMIACA XxapakTep. JOoCNiAHMKM | NPaKTUKX NPOLOBXYIOTb NpaLoBaTi Haj BLOCKO-
Ha/IeHHAM Mojenein nepefbayeHHs Ta BUPILLEHHAM LyX BUKIMKIB 3a LOMNOMOIOK MOEAHAHHA METOAIB, Takux fK
MalUVHHE HaBYaHHS, aHasli3 CEHTUMEHTY Ta (oyHAAMeHTalbHWI aHani3. F0NoBHa MeTa CTaTTi — NPOAEMOHCTPYBATK
MOX/IMBICTb BUKOPWUCTaHHA MaTemMaTUYHUX METOLiB, 30Kpema ekCcTpanonauii, A1 NPOrHo3yBaHHA LiH Ha GITKOTH.
[na nigTBep4XeHHs NpaBUIbHOCTI BUGPaHUX METOAIB, NPOBOAUTLCA aHasli3 PIYHOrO TPeHAy UiH Ha GiTKOIH Ta 3a-
CTOCYBaHHA NiHIMHMX i NOMIHOMIa/IbHUX METOAIB ekcTpanonauii. Pesynstatn npeactasneHi y Burnagi rpadidHmx
BiJOOpPaXeHb, L0 BUABAAIOTL NEBHY KOPENSLi0 3 peaslbHUMM LjiHaMK1, ane TakoX NOMITHI BiAXWIEHHS, 0CO6MBO

nig Yyac HecnogiBaHMX KoNMBaHb LiiH.

KnrouoBi cnoBa: ekoHOMiKa, KpunTo, KpunToBantoTu, BTC, ekcTpanonsuis, anpokcumalis.

Formulation of the problem in general.
Given a historical dataset of cryptocurrency
price movements and relevant market data,
the objective is to develop a predictive model
that can estimate future cryptocurrency prices
accurately. This predictive model aims to provide
forecasts for various time horizons, ranging from
short-term (hours to days) to long-term (weeks,
months, or even years) predictions. In summary,
the problem of predicting cryptocurrency
pricing involves collecting and preprocessing
data, selecting and training predictive models,
evaluating their performance, and deploying
them for practical use while considering risk
management and ethical considerations. It is a
multidisciplinary challenge thatrequires expertise
in data science, finance, and domain knowledge
of cryptocurrency markets. In summary, the
problem of predicting cryptocurrency pricing
involves collecting and preprocessing data,
selecting and training predictive models,
evaluating their performance, and deploying
them for practical use while considering risk
management and ethical considerations.
It is a multidisciplinary challenge that requires
expertise in data science, finance, and domain
knowledge of cryptocurrency markets.

Analysis of recent research and
publications. There is not a large number of
published works devoted to the study of crypto
currency and mathematical models. Lienard A.,
Davies, T. V., and James, E. M., Goursat, E. V.,
Hedrik, E. R., and Dunkel, O. That's why this
topic has to be researched in detail.

Unresolved parts of the common
problem. While extrapolation can be used for
predicting cryptocurrency pricing, there are
several unresolved challenges and limitations
associated with this approach. In summary,
while extrapolation can be a valuable tool
for cryptocurrency price prediction, it is far
from a complete solution. Many challenges
and unresolved issues stem from the unique
characteristics of cryptocurrency markets,
including their non-linearity, volatility, sensitivity
to sentiment and news, and evolving nature.

Researchers and practitioners continue to work
on improving prediction models and addressing
these challenges through a combination
of techniques, including machine learning,
sentiment analysis, and fundamental analysis.

The purpose of the article. This article
highlights mathematical approaches for bitcoin
price predicting. This article showsthe expediency
of such an application of extrapolation

Presenting main material. By approximate
methods we shall mean analytical procedures
for developing solutions in the form of functions
which are close, in some sense, to the exact,
but usually unknown, solution of the nonlinear
problem. Therefore numerical methods fall
into a separate category (see Chapter 5) since
they result in tables of values rather than
functional forms. Approximate methods may be
divided into three broad interrelated categories;
“iterative,” “asymptotic,” and “weighted residual.”
The iterative methods include the development
of series, methods of successive approximation,
rational  approximations, and the like.
Some form of repetitive calculation via some
operation F whose characteris u,,, =[u,,u, ,,...]
successively improves the approximation.
Transformation of the equation to an integral
equation leads to a natural iterative method.
Asymptotic procedures have at their foundation a
desire to develop solutions that are approximately
valid when a physical parameter (or variable) of
the problem is very small, very large or in close
proximity to some characteristic value. Typical of
these methods are the perturbation procedures
both regular and singular [1].

Asymptotic procedures are fundamentally
aimed at developing solutions that maintain
approximate validity when dealing with a physical
parameter (or variable) in a problem, which is
either very small, very large, or closely aligned
with some characteristic value. These methods
commonly include perturbation procedures,
both regular and singular, as well as weighted
residual methods, possibly originating from the
calculus of variations. The latter demands that
the approximate solution closely approximates
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the exact solution, such that the difference ou

between them (the residual) is minimized. % =V 3)
Collocation, on the other hand, mandates that ou

the residual becomes zero at predefined points, —=v-U+ w[l -v+u- W].

while Galerkin's method is formulated to ensure on

that weighted integrals of the residual equal Occasionally transformations other than

zero. These error distribution techniques are
at times referred to as direct methods of the
calculus of variations, even though they might
not necessarily be associated with a variational
problem. Giventhe inherently approximate nature
of these procedures, a critical question arises
concerning the accuracy of the approximation.
In many instances, convergence theorems
exist, suggesting that if an iteration continues
indefinitely or if the interval size shrinks without
bound, the process will eventually converge to
the true solution. While these theorems certainly
boost the analyst's confidence, they may not be
as practically valuable as a realistic error bound
applicable at any stage of computation. Realistic
error bounds or estimates are available for
certain approximate processes, with perhaps the
most well-known being those for the Taylor series
and the method of successive approximations
for integral equations. In cases where these
bounds are unavailable, a common approach
to demonstrate the utility of an approximation
method is to apply it to a problem with a known
exact solution. This allows for the calculation of
the error, with the presumption that the method
will produce errors of a similar magnitude when
applied to similar problems. While this procedure
is not ideal, it is sometimes necessary [1].

Some mathematical properties. Equations of
order n, n> 1 are reducible to n simultaneous first
order equations. This reduction is not unique as
will be demonstrated for the third order Blasius
equation:

w"+ww"=0. 1)

One obvious substitution is u = w', v = U
(= w") so that Eq. (1) is equivalent to the three
equations:

ow

—=Uu

on

w_y, @)
on

ov

—=-Wwv

on

An alternative to this procedure is to set (say)
u=w"+w,Vv=u'whereupon. Eqg. (1) is equivalent
to the three equations:

ow

E'S

the immediately obvious one that leads to
Egs. (2) may be more convenient. Such a
situation occurred in the work of Lienard [2] in
his investigation of limit cycles for the general
second order equation

x"+f(x)x'+x=0. 4)
Equation (4) may be written as
ﬁ{a—X+F(X)}+X=O :
ot| ot
where F'(x) =f(x) and instead of the previous
substitutions Lihard writes y = (2—); +F(x)

whereupon Eq. (4) is equivalent to the two first
order equations

oX oy
== F(x), i (5)

Differential equations are used to model
physical phenomena, and they typically fall
into two categories: propagation or initial value
problems, and equilibrium or boundary value
problems.

In an initial value problem, the analyst's task
is to predict the system's future behavior based
on the initial data and the equation governing
the system. On the other hand, in an equilibrium
problem, the objective is to find a configuration
that satisfies the equation while adhering to
specific boundary conditions. These questions
often lead to eigenvalue problems, which involve
an additional challenge.

Inan equilibrium problem, the primary concern
is determining the configuration itself. However,
in an eigenvalue problem, the analyst must not
only find the configuration but also ascertain the
value or values of a scalar parameter known
as eigenvalues. Some guiding principles in the
form of existence and uniqueness theorems
are available. These will be stated in the sequel
without proof. The interested reader may find
various proofs in the work of Davies and James
[3], Goursat et al. [4], and Ince [5].

Our general propagation problem may be
expressed as a set of governing differential
equations.

Y,

p” =f/.(y1,...yn,t), j=1,..n. (6)
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Subject to the initial conditions y; (t,) = ¥,
for the variables y, (t). The course of a typical
propagating variable in a “well behaved” system
might be as shown in Fig. 1. a.

As integration inherently involves a
'smoothing’ operation, it is reasonable to
anticipate that the functions y, (t) will typically

exhibit a higher degree of smoothness compared
to the & functions. However, it's important to
note that the solution might not always exist or
could lack uniqueness. Certain challenges and
complications are illustrated in Figure 1. b-d.
The presence of these singularities is not always
readily apparent, but it is advisable to remain
vigilant for their potential occurrence.

Having such information, let's apply this
knowledge to predict bitcoin pricing. To validate
the correctness of chosen methods, let's analyze
already known data, in our case it's the bitcoin
price trend during 1 year (graph 1).

Lets choose 2 different extrapolation
methods: linear [6] and polynomials [7].

We performed an analysis by utilizing the
three most recent data points, consisting of
both date and price, to predict the next point
using extrapolation methods. Subsequently, we

— —]
(o)
-

{a)

~

ylty)

{c)

compared these predicted points with the already
known data, repeating the same procedure
for all known data points. As a result, 2 charts
which represent the “predicted” chart. (Graph 2,
Graph 3).

Let's examine how the actual price trend and
the predicted price are displayed together on the
same graph (Graph 4).

Here we can see some correlation with
real price, but let's take a closer look at these
graphs and estimate the errors of each of
the approximation methods. Here we see
a significant deviation from the real price
(especially polynomial method) (Graph 5,
Graph 6). Especially we can see it when price
unexpectedly extremely decrease.

Conclusions. Let's summarize, extrapolation
it's mathematical method which takes into
account only mathematical data (data points)
and analyze it and don’t count other important
reason which can effect on price, such:

— Data Quality and Reliability: Extrapolation
assumes that past price trends will continue,
which depends on the quality and reliability of
the historical data. Cryptocurrency markets are
known for their volatility and susceptibility to

y(ty)
I -
to 1
(b)
Y
A |
|
|
|
y(to)/7[
|
|
|
] -t
to t

(d)

Fig. 1-4. Qualitative solution properties for ordinary differential
equations. (a) Well behaved solution. (b) Solution does
not exist at f, . (c) Solution not unique at t, . (d) Nonuniqueness
at tl and no solution for t > t;
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Graph 1. Bitcoin pricing trend during 1 year
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Graph 2. “Predicted” Bitcoin pricing trend during 1 year (using linear extrapolation method)
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Graph 3. “Predicted” Bitcoin pricing trend during 1 year (using polynomial extrapolation method)
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Graph 4. “Predicted” and real Bitcoin pricing trend during 1 year
(using linear and polynomial extrapolation method)

®IHAHCW, BAHKIBCbKA CIPABA TA CTPAXYBAHHA



®IHAHCW, BAHKIBCbKA CIPABA TA CTPAXYBAHHA

EKOHOMIKA TA CYCIMNINbCTBO Bunyck # 54 / 2023

price error, $

price error, $

4800
4300
3800
3300
2800
2300
1800
1300

300
-200
-700

-1200
-1700
-2200
-2700
-3200
-3700
-4200
-4700
-5200
-5700
-6200
-6700

4800
4300
3800
3300
2800
2300
1800
1300

300
-200
-700

-1200
-1700
-2200
-2700
-3200
-3700
-4200
-4700
-5200
-5700
-6200
-6700

date, dd.mm.yyyy

Graph 5. “Predicted” and real Bitcoin price errors trend during 1 year
(using linear extrapolation method)
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Graph 6. “Predicted” and real Bitcoin price errors trend during 1 year
(using polynomial extrapolation method)
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manipulation, so historical data may not always
accurately reflect future conditions.

—  Market Factors: Cryptocurrency
prices are influenced by a wide range of
factors, including market sentiment, news
events, regulatory changes, and technological
developments. Extrapolation typically doesn't
take these factors into account, making it less
effective for capturing sudden and unexpected
price movements.

— Short-Term vs. Long-Term Predictions:
Extrapolation is often more accurate for short-
term predictions when market conditions are
relatively stable. For longer-term predictions,
it becomes less reliable, as it doesn't account
for fundamental changes in the cryptocurrency
landscape.

— Volatility: Cryptocurrencies are known
for their extreme price volatility. Extrapolation
assumes a linear or simple mathematical
relationship between past and future prices,
which may not hold in highly volatile markets.

— Overfitting: Extrapolation methods can
sometimes overfit to historical data, meaning

they fit too closely to past price movements but
fail to generalize well to new data. This can result
in inaccurate predictions.

— Diversification: Relying solely on
extrapolation for cryptocurrency investment
decisions is risky. It's important to diversify your
investment portfolio and consider other factors,
such as fundamental analysis and market
sentiment, when making investment decisions.

— Use of Multiple Models: To improve
prediction accuracy, consider using multiple
forecasting models, including fundamental
analysis, technical analysis, sentiment analysis,
and machine learning models. Combining these
approaches can provide a more comprehensive
view of the market.

— Regular Updates: Cryptocurrency
markets can change rapidly. If you are using
extrapolation, make sure to regularly update
your models and adjust your predictions based
on new data and market developments.

It can't be used for such a kind of prediction,
because as shown on the graphs, the predicted
price does not coincide with the real price.
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