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Abstract

The paper discusses the use of adaptive models for short-term forecasting of
currency rates. As a criterion for the randomness of the movement of the levels
of the dynamic range of currency rates, the criterion of turning points was used.
Keywords: data science, adaptive method, currency course

1 Introduction

One of the objectives of a statistical study of macroeconomic indicators is to analyze
the dynamics of the rates of major foreign currencies. This is due, �rst of all, that the
valuation of assets in the corresponding period of time, the indicators of their dynamics
depend on the emerging exchange rates. This paper discusses the methodology and
main results of the analysis and prediction of market �uctuations in exchange rates
using adaptive methods [1].

The work was performed on the basis of the data of the National Bank of the
Republic of Belarus for 2016�2017. about the daily exchange rates of the US dollar,
euro and Russian ruble to the Belarusian denominated ruble. At �rst glance, the
dynamics of national currencies seems to the researcher a chaotic process, in which
there is no regularity In such conditions, it is very important to �nd statistical methods
and forecasting methods that, if they do not quantify the foreign currency exchange
rate for the upcoming period (for example, a day), then at least indicate the direction
of its dynamics (growth, decrease or stabilization). As the analytical practice in this
area shows, the use of traditional approaches to modeling the dynamics does not give
good results.

Before embarking on the mechanism of the relationship between successive values
of the exchange rate, an attempt was made to �nd out if the original series are not
completely random. As criteria of randomness, the criterion of turning points was
used. The number of turning points in the test row is compared with their number in
a completely random row, and on this basis it is concluded whether the row is random
or not.

2 Techniques for building a predictive model

There were 124 turning points in the range of the Belarusian ruble / euro exchange
rate under study from July 1, 2016 to September 13, 2017. The test showed that for
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all the considered rows the observed number of turning points is signi�cantly less than
it should theoretically be for a random series. Criterion for turning points:

Pforecasted(n) = 2(n− 2/3− 1.96
√

(16n− 29)/90,

Pforecasted(440) = 274 > Preal = 124.

Consequently, the random nature of changes in the levels of this series is not con�rmed.
For a number of dynamics of the Belarusian ruble exchange rate, there were 113 turning
points for the same period against the dollar, and 120 turning points for the Russian
ruble. In other words, this criterion indicates that these series are not entirely random:
they can conceal some pattern of movement forward. When building a predictive model,
the choice was made in favor of the class of adaptive models. In this connection, we
will make some transformations of the initial series. First, from the initial levels of the
dynamic series we move on to their �rst di�erences. Secondly, we replace the di�erences
by the values kt = sign(∆yt) according to [2].

Further analysis of the series is reduced to the analysis of alternation or preservation
of characters. Three options are possible:

• supply and demand contribute to the preservation of the mark of the growth rate;

• expectation of a change in the direction of movement of the course causes a
change in the sign of growth;

• future course direction is completely random.

The model should catch which of the three situations prevails recently, and give a
forecast for the next moment. To build a model, we use the values Mt = ktkt−1. In
order to �nd out which situation is more often encountered recently, one can apply the
exponential smoothing method of the series Mt:

St = αMt + (1− α)St−1 = St−1 + α(Mt − St−1).

Here, St can be considered as a forecast one step further, i.e. as a prediction of the
value ofMt made at time t−1, then the value ofMt−S(t−1) is a prediction error, and
the new forecast St is obtained by adjusting the previous forecast taking into account
its error. This is the adaptation of the predictive model.

The value of Mt = ∆yt∆yt−1/|∆yt∆yt−1| is a modi�ed correlation coe�cient, so
St is an adaptive correlation coe�cient [2]. Therefore, the value of St resulting from
the averaging of ones and zeros will be a fractional number from the interval [−1, 1],
therefore, the value Mt at the moment t + 1 will be de�ned as Mt+1 = sign(St). A
positive Mt+1 means the preservation of the sign of the increment that occurred at
time t, and the negative one means a change. The forecast of the sign of the currency
exchange rate increase at the moment t + 1 is de�ned as sign(∆yt+1) = sign(Mt+1kt).
This model is capable at di�erent times to re�ect either positive or negative correlation
of neighboring increments. It from time to time adapting to the observations, as if
changes its properties to the opposite.
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3 Evaluation of forecast results

If the prediction turned out to be correct, the payo� is equal to the di�erence |xt+1−xt|,
and if the prediction is wrong, then |xt+1 − xt| will be the size of the damage.

The criterion for estimating the results of forecasting is the average gain (or loss)
from currency operations per unit of time (that is, per day) per dollar or cumulative
gain for a certain period of model operation. In addition, a series of absolute and
relative indicators are calculated:

• L is the number of the winnings (predictions of the sign of a currency rate in-
crease);

• M is the number of erroneous predictions of the growth sign, i.e. the number of
losses;

• PL = L/(L+M) is the portion of the predictions of the growth mark that came
true;

• PM = M/(L+M) is the portion of erroneous predictions of the growth sign;

• SPR is the sum of winnings (i.e., only winnings are summed up) in foreign ex-
change transactions for the entire study period of the forecast model functioning,
which will be denoted by T (measured in national currency);

• SLOS is the amount of losses in foreign exchange transactions for the period T
(in national currency);

• SPR− SLOS is balance, net winnings (in national currency);

• R = SPR/SLOS is the ratio of the amount of winnings to the amount of losses;

• REL = SPR/(SPR+SLOS) is the portion of the realized opportunities (SPR+
SLOS is the maximum possible gain).

4 Findings

Thus, we showed that even the simplest statistical model can be useful for solving such
a di�cult task as forecasting currency rates. The proposed approach to short-term
forecasting allows you to quickly make a decision on current currency transactions.
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