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1. Introduction

Systems of decision-making support in the financial sph-
ere are one of the most topical directions in the development
of information technologies. Such systems can provide sign-
ificant competitive advantage as compared to other market
participants, and, a result, attract considerable interest in
the sphere of financial trade. The development of new tech-
nologies for the market condition forecasting and risk evalu-
ation, as well as the study of the possibility of using modern
methods of analysis for forecasting the currency market are
especially actual problems, considering the increase in pop-
ularity of Forex in recent years.

2. Analysis of literature data and problem formulation

The basis of the technical analysis is the statement that
the market prices move directionally, depending on a certain
tendency (trend). The ascending, descending and lateral te-
ndencies can be distinguished. The task of the technical an-
alysis is the definition of the nature of current tendency and
identification of the moments of its change by the analysis of
the history of price changes at the market.

The methods, which are the most frequently used in the
technical analysis include auxiliary constructions on the
diagrams of currency exchange rates (lines of resistance and
support, trend lines, etc.), indicators and oscillators. There
are many variations and modifications of these methods, but
most of them are characterized by the following common
disadvantages [1, 2]:

1) the subjectivity of auxiliary constructions, which exc-
ludes its automation;

2) significant time delay, caused by the use of indicators
and oscillators of the moving averages in calculations;

3) the large number of false signals of the trend reversal
when using oscillators.

Recently, due to the fact that computers achieved the
necessary level of computing opportunities, more integrated
approaches to the solution of technical analysis problems,
namely approaches with the use of neural networks [3], gen-
etic algorithms [4, 5], visual image recognition technologies
[6] started gaining popularity. The commercial software
products, using the technologies of neural network constr-
uction and complex indicators optimization on the basis of
existing ones (Neuroshell Trader, BioComp Profit, Brain
Maker Professional) and technology of market strategy
optimization using genetic algorithms (Neuroshell Trader,
Wave59) are widely presented in the software market.

3. Objective and research tasks

The objective of the paper is the development of the mod-
el, which favorably differs from the existing approaches of te-
chnical analysis by the presence of physical sense: the value
at the output of the model is not abstract, it is a probability
of a quite certain event - reversal of the market trend during
the time interval in future.

The probabilistic nature of the model provides the maxi-
mum transparency for the user, making decisions in the cou-
rse of trade that is especially topical in conditions of abund-
ance of the factors, influencing the changes in the exchange
rate and complicating the deterministic forecasting.

Furthermore, the distinctive feature of the risk evalua-
tion method, suggested by the authors of this paper, is the




consideration of the time series of currency quotations not as
a set of separate points, but as a set of segments, into which
it is split by the change points. Finding of the change points
of the series allows to divide the series into segments with
similar statistical properties that corresponds to one of the
principle paradigms of the technical analysis — division of
the time series into segments with a constant tendency.

4. Description of suggested model of probabilistic
assessment of trend stability

The model is based on mathematical techniques of de-
tecting the change-points of statistical characteristics of
the series and the method of probability density estimation
using splines. At the first stage of data processing, the input
numerical series is split into segments, on which the trend
direction is invariable. After that, there is the estimation of
two-dimensional probability density function of distribution
of duration of such segments and the difference between
final and initial series values on the segment. Based on the
obtained distribution function, the probability function of
the required event — trend reversal, is calculated.

4. 1. Splitting of the series by the change points

For the solution of the problem of the series splitting, two
methods are used: the graphic method of searching the inf-
lection points of the diagram, aimed at finding the reversal
points a posteriori, and the CUSUM test, which belongs to
the methods of sequential change-point detection.

The graphic method is highly accurate and is assigned
for the construction of the main sample of the stationarity
segments, on the basis of which the initial value of the
probability density function of the change-point distrib-
ution is estimated. This method is based on the following
principle.

Let’s determine the initial and the final moment in the
process, in which we search the change point: m — the initial
time moment, n — final time moment. For this segment, let’s
construct the array:
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where k, b - found coefficients of the equation of the straight
line (y=kx+b), passing through the points (m, x;,) and (n,
Xp).

The change point corresponds to the time moment r,
such that:

x, =maxd, ,re(m,n), x, > bar, (2)
where bar is the sensitivity barrier of the method.

Once the change point is found, the time moment r bre-
aks the interval [m, n] into two intervals, which then we co-
nsider in the similar way, initiating the function recursively.
The process is finished when none of the values of d; on the
interval exceeds the established barrier.

The CUSUM algorithm is assigned for the change-point
detection in the latest obtained data. It lies in the analysis of
the behavior of the value [7]:

S, =S, +In(o(x, /6,)n(x,/6,)), (3)

where ®(x, /6 ) is the probability density function of xi,

0 is the scalar parameter of density.

At each step the sum is compared to the set threshold.
If at step t S¢>h, then the signal of change-point is set, the
accumulation of the sum starts again from zero. A reflecting
barrier of the function is set at the point 0.

S, =max(0,S,_,+AS),

t-1

AS=In(w(x,/6,)/ o(x,/8,)). (4)

As we can see, such form of CUSUM requires the info-
rmation about the value of the parameter 6 after the chan-
ge-point. Nevertheless, the use of this method in this case
is complicated, as the exact value after the change-point is
unknown. There is a way to weaken this requirement. The
algorithm is adjusted so that to respond to any changes of
the characteristics 6. Let my be an unknown value, but the
direction of its change is known, for example my>m;.Then
(4) can be written as:

Ag, =x-m,—-k mpum,>m,,
Ag, =-x+m,+k mpum,<m,, 4)

where x is the value of observation at time t;

my is the expected value before the change-point;

k>0 is a sensitivity threshold of the method.

Note that there is the procedure, equivalent to the si-
multaneous application of the formulas (5) [8], but for this
task, the separation of conditions of setting the signal of
change-point to “up” and “down” is important. The changes
of characteristics towards the strengthening the current
trend do not lead to the trend reversal and should not be
considered.

Since the stable trend itself is characterized by changing
of the mean values of observations, in this case it is expedient
to apply CUSUM not to the initial series of observations,
but to its first time derivative. The physical sense of such
derivative is the rate of change of the function values. The
sharp change of the first derivative will mean the change
of the historigram direction that is the change-point of the
initial process. In case when it is necessary to determine the
change of the current trend, the reversal point of the diagram
will be characterized by the fact that the value of the first
derivative crosses the zero point. Eliminating the change-
points, in which the observation change is directed to the
opposite side from the zero point (trend strengthening), and
also the change-points, lying far from the zero point (trend
slowdown, which, nevertheless, is still far from the reversal),
we obtain the points, dividing the action segments of three
major market trends.

4. 2. Construction of the probability density function
of change-points

Suppose that after the diagram splitting we have n seg-
ments of stationarity. Each of the segments is characterized
by the vector of parameters, including its duration in time
(the length of the stationary segment along the axis x - Xg)
and the difference between the prices at the beginning and
the end of the segment (difference on the axis y - ys). Thus,
the process described by the vector of random variables (xs,
¥s)-

The model, proposed by the authors, is based on the ass-
umption that the time of the change-point appearance in the



statistical characteristics of the number of quotations is the
random variable, the distribution function of which slowly
changes in time. Having estimated the probability density
of the distribution, we get the opportunity to judge on the
probability of changing the direction of the market trend at
every step of the observations.

To solve the problem of the density estimation, it is
necessary to find a class of functions, which will allow
to approximate the empirical data on the distribution
with such degree of accuracy that the obtained result of
approximation was the closest to the estimated theoreti-
cal dependence. However, it is necessary to consider that
during solving the problem of the density estimation, the
estimation of the quality measure of approximation with
the use of the mean square error is not always acceptable.
More important is the compliance of the resultant function
to the distinctive properties of the input data, such as: the
number of modes, asymmetry, tail behavior [9]. This is
especially important in this case, since the distribution has
a pronounced bimodal shape (Fig. 1) and varies over time.
In view of the fact that such features are not retained in
the approximation neither by any of the typical two-dime-
nsional distributions, nor a mixture of distributions (using
the EM-algorithm) for the distributions, obtained in this
task, the transition to non-parametric methods for density
estimation is expedient.

The problem of nonparametric distribution density est-
imation on the histogram lies in the construction of the ap-
proximating function on a rectangular grid of values with
the restoration of the intermediate values. The first results
in this direction were obtained in the papers [10, 11], wh-
ere the histogram was considered as the estimation of the
unknown probability density function. Almost certain
convergence of the histogram to the continuous probability
density function was established in [10], the limit law of
distribution for the maximum of the absolute value of the
normalized deviation of the histogram from the theoretical
smooth density was obtained in [11].

Number of segments

Fig. 1. Histogram of distribution of the vector (xs, ys)

B-splines were selected as the approximating function.
At low computing complexity [12, 13], B-splines have good
approximating properties. In addition, B-splines have the
property of locality that allows to recalculate only a part
of the function during the change of the source data. The

latter is especially actual, given the fact that in the course of
obtaining the new market data it is necessary to update the
density function.

The use of B-splines in the process of probability density
estimation, in particular for the two-dimensional case was
studied in [9, 14, 15].

Let’s divide the distribution chart of (xs, ys) into
rectangular segments with the size of dy to dy, count the
number of hits on each segment and construct the histog-
ram on the basis of the obtained values. The points of the
histogram will serve as the spline nodes. We obtain the
two-dimensional array of the node points with the dimen-
sion of mxn . The two-dimensional B-spline function can
be written as the tensor product of the one-dimensional B-
splines, constructed on each of the two axes of coordinates.
In this case, the value of B-spline surface at any point will
be equal [16]:
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where s, t are point coordinates;
Pj jis the value of the approximated function at the point

t <t<t,,
otherwise

(8)

ij;
By, d () is the value of the blending function of the order

d at the point t, belonging to the interval (ty; ti +1);

ty; ti +1 are pairs of adjacent nodal points of the spline.

During the solution of the problem, the cubic blending
functions of order 4 and open uniform knot vectors U =
—(-3,-2, 1,01, ., n +1), V = (-3, -2, - 1,0,1, .., m +1) were
used.

The example of the result of estimation of the probabi-
lity density distribution of the vector (xs, ys) is shown in
Fig. 2.
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Fig. 2. Estimated density function (xs, ys)

4. 3. Calculation of the probability function values
The obtained density function is the density function of
the trend reversal depending on the increment of the value of



the exchange rates from the moment of the last reversal and
time. Knowing this density, as well as the current (since the
last recorded change-point to the present moment) value (xs,
ys), we can calculate the risk function, which expresses the
probability of trend reversal at the next step of observations.
To do this:

1) let’s assume that the prices from disorder to di-
sorder move directionally: either mainly up, or mainly
down. The orientation of movement corresponds to one
of the axioms of the technical analysis of the market and,
in addition, the significant deviation of direction to the
opposite side is the trend reversal itself. It’s enough to
define the current direction with the accuracy up to the
sign of the price change from the moment of the last rev-
ersal. In other words, the assumption lies in the fact that
the current price of the currency pair until the moment of
the next trend reversal will change in the same direction,
in which it changed from the moment of last reversal to
the present moment, not the opposite;

2) define the expected value of the price change at
the next step of observations. This value can be either
a constant of the order of increment of the series, or the
average value of the series increment in the selected dir-
ection for a number of 1 of previous time intervals. Poss-
ibility of insignificant shifts in the direction opposite to
the trend does not contradict the first hypothesis, there-
fore, it is expedient to consider the possibility of changes
in both directions (Ay; and Ay,).Thus, we limit the area
(ys — Ayy; ys + Ays), to which the next value ys the most
likely belongs. As for x, we can definitely say that at the
next step of observations, the value of the vector will
increase by 1 as x is the time axis.

Knowing the distribution of intervals of stationarity, as
well as the fact that the trend reversal is the event, which
will happen sooner or later, we calculate the probability of
the trend reversal by the analogy to the reliability funct-
ion: as the relation of the probability Py of occurrence of
reversal at the next observations to the probability P, of
occurrence of this event at all other segments, to which the
observed value may belong at future steps, according to the
assumption 1 and taking into account the non-decreasing
nature of x.

In the mathematical form:

P=—1,
Pz
x+d y+Ay,
P1= J. J. P(XyY)y
X y-Ayy

f f p(X,y),

y=0
X y-Ay,
PQ = Xmax  Ymin ' (9)
| | pxy), y<o0
X y+Ay,

where p (x, y) is the estimated probability density functi-
on;

P is the function, the physical meaning of which is the
probability of the fact that the trend reversal will occur at

the next step of observation sunder the conditions, taken as
assumptions above.

5. Approbation of the research results

Fig. 3 shows the example of the result of calculation of
the function values on the historical values of the currency
pair AUDJPY at the following input parameters: the size
of the time interval of the past for the formation of the
sample for density estimation is 45 days time interval is 10
minutes, time horizon for the calculation of the probability
function is one step forward (10 minutes).
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Fig. 3. Example of the graph of function P calculated on the
currency pair AUDJPY with a 10-minute interval of time

The results of practical application of the function allow
to conclude on its following characteristic features:

1. Function increases with the increase of distance from
the starting point of the current trend, and the increase is
quickly accelerated at the big distance from the previous
change-point.

2. As the vector (xs, ys) reaches the anomalous value,
the function turns into the uncertainty of the type (0/0)
that is associated with the fact that the integrand in the
system (9) takes the zero value. The feature was taken into
account during the software realization of the model.

3. When calculating the function one step forward, the
change-point occurs at relatively low values of probability.
It is connected with the small value of the time horizon
with respect to the length of the segment without the ch-
ange-point (low probability of the event at a large number
of experiments).

The obtained function can be used in the construction
of trade strategies: either independently (rules of the type
“if the probability of the termination of the ascending trend
within the next 10 minutes is higher than 10 %, it is nec-
essary to sell”), and as the specifying value (“to sell when
the indicator gives the signal to sale, and the probability of
the termination of the ascending trend in the next hour is
higher than 30 %”). In addition, the function can be used
as the function of confidence of the change-point detection
under the condition of the bottom limit establishment of
the values of P, on reaching of which the signals of change-
point are considered as true.



6. Conclusions

The model of evaluation of the financial market state,
based on the methods of change-point detection and pro-
bability density estimation using the spline functions, is
proposed.

The model allows to calculate the probability function
of the market trend reversal within the predetermined time
interval in the future.

The knowledge of the exact value of the risk of the mar-
ket trend reversal potentially allows to automate the choice
of the take-profit value for the opened positions, based on

the expected profit that would be impossible when using the
deterministic approaches; to formalize the decision-making
about closing of the trade positions opened earlier by setting
the threshold value of the acceptable risk. It is also possible
to use the function value as the technical indicator, which
has a high degree of visibility.

The prospects of further research in this direction: the
determination of optimal sample size for the density estim-
ation, selection of optimal density estimation parameters,
depending on the time scale of the data, analysis of the
effectiveness of the trade strategies based on the use of the
obtained function.
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