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ITo-m’sATe, pPO3BHTOK BiAMOBIMATBLHOCTI CTYIEHTIB
Moxke OyTh eQeKTHBHHM 3a yMOBH 3a0e3nedeHHs
CHCTEMHOI HUJTICHOCTI HaBYaJIbHO-BUXOBHOTO IIPOIECY Ta
Horo diTKOi MPaKTHYHOI CHpsAMOBaHOCTI. BakmuBumu
HOTO CKJIaJHUKaM{ BHCTYNAIOTh BUKOHAHHS CTYyJCHTaMH
peaJbHUX KypCOBUX 1 AMIUIOMHHX POOIT Ha 3aMOBJICHHS
KOHKPETHHX Oprasizalii, ix cipaMyBaHHs Ha pO3B’s3aHHS
pobseM QyHKIIIOHYBAaHHS 1 PO3BUTKY IIMX OpraHi3ailii.

[To-mocte, anst QGOpMyBaHHS BiINOBIAAIBHOCTI
MaiOyTHIX (axiBIiB 3 yNpaBIiHHS NPOEKTaMU BKpail
BaXJIMBOIO € HaJIe)KHA OpraHi3allisi BUBYCHHSA Kypcy 3
MOBEIIHKOBHX KOMIICTEHIIIH, CHCTEMHE 3aCTOCYBaHHS IIPH
FOMY AaKTHBHHX METOJIB HaBYaHHSI Ta IHHOBAIIHHIX
MEeNAaroriYHNX TEXHOJIOTIH.
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I. 1. KOVALENKO, L. S. CHERNOVA

MODIFIED MOVING-AVERAGE METHOD IN PROBLEMS OF SHORT-TERM FORECASTING OF
TECHNICAL AND ECONOMIC INDICATORS IN HIGH-TECHNOLOGY ENTERPRISES

This paper proposes a modified moving average method. The basis of the method is to find an effective average estimator on the basis of moving that
consists of some subset of the elements of the average series. To improve accuracy of the obtained forecast values the averages test for efficiency at
each step of moving is done by the resampling method. This method is actively used in technical and economic analysis, as it has a profound statistical
justification. The obtained forecast error values are acknowledged as possessing “satisfactory accuracy” and "good accuracy". Accordingly, the
modified method has advantages over other modifications of the moving average method. In future studies of the proposed method in different time

series, for example, with so-called "suspicious”, "outlier" values the new results can be obtained.
Keywords: short-term forecasting, moving average method, resampling method.

Problem definition. State of technical and economic
indicators of successful high-tech companies with well
approved production processes and stable product orders
on hand can be characterized by stationary (substationary)
time series.

For short-term forecasting of such indicators the
moving average method and a number of its modifications
is widely used. The great popularity of this method is
explained with the simplicity of its implementation as well

as the fact that the moving average is essentially a
mathematical expectation which is the base factor in
statistics. The mathematical expectation is the most
probable value of the analyzed indicators (parameters) and
has a profound theoretical justification in the form of the
law of large numbers and the central limit theorem.
However, this method has several disadvantages one
of which is that the average value being the estimate of the
mathematical expectation is sensitive to demonstrations of
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volatility (variability) of time series. It can be expressed in
shifting and low effectiveness of such assessments.

Analysis of publications and recent researches.

Analysis of a number of publications devoted to the
short-term forecasting methods [1, 2, 3, 4, 5, and others]
showed that a series of moving averages is described and
implemented by now: Simple Moving Average (SMA)
that is equal to the arithmetical average of the time series
values in a definite period; cumulative moving average
that is numerically equal to the arithmetical average of the
series in the whole observation period; weighted moving
average that is represented by the arithmetic progression
with assigning certain "weights" by elements of a series;
exponential moving average the basis for which is the
smoothing coefficient that characterizes the rate of weight
reduction of series elements.

There is all the class of adaptive moving averages
that change their characteristics depending on the behavior
of the analyzed parameters. For example, Kaufman's
Adaptive Moving Average [7] which is based on the
exponential moving average and uses the value of
volatility to determine the optimum smoothing function.

Purpose of the work lies in the development and
study of the modified moving average method which is
characterized in that it is based on a search procedure of
effective mean estimator on the base of moving that is
composed of a subset of the elements of the series.

Statement of basic material. You can consider the
following type of time series characterizing the certain
features behavior of company activity x(t,), x(t,), x(t;),

o X)), s X(E).

Then, to obtain the forecast value in the form x,, at
the moment t, it is necessary to perform the following
operation:

X, Xp +Xg F oot X ot X

: 1)
where n is a base of moving that is the number of previous
values of the series that come under the averaging; x; isa
forecast value of the series.

To obtain the subsequent forecast values of the series
at the moment t tigs - to (K is the forecast

horizon, i.e. the number of time units for forecast), it is
necessary to make a similar calculations:

X¢1 =X

n+l =

n+2 !

Xip =Xp2 = 0 ,
Xg ot X ot Xoig + X
Xi3 = Xye3 = N )
K. =% = X X+ Xep +oeH X
tk = Mn+k T

n )

The expressions (1) and (2) represent a process of
"moving" through a time series with a base of moving n.

Thus, the obtained set of forecasts {xf'i}, i=Lk

represents the arithmetical (sample) averages.

Therefore, to improve the accuracy of the obtained
forecast values it is reasonable to check the averages for
efficiency at each step of moving. Methods of one of the
modern trends of applied statistics, bootstrap methods, can
be used with this view [6]. We can consider one of them
known as the "resampling” of samples [6]. Let’s suppose
there is an original data sample:

Xy Xy Xgeees Xi_10 X Xiazreeer Xngs X

We can list the samples that can be obtained from the
original:

Xy, Xgy -y X1 ELC.,
Xy Xgy ey Xie_q €LC.,

Xts Xos Xg,-., €LC,,

Xps Xo1 Xgees Xean Koo Xsan o X X ®)

Xty Xos Xgyeeey X Xyt -er Xngs X

' -1 o
Xis Xoy Xgpeeey Xegs Xyar =00 X1 Xp s
X Xoy Xgyeewy Xeqs o weer X1 Xy
Xy Xoy Xgyeeey Xeq Ko Xyar o0 Xy
X Xoy Xgyeeey Xeq0 X Xiyr oer Xng-

Thus, n new (resampled) samples can be obtained
with size (n-1) of each. The value of statistics we are
interested in can be calculated for each of them (e.g.
averages).

As applied to the problem the considered procedure
(3) is as follows.

Let’s suppose there is a sample of values of a series
Xo =Xs X, Xg, -0y X, -0y X, With a size equal to the base
of moving n. Let’s determine the estimated mean by it
o 1l .

X =Hzi:1xi . Dropping the element x, from the
original sample X,, we obtain the first modified sample
iZ.n*lxi. Then
n-1<i=

when we drop the element x, from X, and return the
element X to its sample, we  obtain

o 1 n-1

Xy =%, Xgy oo Xy ooy X, @Nd - X, =12 X;
on until n modified samples with a size (n-1) and n
estimated sample means, X;,i=1n..

Hereafter, in order to

Xy =X, Xgy oo Xy oy X, @NA - X, =

and so

determine  spread

(effectiveness) of the obtained estimates X and Yi* let’s
analyze the sum of residual differences squares (F) using
the following formulas:

Bicnux HTY «XIIl». 2016. Ne 2 (1174)

59



Cmpameziune ynpasninus, Ynpagiinia NOpmeenimu, npoepamam ma npoexmamu

ISSN 2311-4738 (print)
ISSN 2413-3000 (online)

n n JE—
Fo=2 (6 =%)% F =D (% —%) e
ir-:-l _ i=1 ) B (4)
F = Z(Xi _X;)Z:---a F = Z(Xi _X:)z
i=1 i=1
In addition, we can determine the relative

effectiveness of the considered estimates (G) with the use
of such expressions:

G _i Zinzl(xi X)
' R Zinzl(xl _XI)Z
n _ 2
Gzzizzzl(#,_” (5)
F, zin:l(xl _X;)z
n _2
G = F _ Z':l(xl _X)

The subsequent choice of indicators for fulfillment
of conditions Fj = min and Gj = max provides to obtain
an estimated mean with a minimum spread value that is
characterized by maximum efficiency.

This estimated mean will be taken as a forecast
value. Let’s consider a numerical example. Table 1 shows

the time series {x}, i=1, m which characterizes the
enterprise's profit performance in the period that is equal
to m = 15 months; x, is a monthly profit (mIn. USD);
base of moving is n = 10 values of the series (X, +X;);
forecast horizon is k = 5 months; x,., is the actual value

of the series; x{® is forecast values obtained by the

mma

conventional moving average; X

obtained by modified moving average.

Table 2 presents the results of using the bootstrap
procedure of "resampling” of sample and subsequent
estimation and finding effective mean estimators.

is forecast values

Vall;:?igsf the X | Xp | X3 | X | X5 | Xg | X7 | Xg | X9 | X0 | X | X X3 | Xy X5
Xact 2 | 2| 4| 3|3|5 | 8| 8] 6 6 6 6 7 7 5
Xma
f 7.8 7.6 7.6 7.5 7.5
mma
X 61 | 63 | 7 7 | 72

Table 2 —Resampling of the original time series and finding the effective mean estimators

X | X | Xs| Xa| X%s5| Xe| X7| Xg| Xg| o
2| 2| 4| 3| 3| 5| 8| 8| 6| 6| X=78 x:xo| F=2615 R+Fg| (G +Gy)100%
2 4 3 3 5 8 8 6 6 7.6 264 1.3
2 4 3 3 5 8 8 6 6 7.6 264 1
2 2 3 3 5 8 8 6 6 7.4 261 2.5
2 2 4 3 5 8 8 6 6 7.5 262.5 2
2 2 4 3 5 8 8 6 6 7.5 262.5 2
2 2 4 3 3 8 8 6 6 6.3 265.4 0.8
4 3 8 6 6 7.0 261 2.5
4 3 8 6 6 6.1 262.6 2
2 2 4 3 3 5 8 8 6 7.0 261 2.5
2 2 4 3 3 5 8 8 6 7.2 259 3.3
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Table 3 —Typical values of forecasting errors and their interpretation [3]

e, % Interpretation

<10 High forecast accuracy
10...20 Good accuracy

20...50 Satisfactory accuracy
>50 Unsatisfactory accuracy

To calculate the forecast errors et, performed by two
methods, we can use the following expression [3]:

L (Xact
( 3 G —%0)

i=1 act

J *100%.

Then we have the following error values:

U 1(18,16,06 05 2510006 24.4%
56 6 7 7 5

emma _ /1 E+%+0+0+Ej *100% = 10.2%
506 6 5

In accordance with Table 3 the obtained forecast
error values are interpreted as "satisfactory accuracy" and
"good accuracy” of forecast. This suggests that certain
advantage of the proposed modified moving-average
method in terms of more accurate forecasting values.

Conclusions. The moving-average method still takes
an important place in technical and economic analysis,
since it has a profound statistical justification. This
obviously explains researchers’ ongoing interest in it that

is resulted in the appearance of numerous modifications of
this method. The same aim is pursued in this work. It
should be noted that new results can be obtained in deeper
study of the proposed approach in different time series

(for example, with so-called "suspicious”, "outlier"
values).
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