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This paper proposes a new approach to income modelling of enterprises, based on the
vector prediction methods. Existing approaches to the income modelling are based on the
use of traditional methods of economic dynamics prediction such as the average absolute
increase and average growth rate. Quantitative inaccuracy and highly approximate nature
of predictions are inherent for traditional methods. The authors propose the economic-
mathematical model for the enterprise income planning for a year ahead on a quarterly
basis. For revenue prediction two methods of vector prediction are used (the method of
orthogonal differences and multiplicative Holt — Winters’ method). This model provides
prediction for a few steps forward at the same time. Individually, each of these methods
doesn’t take into account the diversity of the process. Only in conjunction the methods
allow to take into account the demolition of trends and seasonal nature of income, thus
providing the necessary stability of the prediction. To summarize two predictions their
linear combination is calculated, the choice of weighting coefficients being based on the
accuracy of private predictions. The accuracy of the private prediction is defined as the
average relative error of the forecast.

Keywords: planning; business income; prediction; method of orthogonal differences;
Holt — Winters’ method; generalized forecast.

Enterprise efficiency is unthinkable without good income planning. The importance of
planning of the company’s income is due to the fact that the plan: contains guidelines,
under which the company will operate; serves as a means of control by which management
can determine the effectiveness of actions and plan measures to improve the organization’s
activities in future, and others.

In today’s competitive environment, it is necessary to develop and apply new methods
and techniques of planning, which would be based on the use of econometric models,
selection and modification of the most appropriate ones. It turned out fundamentally
important to consider features of organizations enterprises production structure, such as
territorial remoteness and isolation of structural units (branches, holding companies), the
activity conditions for each of them.

Analysis of the currently used techniques of companies income planning shows that
they do not fully meet the requirements of practice. They do not take into account different
conditions of unit work. Mathematical models of economic dynamics are not used for the
examined trends analysis and modelling of changing indicators of the performance. Modern
econometric methods are not applied in the process of prediction to ensure the adequacy
and accuracy required in the calculations. Typically, the company’s income planning is
created for one year ahead for a head unit on the whole on a quarterly basis, and each
regional (territorially separated) structural unit separately on the basis of the analysis
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and identification of trends in the growth and decline of income. Traditionally, planning
approach is based on revenue prediction by means of the methods of the average absolute
increase or average growth rate with the use of statistical data for the preceding three
years. These prediction methods are attractive because of its simplicity, but they give
good results only if previously prevailing trend of increasing or decreasing incomes is
saved. If the trend change is reversed, you cannot use the method of progress in indicators
forecasting and planning for future performance. It is important to identify the signs of
trend change as early as possible, as well as to take into account seasonal fluctuations of
income and other factors. This confirms the need to improve methods of revenue planning,
using the data for more than 3 years and modern methods of adaptive prediction.

For the construction of economic and mathematical model formulation of the problem
it is necessary to consider the problem of the company’s income planning for the year
ahead on a quarterly basis due to the type of income. The task of income planning is
stated as follows: it is necessary to calculate the revenue targets for the business units for
a year ahead on a quarterly basis and for certain types of income, taking into account the
factors affecting them.

To realize planning we must take into account the background of the process and carry
out its prediction. In this case, the original data is a matrix of quarterly business income
indicators for the previous 4 years in size (16,m), where m — number of income types. It
is necessary to construct a matrix of income prediction by size (4,m) for the next year
(quarterly and due to the articles of income).

To solve this problem, we divide the original matrix (16,m) to m 16-dimensional
vectors. These vectors form m of time series and for each of them it is necessary to predict
4 steps forward.

For predicting methods we use the vector prediction [1, 2|, i.e., methods to obtain
the prediction together with a few steps forward. These methods include: a method of
orthogonal differences and multiplicative Holt — Winters’ method.

The accuracy of the Holt — Winters’ model depends on three smoothing parameters
a1, o, az. Winters offers to find the values of these parameters experimentally by
asking the net values of these parameters. The standard deviation of error appears as
a criterion of comparison. The authors propose a solution to the problem of optimizing
the parameters.Winters offers to find the values of these parameters experimentally by
asking the net values of these parameters. The standard deviation of error appears as a
criterion of comparison. The authors propose a solution to the problem of optimizing the
parameters.

Forecast due to Holt — Winters’ model is as follows. Building a model for a sample of
N observations (N = mn, where n — number of periods, a m — number of values in the
same period) is carried out in two stages.

At the first stage linear model Z = ag + bot is formulated. Furthermore, seasonality
factors are calculated for the next stage:

Yy Yita

ng%, k=1,2,34,

where Y, — actual time series levels, Z; — calculated values of time series obtained by the
linear model.
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At the second stage for each period with the number ¢ = 1,2,...,n and smoothing
parameters oy, g, ag are computed

1) variables model coefficients { A%}, {B:};

2) seasonal coefficients {F}} for the next period;

3) calculated values of {Y/(k)} , gencrating by the found model coefficients and

seasonal coefficient the previous step. So, to calculation ¢ = 1,2,...,n is held by the
formulas: _ , , ,
Ay = arye/F7 A+ (L= an) (A7 + B,
Ag = Ao,
BY = by, )
Bf = as (44 — A7) + (1 - ag) B, (

Iy = a2yk/A};'+ (1- O{g)‘Fé_l,
Yi(k) = (A} + kBY) Fi.
Values prediction for the next (n + 1)-th period is held by the formulas:

VI (k) = (AR + kBR) FY!, k=1,2,3,4.

The accuracy of this model is estimated on average relative error

1Y~ Y (k)| )
Y '
k=1

The task is to find the optimal values of the parameters «y, as, as, minimizes the
average relative error (2) under constraints (1). You can solve this problem by the method
of coordinate descent.

To do this sequentially minimizing of the cost function (2) for each parameter
separately, subject to constraints is carried out (1). Calculation scheme is as follows:

1) arbitrary values of the parameters oy, g, ag in the interval from 0 to 1 are fixed;

2) the function (2) in the variable «; is minimizing;

3) optimum value o] is stored;

4) the function (2) in the variable as at a; = o] is minimizing;

5) optimum value «j is stored;

6) the function (2) in the variable a3 at oy = af, ao = o is minimizing;

7) optimum value o is stored.

As in items 2), 4), 6) optimal control problems are obtained again, but simpler than
the original problem, then each of the resulting problem is solved by calculation of (1) and
function (2) on the steps to the corresponding parameter in the range from 0 to 1.

As a result of, o3, af will be found minimizing the cost function (2) subject to the
constraints (1).

Let’s consider a generalization of the method of orthogonal differences [2] for seasonal
processes for four periods. Suppose there are time series of quarterly values for four years
(Tab. 1).

Superscript values of the yf means the number of years, and the bottom — the quarter.
The first difference in the two orthogonal directions is calculated. The first direction — the
first differences in columns (Tab. 2).

In table 2 the first line {v;} — the result of subtracting from the second row of the first
original series; the second line {v}} — the result of subtracting from the third row of the

second original series, ie, value v/ are calculated according to the formula v} = ¢/™" — ¢/,
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Table 1

Quarterly revenues of the enterprise for four years

Year Q1 Q2 Q3 Q4
1 Y1 % Y3 Ys
2 i Y Y3 ys
3 y3 v Y3 ys
4 i Ys Y yi
Table 2

Changes of quarterly earnings data

vi vy v3 vy
vt v3 v3 vi
vi v vy vi
vi v v vy

The second direction — the first row to the difference in the initial series obtained by
subtracting values of the values of the first column from the second column, etc. (Tab. 3).

Table 3

Changes in quarterly revenue due to quarter

T T T T
wy Wy ws Wy
3 3 3 3
wy Wy Ws Wy
4 4 4 4
wy Wy W,y Wy
Here
1 1 1 1_ .2 2 3_ .3 3
Wy =Yy =Y, Wy =Yg~ Y, Wy =Y —Yq-- (3)

By differences vf and wzj we can predict quarterly value yf for the fifth year. To do

1 2 3
v; + U7+ v

this gains quarterly P, = , 1 =1,2,3,4 are predicted first. This yields the first

forecast for the fifth year: 20 =y} + P;.
On the other hand, using the values calculated by formulas (3), you can get

1 2 3 4
B':wj+wj+wj+wj
! 4

, J=12,3,4.

The second forecast for the fifth year: 2J = z9, 25 = 23+ By, 25 = 25+ Bo, 25 = 25+ Bs.
These predictions are different and therefore we use a linear combination, preference

being given to changes of the index over the years, not quarterly, as index is seasonal:
y? = 0,622 +0,427, i =1,2,3,4.
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To assess the accuracy of the prediction indicator of the average relative error is used.

Prediction error for the j-quarter of third year is calculated as follows: E;(3) = (y7 +
v;) —y3, and for the fourth year E;(4) = (y} + vj) — ;.

The average relative error of the forecast for the j-th column is given by:

5 L(1B;(3)] j |Ei ()
Yj

The generalized forecast g, is represented as a linear combination of two private
forecasts (forecast by Holt-Winter’s method and the method of orthogonal differences):

m

9 = > p;y; (m-—number of combined forecasts), where the weights are calculated on the

7j=1
basis of the accuracy of private forecasts. Forecast accuracy is defined as the inverse of the

1
average relative error of the forecast —.
Thus, the authors propose a new approach to enterprise income planning, based on

the integrated use of two methods of prediction. Application of the developed method
improves the enterprise management efficiency.
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MOJIEJITMPOBAHUE JIOXO/I0B IPEANPUATUN
HA OCHOBE METO/I0B BEKTOPHOI'O
TPOTHO3UPOBAHUS

E.H. I'opbamenxo, H.H. Manytiaos, C.B. Huxugoposa

B craTbe mpenmoxKeH HOBBIM TOAXOM K MOIETUPOBAHUIO JOXOIOB MIPEANPUATHI, OCHO-
BAHHBIN HA METOMAX BEKTOPHOTO TPOrHO3upOoBaHusd. CyIIecTBYOIIHe OAX0IbI K MOJEIUPO-
BAHUIO JTOXO0B OA3UPYIOTCH HA, UCIOIb30BAHNY TPAJIUIMOHHBIX METOIOB MTPOTHO3UPOBAHUS
ToKa3aTesell dKOHOMUYECKOH AWHAMHUKN, TAKAX KAaK CPEJHUN abCOMIOTHBIR MOPHPOCT
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U CpefHWii TeMIl pocTa. TpaguiMOHHBIM METOJaM CBONCTBEHHA KOJUYECTBEHHAS HETOY-
HOCTb ¥ CHJIBHO HPUOJIMKEHHBIH XapaKTep IPOrHO30B. ABTOpAMU MPEIJIOKEHS, IKOHOMUKO-
MaTeMaTHIeCKass MOIENb 33034 TJIAHUPOBAHUS JOXOJ0B MPEINPUATHNR HA TOJ BIEPe Mo-
KBapTaJbHO. /15 MPOrHO3UPOBAHUS JOXOI0B UCIOJb30BAHBL IBA METOIA BEKTOPHOTO MPO-
PHO3UPOBaHUs (METOJ OPTOrOHAJILHBIX PA3HOCTEH U MYJIbTUILIUKATUBHBIE MeTos XOoJabTa-
Yunrepca). Jannag Mojesb MO3BOJET HNOJIYYHTh HPOrHO3 HA HECKOJIBKO LIAIOB BIEPE]
OJTHOBPEMEHHO. B OTIeIBHOCTH KayK/Jblil M3 METOJOB HE YYHTBIBAET MHOrOOOpasms pac-
CMATPUBAEMOTO TIPOIECCa. TOMBKO B COBOKYITHOCTH METOIBI MO3BOISIOT YIUTHIBATL U CJIOM
TEHIEHIINN, U CE30HHBIN XapaKTep MOXOJ0B, TEM CAMBIM 00ecrnednBas HeOOXOIUMYIO YCTOM-
YUBOCTD U HATEXKHOCTH MPOrHo3a. Jist 06001eHnst AByX TPOTrHO30B HAXOIUTCS UX JIMHEHHAS
KOMOWHAIIMS, TIPH 9TOM BBIOOP BECOBBIX KOIPPUITUEHTOB OCYIIECTBISAETCS HA OCHOBE TOTHO-
CTH 9aCTHBIX MPOrHO30B. TOYHOCTD TUX YaCTHBIX MPOTHO30B ONPEIEIAeTCS KaK BEJIUNINHA,
006paTHO TIPOTIOPITMOHANILHAS CPEIHEH OTHOCUTENHHON ONMMOKe MPOrHO3a.

Karoueenie crosa: naanuposanue, dorods, npednpuimuii, npozHo3uposanue, memod op-

MO2OHAALHOLL PasHocmeli, memod Xoavma — Yunmepca, 0606werroill NpozHos.
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