
MSC 91B84 DOI: 10.14529/mmp150409

INCOME MODELLING OF ENTERPRISES
ON THE BASIC OF VECTOR PREDICTION

E.N. Gorbatenko, Vladimir branch of the Financial University under the Government
of the Russian Federation, ENGorbatenko@fa.ru,
N.N. Manuylov, Vladimir branch of the Financial University under the Government
of the Russian Federation, NNManujlov@fa.ru,
S.V. Nikiforova, Vladimir branch of the Financial University under the Government
of the Russian Federation, SVNikiforova@fa.ru

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 di�erences 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 coe�cients being based on the
accuracy of private predictions. The accuracy of the private prediction is de�ned as the
average relative error of the forecast.

Keywords: planning; business income; prediction; method of orthogonal di�erences;
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Enterprise e�ciency 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 e�ectiveness 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 modi�cation 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 di�erent
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 identi�cation 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 �uctuations of
income and other factors. This con�rms 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 a�ecting 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 di�erences and multiplicative Holt � Winters' method.

The accuracy of the Holt � Winters' model depends on three smoothing parameters
α1, α2, α3. Winters o�ers to �nd 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 o�ers to �nd 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, à m � number of values in the
same period) is carried out in two stages.

At the �rst stage linear model Z = a0 + b0t is formulated. Furthermore, seasonality
factors are calculated for the next stage:

F 0
k =

Yk

Z+k
+ Yk+4

Zk+4

2
, k = 1, 2, 3, 4,

where Yk � actual time series levels, Zk � calculated values of time series obtained by the
linear model.

108 Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2015, vol. 8, no. 4, pp. 107�112



ÊÐÀÒÊÈÅ ÑÎÎÁÙÅÍÈß

At the second stage for each period with the number i = 1, 2, ..., n and smoothing
parameters α1, α2, α3 are computed

1) variables model coe�cients {Ai
k}, {Bi

k};
2) seasonal coe�cients {F i

k} for the next period;
3) calculated values of

{
Y i
p (k)

}
, generating by the found model coe�cients and

seasonal coe�cient the previous step. So, to calculation i = 1, 2, ..., n is held by the
formulas:

Ai
k = α1yk/F

i−1
k + (1− α1)

(
Ai−1

k +Bi−1
k

)
,

A0
k = a0,

B0
k = b0,

Bi
k = α3

(
Ai

k − Ai−1
k

)
+ (1− α3)B

i−1
k ,

F i
k = α2yk/A

i
k + (1− α2)F

i−1
k ,

Y i
p (k) = (Ai

k + kBi
k)F

i−1
k .

(1)

Values prediction for the next (n+ 1)-th period is held by the formulas:

Y n+1
p (k) = (An

k + kBn
k )F

n
k , k = 1, 2, 3, 4.

The accuracy of this model is estimated on average relative error

Ē =
1

N

N∑
k=1

|Yk − Yp(k)|
Yk

. (2)

The task is to �nd the optimal values of the parameters α1, α2, α3, 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 α1, α2, α3 in the interval from 0 to 1 are �xed;
2) the function (2) in the variable α1 is minimizing;
3) optimum value α∗

1 is stored;
4) the function (2) in the variable α2 at α1 = α∗

1 is minimizing;
5) optimum value α∗

2 is stored;
6) the function (2) in the variable α3 at α1 = α∗

1, α2 = α∗
2 is minimizing;

7) optimum value α∗
3 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 α∗
1, α

∗
2, α

∗
3 will be found minimizing the cost function (2) subject to the

constraints (1).
Let's consider a generalization of the method of orthogonal di�erences [2] for seasonal

processes for four periods. Suppose there are time series of quarterly values for four years
(Tab. 1).

Superscript values of the yji means the number of years, and the bottom � the quarter.
The �rst di�erence in the two orthogonal directions is calculated. The �rst direction � the
�rst di�erences in columns (Tab. 2).

In table 2 the �rst line {v1i } � the result of subtracting from the second row of the �rst
original series; the second line {v2i } � the result of subtracting from the third row of the
second original series, ie, value vji are calculated according to the formula vji = yj+1

i − yji .
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Table 1

Quarterly revenues of the enterprise for four years

Year Q1 Q2 Q3 Q4
1 y11 y12 y13 y14
2 y21 y22 y23 y24
3 y31 y32 y33 y34
4 y41 y42 y43 y44

Table 2

Changes of quarterly earnings data

v11 v12 v13 v14
v21 v22 v23 v24
v31 v32 v33 v34
v41 v42 v43 v44

The second direction � the �rst row to the di�erence in the initial series obtained by
subtracting values of the values of the �rst column from the second column, etc. (Tab. 3).

Table 3

Changes in quarterly revenue due to quarter

w1
1 w1

2 w1
3 w1

4

w2
1 w2

2 w2
3 w2

4

w3
1 w3

2 w3
3 w3

4

w4
1 w4

2 w4
3 w4

4

Here
w1

1 = y12 − y11, w1
2 = y22 − y21, w3

1 = y32 − y31, ... (3)

By di�erences vji and wj
i we can predict quarterly value yji for the �fth year. To do

this gains quarterly Pi =
v1i + v2i + v3i

3
, i = 1, 2, 3, 4 are predicted �rst. This yields the �rst

forecast for the �fth year: x5
i = y4i + Pi.

On the other hand, using the values calculated by formulas (3), you can get

Bj =
w1

j + w2
j + w3

j + w4
j

4
, j = 1, 2, 3, 4.

The second forecast for the �fth year: z51 = x5
1, z

5
2 = x5

2+B1, z
5
3 = z52+B2, z

5
4 = z53+B3.

These predictions are di�erent and therefore we use a linear combination, preference
being given to changes of the index over the years, not quarterly, as index is seasonal:
y5i = 0, 6x5

i + 0, 4z5i , 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: Ej(3) = (y2j +

v1j )− y3j , and for the fourth year Ej(4) = (y3j + v2j )− y4j .
The average relative error of the forecast for the j-th column is given by:

Ē =
1
2
(|Ej(3)|+ |Ej(4)|)

y4j
.

The generalized forecast ŷ0 is represented as a linear combination of two private
forecasts (forecast by Holt-Winter's method and the method of orthogonal di�erences):

ŷ0 =
m∑
j=1

pj ŷj (m�number of combined forecasts), where the weights are calculated on the

basis of the accuracy of private forecasts. Forecast accuracy is de�ned as the inverse of the

average relative error of the forecast
1

Ēj

.

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 e�ciency.
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ÌÎÄÅËÈÐÎÂÀÍÈÅ ÄÎÕÎÄÎÂ ÏÐÅÄÏÐÈßÒÈÉ
ÍÀ ÎÑÍÎÂÅ ÌÅÒÎÄÎÂ ÂÅÊÒÎÐÍÎÃÎ
ÏÐÎÃÍÎÇÈÐÎÂÀÍÈß

Å.Í. Ãîðáàòåíêî, Í.Í. Ìàíóéëîâ, Ñ.Â. Íèêèôîðîâà

Â ñòàòüå ïðåäëîæåí íîâûé ïîäõîä ê ìîäåëèðîâàíèþ äîõîäîâ ïðåäïðèÿòèé, îñíî-

âàííûé íà ìåòîäàõ âåêòîðíîãî ïðîãíîçèðîâàíèÿ. Ñóùåñòâóþùèå ïîäõîäû ê ìîäåëèðî-

âàíèþ äîõîäîâ áàçèðóþòñÿ íà èñïîëüçîâàíèè òðàäèöèîííûõ ìåòîäîâ ïðîãíîçèðîâàíèÿ

ïîêàçàòåëåé ýêîíîìè÷åñêîé äèíàìèêè, òàêèõ êàê ñðåäíèé àáñîëþòíûé ïðèðîñò

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
è ïðîãðàììèðîâàíèå≫ (Âåñòíèê ÞÓðÃÓ ÌÌÏ). 2015. Ò. 8, � 4. Ñ. 107�112

111



E.N. Gorbatenko, N.N. Manuylov, S.V. Nikiforova

è ñðåäíèé òåìï ðîñòà. Òðàäèöèîííûì ìåòîäàì ñâîéñòâåííà êîëè÷åñòâåííàÿ íåòî÷-
íîñòü è ñèëüíî ïðèáëèæåííûé õàðàêòåð ïðîãíîçîâ. Àâòîðàìè ïðåäëîæåíà ýêîíîìèêî-
ìàòåìàòè÷åñêàÿ ìîäåëü çàäà÷è ïëàíèðîâàíèÿ äîõîäîâ ïðåäïðèÿòèé íà ãîä âïåðåä ïî-
êâàðòàëüíî. Äëÿ ïðîãíîçèðîâàíèÿ äîõîäîâ èñïîëüçîâàíû äâà ìåòîäà âåêòîðíîãî ïðî-
ãíîçèðîâàíèÿ (ìåòîä îðòîãîíàëüíûõ ðàçíîñòåé è ìóëüòèïëèêàòèâíûé ìåòîä Õîëüòà-
Óèíòåðñà). Äàííàÿ ìîäåëü ïîçâîëÿåò ïîëó÷èòü ïðîãíîç íà íåñêîëüêî øàãîâ âïåðåä
îäíîâðåìåííî. Â îòäåëüíîñòè êàæäûé èç ìåòîäîâ íå ó÷èòûâàåò ìíîãîîáðàçèÿ ðàñ-
ñìàòðèâàåìîãî ïðîöåññà. Òîëüêî â ñîâîêóïíîñòè ìåòîäû ïîçâîëÿþò ó÷èòûâàòü è ñëîì
òåíäåíöèè, è ñåçîííûé õàðàêòåð äîõîäîâ, òåì ñàìûì îáåñïå÷èâàÿ íåîáõîäèìóþ óñòîé-
÷èâîñòü è íàäåæíîñòü ïðîãíîçà. Äëÿ îáîáùåíèÿ äâóõ ïðîãíîçîâ íàõîäèòñÿ èõ ëèíåéíàÿ
êîìáèíàöèÿ, ïðè ýòîì âûáîð âåñîâûõ êîýôôèöèåíòîâ îñóùåñòâëÿåòñÿ íà îñíîâå òî÷íî-
ñòè ÷àñòíûõ ïðîãíîçîâ. Òî÷íîñòü ýòèõ ÷àñòíûõ ïðîãíîçîâ îïðåäåëÿåòñÿ êàê âåëè÷èíà,
îáðàòíî ïðîïîðöèîíàëüíàÿ ñðåäíåé îòíîñèòåëüíîé îøèáêå ïðîãíîçà.
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