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ANNOTATION

In conditions of stiff market competition, strict requirements
are being set to forecasting methods to secure reliable results
of actual sales quantity prediction. The characteristic feature of
sales forecasting methods is the use of time series. While tak-
ing into account the influence of time factor on sales (in straight-
line, exponential forms, etc.), this approach does not account for
and miss a number of factors that affect the sales. Moreover, a
seller of goods must focus on factors that influence the decision
of a buyer to buy his product (not his competitors’). Taking into
account such features not only improves strategic planning, but
also makes it possible to gain additional benefit due to impact
on the buyer as the result of upgrading his sales process. An
original model based on most likelihood method was created to
solve the issue of sale forecast. The application of such a model
has allowed to quantify an impact of each individual factor on
probability of sales based on historical data. The most-likelihood
method was applied to find multipliers of the logistic regression
equation. Testing of the model in the terms of an industrial enter-
prise proved to be efficient. The sensitivity and specificity tests of
the model affirmed its reliability. Basing on the results of calcula-
tions to estimate reliability, the ROC-curves were plotted for the
basic and optimal values of logistic regression coefficients. Due
to the model additional advantages over the competitors of the
enterprise will be received.

Keywords: sales forecast, model, most-likelihood method, co-
efficients, reliability, advantages, enterprise.

AHOTALIA

Bv3HayeHi BUMOrn 0o MeToAiB NPOrHo3yBaHHSA LWoAo 3abes-
NeYeHHs HapinHNMX pe3ynbTaTiB BU3HAYEHHS (PaKTUYHOI KinbKOCTi
npogaxis. 3'1COBaHO, LLO XapaKTEPHO pMCoto BinbLUoi MeToaiB
NPOrHO3yBaHHA NPOAAXIB € BUKOPUCTAHHA YacoBmx psigis. Bpa-
XOBYHOUM BMNUB hakTopy 4vacy Ha npogaxi (y NpsMORniHinHUX,
€KCMOHEHLNHMX hopMax TOLO), Len nigxig He posrnagae Ta
Nponyckae HU3Ky CYTTEBMX (pakTopiB, AKi BNNMBAKOTL Ha 06CArm
npogaxis. IcHye notpeba B iHCTpyMeHTapii, 3aBAsKN SSIKOMY Npo-
[JaBeLb TOBapiB MOXe 30cepeanTnCh Ha hakTopax, Lo BhnvBa-
I0Tb Ha piLleHHs NOKynus KynyBaTu came 1oro Toap. BpaxysaH-
Hs1 TaKMx 0COBNMBOCTEN NOKPaLLy€e CTpaTeriyHe nnaHyBaHHs, Aae
MOXIMBICTb OTPMMATK JOAATKOBY BUIOAY Yepes BNAUB Ha NOKyn-
us B pesynbTaTi BAOCKOHANEHHs ToBapy Ta mpouecy npoaxy
6e3nocepenHbo. 3 METOK NPOrHO3yBaHHS NpoAdaxis NPOMMUCIIO-
BOrO MiANPUEMCTBA NPOMOHYETLCA MOAeSb, 3aCTOCYBaHHSA SKOi
[03BOMSAE Ha OCHOBI ICTOPUYHMX AAHUX KiNIbKICHO OLIHWTK BB
KOXHOr0 OKpeMoro akTopy Ha BiporigHicTb npogaxy. [ns Bu-
3HaYeHHSI MHOXHMKIB PIBHSAHHSA NMOriCTUYHOI perpecii 6yno 3acTo-
COBaHO MeTof Hambinbluoi BiporigHocTi. TecTyBaHHS mogeni B
yMOBax MPOMWCIOBOrO MiANPUEMCTBA BUSBUIOCA ePEKTUBHUM.
PesynstaTtv BunpobyBaHb YyTNMBOCTI Ta cneundiyHocTi Moaeni
nigTBEpAMNM MOro HafdivHicTb. Ha nigctasi pesynbraTiB po3pa-
XYHKIB Ansi OUiHKM HagiiHocTi Bynu nobyaoBaHi KpuBi MOMUMNOK
ans 6a3oBUX Ta oNTUMarnbHUX 3Ha4YeHb KoediLlieHTiB NOriCTUYHOT
perpecii. Mogenb [o3BONsSiEe OTpMMyBaTWM AO4ATKOBI mepesarv
Haj KOHKypeHTamu nignpuemMcTaa.

KntouoBi cnosa: nporHo3 npogax, Nnpogax, Mogenb, MOXIu-
BOCTi MeToAy, koediLieHTW, HaAinHICTb, Nepesaru, NiANPUEMCTBO.

AHHOTALUA

OnpepeneHbl TpeboBaHWsA K METoAam NPOrHO3UpOBaHWSA MO
obecneyeHnio HagexHbIX pesynsTaToB OnNpeaeneHns dakTuye-
CKOrO KOMMyecTBa Npoaax. YCTaHOBMEHO, YTO XapaKTepHOW Yep-
Ton Gonblue METOAOB MPOrHO3MPOBaHUSA MPOAAX ABMSETCH UC-
Nonb30BaHWE BPEMEHHBbIX PSAOB. YUWTbiBasi BNMsiHME hakTopa
BPEMeHU Ha npogaxe (B NPAMOSIMHENHbLIX, AKCMOHEHUManbHbIX
dopmax K1 T.M.), 3TOT NOAXOA HE paccmaTpuBaET U yryckaeT pajg
CYLLECTBEHHbIX (haKTOpPOB, BMUsAOWKMX Ha obbembl npogax. Cy-
LecTByeT NOTPeBHOCTL B MHCTPYMEHTapuu, bnarogaps KOTopoMy
npoJaBeL, TOBAPOB MOXET COCPeAOTOuNTLCA Ha hakTopax, Bus-
IOLLMX Ha peLLeHKe NOKynaTens NoKynars MMEHHO ero ToBap. Yyer
Takmx 0COBEHHOCTEN yny4LllaeT cTpaTernieckoe nraHMpoBaHue,
[JaeT BO3MOXHOCTb MOMyuYnTb [OOMOSHATENbHYH Bbirogy Yepes
BO3[ENCTBME Ha NOKynaTtens B pesynsrate COBEPLUIEHCTBOBAHWS
TOBapa ¥ noBbilleHun 3dEKTMBHOCTM npouecca npogaxu. C
Lienblo NPOrHO3MPOBaHUS NMPOAaX NMPOMBILLNIEHHOTO NPEANPUSATUS
npeanoxeHa maremaTtnyeckas MoAesflb, OCHOBaHHas Ha meToae
Haubonbluero npaegonofobus. Mcnonb3oBaHue Takow mopenv
MO3BONSET Ha OCHOBE WCTOPUYECKUX [aHHbIX KONMUYECTBEHHO
OLEHWUTb BMUSIHWE KaXKO0ro OTAENbHOIO (hakTopa Ha BEPOSITHOCTb
npogaxu. TecTpoBaHWe MoZenu B YCNOBUSX NPOMbILLEHHOTO
npeanpuaTUs okasanocb aMeEKTUBHLIM. PesynbraTel ncnbitaHui
YYBCTBMTENBLHOCTW M CneunduyHOCTM Modenu noaTsepauny ee
HadexHOCTb. Ha ocHOBaHMW pesynbTaToB pacyeToB ANs OLEHKW
HaeXXHOCTU Bbinu NOCTPOEHbI KpuBbIE OWIMOOK Anst 6a30BbIX U
ONTUManbHbIX 3HAYEHW KO3 DULMEHTOB NOMMCTUYECKO perpec-
cun. Mogenb no3BonsieT nonyyatb AOMNONHUTENbHbIE NPEnMyLLe-
CTBa Haj KOHKypeHTaMu NpeanpusTus.

KnroueBble cnoBa: nporHo3 npoaax, npogaxa, Mofenb, Bo3-
MOXHOCTK, KO3(ULMEHT, HAAEXHOCTb, MpeumyLlecTsa, npea-
npusTue.

Formulation of the problem. Sales forecast-
ing is an important component of the manage-
ment system of an industrial enterprise [1].
Effective and thorough forecasting has a signif-
icant impact not only on the strategic plans of
enterprise development, but on the result of its
work in general. Therefore, in conditions of stiff
market competition, additional requirements are
being set to forecasting methods to secure reli-
able results of actual sales quantity prediction.
Such methods should take into account both the
features of enterprise and the market it works
in, as well as to envisage a possibility of oper-
ational adjustments and revisions, taking into
account the slightest changes in the market envi-
ronment. Therefore, research on the sales fore-
casting issue with application of mathematical
methods and modern software is of paramount
importance. It tends to be relevant, demand-
driven and promising.
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Analysis of recent research and publications.
A large number of researchers investigate the
sales forecasting issues. Depending on the indus-
try and the purpose of application, a wide range
of methods have been used to solve this problem.
The main methods of forecasting include heuris-
tic and mathematical (quantitative) ones [2].

Heuristic methods are usually based on a
jury of expert (manager) opinion. These meth-
ods include method of generating ideas; simple
ranking method, weighting method, sequential
comparison method, paired comparison method
etc. A special attention has been drawn to Delphi
method, which is based on a jury of expert opin-
ion as well [3].

Among the mathematical methods, there are
three groups [2]:

— simple extrapolation methods in time series,
including — method of least squares, exponential
smoothing, etc.;

— statistical methods — correlation and regres-
sion analyzes, factor analysis, etc.;

— combined methods — synthesis of different
variants of forecasts.

The statistical methods of forecasting sales are
of the most and widespread practical use. These
methods investigate cases when each value of
a variable (actual sales quantity) is matched by
a certain distribution of another variable (time
series). Such correspondence is usually referred
to as stochastic dependence.

Application of statistical dependence to fore-
casting sales is due to the fact that the dependent
variable falls under the influence of uncontrolla-
ble factors.

Due to uncertainty of statistical dependence
between the two values (an undependable and
dependable ones), a mean value of dependable
parameter is widely used in the form of equation
of mathematical expectation.

In general, in forecasting sales, correspon-
dence of each value of the time series to certain
arbitrary mathematical expectation of actual
sales quantity is widely used. It can be set as a
correlation function

M (Y)= F(X),

Where Y — a feedback function;

X, —an undependable value.

The application of regression analysis to tackle
the forecasting sales problem is aimed at deter-
mining the dependence of random variables (time
series) on non-random variables (actual sales
quantity).

Given the relationship between parameters can
be assumed to have a linear regression model

Y:ﬁo+ﬁl+g’ (2)
the regression equation is to be sought in the
form of a linear equation

(1)

y=>b+bx (3)
According to the least squares method (LSM),
the unknown parameters 5, and b are chosen

under conditions that the sum of squares of devi-
ations of empirical values y, from the theoretical
values of §, is the smallest:

S:Z(y+yf)222(170+b1x.7y,)2 —>min  (4)
i=l i=1

Correlation coefficient is a measure of the
strength and direction of the linear relationship
between two variables

LY -XY
S.S,

where §,,8, — standard deviations.

In the case where the time sales function is
not linear, methods based on other dependencies
of time parameter change are used (for example,
expositional smoothing).

A certain advantage of correlation analysis is
ability to take into account the influence of several
factors (not only time). In this case, multi-factor
correlation analysis should be involved.

As for application of regular correlation anal-
ysis to economic problems, it should be applied
only when the factors being analyzed are given in
usual numerical form. If a phenomenon, process,
or factor under examination takes other forms
(for example, binary values), then application of
ordinary regression apparatus would be errone-
ous. To solve the problem another statistical tool
must be applied.

Highlighting the previously unsettled issues
the article is devoted to.

The characteristic feature of sales forecasting
methods is the use of time series. While taking
into account the influence of time factor on sales
(in straight-line, exponential forms, etc.), this
approach does not account for and miss a number
of factors that affect the sales. Moreover, a seller
of goods must focus on factors that influence the
decision of a buyer to buy his product (not his
competitors’). Taking into account such features
not only improves strategic planning, but also
makes it possible to gain additional benefit due
to impact on the buyer as the result of upgrading
his sales process.

Formulating the goals of the article (task
statement)

In the opinion of the author, the most appro-
priate and objective approach to this issue is cre-
ating of a probabilistic model of forecasting sales.
The application of such a model allows to quantify
an impact of each individual factor on probability
of sales based on historical data.

The article is aimed at creation, substantiation
and testing of a model of sales forecasting taking
into account the requirements of consumers, speci-
ficity of products etc. The use of such a model gives
a manufacturer (seller) benefits because it enables
him to identify the priority directions of prod-
uct improvement in order to strengthen the mar-
ket positions. In addition, the use of such a model
should take into account the impact on sales not
only of properties of the product, but also services
that accompany the sale and after-sale service.

()
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The model for forecasting sales, along with
taking into account a wide variety of factors,
should be easily used in practical terms.

Presentation of the main research material
with full substantiation of the received scientific
results.

To determine the factors that have the most
significant effect on the probability of pur-
chasing products from its manufacturer — the
industrial enterprise — a classic statistical tooll-
kit was considered, by which one can estimate
the degree of influence of each individual fac-
tor [4; 5] on the decision-making of consum-
ers. Since the result of the purchase of products
from a manufacturer has a binary nature (the
product was bought / wasn’t bought), a toolkit
linking quantitative and attributive parameters
for construction of the mathematical model was
chosen.

Such a toolkit is logistic regression [4], which
is a kind of multiple regression, the general
purpose of which is to analyze the relationship
between dependent variable and several inde-
pendent variables (predictors). Since the binary
logistic regression is used in a case when a depen-
dent variable accepts one of the two possible val-
ues (yes or no), the situation turns into a binary
decision — a consumer either buys the product or
fails to buy it.

Based on the study of the sales department
of an industrial enterprise (not all applicants
in the end are buying goods), an event of the
subsequent purchase is considered to be marked
«1», the refusal — as «0». Later, the relative
frequency of occurrence of each events in this
binary system has been used to calculate the
probability of occurrence of the event «1» (pur-
chase of products).

As is known, all regressive models can be writ-
ten as [6]:

(6)
For multiple linear regression, it is assumed

that the dependent variable is a linear function of
independent variables [6]:

Y =F(X,%,X...X,)

y=b+bx +bx,+..bX, )

When we try to use usual multiple regression
to solve the problem, the following problem arises:
multiple regression does not take into account the
response of binary variables, which leads to prob-
abilities greater than 1 and less than 0, that is
erroneous [7].

To solve the problem, the regression problem
was formulated as follows: instead of a binary
variable, a continuous wvariable for the inter-
val [0,1] was involved. To achieve our goal, we
applied a regression equation in a form of logit
function [8]

1 ®)
1+ EXP(~(b, + bx, + byx, + ...+ b,x,))
where P(E) — the probability that the event
happens;

P(E)=

e — the basis of natural logarithms

b,b,b,.b — standard multipliers of regression
equation,

X% X%, — values of 1, 2, 3 ... n-th factors of
the regression equation.

We apply most-likelihood method [9; 10] (here-
inafter referred to as MMP) to find multipliers
of the logistic regression equation. It is based on
the function of probability (likelihood function
or LL-function) [8], which expresses density of
the probability function (PDF) of the conjugate
appearance of results of the sample Y, Y,,...,Y:

logit (P) = log, I_PI()IZ%) 9)
L(Y.Y,..Y,;0) = P(¥;;0)..P(Y,;0)  (10)

In accordance with MLM, the value of the
function 6 =6(1,,Y,...Y,) is taken as an estimator
of the unknown parameter, which maximizes the
LL-function. To simplify the decision process, we
need to maximize the natural logarithm of the
LL-function, since the maximum of both func-
tions is achieved with the same value of 0 [8]:

L(Y;0)=In(L(Y;6)) - max (11)

Thus, the logarithmic probability function is
equal to

LL=InL =Yy Inp, +(1-y,)In(l-p) (12)

Where p, — a ’slet of observations for which
V=1

Values of function (7) are always negative due
to its permanent concave form [9].

Gradient methods are usually applied to deter-
mine the coefficients of logistic regression.

To assess the quality of a model based on logis-
tic regression, it is convenient to use — ROC anal-
ysis, that is, to create an error curve [9].

ROC-curve (Receiver Operator Characteristic )
belongs to a family of curves of signal processing
systems, which are most often used to represent
the results of binary classification in computer
simulation [9; 10]. One of the two possible classes
(0 or 1) is defined as a class with positive effects,
the other one (0) — with negative ones. Involving
the ROC curve proves to be efficient in distin-
guishing of correct classified negative examples
from incorrectly classified ones (respectively, a
truly positive and false negative set).

Using a special parameter (called discrimina-
tion threshold or cut-off value) varying from 0 to
1, we obtain an appropriate division of the set
into two classes, which depends on the different
magnitudes of errors of type I and II.

To demonstrate the nature of the errors of type
I and II, a confusion matrix has been complied.
Table 1 represents the data based on the results
of model classification and the actual attachment
of examples to classes [11].

In Table 1 the following definitions are used.
TP- correctly classified positive examples (true
positive cases); TN — correctly classified nega-
tive examples (true negative cases); FN — posi-
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Table 1
Conjugation table
Model True condition
(classified as) positive negative
positive TP FP
negative FN TN

tive examples, classified as negative (Error type
I), FP — negative examples, classified as positive
(Error type II) [11].

Classification of events as positive and neg-
ative is conditional and depends on the aim of
particular task. In our case, the fact of purchas-
ing products of the enterprise by each individual
consumer is classified as positive. A refusal to
purchase in case of previous interest in the goods,
but the negative one is (commercial request or
inquiry for delivery of products in the sales
department of the enterprise).

In the data analysis process we operate rela-
tive indicators — rates. The rate of truly positive
examples (True Positives Rate)

TP

TRP = ————x100 13
P+ v < 100% (13)
False Positives Rate equals
FP
FPR=———x100 14
T~ 1 mp < 100% (14)

To determine the objective value of our binary
model, we additionally use indicators of sensitiv-
ity and specificity of the model.

Sensitivity is defined as a rate of truly posi-
tive cases: P
TP+FNX1OO% (15),

and Specificity — as a rate of truly negative
cases that were correctly identified by the model:

TN

SE =TRP =

FPR =100% - SP 1n

For approbation and evaluation of reliability
of the mathematical model for determining the
impact of individual parameters on the sales of
industrial enterprise (the number of sales opera-
tions), sales database on an industrial enterprise
was examined. Information on approximately
4500 buyers’ inquiries was processed, out of
which 59% inquiries ended up buying the prod-
ucts, 41% inquiries were cancelled.

The factors listed in Table 2 were used to
assess quality of the model. The The same identi-
fies which factors are quantified, and which fac-
tors have attribute values; the multipliers of logit
function (5) matching the most-likelihood func-
tion (12) maximum value found with help of our
model are shown in Table 2 as well.

Calculations of regression coefficients were
performed using the EXCEL software, the
«Solver» function, which performs iterative cal-
culations using the generalized reduced gradient
method (GRG) [5,9].

Basing on the results of calculations to esti-
mate reliability, the graphs of error curves (ROC-
curve) were plotted for the basic and optimal val-
ues of logistic regression coefficients. The results
are shown in Figures 1 and 2.

The analysis of the results of calculations of
the functions of maximum probability (LL) shows
that in optimum terms, compared to the basic, the
accuracy of the model increases, since the value
of LL increases from (-321.55) in the base version
to (-202.24) with new regression coefficients.

In order to conclude whether the optimal plan is
more accurate compared to the baseline, it is nec-
essary to compare the error curves (ROCs) for the
baseline and optimal plans. A visual comparison

SP=—"-—x100% (16) of the ROC curves barely allows us to identify the

IN + FpP most efficient model. A reliable method for com-

It should be noted that paring ROC curves is to estimate the area under

Table 2

Sales database parameters
Ne Parameter Value’s feature L(:Ellltl t?rl)llli(;trlsn
1 |Enterprise's product price to average market price ratio continuous variable 0.4537
2 | Number of items in the order continuous variable 0.0330
3 |Term of the order’s fulfilment continuous variable 0.1432
4 |Term of the order processing continuous variable 0.0275
5 | After-sale service attribute value -0.3608
6 |Delivery of goods to the consumer attribute value 0.0910
Availability of additional properties of the product (in attribute value
7 comparison with technical documentation requirement) 0.2976
8 |Vendor-buyer cooperation period duration continuous variable -0.2363
9 |Buyer Distribution Zone attribute value -0.1934
10 | Availability of personal discounts attribute value 0.1252
11 | Work with a personal manager attribute value 0.3772
12 |Form of ownership of the enterprise-customer attribute value 0.1571
13 Features of_the order (at the head office or through a sales |attribute value -0.0589
representative)

14 |Form of cash settlements attribute value 0.1752
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the curves. In practice, it usually varies between
0.5 («false classifier») and 1.0 («ideal model»).

Comparison of calculated values for opti-
mal AUC,,, = 0.6764 and baseline AUC,,.. =
0.54162 reaffirms the greater reliability of the
optimal plan, that is, the calculated values of prob-
ability, which are determined with the help of the
coefficients of logistic regression we have obtained.

The ideal model has 100% sensitivity and spec-
ificity, but it is unachievable to keep sensitivity
and specificity of the model simultaneously at the
highest level. To solve the problem, the discrimi-
nation threshold (cut-off point) is used.

The issue of finding a optimal cut-off point
could also be set forth. In our case, 0.75 cut-off
point was selected (75% of probability that the
product will be bought).

The AUC value for the optimal plan is 0. 6764,
testifies that more than two thirds of cases are
determined correctly with the probability of 75%
when determined using the proposed logistic
regression equation.

Based on the values of the coefficients of
regression from Table 2, we formulate the sales

forecasting probability function putting the logit
function multipliers (Table 2) into the equation
(7). Finally, putting the client featuring parame-
ters (x,,x,...x,,) — into equation (7) we obtain the
precise value of probability function determining
(at the level of cut-off point) whether the client
buys the product or fails to do it.

Moreover, due to equation (7) and the logit
function multipliers (Table 2), the producer (seller)
can quantify the effect of each factor included
into the probability function on actual sales quan-
tity. As far as to find out what should be done to
enhance attractiveness of its product. It provides
additional market advantages over competitors.

Conclusions from this study and prospects for
further exploration in this direction

On the base of the analysis of works examin-
ing the forecasting of sales, it was found that the
main attention is drawn to forecasting sales using
time series.

To a significant degree the issue of studying
the characteristics of consumers that affect the
sale of products of an industrial enterprise is put
aside.
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For the quantitative estimation of the pro-
jected volume of sales, mathematical apparatus
is involved, most frequently — the correlation
analysis.

The author proposes a mathematical model
that allows to forecast sales using the probability
of sales function. To create the equation of this
function, logistic regression is implied. It enables
to take into account the influence of attributive
and quantitative parameters simultaneously.

The model set forth by the author allows eval-
uating the impact of each individual factor on the
sales probability. Doing so would permit to iden-
tify priority areas for improving the product and
services offered by the seller (producer) in order
to enhance the attractiveness of its product. Test-
ing of research results in the terms of a industrial
enterprise and proved to be reliable.

As possible directions of the research, the
author considers to involve cluster analysis to
process initial data as well as envisages develop-
ment of a mathematical model to solve problems
that, unlike binary response (yes / no), have mul-
tivariable results.
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