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Abstract—This paper addresses automated enterprise control, namely, the use of modern information technol-
ogies to plan sales. A new model intended for seasonal products and linked with the ideas of cluster analysis is
proposed. Its construction and efficiency are demonstrated using real data.
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INTRODUCTION

The activities of present-day manufacturing and
commercial enterprises are characterized by an
extremely high level of various costs, which leads to
permanent balancing on the edge of profitability. The
price of management errors under such conditions
becomes very high; this is a basic incentive for the
introduction of information equipment, i.e., corporate
information systems (CISs) at enterprises. The basic
objective of such corporate systems is the creation of an
information base for management decisions; the infor-
mation content and form of its presentation should be
made to secure the fewest erroneous decisions possible.

The nomenclature of the materials and products of a
large company can have dozens or hundreds of thou-
sands of items. The known technologies supporting the
enterprise activity under these conditions (ERP and
MRP) are oriented first of all to minimizing stocks in
storage, which allows a reduction of costs and the
attraction of working capital. On the other hand, in a
competitive environment, it is not less important to
keep customers, which implies the guaranteed on-time
delivery of the demanded product and constant expan-
sion of the list of stock.

Under these conditions, the planning of sales
becomes a crucial function of the corporate information
system of an enterprise. Today’s corporate systems (for
example, Russian Galaktika, IC, international SAP,
Axapta, etc.) use various technologies of automation of
sales planning, from the simplest types to fairly
advanced ones. All of them are actually based on retro-
spective analysis of data and their extrapolation to
forthcoming periods by use of the methods of regres-
sion and statistics.

Planning the sales of seasonal products is a very
important and difficult problem, as it implies the iden-
tification of items whose the sales are seasonal, evalua-
tion of the periodicity of sales, and scheduling the dis-
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tribution of sales by periods. These parameters should
provide for the maximum accuracy of planning, but all
current CISs (in their standard configuration) leave it to
the user to select these parameters in an exclusively
intuitive, “manual,” fashion; for a larger list of items the
proper evaluation of seasonality parameters may turn
out to be impossible.

In this work we examine a model for the problem of
planning seasonal sales designed for use in today’s
CISs and propose a method for the automated evalua-
tion of seasonality parameters based on the technology
of cluster analysis.

REPRESENTING THE BASIC MODEL

In problems of economic analysis the minimum
period for the evaluation of a certain parameter is as a
rule, a day, as related to specific data. In problems of
planning use is largely made of “condensed” periods,
i.e., weeks, decades, months, quarters, etc.

Let X, be the value of the selected indicator (it can
be, for example, profit from sales, number of sales, pro-
ceeds from sales, etc.) in a period with number k. The
model of the change in the value of indicator X over
time can be expressed by formula

Xy = G(k) +n(k), ey

where G(k) is a function expressing a determined law
for the evolution in the value of X (trend) and n(k) is a
random value characterizing the digression of the
actual value of the indicator from its trend (here and
hereafter we will accept that (k) is an uncorrected ran-
dom value with a zero mathematical expectation). In
the solution of the planning problem, the known func-
tion G(k) is used to extrapolate the values of indicator
X, while properties M(k) are based on evaluating the
validity of planning (for example, expressed in the form
of confidence intervals) [1].
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Assume the trend G(k) is a function presented by:
G(k) = Ag(k), (@)

where g(k) is a periodic function with period J, so that
g(k) = g(k +J) and ZZ: (&(k) =1, A is a value char-

acterizing the summary magnitude of the indicator X
during the period. Function g(k), therefore, assigns a
schedule of distribution of indicator X during the
period. (Comment: the authors hope that the use of the
term “period” for both the number of time interval k in
formula (1) and of the property of the periodic function
g(k) in formula (2) will present no difficulty for the
reader).

From practice it is well known that the period appro-
priate for the sales of seasonal products is 1 year, which
unambiguously identifies the value J corresponding to
this time interval. In this context, the main problem of
planning sales is, therefore, identification of those
items for which g(k) is in fact a periodic function and
determination of the function g(k) variety within the
yearly period.

Let gi(k) be the function g(k) for an item with num-
ber i. We insert value d;; characterizing the metrics of
distance between schedules of distribution of indicators
X during the year for items with numbers i and j, so that

J
dy = Y |gik) - g,(k)|. 3)

k=1

The matrix D corresponding to d; will be called the
matrix of distances between yearly schedules of distri-
bution.

Among the number of items there are, as a rule,
those that are characterized by a similar “type of sea-
sonality.” Thus, the sales of some products are made
mostly in the winter period, while the sales of others are
in the summer, and of a third group, in the off-season.
In products with the same type of seasonality functions
g(k) will be similar. In terms of model presentations (3),
such products are characterized by points with coordi-
nates g(k) closely located in J-dimensional space.
Matrix D is the input data to determine those fields
(clusters) of the J-dimensional space in which the larg-
est number of closely located points g(k) are grouped.
The items appropriate to such clusters can be identified
as products with the same type of seasonality and,
therefore, that are characterized by the same schedule
of distribution g(k) for solution of the problem of plan-
ning.

Thus, the representations described in (1), (2), and
(3), the problem of locating the centers of clusters on
the set of points g,(k) of the assigned metrics (3) for the
identification of the points belonging to a particular
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cluster, as well as of the extrapolation of trends G(k)
according to (2), can described within the model.

THE METHOD OF PROBLEM SOLVING

There are several approaches to the solution of the
problem of clusterization using the matrix D. The first
group of methods is associated with clusterization for
an assigned number of clusters (concise and noncon-
cise algorithms of C-means [2, 3], neural Kohonen net-
works [4], etc.). The second group does not require
assignment of the number of clusters; the clusters are
identified in the process of the algorithm’s (mountain
algorithm [5, 6]) operation.

In essence, clusterization for a given number of
clusters in the considered problem means the assign-
ment of the number of possible schedules of distribu-
tion g(k). This approach is applied if the stock of prod-
ucts is characterized by clearly identified groups and
each group has a type of seasonality of its own. In prac-
tice this situation is not frequently found. Thus, here we
use an approach where the number of clusters is deter-
mined by the parameters of the algorithm itself.

The algorithm of mountain clusterization is that at
first the points that can be centers of clusters are deter-
mined. Then, for each point the value of the potential
for cluster formation in its vicinity is calculated. The
more densely objects are located in the vicinity of the
potential center of the cluster, the higher the magnitude
of its potential. Searching for the centers of clusters
among the points with maximum potential is done
using selection by iteration.

In this work, the objects of clusterization themselves
are proposed as centers of possible clusters, that is, the
evaluation of the schedules of distribution is g;(k) for
each item, so that

where Xﬁf) is the value of the selected indicator in the
period with number k for the item with number i.

To calculate the potential of point g;(k) , the follow-
ing function of the potential is selected:

M
P(2,(k)) = Y exp(-ady),

Jj=1

where d;; = Ziz 18i(k) — g;(k)| is the evaluation of

the corresponding coefficient of the matrix of distances,
M is the number of items participating in the cluster
analysis, o is a number characterizing the scale of dis-
tances d;;; and exp(-) is an exponential operator.
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At the first step of clusterization, the potential of

N

each point is calculated and the point gﬁl)(k) with the

highest potential P(ggl)(k)); is selected; exactly this
point will be center of the first cluster. At the second
step, the magnitudes of the potentials of all points are
recalculated to exclude the effect of the potential of the
cluster already found; to do this, the contribution of the
center of the found cluster is subtracted from the cur-
rent magnitudes of the potential using the formula

Py(8:(k)) = P(,(k)) - P(&!" (k))exp(-Bd:.),

where B is a number characterizing the size of clusters
and z is the index of the point that is the center of the
first cluster. The center of the second cluster is point

N

2P(k) with the maximum value of potential

Py( g,@(k)). The centers of all subsequent clusters are

found in a similar fashion. The iteration procedure of
the recalculation of potentials and identification of the
centers of clusters continues until the maximal poten-
tial magnitude exceeds a certain assigned threshold.

Whether point g;(k) is a part of a particular cluster
is determined by the distance to the center of this clus-
ter. A point is considered to belong to a cluster if the
distance to it (compared to the distance to the centers of
other clusters) is minimal and does not exceed some
assigned magnitude B*. But if the distance from the
point to the centers of all found clusters is more than
B*, they are considered not to belong to any cluster.

SOLUTION RESULTS

Experimental planning of sales using the proposed
technique was made using the actual data on the sales
of spare motor parts by a large company; their number
includes over 13000 items and regular sales of 2500
items occur. Considering the specificity of the products
and the accounting policies of the enterprise, the fol-
lowing values of the problem parameters were used: the
indicator X, equals the quantity of products sold; the
time interval between X, and X, . ; is 1 month; period J
is 12 months, k = 1 appropriate to January and k = 12 to
December. Parameter a was selected as being equal to
two (the maximum possible value d;;), parameter 3 was
assumed to be eight; and the maximum distance to the
center of cluster B* is 0.2.

In Fig. 1a the values of the potentials P(g;k)) atthe

first step of the algorithm (solid line), second and third
steps (dotted line) and of three further steps (dots) are
shown. It is seen that beginning with the fourth cluster
the effect on the potentials of points g(k) becomes very
small (i.e., a very small difference between the dia-
grams of the points in the figure). This means that at the
periphery of the centers of the fourth and subsequent
clusters the points are, in fact, not grouped. This is also
validated by the analysis whose results are presented in
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Fig. 1a. It shows the number of items belonging to the
first cluster (152 items), the second (31 items), third (45
items), and the fourth and fifth cluster (4 and 3 items,
respectively). From the results it follows that from the
considered set of points g(k) it is possible, in fact, to

identify only three clusters with the described numbers
of points.

Fig. 1b shows the values of g(k) points belonging
to the first cluster (the beam of graphs of points in the
left part of the figure) and values g(k) of the point that
is at the center of the first cluster (heavy solid line, left
part of the figure). In essence, this is the yearly dynam-
ics of the sales of products belonging to the first type of
seasonality, which is related to the standard dynamics
of the first type of seasonality (thus, the yearly dynam-
ics of the point that is the center of the cluster are used).
The right part of Fig. 1b shows the actual values g(k)
relating to the standard dynamics belonging to the
beginning of the following year. It is seen that the left
and right parts of the figure are quite consistent with
each other, i.e., the products identified by the results of
the analysis for the year as being seasonal products of
the first type continue the same type of seasonality in
the following year.

A similar picture also occurs for the second, and
third clusters, as seen in Figs. 1d and le. From the com-
parative analysis of Figs. 1b, 1d, and le it is seen that in
the considered array of data on the number of sales
three types of seasonality can be deduced, i.e., low level
of sales in January—March with a jump in April and a
stable level until the end of the year (the first type of
seasonality); a stable level of sales from January to July
with growth in the autumn and a downturn by the end
of the year (the second type of seasonality); and a the
low level in the winter period and a high one from May
to October (the third type of seasonality). Such types of
seasonality are indeed typical of some groups of motor
products.

Fig. le shows the quantitative distribution by clus-
ters of those products whose sales are regular. The
products with the seasonality of the first type account
for 22% of all sales, while products with seasonality of
the second and third types account for 4% and 11%,
respectively. The remainder of the products, viz., 63%,
are not seasonal. This relationship (over a third of the
products are characterized by pronounced seasonality)
confirms the relevance of the application of the respec-
tive procedures of planning.

The proposed model planning seasonal sales is
adapted to the data of the corporate information system
“1C: Commerce Control 8” and “1C: Factory Manage-
ment 8 and implemented by the processing of platform
“1C: 8,” whose objective is to supply a manager with a
sample of seasonal items and guides on planning their
purchases and sales. Testing the program on an operat-
ing enterprise demonstrated the construction and self-
consistency of the proposed technique.
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