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INTRODUCTION

Corporate Information System (CISs) are customar-
ily understood at present as the assembly of the means
for collecting, transmitting, and preprocessing the data
that accompany the activity of enterprises and organi-
zations, structuring and analyzing these data and work-
ing out the set of possible management actions. The
main task of modern corporative information system is
to form the information basis necessary for plant
administrations to make management decisions. This
being the case, the content and form of information pre-
sentation must provide the smallest possible number of
erroneous decisions.

Corporative systems always exist within the frame-
work of some business-model (business-process) of an
organization [1]. The functionality of modern CISs
includes the solution of such tasks as strategic and oper-
ative planning, as well as commodity and business
accounting in various areas. The enumerated tasks are
supported technologically by program modules with
the names “Finance Planning and Control,” “Personnel
Management,” “Module of Business and Tax Account-
ing,” “Logistics,” “Production Planning and Control,”
“Motor Transport Control,” etc [2, 3].

The management of relationships with clients (Cli-
ent Resource Management—CRM) is one of the main
constituents of modern management accounting. The
task of CRM is to accumulate information about clients
that can be used to carry out marketing research and to
form the policy of an enterprise with respect to various
clients. The functionality of CRM methodologically
implies introducing catalogues for database objects—
clients (dealers, partners, providers, buyers, or compet-
itors), forming a certain set of user classifiers and
attributes, assigning them to clients, and reflecting the
catalogues of clients with their grouping by a chosen set

of classification signs. Subsystems of a CRM with var-
ious contents are available in practically all modern
corporate information systems that have gained a wide
distribution on the domestic market (for example, in
such corporate information systems as the Russian sys-
tems “Flagman,” “1S,” “Galaxy,” and the foreign sys-
tems “Axapta” and “SAP”) [2–5].

One of the tasks that are often realized within the
framework of CRMs is to classify clients (as a rule,
buyers) by their stage of relationship. The stages can be
the following: a potential buyer, one-time buyer, con-
stant buyer, or a lost buyer. From the standpoint of man-
agement activity, the results of solving this task can be
used to analyze the significance of clients, their reliabil-
ity and stability and to analyze the efficiency of the
work of managers, or the a priory reliability of plan-
ning. Classifying the stages of relations with consumers
is based on a retrospective analysis of the results of
their relationships for a certain period; the number of
transactions, sales volume, sales proceeds, sales
income, etc. can be the analyzed indices. This being the
case, all modern CISs give a user the opportunity to
choose the parameters of a task solution (an analyzed
index, a period of an analysis, or a number of periods
for an analysis) exclusively by intuition or “manually.”

This work considers a model for the task of classify-
ing clients by stages in their relationships and suggests
a method for automatically choosing its parameters
based on the results of a statistical analysis.

THE MAIN MODEL PRESENTATIONS

A day correlated with a concrete date is usually the
period for estimating some index in problems of an eco-
nomic analysis. Other periods are also often used:
“weekly,” “monthly,” “quarterly” periods, etc. The
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can be expressed by the formula
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The model of change in the index 

 

X

 

 in time can be
expressed by the formula
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where 

 

G

 

(

 

k

 

) is a function expressing the determinate law
for the evolution of the value 
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 (trend), 
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) is a random
value characterizing the deviation of the actual value of
an index from its trend (
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) is considered here and
below as an uncorrelated random value with a zero
mathematical expectation).

Analyzing the properties of 
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(

 

k

 

) can be taken as a
basis for classifying clients by the stages of their rela-
tions. The idea of the classification is to group analyzed
objects (clients) by their degree of homogeneity for
analyzed parameters (by the mean-square deviation of
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) correlated with an average value of 
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), which is
expressed in percentage) [3].

Allow us to introduce the value
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 is the variation coefficient of the
value 

 

X
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. Having determined the value of 

 

ν

 

 for each cli-
ent, one can place a client in various classes of their rela-
tionship stage. Thus, when the value of 

 

ν

 

 is 
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(0.20), a
client can be placed in the class of “very stable clients”;
when the value of 

 

ν

 

 is 
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(20.50), a client can be
placed in the class of “average stable clients”; when

 

ν ∈ 

 

(50.100), he can be considered to be an “unstable
client,” and when 
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 > 100, he can be placed among
“one-time clients”; the limits of classes are chosen pro-
ceeding from the specific activity of a company. Prop-
erly speaking, the value 
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 is not as important for the
goals of the functionality of client resource manage-
ment as the direction of its change is (i.e., the “improve-
ment” or “worsening” of relations with a client).
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model will be maximally representative.
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PROBLEM SETTING 
AND A METHOD OF SOLUTION

Allow as to consider formula (2). Let us choose the
polynomial model 

(4)

as the model for the trend 
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).
Formula (2) can be written in the generalized form:
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The solution of equation (5) by the least squares

method has the following form with respect to the vec-
tor 

 

a

 

 [6]:
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 is the operator of mathe-
matical expectation). In the event that the 
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are independent and similarly distributed, the matrix 
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has a diagonal form in such a way that 
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k). With
such a statistical uniform precision of η(k) formula (6)
will have the following form:
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and, along with the estimate of the vector a, the esti-
mate of ση can be obtained in the form of the formula:

(8)

If one designates the error of the solution of equa-
tion (5) through Δa = ||a – || by method (7), the corre-
sponding dispersion matrix will be given by:
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and the estimate of this matrix will have the form:
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Determining the function G(k). The problem of
choosing the model for the trend G(k) is reduced in this
case to determining a polynomial order m. The present
work suggests a method for choosing a value m based
on the probabilistic estimate of the significance of poly-
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intersection of the j-th line and the j-th column (i.e., on
the diagonal). Since the probability distribution of val-
ues  found according to formula (7) is close to the
normal distribution independently of the distribution of
values η(k) [6], the probability that the zero values of aj

are outside the region of their probable values can be
expressed by the formula:

(11)

where (τ) is the normal distribution density function

with average  and dispersion (j, j). In the event
that the value P(aj ≠ 0) exceeds some threshold Ua, the
decision is made that aj is nonzero. Thus, the polyno-
mial order (4) is determined by the maximal j for which
P(aj ≠ 0) is higher than an assigned probabilistic thresh-
old Ua.

Determining the length of a period n. The choice
of the number of days n in a period for which data will
be summed in the course of an analysis should be
made based on estimating the value  from formula
(8). Allow us to consider the value xi, i.e., the value of
a chosen index in a day with the number i. The essence
of the problem consists in the fact that zero values
make up a considerable part of a sample of xi in the
problems of an economical analysis (for example,
sales to some client can occur only 2–3 times a
month). This is why the initial data xi are customarily
transformed to some “enlarged” data Xk according to
formula (1) and the question arises about choosing the
length of this “enlarged” period in such a way that
zero values will not, if possible, occur among Xk. (It is
considered that xi ≥ 0).

Let G(k) be the model for the trend of the value X(k)
and Z = kmin(G(k)) be the minimal value of this trend

within the interval k = . Let  be the estimate of
the mean-square deviation of a random model constitu-
ent, obtained by formula (8). Then the probability of
that the Z found is above zero can be estimated by the
formula
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where fZ(τ) is a normal distribution density function

with an average of Z and a dispersion of . Thus, the
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ues in increasing order, solution of problem (12) for
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the value P(Z > 0) will exceed some threshold UZ. This
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being the case, the problem about the determination of
n must be solved together with the problem about the
determination of a polynomial order G(k).

Determining the number of periods J. The num-
ber of periods, according to which problem (3) will be
solved, must be chosen from the following consider-
ations. On the one hand, J must be sufficient to
“smooth” singular “random surges” of the value Xk. On
the other hand, J must not be too high so that a consid-
erable change in the value ν is excessively “smoothed”
by retrospective data X(k) and can be discovered at the
very beginning of this process.

Let ΔX be the value of a random surge of Xk so that
ΔX = G(k) – Xk. In the event that the value ΔX has the
normal distribution with the mean-square deviation ση,
one can assert that |ΔX| < 2ση with a probability of
approximately 0.95. For practical use, it seems expedi-
ent to choose such a J, starting with which the value ν
would change not more than by Uν in the event of a sin-
gular random surge |ΔX| = 2ση.

A concrete value of Uν is chosen by reasoning from
the limits of ν for various classes of relationship stages
(for example, if the limits of classes are chosen as 30%,
60%, and 90%, than Uν can be made equal to half of the
interval or 15%). The dependence of the value Δν =
|ν – νΔX| on J at |ΔX| = 2ση (where νΔX is the value of ν
in the event that there is a random surge ΔX in data) is
calculated by modeling problem (3) on the available set
of data Xk.

THE RESULTS OF COMPUTATIONAL 
MODELING

The computational modeling of the problem of clas-
sifying clients by their stage of relationship was carried
out based on real information about the annual dynam-
ics of sales in a large company that trades in spare parts.
The figure reflects the results of problem solution for
three different clients (three columns of graphs). The
graphs of curve a show the value of daily proceeds from
sales of goods during a year and the value of the func-
tion for the trend G(k), which was determined as a sec-
ond-order polynomial. The graphs of curve b show the
result of determining polynomial degree (4). One can
see that the value of the coefficient a2 is nonzero for the
first client (b1) with a high probability, and, conse-
quently, the function for the trend G(k) of the estimate
of this client’s sales is expedient to present as a second-
order polynomial; the probability that the coefficient a2
is nonzero is not high for the second and third clients,
and, consequently, it suffices to model the function for
the trend G(k) of these clients by a first-order polyno-
mial (from the practical experience of modeling, the
value of the probabilistic threshold Ua is recommended
to be taken as equal to not less than 0.95).

The graphs of the curve c show the result of solving
the task of choosing the number of days in the period
for which data must be summed in the course of the
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analysis. One can see that it suffices to sum 12–13 val-
ues for the first and second clients (c1, c2), and not less
than 25–27 values for the third client (c3). The graphs
of the curve d show the results of modeling problem (3)
to calculate the dependence of the value Δν = |ν – νΔX|
on J at |ΔX| = 2ση. It is evident that if Uν = 15%, the
solution of the task of classifying clients by the stage of
their relationship can be performed correctly for the
first and third clients (d1, d3) on data of 4–5 periods, and
that the number of such periods must be not less than 7
for the second client (d2).

Lastly, the graphs of curve e show the result of solv-
ing the task of classifying clients by the stage of the
relationship with parameters determined according to

the suggested procedure. The following limits of
classes are assigned:

0–30%—a constant buyer of the first type—a more
stable buyer;

30–60%—a constant buyer of the second type—a
less stable buyer;

more than 60%—an unstable buyer.
The graphs show that the first client (e1) is within the

limits of the class “constant buyer of the second type,”
the second client (e2) gradually passes from the stage
“unstable buyer” to the boundary state between the
classes “constant buyer,” the third client (e3) has
improved his stage within a year—he has passed from
the class “constant buyer of the second type” to the
class “constant buyer of the first type.”
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The results of modeling the task of classifying clients by the stage of their relationship.



AUTOMATIC DOCUMENTATION AND MATHEMATICAL LINGUISTICS      Vol. 42      No. 4      2008

AUTOMATING THE SOLUTION OF THE TASK OF CLASSIFYING CLIENTS 225

The procedure for solving the problem of classify-
ing clients by the stage of their relationship that is sug-
gested in this work has been adopted to the data of the
corporative information system “1S,” namely “1S:
Trade Management 8” and “1S: Manufacturing Enter-
prise Management 8” and realized in the form of the
adaptation of the platform “1S: 8,” the main purpose of
which is to give a manager recommendations for choos-
ing the values of problem parameters (the size of an
analyzed period and the number of periods and limits of
classes) that are most appropriate for use in the program
models of indicated typical system configurations. The
presented results demonstrate the usefulness and con-
sistency of the procedure.
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