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Abstract. The rare events analysis is an actual problem. The capacity method in trading is
capable of recovering the original regularities of rare sales with great accuracy. However, when
distancing from the end consumer in the chain of distributors, the accuracy decreases. In the
previous study, when modeling the consumption process, it was noted that the precision falls,
but falls not significantly. In the current study, the reason for the falls in precision was explained
and it was shown that the error grows as a decreasing geometric progression. Also, the variance
and the standard deviation are determined for the error. It is shown that the dispersion and the
mean square deviation grows even more slowly than the geometrically decreasing progression.

Numerical error values are obtained depending on the position in the chain of distributors.
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Rare events, which are represented not
as a time series, but as a set of data about
the time of an event and the magnitude of
this event, for example, data on rare sales,
are well analyzed using a capacity method
[1, 2], which restores the dependence of the
products consumption rate with time or any
other dependence that leads to the event
occurrence.

For distributors, that working directly
with end-users, the error of restoring the
initial dependence is only 1-3%. Knowing

the speed with which the product is spent,
you can easily predict the moment when the
buyer will need the next purchase and use it
for your own purposes to optimize profit or
expenses.

However, while distancing from end-
users, when intermediaries appear in
the distributors chain, the precision falls.
According to the previous study [3, 4], as a
result of the simulation, the precision falls
was as follows, as shown in the Table 1.

Precision falls, depending on the position in the distributor chain fobied
internlediary intermédiaries intermgdiaries
Qrez%vsurﬁg,,e (y;/alue of the relative deviation 4,2889 5,6544 6,0386
T e il yoriancs ofthe

Source: The results of the simulation were obtained by the author

A detailed analysis of the consumption
process and restoration of the initial
dependence showed that the error arises
from the fact that there is a discrepancy A@
AQ between the observed and consumed
output over the period of time between

purchases. This happens due to the fact that
part of the purchases related to the previous
period of time, and also because you have to
use insurance stocks, see Fig. Nel,

AQs = Z;‘[S:{—:l - Sk)
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Fig. 1 The discrepancy between the observed and consumed output: a) part of the purchase
related to previous period; b) use of insurance stocks
Source: obtained by the author

AQss = 55;1]+1 = 5511]
AQ = AQs — AQqs
5?-{! = ('J-I'FJ. E,,.J;I:I:I.k:l

55 € (0; m.ﬂvc_J ‘wpan,m )

where the value of y! indicates the
volume of the prev1ousmf’1nclu51ve) purchase
of the buyer j with respect to the time ;.

If a second level of intermediaries is
added, the magnitude of the discrepancy
will include inconsistencies from smaller
intermediate distributors.

= 5, (SEh — ST™) + 5. ZA7, - 5%

AQgs = SS14, — 551" + EAS5+1 —S5.7)

For three levels of intermediaries, the
magnitude of the discrepancy will also
include inconsistencies from new levels.

The stock of products of the top distributors
is always several times larger than the
stock of products of smaller distributors.
If we consider the idealized case, when
the distributors have the same number n
of child distributors, as well as the stocks
of the upper distributors is always enough
for P purchases of child distributors, then
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the magnitude of the discrepancy may be
expressed as follows:
-dS

AQ =n-P2.dS +n?  P-dS +n®

AQE =P*-dSS+4n-P-dSS+n*-dSS
where
ds=sl, sl dss"=ssf - ss]
+ k h

A general discrepancy then will be

.-'_"LQHI — ."."l.QéH Q.{H —

= (n-dS—dSS)(P*+nP +n%)

The relative error can be obtained if the
magnitude of the discrepancy is divided by
the amount of the purchase taking place at a
given position in the distributors chain.

AQM™ n-dS — d5S iy 2
2 atie ()
¥ P-y! P AR

If we continue this sequence further,
we obtain a relative error for NN levels of
intermediaries.

Q[,-"-l]
-!',["- FEY

[:TT, ds — dSSj( ,
B v .

H@ e )

The expression in parentheses is a
geometrically decreasing progression, on
the condition that the value (=) is less than
1, which is usually satisfied, since n shows
the number of customers, and P shows
how many purchases the distributor’s stock
satisfy.

There are reasons to assume that the
value of 57 1s distributed umformly over the

interval (0; LA ], and 55 is independent

of it along the interval (0;max; 1ipum ]

(in the idealized case for the same interval
I;ﬂ ¥ rrpe,:l;l:l:l k]

I
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Now we can calculate the variance for
the relative error. At the first level, there
are 2(n+1) random variables involved
(2 values per d5 and d5S). On the second
2(n* +n), and on the third 2(n*+n*)
random variables.

Since the ratio of the random variable

5. € (0; 1w_k] to vnpu . gives a base

umform random variable from 0 to 1 with
a variance of 1/12, we obtain an expression
for the variance:

AQM _2(n+1) 2(n® +n)
B SN #1] 12 P2 12p*
. 2(nd +n?) . 2(n+ ) |l
12p8 12p

_‘n-l-ll_.ﬂi_ e
T eP2 AT [PEJE_'_ _'_[PE}'-.-'—ll

The expression in parentheses is again
the sum of a geometrically decreasing
progression, which decreases even faster.

The sum of the first N terms is S A

—q

where g = n/P? is the denominator of the
TL
(n+1) (1 =f

progression.
))
o (1—2)

The mean square deviation is obtained as
the root of the variance:

]: I'{n+ 1)(1— (Pij )
| 57)

Inconclusion, letsrepresenta tableinwhich
the variance and the mean square deviation
of the relative discrepancy between the
observed and consumed output are obtained
for the time between two purchases from the
distance from the end-users under idealized
conditions, Table 2.

As can be seen from the table, the position
in the distributor chain practically does not
affect the precision with which the original
pattern, that leading to the occurrence of
purchases (rare events), will be restored.

D

ﬁq | I
},[:\-'—:1]

."J.QS
i yordl

The conference SAinE-2018 is organized by the Department of System Analysis in Economy,
the Financial University under the Government of the Russian Federation

165



DOI: 10.33278/SAE-2018.eng.163-166

KORABLEV YURIY
Table 2
Dispersion and standard deviation of relative error when moving away
from the end user
. ﬂ:3ﬂ:3,F:10P:10 ‘.“1:3‘."1:3,.?:‘1'.;’3:‘1' n:EUn:EU,P:EUP:EU
’ D e, % D ao % D aa %
1 0,006666667 8.164966 0,041666667 20.412415 0,00875 9.3541435
2 | 0,006866667 8.286535 0,049479167 22.243910 0,0091875 9.5851448
3 | 0,006872667 8.290155 0,05094401 22.570780 0,009209375 9.5965489
4 | 0,006872847 8.290263 0,051218669 22.631542 0,009210469 9.5971187
5 | 0,006872852 8.290267 0,051270167 22.642917 0,009210523 9.5971472
Source: obtained by the author
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