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Abgtract: For the effective functioning of the industrialterprises and optimization of the production caegiit is
necessary to predict the optimum inventory leveh gfoduction line on the basis of logistical apggtoes and studying
the demand for products. Studies were conducted tise example of one industrial enterprise froetdmurt Republic
and there was proposed the inventory control madhklthe help of exponential smoothing and confiemterval.

1 Introduction 2 Technique of inventory control model
In the constantly changing business environmentthe development applied by the regional
is a need for implementation of logistical apprasior industrial cluster

managing cluster formations. In Russia there igeatg

interest in clusters as the mechanism of region
development [1-3]. Today there is a growing need f
logistic management approach implementation [4]e Th
formation of the regional industrial cluster in tbdmurt
Republic makes it possible to consider federalragtnal
interests in addressing problems of military-indast
complex, filling idle capacities and preserving éoyment

Different resources are needed for the continuous
Foduction of innovative products: the metal oftar
rade, hard alloy, labour power, electricity andheot
esources. This involves significant financial ¢cbstcause
raw materials must be purchased and stored somewher
Consequently, there is a need for the proper manege
of raw materials inventory control system, whicli twelp
to reduce production costs and release some working
[51 capital. There is data on the demand for the eriserp

products in 2017-2018 (Table 1, Figure 1).

Table 1 Data on the demand for the products of¢lgeonal enterprise belonging to the industrial stier in the Udmurt Republic

Date | 01.2017] 022017 03.20107 042007 05.2017 08.4007.2017| 08.2017
Demanc| 4, 300 290 310 270 250 290 280
volume

Date | 09.2017| 10.2017 11.2017 12.2007 01.2018 08.20103.2018 | 04.2018
Demanc| 4, 300 280 290 270 280 300 310
volume

Date | 05.2018| 06.2018 07.2018 08.2008 09.2018 18.4011.2018 | 12.2018
Demanc]  ,q, 300 270 260 290 310 300 290
volume
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Figure 1 The demand chart for the products of #gional enterprise belonging to the industrial ¢krsn the Udmurt Republic

Before developing the control system for raw materi way that weighting factors decrease exponentidilyt
inventory, it is necessary to choose one of theofac unlike moving average all past observations are
determining the volume of raw material stocks, Whigll  considered.
be used in the analysis. The main indicator thegrdenes The formula of Simple Exponential Smoothing is as
the volume of raw material stocks is the volumetha  follows (2):
demand for manufactured products. In our case, the

demand can be considered to be a random value. S, =aX,+ (1 —a)S,_,; 2
It should also be noted that not the current lefel
demand, but its predicted value plays an impoitaletin When this formula is calculated recursively, theche

deciding volume of raw materials stocks. Therefdrés new smoothed value (which is also a prediction) is
necessary to predict the volume of the demandrfmfyzts calculated as a weighted average of the current and
at least for one period of time ahead, based oavaiable smoothed time series. It is clear that the restilthe
data on the demand volume for several previousgeri  smoothing depends on the parameter (alpha)=If, then
One of the most popular methods for time seriethe past observations are completely ignoredAD, then
analysis is exponential smoothing (in our case, atein the current observations are ignored. Valuebetfiveen 0
values are linked to the periods of time, which nssthey and 1 can show intermediate results. Empirical istud

can be considered as the time series). have shown that very often simple exponential shingt
A simple time series model is designed accordintge¢o can give a fairly accurate prediction [6].
following formula (1): We will use the software product «Statistica 6»
developed by StatSoft Inc. to forecast values & th
X =b+¢g (1) demand.
We will use values of the demand level in 2017h&s t
Whereb - constant ané; - accidental error. baseline data. Firstly, we will predict the demamtlue in

The b constant is relatively stable at every period ofanuary 2018. After that, we will have not 12, B&t
time, but may also change slowly over time. On¢hef values, and we will predict the 14th and so onhzy 24"
clear ways to distinguistb is to use moving average (December 2018). In the future, these data wilphed in
smoothing, in which weights applied to each of flast drawing up a plan for the raw materials purchasiial
observations decrease exponentially. data are shown in Figure 2.

Simple Exponential Smoothing is designed in such a
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Figure 2 The demand volume for the products ofegeonal enterprise belonging to the industrial stier in the Udmurt Republic

The chart shows that the time series doesn't have There are following results made by the prograraraft
upward trend or down trend, or seasonality, theeefor data entry and doing calculations (Figures 3 aruleT2).
our prediction we will use exponential smoothinghwit
consideration of trend or seasonality factors.
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Figure 3 Exponential smoothing of the dynamic desfretations from a time series
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Table 2 Values of the smoothed and residuals series

Observations Y Smoqthec Residuals series
series
1 260 286,6667 -26,6667
2 300 284,0000 16,0000
3 290 285,6000 4,4000
4 310 286,0400 23,9600
5 270 288,4360 -18,4360
6 250 286,5924 -36,5924
7 290 282,9332 7,0668
8 280 283,6398 -3,6398
9 320 283,2759 36,7241
10 300 286,9483 13,0517
11 280 288,2543 -8,2543
12 290 287,4281 2,5719
287,6853

According to the results, a number of past obsemat that it will not.
is more significant for the prediction than therent value To fill this knowledge gap we have to produce a
of the indicator ¢ = 0.1). And the most important thing in confidence interval for the prediction. We will ube 95%
these results is the predicted value of the deregudl to confidence interval. This means that there is a 95%
287.6853. probability that the demand value in a future ptries

In this case, it is about the number of orderedéteand  within the interval.
it cannot be a fractional value, therefore, the bem According to the residuals chart data (Figuretdan be
287.6853 needs to be rounded to the whole, ths, tboncluded that the residuals are normally disgihutvhich
predicted demand value is 288 units. However thisber allows us to apply «Student's t-Distribution Tabléos
cannot satisfy us either, since there's a 50% ehtinat the confidence limit calculating.
demand value will exceed 287.6853 and the samecehan

4

Observations

Residuals

Figure 4 The residuals chart data
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The confidence interval for the prediction is calfed as
follows (3):

Ser1 =S, 5,8 /1 + ﬁ

where:
S+ - predicted value,
S - latest calculated value,

©)

tﬂ p - value from the Student’s table at significance

level ,3 andP degrees of freedom,
P =n-1,n—number of observations,

S — standard deviation (4),
a — smoothing constant.

= Xfo1(Xe=Se)
- n—-1
where:

X, - observing value.

(4)

Calculation data for 12 observations are as follows

S =287

t=12;

[ =0,05;

p =11;

tﬂ.p
S =211.

= 2,201,

The confidence interval for the prediction:
+ 2—0,05

But since the quantity of products must be a whole
number:

S13 =287 +£2,201-21,1- |1 = 2871469

S5 =287 + 47

For studying application, the model, we will use th
data on demand for products in 2017-2018. Provitat
1 billet is needed for every product manufacturing,can
use data of the Table 1 as the level of raw maseciasts
needed for every product manufacturing in 2017-2018

Let us calculate the level of raw materials which a
required for other months in 2018. The resultssir@vn
in Table 3.

Table 3 Calculated level of required raw materials

Date 01.201§ 02.2018 03.2018 04.2018 05.2018 08.201
Raw materials, pcs. 305 304 303 304 306 305

Date 07.2018 08.2018 09.2018 10.2018 11.2018 12.201
Raw materials, pcs. 306 305 304 304 305 305

Now, when we have the data on the required voluime of raw materials in the enterprise (Table 4), we assess

raw materials stocks, as well as actual data owdhane

the effectiveness of the models under consideration

Table 4 The level of raw materials stocks at thgirreng of the month (actual data)

Date 01.201§ 02.2018 03.2018 04.2018 05.2018 08.201
Amount of stock 740 850 1090 790 480 950

Date 07.201§ 08.2018 09.2018 10.2018 11.2018 18.201
Amount of stock 870 780 720 990 980 900

Table 5 shows actual data on the raw materialkstoodata on the structure of the raw materials stocks

replenishment at the enterprise in 2018.

replenishment when using Brown's Exponential

On the whole, in 2018 the company purchased 3,38moothing model.

units of raw materials.

Negative values in the “Residuals” column indidhie

Let us consider how would the structure of thdevel of unmet need for raw materials.

replenishment of raw materials stocks look likethe
enterprise applied cost prediction model on thasbek
exponential smoothing (Table 6).

If the enterprise applied this model, then in 2@y
would have purchased 2758 units of raw materiald the
demand would be satisfied. And finally, Table 7wghohe

If the enterprise used this model, then 2723 wfitaw
materials would have been purchased in 2018, while
April and October the company would not have bdaa a
to meet the demand due to the fact that the pestilewel
of the demand for the products (raw materials osts
happened to be less than the actual.
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Table 5 The structure of the raw materials stoefdenishment

Date Inventory at the beginning Purchase Actual expenses Residuals
of the month

01.2018 740 380 270 85(
02.2018 850 520 280 1090
03.2018 1090 0 300 79(
04.2018 790 0 310 480
05.2018 480 750 280 95(
06.2018 950 220 300 87(
07.2018 870 180 270 78(
08.2018 780 200 260 72(
09.2018 720 560 290 99(
10.2018 990 300 310 98(
11.2018 980 220 300 90(
12.2018 900 0 290 690

Table 6 The results of applying cost prediction etauh the basis of exponential smoothing

Date Inventory at the beginning Cost Purchase Actual Residuals
of the month prediction expenses
01.2018 740 334 0 270 470
02.2018 470 333 0 280 190
03.2018 190 329 139 30( 29
04.2018 29 328 299 31( 18
05.2018 18 330 312 28( 50
06.2018 50 331 281 30( 31
07.2018 31 329 298 27( 59
08.2018 59 330 271 26( 70
09.2018 70 330 260 29( 40
10.2018 40 326 286 31( 16
11.2018 16 326 310 30( 26
12.2018 26 328 302 29( 38

Table 7 The data on the structure of the raw matestocks replenishment when using Brown's Exg@h&@moothing model

Date Inventory at the beginning Cost Purchase Actual Residuals
of the month prediction expenses
01.2018 740 305 0 270 470
02.2018 470 304 0 280 190
03.2018 190 303 113 30( 3
04.2018 3 304 301 310 -6
05.2018 0 306 306 280 26
06.2018 26 305 279 30( 5
07.2018 5 306 301 270 36
08.2018 36 305 269 26( 4%
09.2018 45 304 259 29( 14
10.2018 14 304 290 31( -6
11.2018 0 305 305 300 i
12.2018 5 305 300 290 15
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3 Conclusion International Forum “Education Quality - 2012"

According to the results of calculations, the model Izhevsk: Publishing House of ISTU, pp. 444, 2012.
developed on the basis of logistic approaches leadsst [3] PERMINOVA, O., PRAJOVA, V., FAIZULLIN, R.:

reduction, prevents the possibility of unmet demavidch Principles of organizations’ interaction while fdrmg
in the future can lead to a decrease in the nurober ~ Mechatronics specialists’ professional competefites
customers, and that will reduce the profit of tegional a regional industry clusterProcedia Engineering,
industrial cluster in the Udmurt Republic. Vol. 96, pp. 370-373, 2014.

Therefore, when developing the inventory controll4] PERMINOVA, O.M., LOBANOVA, G.A: A logistic
structure in the production of innovative produdtp approach to establishing balanced scorecard ofi&uss
enterprises of the regional industrial clusterhia Udmurt oil-producing service organizationg\cta logistica,

Republic, we should use the model which is based on Vol. 5, No. 1, pp. 1-6, 2018. doi:10.22306/al.vBa..

predictions with the applying of exponential smaagh [5] PERMINOVA, O.M.: Personality innovation and
and confidence intervals. educational potential is the basis of regional labo

potential Vestnik IZHGTU — Izhevsk, pp. 101-103.
2018. (Original in Russian)
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