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1. Introduction

The problem of inventory optimization is topical for any
enterprise, and effective management of replenishment and
consumption processes has a decisive influence on the finan-
cial position and competitiveness of the company, as well as
the quality of customer satisfaction. That is why the newest
concepts of inventory management are nascent on the joint
financial and production management, logistics and market-
ing, operations research and mathematical statistics.

The traditional approach to inventory management at
domestic enterprises was to increase the volume of invento-
ry and avoid shortages. However, the active use of logistics
methods and technologies has changed the economic essence
of stocks — from assets to liabilities, as well as management
philosophy in terms of the optimal level of client service and
acceleration of commodity movement in supply chains. From
a Japanese management point of view, the stock should be
associated with the cost, and it should be considered as a
buffer that smooths supply irregularities, which restock, and
consumption, use of stock characteristics. Improvement of
information support, differentiation of supply sources and
methods of transportation create preconditions for a signif-
icant reduction of the stock level without loss of quality of
customer service, which helps to decrease total expenses of
the enterprise.

It is determined in the work [1] that effective inventory
management allows the enterprise to meet or exceed con-
sumer expectations, creating such reserves of each product,
which maximize net profit. This means that it is necessary
to determine the optimal inventory size, which is necessary
to meet the needs of consumers and would provide the
maximum return of funds invested in the goods. These two
components do not contradict but complement each other.
In other words, in terms of effective inventory management,
it is necessary to determine such an optimal inventory level,
which minimizes the cost of the inventory control system,
and, accordingly, maximizes profit. The total cost criterion
is based, on the one hand, on the value of operating costs for
the creation and holding of stocks, and on the other — poten-
tial losses due to the shortage of goods because of reduced
sales, degradation of the quality of consumer service or in-
creased operating costs for urgent delivery of goods.

It should be noted that in the scientific literature, there
are different approaches to building inventory management
strategies. On the one hand, the widespread technology JIT,
which binds inventory with the planned volume of consump-
tion, helps to spread the strategy of stock minimization,
sometimes to zero levels [2]. On the other hand, the variabil-
ity of the environment and uncertainty of consumption con-
ditions determine the need to create safety stock, and then
we can say about the strategy of stocks optimization [3].




Exactly the second approach actualizes the need to de-
velop mathematical instruments to determine economically
defined inventory levels in terms of minimizing the total
costs associated with the creation and support of stocks.
The quality of the construction of the corresponding system
affects, on the one hand, the level of customer satisfaction
with the level of service, and on the other hand — the level of
costs of the entire logistics chain. Therefore, it is necessary
to constantly seek a compromise between enough inventory
level in points of sale, level of allowable shortage and absence
of inventory excess in the supply chain. This requires the cre-
ation of such an inventory management system, which would
be able to most accurately and quickly react to changes in
the external environment with the unchanging maintenance
of quality parameters and customer service speed.

2. Literature review and problem statement

The theory of optimal inventory management was born
in the 19th century, when in scientific writings [4, 5] the
analytical models of calculating the optimal order quantity
under the conditions of deterministic demand were elaborat-
ed. A distinctive feature was a certain idealization of supply
and stable replenishment conditions.

The new stage of the inventory management theory re-
lates to the rapid development of logistics, which some scien-
tists reference as a science of control of the stock movement
[6, 7]. Some authors, in particular [8, 9], separately investi-
gated the processes of formation and optimization of safety
stocks in the conditions of the uncertainty of demand. The
authors of [10] developed the so-called stochastic quasi-gra-
dient method of solving the problems of convex stochastic
programming. Modifications of this method were considered
in the works [11, 12].

At the same time, the use of the developed mathematical
methods in business is limited, on the one hand, by the ex-
istence of assumptions and simplification of real conditions,
and on the other — the difficulties of obtaining the source
data for calculations [13, 14].

It should be noted that the researchers have paid signif-
icant attention to the economic essence of inventories and
their influence on the financial results of the enterprises. The
author of [1] claims that effective inventory management
allows companies to better meet the needs of consumers and
thus achieve high ROI in warehousing.

On the other hand, globalization of supply chains and
attempts to satisfy the needs of consumers perfectly led to
the creation of considerable excess stocks in the channels
of distribution of produced goods, which was named the
“bullwhip effect” [15]. That is why scientific researches
[16, 17] emphasizes the need to assess the risk of stock
accumulation and the erroneous development of some
methods of calculating the size of safety stock aimed to
avoid the deficit.

A planned shortage or delay of supply sometimes helps
to lower the overall cost of the system. In [18], the author
presented a model of economic production quantity with
planned backorders and proved its economic efficiency. The
author [19] used the analytic geometry and algebra for in-
ventory management models with the shortage. Two types
of the costs of breach of obligations were used: one — linear,
others — fixed.

The work [20], which investigates the enlarged range of
inventory control system costs, including costs of damage to
goods, costs of extraordinary supply in case of shortage, loss
from lost sales is interesting.

The authors of [21] developed a model of managing sin-
gle-product inventory, considering a partial shortage. It is
assumed that in case of shortage, a part of clients will not
wait for the goods to come but will go to the competitor,
which would affect the general expenditures. In [22], the
shortage is viewed as a valid, set value. The authors devel-
oped a model with time-dependent demand and storage
costs for building optimal stock replenishment policies.
Some authors, for example, [26], determined the optimum
shortage for specific objects (in [26] — poultry farms), which
determined the use of specific costs groups and additional
partial criteria.

Thus, the analysis of modern literature on planning the
inventory shortage testifies that the inclusion of appropriate
costs in the general model allows considering not only the di-
rect expenses of the system but also lost sales and costs of the
unplanned supply. The expansion of the range of expenses
can significantly affect the value of inventory management
system parameters.

The research in the area of stochastic inventory man-
agement systems is represented by a wide range of works.
In particular, the authors of [24] developed an optimizing
model for supply chain, considering the uncertain demand,
production cost, distribution of transportation costs, short-
age losses and other parameters.

Due to global research [25], it is possible to estimate
the share of the authors, who paid attention to the problems
of stock shortage, as well as stochastic models of inventory
management in 2008-2018. The authors examined 56 pub-
lications that were included in 32 journals of ScienceDirect
and Scopus. Approximately 15 % of the works related to
stochastic models of inventory management, about 12 %
touched the issues of economically viable shortage. None
of the works contained, on the one hand, the determination
of economically viable shortage, and on the other — the
determination of stochastic inventory management system
parameters considering the optimum level of service.

Thus, a review of scientific literature and problems re-
lated to stock optimization at different enterprises showed
a high degree of development of appropriate mathematical
methods and models. On the other hand, there is a low level
of practical use due to the need to account for many factors
influencing the formation and holding of inventory in ex-
act conditions. The problem of determination of inventory
management system parameters under the conditions of un-
certainty and economically justified deficit by the criterion
of minimization of the general expenses of the enterprise
requires a scientific basis and methodological support.

3. The aim and objectives of the study

The aim of the study is to develop a methodical approach
to calculating the parameters of the stochastic inventory
management system in conditions of economically based
shortage by means of statistical methods.

In accordance with the stated aim, the following objec-
tives of the study are defined:

— to develop a procedure that would allow linking deter-
ministic and stochastic conditions of the inventory control



system, in particular, costs of shortage, the value of safety
stock and order quantity;

—to prove the expediency of the cost-effective level of
inventory shortage and to associate it with the size of safety
stock and other parameters of the inventory management
system with a normal distribution of parameters;

— on the basis of compromise between the levels of shortage,
safety stock and client service to develop the method of calcu-
lating the parameters of the stochastic inventory management
system, to estimate its sensitivity to input parameters.

4. Materials and methods of the study

4. 1. The method of determining the parameters of
stochastic inventory management system in conditions of
economically based shortage

The main input parameter of the inventory management
system is demand. In real conditions, demand often has a
random pattern. In addition, it should be considered that re-
plenishment of stocks (supply) also occurs with certain time
fluctuations. Of course, it is possible to work with averaged
values of demand and time of delivery, but in some cases,
neglect of the stochastic nature of consumption and replen-
ishment of inventory may result in incorrect calculations
and, consequently, increase of logistic costs.

According to [6, 13, 15, 26], the main parameters of the
inventory management system are the maximum desired
stock, the order quantity, the size of safety stock, reorder
point. However, we believe that an economically based
shortage should also be present among the parameters of the
inventory management system.

To build an effective inventory management system in
stochastic conditions, the algorithm is proposed (Fig. 1).

Consider each of the stages of this algorithm in more
detail.

1. Removal of abnormal values.

A gross error or outliers is an error of a certain measure-
ment included in a series of measurements, which for these
conditions differs dramatically from other results of this
series [27].

In logistics, outliers can be results related to the emergence
of conditions that do not have to repeat in the future — stop
of production equipment, car accidents, theft of warehouse or
transport supplies, supplier strike, etc. If the probability of
such events in the future is extremely low, observations that
are registered due to the above events must be removed from a
series of data as gross errors, as they “differ dramatically from
other results” (according to the definition).

Possible criteria for checking the values for the presence
of gross errors are shown in Table 1.

Checking statistics for abnormal values

Abnormal values
exist?

no

Removin
abnormal values
from further
calculations

Testing of the hypothesis concerning the normal
distribution of demand for stocks and

replenishment time

Search for other
distribution laws

Hypothesis

regarding the normal law nol tdte'sgriblir(llg "
of distribution confirmed? statistical data
and applying
relevant
yes methodologies

Calculation of the optimal shortage level
I

Calculation of the optimal safety stock level

v
Calculation of the optimal order quantity in
conditions of shortage

¥
Calculation of the interval between orders

v
Calculation of the optimal order quantity in
conditions of stochastic demand and delivery
time

¥
‘ Calculation of the reorder point ‘
v

Using the defined parameters of the inventory
management system for decision making

End

Fig. 1. Algorithm of defining the parameters of the stochastic inventory management system in conditions of economically
justified shortage



Table 1
Criteria for checking the statistical values for outliers
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If an outlier is detected, the value must be excluded, and
the numerical characteristics are recalculated.

For subsequent calculations, the value of the sample
mean and sample standard deviation is needed. The sample
mean:

N
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_=—l=1 = . Sy 1
T=s gxlf, )

where x; — the middle of the i-th interval; n; — the number
of observations in the i-th interval; N — the total number
of statistical observations; n — the total number of inter-
vals; f; — the frequency at which the values fall in the i-th
interval.

Formulae for calculating dispersion and standard devi-
ation are chosen depending on the number of observations
(Table 2).

Table 2
Formulas for dispersion and standard deviation
Number of Formula for calcu- | Formula for calculating
observations lating the dispersion | the standard deviation
- —=\2
More than 30 D= ;"'(x" ) 6=vD
n
. 2__"
Less than 30 N =1 D §=4/s%

2. Verification of the hypothesis concerning the normal
distribution of demand and time of delivery.

The problem of identification of the distribution law
describing statistical data is an extremely important stage of
forecasting and planning.

A statistical hypothesis is any assumption concerning
frequency function, probabilities (probability density
function) or quantitative characteristics of numerical
series [28].

To verify the hypothesis of the normal distribution of
sales and delivery times, it is proposed to apply the Pearson
chi-squared test. To do this, we must calculate the theoret-
ical values of the probability of getting to each of the inter-
vals. This is assisted by the Laplace transform (probability
density function of the normal distribution).

The probability p; for the normal distribution of a ran-
dom variable X is calculated according to the formula [27]:

P =<p(x1)—<|>(x2)=<P(x’i;£)—<p(x”' _f), 2

(o)

where x;; and x,; — the lower and upper bounds of the inter-
vals, respectively.

The values of the Laplace function for the positive values
of the argument x (0<x<5) are given in [29]. For the values
x>5, ¢(x)=0.5 is taken. For negative x values, the same
table is used, given that the Laplace function is odd, i.e.
o (—x) ==o(x).

The value of the Pearson’s criterion or Chi-squared crite-
rion (x?) is calculated by the formula [28]:

3= Z(f;,# 3)

i=1

where n — the number of groups into which empirical data
are divided; f,; — the frequency observed in the i-th group;
Jii— theoretical frequency.

For the x? distribution, a table (such as in [30]) is cre-
ated, where the critical value of the % acceptance criterion
for the selected significance level o and degrees of freedom
is specified.

The hypothesis of the normal distribution is accepted
when the actual ¥? value does not exceed the critical table
one (Fig. 2).

» 025
2 020 ,
3 | ' =0,37 (actual value
g 015 Y of criterion)
:é 0,10 !
B 0.05 |\ xz = 6 (critical value of
L DY criterion)
A 0 1 I -
0 5 10 152025303540 45 505560 65

Values x>

Fig. 2. lllustration of deciding on a hypothesis about
the normal distribution using the ¥ criterion graph
(for degrees of freedom k=2)

Table values show the right border of the 2 distribution
graph, which means that it does not confirm the hypothesis
with the significance level a.

You can do without tabular values and use the function
of the MS Excel 2010 CHISQ.INV.RT program (0.05; 2).
As the first argument here is the significance level, as the
second — the number of degrees of freedom. The value cal-



culated by the MS Excel 2010 program is usually somewhat
more exact than the tabular one.

To assess the correctness of the hypothesis concerning
the belonging to the normal distribution, it is recommended
to calculate an additional p-level or p-value (probability to
obtain such or even greater value of the criterion in the equi-
ty of the null hypothesis) [31].

3. Calculation of the optimal level of shortage (if the hy-
pothesis for the normal distribution is accepted).

If the hypothesis of belonging of statistical data to the
normal distribution is confirmed, it is possible to use the
formula for the optimum level of shortage and tabular data
for normal distribution.

According to [26], the optimal level of shortage:

§=—Y 4)

- )
C, +Cde/

where Cj, — the cost of storing a unit of goods per 1 day;
Cqer — losses from the shortage of a unit of goods per 1 day.

As for the shortage losses, there are certain problems
with determining the value of these expenditures [14]. There
can be quite a lot of approaches. Consider a few of them:

1) if the client who wants to buy a product and is not able
to do it because of the lack of goods in stock, purchases this
product in another company. In this case, the shortage losses
correspond to the value of lost profit from the sale of goods,
which is in lack;

2) if the client who cannot buy a product because of its
absence, is offered a discount with which he will be able to
obtain a product if he waits for arriving of the new shipment.
In this case, the shortage losses correspond to the value,
which reduces the profit from the production unit through
the discount;

3) if for satisfaction of the client and fast delivery of the
missing goods, blitz-orders with an increased cost of delivery
are done. Then the additional cost of unplanned supply is
distributed between all units of the shipment, so this will be
shortage losses;

4) one option can be a combination of others. For exam-
ple, ordering the blitz-supply and simultaneously offering a
discount, to make customer be waiting for the product and
do not apply to the company-competitor. Then the shortage
losses are summed up.

4. Calculation of the amount of safety stock (considering
the optimal level of shortage).

If the demand (sales, need) and time of delivery (the time
of order fulfillment) obey the normal distribution law, the
calculation of the safety stock requires a table value Z (the
number of entailing no deficit standard deviations) [32].

The number of entailing no deficit standard deviations
and service level are connected by the NORMSINV func-
tion of the MS Excel 2010 program. In order to find the num-
ber of entailing no deficit standard deviations at a certain
service level, it is necessary to specify the =NORMSINV
function (service level).

The probability of shortage (in this technique — the opti-
mum level of shortage) is defined as

d=1-L, 5)

where L — service level [33].

Considering the Z values and parameters of the distri-
bution of consumption volume and delivery time, the safety
stock is calculated according to the formula:

Z =zt -6’ +5%7, (6)
where Z; — the value of safety stock, un.; z — the number
of entailing no deficit standard deviations; ¢, — average
exccution time of the order, days; s, — standard deviation of
demand, un./day; S — average consumption, un./day; s, —
standard deviation of delivery time, days [6].

5. Calculation of the amount of optimal order quantity
considering the possibility of shortage.

The model of inventory management with the possibility
of shortage provides the calculation of the optimal order
quantity by the formula

C,+Cyy

f 2DC
= s, —=7 , 7
Qopt Ch Cde/ ( )

where D — demand for goods during a certain period of time,
un.; Cs — the cost of order delivery, which does not depend
on the size of the order, UAH/un.; C;, — the cost of storing
a unit of goods during a certain period of time, UAH/un,;
Cer — the cost of shortage of a unit of goods during a certain
period of time, UAH /un. [1].

6. Calculation of the interval between orders.
To calculate the optimal interval between orders, first
the number of deliveries per year should be determined:

K=D/Qopr- (®)

The interval between orders is calculated by dividing the
number of days in the period by the number of deliveries for
that period:

I=T/K. ©)

7. Calculation of the optimal order quantity in stochastic
conditions.

The order quantity can be calculated as follows:

Q=S-(t,+1)+Z-||(t,+1)-0>+ 8% -Z,-Z,, (10)
where Q/ — the quantity of the order i, un.; ¢; — time in-
terval between orders, days; Z7; — the level of the current
inventory when issuing an order i, un; Z; — the quantity of
the stocks on the way not received at the moment of issuing
an order i, un. [34].

If the inventory level at the time of the order is zero and
there are no stocks on the way, the order quantity can be
obtained by the formula [34]:

Q/=S-(t,+1)+Z-\|(t,+1)-02+ S . 11)

8. Calculation of the threshold level of the inventory man-
agement system.

The threshold level of inventory determines the level at
which it is necessary to make the next order for replenish-
ment of stocks. In stochastic conditions of consumption and

receiving orders, the threshold level is determined by the
formula [34]:



Qrop =St +Z-\Jt 6> +S°6> =St + Z.

(12)

4. 2. Checking the algorithm on real data, sensitivity
analysis of the model

Consider the application of the above methods on a
practical example. Let there be sales statistics for 12 months
of the year, as well as statistics of delivery time of goods
(Tables 3, 4).

Table 3
Statistics of sales volume
Month number Sales volume, t
1 14
2 12
3 13
4 15
5 11
6 13
7 14
8 13
9 12
10 15
11 13
12 14
Table 4

Statistics of delivery time

Delivery number Time of delivery, days

1 5
2 6
3 5
4 7
5 5
6 4
7 5
8 6
9 5
10 5
1 6
12 6

1. Extraction of abnormal values from the statistics.

Since the number of our statistical values is 12, we can
use the criteria of Romanovsky or Grubbs. The formulas
view to apply these criteria (Table 1) is the same, differing
only in tabular data, which are compared with the left part
of the condition (inequality).

Because the number of values presented in the statistics
is less than 30 (7=5<30), to calculate the standard devia-
tion, use the “corrected” formula (Table 2).

Calculated values of the sample mean (1) and sample cor-
rected standard deviation (Table 2): x =13.2 un., 6=0.972 un.

Now you can calculate the values of the left part of the
condition for the anomalies of values (Table 5).

Compare the obtained values of the left part of the con-
dition for the abnormal values with the table ones (Table 6).

As we can see, all the values of the left part of the con-
dition concerning anomalies (Table 5) are smaller than any
value of the Romanovsky criterion (Table 6). This means
that with a probability of at least 99%, all statistics are not
abnormal or gross values. According to the Grubbs criterion

(Table 6), the last value of the criterion that corresponds to
99 % of non-membership with the abnormal value, is violated
for the sales volume in the month No. 5 (2.26>2.229). If we
accept the need for 99 % of the absence of abnormal values
in the statistics, the sales number of the 5th month must be
removed from statistics. The sample mean and standard de-
viation must be recalculated. We believe that the confidence
probability of 0.98 will be enough to test the anomalies of
the statistical series. This would mean that no statistics val-
ues have been removed as abnormal.

Table 5

Calculation of the values of the left side of the condition for
values abnormality

Month Sales Value of the left part of the condition for
number | volume, t the anomalies of values M
1 14 0.823045
2 12 1.234568
3 13 0.205761
4 15 1.851852
5 11 2.263374
6 13 0.205761
7 14 0.823045
8 13 0.205761
9 12 1.234568
10 15 1.851852
11 13 0.205761
12 14 0.823045
Table 6
Critical values of the Romanovsky and Grubbs criteria
(B, and v,)
! Number of values n=12
Confidence proba- -
bility, p Romano_vsky e Grubbs criterion
terion
0.9 2.75 2.663
0.95 2.66 2.519
0.98 2.52 2.387
0.99 2.39 2.229

2. Verification of the hypothesis concerning the normal
distribution law.

Let us calculate the required number of groups by
the formula £k=1+3.322:1g(12)=4.6. As the rounding of
the integers in the calculations is carried out in a greater
direction, k=5.

Find the intervals of sales volumes for each of 5 periods.

For this purpose, in the monthly statistics (Table 3) we
find the largest and smallest value: xin=11, Xpnax=15.

If you calculate with the MS Excel 2010 program, you
can use the MAX and MIN functions.

The width of each of the five intervals will be 0.8 units
(w=0.8). Thus, any value of demand between 11 and 11.8 units
is included in the 1st interval. According to Table 3, it is the
value of the month No. 5.

For the 2nd interval, the left border begins with all num-
bers that are greater than the right border of the 1st interval,
that is, after 11.8.



The right border of the 2nd interval is calculated similar-
ly: x,9=0ptw0=11.8+0.8=12.6.

Similarly, the boundaries of other intervals are deter-
mined.

Then the frequency of hitting values in each of the five
intervals must be calculated (the last column of Table 7).

Table 7
Specifying the number of observations in each interval and
frequency
Number
Interval | Lower Upper of values Month |Frequency,
number, 7 | border, x;; | border, x,; " | number | f;=n;i/n
1 11 11.8 1 5 0.083333
2 11.8 12.6 2 2,9 0.166667
3 12.6 13.4 4 3,6,8 11| 0.333333
4 13.4 14.2 3 1,7,12 0.25
5 14.2 15.0 2 4,10 | 0.166667

The procedure for calculating the Pearson criterion
components is given in Table 8. Let us explain how to get
columns 5 and 6. We find the value of ¢(x1)=¢(-2.26). Since
@(—x)=—0(x), we find the values in the table corresponding
to the value of x; modulo: ¢(2.26)=0.4881. So, the value of
0(—2.26)=—0(2.26)=-0.4881. Similarly, we find the value

of the Laplace function for all other arguments x; and x5.
All the components of the y? formula are calculated in

Table 8, column 9. The total value of the 2 criterion is 0.37.
Because the number of intervals is n=5, the number de-

grees of freedom equals k=5

-3=2.

The calculated value of y? equals 0.37, tabular is 6.0,
and 0.37<6.0, so the hypothesis of the normal distribution

is accepted.

The test of the hypothesis for the normal distribution
of delivery time is carried out similarly. Here are just the
results. Distribution parameters of delivery time: sample

mean — 4.67 days, sample corrected standard deviation —
1.03 days. The calculated value of y*> equals 1.84, table —
6.0. Consequently, 1.84<6.0, and the hypothesis of the nor-
mal distribution is accepted.

3. Calculation of the optimal shortage level.

Set the data about the inventory management system.
Let the product cost is 100 UAH, and the storage cost is
approximately 50 % of its cost per year, therefore, the annual
cost of the storage of a unit of goods will be 100-0.5=50 UAH,
aday — 50/365=0.137 UAH.

The goods are sold at the price of 150 UAH, the profit
from the sale is 50 UAH. Calculate the optimal parameters of
the inventory management system by the following scenarios:

1. If in the absence of goods, the client refuses to expect
the supply and goes to the competitor, the shortage losses are
Cae~50 UAH.

2. In the second version, we can offer the client a dis-
count of 5 % of the goods price in case he agrees to wait
for the next delivery, i.e. the sale price will be 150-0.95=
=142.5 UAH and profit will decrease by 50-42.5=7.5 UAH.
Thus, in this option Cg,=7.5 UAH.

3. In the case of a decision on extra delivery, the cost of
goods is increased by 2 UAH. Then the profit from the sale
of goods is reduced by 2 UAH, i. e. Cgo=2 UAH.

4. In this option, the client is offered to wait for the next
delivery and given a 5 % discount. Thus, there is a combina-
tion of options 2 and 3. The shortage losses will be 7.5+2=
=9.5 UAH.

The value of the optimal shortage level for the above four
scenarios is shown in Table 9.

It can be seen that the worst option is the client’s leave to
a competitor company, in this case, the acceptable shortage
level is only 0.3 %. The maximum shortage level is valid in
case of extra supply — 6.4 %. However, this case is very sen-
sitive to the unit cost of the blitz-delivery, that is, additional
costs per unit of goods delivered.

Table 8
Calculation of theoretical frequencies and Pearson criterion
arTEEIS;itin a’l;hzrieecr?tnii Laplace Laplace |The probability
Interval | Number of ob- 8 8 function function |of falling in the| Theoretical | Pearson criterion
. . the Laplace | the Laplace | .. S
number, i servations, 7; - " first value, | second vale | i-th interval, | frequency, #n-p; | components, K;
function, function, (1) e, o(xy) =0(2)—0(x)
x1=(x1rx)/c x2=(xr7x)/0 (X1 , (X2 Pi=P(X2)—0(X1
1 1.00 -2.26 —1.44 -0.4881 —-0.4251 0.06 0.76 0.08
2 2.00 —1.44 —-0.62 —0.4251 —-0.2324 0.19 2.31 0.04
3 4.00 —0.62 0.21 -0.2324 0.0832 0.32 3.79 0.01
4 3.00 0.21 1.03 0.0832 0.3485 0.27 3.18 0.01
5 2.00 1.03 1.85 0.3485 0.4678 0.12 1.43 0.23
Total 12.00 -3.09 1.03 -0.71 0.24 0.96 11.47 0.37
Table 9

Results of calculating the optimal parameters of the inventory management system with stochastic demand and delivery time

. Scenario number
Parameter Formula for calculation| — Un.
1 2 3 4
Optimal shortage level () % 0.3 1.8 6.4 1.4
Optimal safety stock level (6) un. 1.27 0.95 0.70 1.01
Optimal order quantity under deterministic conditions 7 un. 35.71 35.99 36.87 35.92
Optimal order quantity under stochastic conditions (11) un. 39.90 39.52 39.23 39.60
Optimum threshold level (12) un. 3.33 3.01 2.76 3.07




4. Calculation of the safety stock level (considering the
optimal shortage level).

Table values of non-deficiency standard deviations Z for
the four values of the optimal shortage level are equal to
2.76; 2.06; 1.52; 2.2.

When the MS Excel 2010 NORMSINYV function is used
to obtain the tabular values, we set the given service level in
unit fractions as an argument.

To calculate the safety stock value, we recall the statisti-
cal parameters of demand and delivery time:

1) for demand: sample mean — 13.2 units per month, i. e.
0.44 units per day, corrected standard deviation — 0.0324 units
per day;

2) for delivery time: sample mean — 4.67 days, corrected
standard deviation is 1.03 days.

The value of the optimum safety stock level for the above
four scenarios is shown in Table 9. Safety stock quantity
differs significantly for different scenarios — from 0.7 to
1.27 units (almost twice).

5. Calculation of the optimal order quantity considering
the possibility of shortage.

Let us present the initial data included in the formula:

—annual demand — 159 un;;

— delivery costs — 200 UAH;

— costs for storing one unit of goods during a year —
50 UAH;

— losses from shortage of one unit of goods during a year:
1 scenario — 50-365=18,250; 2 scenario — 7.5-365=2737.5;
3 scenario — 2:365=730; 4 scenario — 9.5-365=3467.5 UAH.

The value of the optimal order quantity for the above
four scenarios can be seen in Table 9. The values are not very
different for different shortage losses. This is caused by the
known statement on the stability of the Wilson model. For
the following calculations, it will be enough to take a certain
average value of the optimal order quantity — 36 units.

6. Calculation of the interval between orders.

To calculate the optimal interval between the orders,
the number of deliveries per year must be determined by the
formula (8): K=4.42.

According to (9), the interval between orders is calculat-
ed as dividing 365 days in the period by the amount of supply
during this period (4.42): I=82.6 days.

7. Calculation of the optimal order quantity in the sto-
chastic conditions.

The results of previous calculations are used to deter-
mine the optimal order quantity in the stochastic conditions
(Table 9).

It can be seen that the values of the optimal order quan-
tity considering the stochastic consumption and delivery
frequency differ slightly depending on the number of non-de-
ficient standard deviation (2.76, 2.06, 1.52, 2.2) and varies
from 39.23 to 39.90 un. Thus, we can claim that the shortage
losses weakly affect the order quantity both for differential
and stochastic parameters.

8. Calculation of the threshold level (ROP — Reorder
Point) of the inventory management system.

Let us calculate the value of the threshold level, at which
you should make an order for replenishment of stocks (Table 9).
It is seen that the value of the threshold level varies depend-
ing on the amount of safety stock from 2.76 to 3.33 un.

5. Discussion of the methodology and prospects of
its application

Thus, the proposed algorithm allows linking the deter-
ministic and stochastic conditions of the inventory manage-
ment system.

Shortage costs and correlation with the storage costs set
by the scenario approach must determine the most expedient
shortage level in these conditions. And, therefore, the opti-
mal service level, which, in turn, determines the volume of
safety stock.

It can be argued that the volume of the optimal order
quantity is weakly dependent on the different values of
shortage costs, which is associated with the stability of the
Wilson model.

The optimal value of the threshold level or the re-order
point directly depends on the amount of the safety stock: the
higher the value of the optimum safety stock, the higher the val-
ue of the threshold level. Thus, the increase of the service level
leads to an increase of all horizontal levels of the inventory con-
trol system — safety, threshold level and maximal level of stocks.

The strong side of the study is the development and test-
ing of the algorithmic procedure for the determination of
inventory management system parameters in the conditions
of uncertainty, which can react promptly to the dynamics
of changes in consumer demand and inventory status. This
allowed combining the deterministic methods of determin-
ing the optimal order quantity and stochastic methods of
calculating the volume of safety stock.

Economically expedient level of shortage determines the
optimal level of customer service and the optimum amount
of safety stock by the criterion of total costs.

The restriction of this method is the assumption that the
intensity of consumption and time of replenishment of stocks
as random quantities have normal distribution law.

The possibilities for further research is testing of the pro-
posed methodological approach to inventory management
with a seasonal pattern.

The threats to the results of the study are that in a rap-
idly changing market environment the company is forced
to constantly change the inventory management strategy,
not always guided by the formalized criteria. Targeting the
non-deficiency of stocks increases the risks of creating excess
inventories and thus increases the irrational losses of funds
and enterprise resources.

From a practical point of view, the proposed approach al-
lows avoiding the creation of excess inventory in supply chains
and, accordingly, reducing storage costs, the need for the work-
ing capital and the risks of accumulation of non-liquid stocks.

6. Conclusions

1. The algorithmic procedure of finding the parameters
of the stochastic inventory management system, which
provides the calculation of economically expedient shortage
level, the optimal amount of safety stock, connected with
customer service level is developed, by the criterion of the
total costs. Shortage costs and correlation with the storage
cost set by the scenario approach determine the most expe-
dient shortage level in the real conditions of creation and
storage of inventory.

2. The advisability of calculating the parameters of the
inventory management system with a normal distribution of



demand and delivery time on the basis of economically jus-
tified shortage level is justified. Thus, exactly the estimated
shortage level should determine the optimal service level,
not vice versa. In fact, the ratio, which determines the opti-
mal shortage level, takes into account all components of the
system costs, and, therefore, finds the shortage level accord-
ing to the criterion of total costs, which include in particular
the costs of the insufficient service level.

3. Based on the found compromise between shortage level,
safety stock, and client service level, the parameters of the sto-
chastic inventory management system — optimal order quan-
tity, reorder point and the threshold level of stocks, which
consider the level of the economically reasonable shortage and
the optimal safety stock were calculated. This approach al-
lows forecasting the status of the stock and reacting promptly
to any changes in consumer demand or goods delivery terms.
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Posenanymo nioxoou 0o nobyoosu 6Gazamopishesoi
iepapxiunoi cucmemu NOKA3IHUKIE OUIHKU AKICHOZ0 cmany
dinanxu aemomooinvioi dopoeu. Pospoodaeno modens 6azo-
Mocmell napamempie ma Xapaxmepucmux asmomooiny-
HUX 0opiz AK 00POHCHLO-MPAHCROPMHOZ0 AKMUBY Y CKAAT
HPOPMAUIliHO-YNPABITHCOKOT cCucmeMu 2poutoB8oi OUiHKU.
IIposedenna docnioxncernv 00ymosnene neodbxionicnio pos-
pooxu yHidixosanoi reanimempuunoi mooeni zpoutosoi
ouinKu OinAnKu aemomooinvioi dopoeu. B pesynvmami
npoananizoeano napamempu ma KOHCMPYKMUGHi ejie-
MeHmu asmomobinbHUx 00pie, W0 00360JUNO PO3TAHY-
mu 06°exm ouinku — OiAHKY 00po2U 3 MOUKU 30PY Memo-
00210211 n0OY006U CKAAOHUX OazamopieHesux iEPapXitHux
cucmem. Ha ocnosi 3anpononosanoeo nioxody nooyoo-
8aHO NOBHY KEANIMEMPUUHY MOOENb 0N BAPMICHOT OUin-
Ku aemomo0inoioi dopoeu, axa rpyHMyemvCcsa Ha mMmemooi
dexomnosuyii enacmusocnmeii 00’ekma ma 6KAIOUAE MAK-
CUMAIbHY KIbKICMb MONCIUGUX napamempis, xapaxme-
PUCMUK, KOHCMPYKMUBHUX eleMeHmi8, NOKAZHUKIE MPaH-
CROpmHO-excnayamauiiinoeo cmany.

3anpononoeano mexawizm 0OTPYHMYEAHHA 6A20MO-
cmeil napamempis ma xapaxmepucmux 00’ckma ouinku —
dinanxu aemomooiivHol 0opoeu WAAXOM PAUIOHATLHOZ0
NOECOHAHHS 86APMICH020, EKCREPMHOZ0 MEMOOi6 ma Memooy
exgisanenmuux cnissionowenv. Adexeamuicmo 3anpono-
Hosanoi mooei niomeepolNcyemvca ananizom cmanoapm-
HUX noxubox, axi ckaaoaromo 0ins 5 %, wo cymmeeo e
énaUBAE HA 00CMOGIPHICMb pe3ybmanie aHaiMuUMHUX
po3paxynxie.

Pesyavmamu npogedenux 00caioHceHs Cayzyeamumyno
nooanvuum po3eUMKOM THPOPMAUTUHO-YNPABAIHCHKOT
cucmemu 2powo6oi OUIHKU 00POIHCHLO-MPAHCROPMHOZ0
KOMNJeKCY, Memoro PYHKUionyeanusa aKoi € 06rpynmyean-
HA PaUioHaIbHUX YNPABTIHCOKUX pilels w000 00POIHCHIX
aKxmueis 6 uinoMmy ma asmomMoGiLHux dopis 30Kkpema.

Po3spoonena modeav eazomocmeii napamempie aemo-
MOOILILHUX Oopie Modce Oymu euxopucmana nionpuem-
cmeamu ma opzanizauiamu 00poICHLOT 2aY3i ma Modice
Oymu niorpynmam Ons npuinamms eexmueHux oorpym-
MOBAHUX YNPAGIIHCOKUX PilleHb w000 00POXHCHLO-MPAH-
CROpmHUX aKmueie

Kntouoei crosa: sazomicmo napamempis, agmomooiin-
Hi dopoeu, piendb AKICH020 cmany, Keanimempis, icpapxiu-
Ha Modenw, indopmayiiino-ynpasiincoka cucmema

u| m,

1. Introduction

Development of the transport infrastructure of any
country has a key impact on the economy in general. In
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particular, the World Bank annually develops a program in
the form of manuals and reports [1] with the involvement of
private investors to designing, funding, implementation and
management of infrastructure projects.




