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DEVELOPING SOFTWARE TO SOLVE CERTAIN PROBLEMS
OF INVENTORY MANAGEMENT

Summary. In modern conditions of intensifying competition in consumer markets, stable operation of enter-
prises is ensured by the implementation of strategies for maximum satisfaction of consumer demand for goods
and related services. Planning such strategies requires improvements in various enterprise systems, in particu-
lar, the inventory management system based on the rationalization and optimization of product flows, use of
appropriate models and methods for these tasks. Every company strives to satisfy the customer at the highest
possible level. This task requires a significant investment in inventory. At the same time, an equally important
task is to find new opportunities to reduce all types of costs and increase profits, therefore, from the point of view
of finance, the 1deal state is when there is no stock while the production needs of the company are met in full.
But such a situation is absolutely impossible in real conditions. In order to work as efficiently as possible and
reach acceptable financial indicators, it is necessary to effectively manage inventory stock at the enterprise. An
essential feature of inventory modeling process is uncertainty in real conditions, which is associated with the in-
accuracy or incompleteness of information about demand, supply, time delays of ordered goods, product spoilage
and other parameters of the logistics system. This necessitates an effective inventory management mechanism
in conditions of uncertainty. Solving this problem requires calculation of exact date and quantity of each subse-
quent order. Most modern software packages for inventory management are quite difficult to understand or re-
quire large financial expenses. In addition, most practical applications are designed for deterministic parameters
of demand and production schedule. In fact, demand has a high level of uncertainty, which requires improved
algorithms using stochastic theory of inventory management. Thus, a number of issues related to this field still
remain unresolved or incompletely resolved. Most publications consider the classic toolkit with some well-known
modifications. However, classic models are quite difficult to apply in in real life because the ideal conditions are
difficult to achieve in practice. The models do not take into account the limitations imposed by internal and exter-
nal factors. Based on this, we have created software that would perform the required task. The final product of the
research is a software product that enables warehouse operators and managers to optimize drafting a schedule
of production inventory deliveries in conditions of demand uncertainty, as well as controlling deliveries based on
an economic-mathematical model of inventory management in conditions of demand uncertainty. The software is
able to determine the optimal period of delivery of several types of resources, total costs for storage and ordering,
the effect of the obtained savings, speeding up and simplifying the dispatcher's work.
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VipailHChbKUH Jep:KaBHUN YHIBEPCUTET HAYKH 1 TE€XHOJIOTIH

PO3POBKA ITPOI'PAMHOT'O 3ABE3IIEYEHHA 1JId BUPIINEHHA JEAKUX 3ATAY
VIIPABJITHHA BUPOBHUYUNMU 3AITACAMU

Amnoranig. B cygacHux ymoBax, KOJIM 3ar0CTPIOETHCA KOHKYPEHIIIA Ha CIOKHUBUNX PUHKAX, CTA0LILHA podoTAa ITijI-
IPUEMCTB 3a0€3IeUyeThCs peasisaliieio cTpaTerii Ha MakCHMAaJIbHe 3aI0BOJICHHS CIIOKUBYOrO IIOMUTY Ha TOBAPH
1 oB’s13aHi 3 UM 1portecoM mociryru. MopMyBaHHS TAKMX CTpaTerii BUMAarae yJIOCKOHAJIEHHS PISHUX CHCTEM
MIAIIPHUEMCTBA, 30KpeMa 1 CUCTeMH YIIPABJIIHHS TOBAPHUMH 3allacaMi HA OCHOBI palfioHAJ3aIrli Ta OIrTuMIi3alii
TOBAPHHUX OTOKIB, BAKOPHUCTAHHS aIeKBATHUX IIOCTAHOBOK IIMX 3aBIaHb MOJEJIeH Ta METOIIB. CyTTeBOIo ocobJIu-
BICTIO B IIPOIECI MOJEJIIOBAHHI 3amaciB € ICHYBaHHS B PeabHUX yMOBax HEBU3HAYCHOCT], AKA IOB'A3aHa 3 He-
TOYHICTIO 200 HETOBHOTO 1H(opMAaii IIPO IOINT, MOCTAYAHH, 9aCOBl 3aTPHMKH 3aMOBJICHHX TOBAPIB, IICYBaHHS
IPOJYRIL Ta 1HII IapaMeTPH JIOTICTUYHOI CHCTEMH, 110 BUMArae IOLIYKY e(heKTHBHOIO MEXAHI3MY yIPABJIIHHI
3amacaMu B yMOBaX HEBU3HAUEHOCT1. BIIBIIIICTE CydacHUX IIporpaM, HallpaBJIeHUX Ha 11e, JJOCUTh CKJIAIHI B PO3Y-
MIHHI a00 K BUMAaramoTb BeJIUKHX (piHaHcoBUX 3aTpart. Jo Toro sk BoHM po3pobsIeH] I/ JeTepMIHOBAHUX IIapaMe-
TPIB IIOMUTY Ta BUPOOHHUYOro Po3KIaay. Hacmpasil IomuT XapaKkTepr3yeThCsa BUCOKAM PIBHEM HEBU3HAUYEHOCTI,
TOMY BUHHUKAE II0TPeba BIOCKOHAJICHHS AJI'OPUTMIB 3 YPaXyBaHHIM BUKOPHUCTAHHS allapaTy CTOXACTHYHOI Teopil
VIIPABJIIHHS 3amacaMu. TakuM YrMHOM, HU3KA IIUTAaHb, 110 HAJIEMHKATH J0 JAHOI TaJIysi, 0Cl 3aJIUIIAEThC HEBUPI-
II€HOI0, 400 BUPIIIIEHO He ITOBHOK MIPO0. ¥ OLIBIIOCTI IyOJIIKAIM POSTIISIAeThC KIACUYHUN 1HCTPYMEHTapIi
3 NeSSKHMHU IIHPOKO BlIOMUMU MO,I[I/Id)iRaHiHMI/I IIPOTe 3aCTOCYBAHHS KJIACHIHAX MoJeJIed y peasTbHIN L[if/iCHOCTi

JlysKe yTpy[JHEHe 1epe3 BasKKO JOCKHI Ha MPAKTUIL yMOB. ¥ MOfiesIAX He BPaXOBYIOThCS 00MeKeHHs, II0B'A3aHI
3 BHYTPINIHIMHA Ta 30BHIIHIME (pakTopamu. Ha 6a3i 11p0ro 6ys10 BUPIIIEHO CTBOPUTH IIPOTrPaMHe 3a6e3nequHa
110 BUKOHAE 1110 3a1a41y. KIHIIeBUM IIPOLYKTOM JOCIIIMEHHS € CTBOPEHHS IIPOrPAMHOr0 IPOAYKTY, 34 JOIIOMOTO0
SIKOTO OIIEPATOPU Ta MEHEIKEePH CKJIAJy MAaTUMYyTh 3MOI'Y OIITHMI3yBAaTHU IIPOIIEC CKJIANAHHS I'padiKy ITOCTABOK
BUPOOHHYMX 3aITaciB B yMOBAX HEBU3HAUYEHOCTI IOIUTY TA KOHTPOJIIOBATH ITOCTABKM HA OCHOBI €KOHOMIKO-MaTe-
MATHUYHOI MOJIeJIl YIIPABJIIHHS 3allacaMy B YMOBaX HEBU3HAYEHOCT] OMTUTY. PO3p00JIeHIH TTPOTPAMHIM ITPOIYKT
JI03BOJIsIE BU3HAYATH ONTUMAJILHUN I1epPiojl ITOCTaBKU K1JIPKOX BHIIB PECYPCIB, CYKYITHI 3aTpaTH 3a 30epiradHs 1
3aMOBJIEHHSI, e(DEeKT OTPUMAHOI eKOHOMII, 1[0 IIPUCKOPIOE T CIIPOIILy€e PODOTY JUCIIEeTIEepa.
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Problem statement. Intensifying competition
in consumer markets, stability of both trading
and manufacturing enterprises 1s achieved by
implementing strategies that maximize satisfaction
of consumer demand for both goods and services
related to this process, as well reducing the trading
costs. Such strategies necessitate improvement of
various enterprise systems, including inventory
management systems improvements based on
optimization of product flows using appropriate
models and methods for these tasks.

The desire of companies to satisfy desires of con-
sumers at the highest possible level requires sig-
nificant investments, in particular investments in
inventory. On the other hand, an equally important
task is to ensure the profitability of investments and
to find new opportunities for reduction all types of
costs and increase profits, therefore, from the point
of view of finance, the most favorable state is when
the inventory stock is minimal while the produc-
tion needs of the company are met in full.

However, such a situation is difficult to achieve
in real conditions due to a number of objective rea-
sons. Thus, in order to achieve the most efficient
operation of the enterprise and achieve excellent fi-
nancial indicators, the inventory must be effectively
managed. Many companies do not pay appropriate
attention to the process of inventory management,
the result of which is a significant increase in the
amount of money invested in the inventory man-
agement system than expected.

Modeling the company's inventory management
system answers the two main questions: selection
of optimal volumes of stock replenishment along
with optimal timing of resupply.

An essential feature of inventory modeling is un-
certainty associated with inaccuracy or incomplete-
ness of information about demand, supply, tem-
porary delays of ordered goods, product spoilage,
and other parameters of the logistics system. This
requires the inventory management mechanism to
be effective in such uncertainty. There is a need for
a more detailed study of methods and models that
take into account the uncertainty of the parameters
of the inventory management process. A particular
practical interest lies in the study of models which
would take into account the temporary structure of
interest rates on the market, along with the usual
stochastic nature of demand and delivery terms.
The ability to take into account the principle of the
time value of money provides a significant reserve
for increasing the efficiency and economic profit-
ability of inventory management systems.

Optimization methods as well as the mathemat-
ical apparatus underlying inventory management
models can be used in liquidity management mod-
els designed to solve such tasks as forming the op-
timal cash balance in the required amounts, accel-
erating payment turnover, etc.

State of the art in research. It is practically
impossible to perform optimal inventory manage-
ment tasks manually, as it requires accurately cal-
culating the exact date and quantity of each subse-
quent order. Therefore, in order to get out of this
predicament, companies attempt to automate this
process. But most modern software for inventory
management is quite difficult to understand or re-
quires large financial investment.
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In the end of the 1960s, industrial inventory
management technologies like MRP, ERP, APS,
MRPII started to appear. With the development of
the international software market, manufacturers
(e.g., dda, Toolsgroup) strive to enable full inte-
gration of their software with various systems for
managing product flows at enterprises (MRP/ERP
in SAP, 1C, Oracle, etc.) Most practical applica-
tions are designed for deterministic parameters of
demand and production schedule. In fact, demand
is characterized by a high level of uncertainty, so
there is a need to improve algorithms taking into
account the stochastic theory of inventory manage-
ment. Thus, a number of issues related to this field
still remain unresolved or incompletely resolved. In
most publications, the classical toolkit with some
well-known modifications is considered. Howev-
er, application of classical models in real life is
very difficult due to conditions that are difficult to
achieve in practice (for example, a constant rate of
consumption of stock, etc.) Models often do not take
into account limitations related to internal and ex-
ternal factors.

Therefore, we decided to create software that
would perform this task.

Goals of this paper. The result of the research
is a completed software product that allows ware-
house operators and managers to optimize schedul-
ing of production inventory deliveries in conditions
of demand uncertainty, then control deliveries
based on an economic-mathematical model of in-
ventory management in conditions of demand un-
certainty.

Scientific novelty of the obtained results lies
in the application of a discrete multi-product mod-
el for determining the optimal moment of delivery,
taking into account the uncertainty of demand.
Developed software significantly reduces the effort
required for drafting a schedule of production stock
deliveries.

Practical significance. Results of the study al-
low to reduce the time spent on drafting the supply
schedule in conditions of uncertainty of demand, to
increase its quality, which in turn reduces the load
on warehouses and increases the efficiency of the
use of production resources.

The body of the paper. The success of any
enterprise in the market depends on the degree of
consumer orientation. That is, on how rationally
the enterprise satisfies demand of solvent custom-
ers. The difficulty lies not in solving problems, but
in seeing them [7].

Every enterprise strives to increase the turn-
over of stock in order to obtain the largest volume
of sales and therefore profit, using a smaller area of
warehouses and lower costs for maintaining stocks.
Of course, the ideal system would be to sell without
storage, immediately after delivery by the supplier.
However, this type of trade with many assortments
of goods is impossible, therefore inventory turnover
is an important criterion that is carefully analyzed
by enterprises.

The general formulation of the concept of stock
can be defined as follows: “Material stock is items at
various stages of production and circulation, prod-
ucts of industrial and technical purpose, consumer
goods and other goods that are waiting to enter the
process of personal or industrial consumption” [6].
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We will consider a discrete model for determin-
ing the optimal moment of delivery, taking into
account the uncertainty of demand. This econom-
ic-mathematical model makes it possible to opti-
mize the timing of delivery in risk conditions, based
on statistical data on the demand for stock for the
previous period. Availability of demand statistics
allows constructing a probability distribution for
arandom demand value. In this case, risk is under-
stood as the deviation of demand values for produc-
tion stocks from the forecasted average expected
indicators.

In addition, our model makes an assumption
that there are no deviations in terms of delivery.
The criterion of optimization in the model is aggre-
gated average costs. The total costs include, 1) the
costs associated with product storage, and 2) the
losses incurred by the company as a result of in-
complete demand satisfaction due to untimely de-
livery of products. On the one hand, possible costs
due to early delivery of production stocks lead both
to additional costs for storage and maintenance,
and to losses due to incomplete use, in particular
to losses during the liquidation of the remaining
stock. On the other hand, a possible deficit leads to
underachieved profit, the risk of losing customers
(real and potential). There are “opportunity losses”,
as a result of the freezing of capital reserves, which
could potentially be allocated to other areas of busi-
ness activity and bring profit. In order to consider
the behavior of costs, it is necessary to introduce
and describe the parameters of the problem being
solved [3].

Thus, we need to determine the time at which
to assign the supply t*, based on the uncertainty
of demand. Let’s make an assumption that the vol-
ume of the batch of production stock has a fixed val-
ue Q. The moment of exhausting the stock in the
warehouse, which corresponds to the magnitude of
demand, is denoted by A. In our problem, we will in-
terpret the uncertainty of demand due to the time
during which the stock in the volume Q is used up.
Consider the value I(A-t*) as a function of the costs
associated with the storage of excess stock in the
volume Q after delivery t* in the time interval until
the actual zeroing of the stock A > t*, meaning the
stock is resupplied before it runs out. Graphically,
the behavior of the storage cost function in the lin-
ear case 1s presented in Figure 1 [4].

Consider the dependency D(t* — 1) as a function
of costs in the case of incomplete demand satisfac-
tion, associated with a shortage of stock in the in-
terval from the moment of the real zeroing of the

Ity

t* A

Figure 1. Storage cost function (linear)
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stock A < t* to the moment of delivery t* in the vol-
ume Q. At this stage, we assume that deficit costs
describe only foregone profit.

Graphically, the behavior of deficit costs due
to incomplete demand satisfaction is presented in
Figure 2 [4].

Thus, storage costs follow the equation (1):
Tt [0c(i-r). a>f

o, i<t @

where ¢ = const is the daily cost of storing a stock
unit.
And deficit costs are described by the equation (2):

0 . .
D(ﬁ,—r‘)J?' (A=t). 1 >4 @)
0. £<i

where z = const is the expected profit from the
sale of a unit of the product, and value I describes
the intensity of demand, that is, the time during
which the product is sold in volume Q.

Y

Thus, the value = represents the daily volume

of the product sold.

Let us then consider a discrete case with de-
mand uncertainty and several types of products [5].

Assume the enterprise is engaged in production
that requires m types of resources, then let

@; — delivered quantity of product j,

c; — storage cost of product j per unit of time,

z,— profit from the sale of a unit of product j,

]Lj — intensity of demand for product j, i.e. the
time during which product j is sold in volume @; for
Jj=1,....,m,

t* — desired time of the next resupply.

In the case of demand uncertainty, consider Aj
a discrete random variable. Suppose that based on
statistical observations, we know n; values of the
random variable A. for each of the m products — 14,,
as well as the frequencies 7, of these values. Then
it is possible to calculate the probabilities of the val-
ues of the random variable characterizing different
amounts of demand for different types of products
according to the equation (3):

T..
==l i=lan, j=l..m. 3)

pl] ZTU 1 n/ J m
Storage costs and losses from shortage of prod-
ucts for different values of demand are described by

equations (4)-(7), respectively [3]:
Q,c, (A, =), A, >t

1=1>\‘_*= J J b by

r =10y =1) {0, A <t 4)

Dt)

t* 2

Figure 2. Deficit cost function

EKOHOMIYHI HAYKU



EKOHOMIYHI HAYKHU

136

. %-zj-(t*—kij), t*>7\.ij
D, =D,(t"=k;)=1My
0, £<n ®)

i

Dt =2y =2 pyD; (6)
i=1
L0y =)= 2 pyl, )
i=1
while mathematical expectation of total

storage costs and losses for all types of stocks
M(I) and M(D) are described by equations (8)
and (9) [3]:

m(l):ilj(}“xy‘_t*):izpylv 8

j-1i=1

LCEWIGENES B W)

-1 i=1
In this case, the mathematical model of the
given problem can be described as follows [3]:

M(I)+M(D)—>min,  eZ, (10)
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Thus, the moment of delivery appointment ¢* is
determined by solving the problem of minimizing
the mathematical expectation of total costs.

Developing software to solve the problem of de-
termining the optimal moment of delivery, taking
into account the uncertainty of demand, will sim-
plify and speed up the work of the dispatcher, as
well as reduce the overall costs of ordering and
storage of production resources, which is achieved
by automating the calculation process [1].

The scheduling software is developed using Micro-
soft Visual Studio 2017 Professional (C# programming
language). The software can be used at any production
enterprises. There is a scope for further improvement.

The software has a convenient and intuitive
user interface which simplifies and speeds up the
dispatcher’s work, enabling them to produce the
most optimal schedule of orders in conditions of un-
certainty of demand.

User interface of the software product is a window
with a menu that has three tabs. On the «General in-
formation» tab, there are fields for entering the num-
ber of types of resources to be ordered, the calculation
period, and data about resources (Figure 3).

E® Ontum. momenT nocrasku 3 ypayBaHHAM HEBWU3HAUHHOCTI MONUTY

3arancHi BiaoMOCT | cramacTvka monuTy  PospaxyHok
KinbkicTs Bi1ais npoayxui |3 i Dasi npo npoayKuiio
Nepion -~ Hassa I'bu_nyxmu A I'lpnmuu B | Mpoayxws C
. 700 500 1000
S Bapricts 36epirarna | 1 1 1
MpuByTok Big 36yty |2 5 | 6
=
3asepwmv poSoTy

Figure 3. «General information» tab

ﬁ OnTMM. MOMEHT NOCTABKH 3 ypayBaHHAM HEBU3HAYEHHOCTI NonuTy

3arancHi sigoMocTi  CTATUCTVKA NMOMATY  PospaxyHox
Mpoaykuin A Mpoaykuis B Npoaywuia C
Nepioa YacTora IMosipHicTE A Mepioa Yacrota IMoBipHicT: ~ Mepion YactoTa ImMoBipHicTe A
7 6 0
2 6 2 5 2 7
3 2 3 3 3 6
4 1 4 4 - 3
5 2 5 3 5 3
6 4 6 2 6 2
7 > ¥l 7 1 M 3
< > < > | v
Beecm Pospaxysam nepion
3asepwim poboTy

Figure 4. «<Demand statistics» tab without data
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The product table becomes visible only after enter-
ing the number of products and the calculation period.

Once general information is entered, the user
proceeds to the «Demand statistics» tab to enter
the appropriate data. The tab has two buttons and
a table for each of the resources being ordered. The
«Demand Statistics» tab is shown in Figure 4. Each
table contains the number of rows corresponding to
the entered calculation period and three columns
(the «Frequency» column is filled by the user, and
the «Probability» data is calculated after pressing
the «Enter» button (Figure 4).

Now, after clicking the «Calculate period» button,
the user is taken to the «Calculation results» tab
(Figure 5), where there are two groups of calcula-
tions taking into account the uncertainty of demand
(solving the given problem) and for comparison, data
without taking into account the uncertainty of de-
mand, as well as the calculated savings.

Developed software product determines optimal pe-
riod of delivery of several types of resources, total costs
of storage and ordering, acquired savings, all of which
speeds up and simplifies the dispatcher’s work [2].

F_E‘": OnTUM. MOMEHT MOCTaBKy 2 YpayBaHHAM HeBWaIHaueHHOoCTI nonury
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Implementation does not require the existence
of data files from which the necessary information
is taken. All data is entered directly on the tabs of
the software product.

As a result, the software produces optimal or-
der periods, total costs for ordering and storing
production resources with and without taking into
account the uncertainty of demand and the accu-
mulated savings.

Conclusions and further research prospects.
The «Time» software product allows users to quick-
ly and qualitatively determine the most optimal
period of placing orders for production resources
in conditions of uncertainty of demand. The need
to quickly and qualitatively determine the supply
terms in conditions of uncertainty of demand ex-
plains the relevance of this software development.
The desire for uninterrupted production at enter-
prises often leads to accumulation of significant
stock of certain types of material resources, which
in turn creates a distorted picture of the true need
for resource suppliers and often leads to an unrea-
sonably high amount of stock in the production and

3arancH BigoMocTi  CTATUCTIAKA NOMUTY  PospaxyHok
Mpoaykuia A Mpoayxuis B Mpoayxuia C
Nepioa Yacrota IMoBipHIC TS A MNepioa YacTota IMosipHicTS A MNepioa Yacrora IMosipHicTs oA

D o | | . |

2 6 l 025 2 5 0,208333333333.. 2 ) ‘ 0.291666666666... ||

3 ' 70‘083333333332 3 3 7D,125 3 VG 0.25 H

4 1 70‘04166666665{ 4 4 70,166666665666.. 4 73 0.125 ||

5 2 0.08333333333: 5 3 0.125 5 3 0.125 II

6 .4 -0.166655%666& 6 ‘ 2 | 0.083333333333 6 ‘2 ‘ 0.083333333333... i|

7 .7 -I'Il'!RTl'l'l'\“HT ¥l 17 1 -nmmmmﬁ & i -3 ‘0_125 |L v

< > < >
Pospasam nepos

3asepuwmmi pofoty

Figure 5. «Demand statistics» tab with probabilities calculated

E OnNTiM. MOMEHT NOCTABKY 3 YpayBaHHAM HEeBU3HAUEHHOCTI nonuTy

3aransHi BigomocTi  cTaTicTaka nonuty  Pospaxyrox
3 ypaxyBaHHAM HEBHSHIYEHHOCTI NOMKTY

(5654,172815|

Martemamswie cnonisarxHa BUTPaT
il

OnmmansHei nepioa nocTasxkm ]ma;jéi

Emext exoromil

(1603782237

3asepuwmmi poboTy

Butpam

Bes ypaxyBaHHA HEBUSHAYEHHOCTI NONMTY

7257.955053|

Mepion nocTasx  [3,025486735|

Figure 6. «Calculation results» tab

EKOHOMIYHI HAYKU



EKOHOMIYHI HAYKHU

138 «Moaonuit BueHUM» * No 9 (109) * Bepecens, 2022 p.

economic system and a shortage of consumers. Ap- more reliable information about consumer demand
plication of active systems theory to modeling the and the production capabilities of competing com-
problem of resource management with unreliable panies. Use of the developed software will help to
demand and consumption data allows for the for- reduce the time for the formation of orders for pro-
mation of management actions aimed at providing duction stock.
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