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Purpose. Development of method for determining the optimal stock of products, which would allow combining
several models of optimal order quantity estimation, excluding errors of each composing model.

Methodology. The analytical model that allows averaging the estimation results obtained by means of statistical
and Wilson models is designed. Optimization approach to the problem ensures uniqueness of obtained results and
provides proper and unambiguous solution.

Findings. It is statistically substantiated and experimentally confirmed that the statistical and Wilson models, de-
signed to determine the optimal order quantity provide far different results. The capacity of combining the results of
these calculations in a single complex is examined.

Originality. For the first time the difference between the data obtained by means of Wilson and statistical models
is defined. A formula of combining the results into a single package assuring unification of both approaches is devel-
oped.

Practical value. The optimal order supply for each product type on the criteria minimum of unsold goods storage
costs or maximum of sale profit or minimum amount of unit storage can be defined having the following consumption
parameters: overall demand statistics, net cost plus additional storage costs per unit of product, delivery and placing
goods costs, stock capacity, the amount of stock remains, deficit matrix for each commodity type and sales profit per
product type. Moreover, consideration of warehouse capacity allows determining the product that ensures maximum
of sale profit. The method had been tested on real business data.

Keywords: inventory management, optimum order quantity, economic and mathematical model, missed profit, supply

chain management, operational expenses

Introduction. Economic activity of an enterprise may
involve concentration of major part of its financial re-
sources in inventory holdings. Inaccurate demand ap-
praisal can cause conservation of a firm’s cash in the
inventory balance as well as inefficient warehouse usage.
Therefore, effective order planning is to become one of
the most important issues for an operation manager.
Optimal order quantity determination should be based
on analysis of current order plan with taking into ac-
count other factors, such as: season, storage capacity,
duration of delivery, and others. Effective order quantity
plan enables enterprise to forecast the firm’s financial
indicators, to plan material and technical foundation
development, to project costs with remote in time in-
come and to build business relationships with customers
and suppliers, banks and other parties. Thus, no inves-
tor, creditor or bank would loan the enterprise which
cannot give a clear prediction of its financial condition
for the period up to repayment.

Analysis of the recent research and publications. One
of the most prominent series of studies on inventory
management was drawn by Grzegorz Michalski and is
dedicated to enterprise value-based order quantity. Mi-
chalski’s research works are conducted from the posi-
tion of assuring maximum of firm value. However, this
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approach does not take into account lost advantage
missed profit.

Another perspective approach is to combine the or-
der management models with logistics approaches,
routing methods, transportation schedules, dynamic
distribution modeling and others. Comprehensive criti-
cal analysis of these works is given in the article [1].

Linking of sales or demand forecast with inventory
management is described in the works [2, 3]. These ap-
proaches foresee certain risks coherent with forecast ac-
curacy.

In recent years, works pullulated dedicated to com-
bining invest management and closed-loop supply ap-
proach [4] or environmental-protection measures [5].
Such works are relevant for the countries with strong
environmental-protective socio-economical policy that
Ukraine does not have at the moment.

Most of contemporary research works, even those,
described above, and informational systems consider
classical inventory management models, such as Wilson
economic order quantity (EOQ) and production order
quantity (POQ), described in a work by M. Muller.

Unsolved aspects of the problems. Theoretically, Wil-
son model allows minimizing order management costs;
still the issue is to understand its proper realization. The
model assumes indirect restrictions that limit its execu-
tion. Practically, there are certain difficulties concerning
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estimation of holding costs and ordering costs. Costs
most likely are not equal for different goods and orders,
thereby usage of average meanings does remote a re-
searcher or operational manager from exact optimal or-
der quantity.

Objectives of this article are to develop and test eco-
nomic and mathematical model that enables calculation
of the optimal stock of goods in warehouses by means of
Wilson and statistical approaches combination.

Presentation of the main research. Raw data for the
present research were provided by “UPK Invest Dni-
pro”. Input data contain information about the inflow
and the outflow of three commodities for the last 3 years.
The goods flow is illustrated in Fig. 1 for better percep-
tion. Though some information, such as supplier, is a
commercial secret the enterprise has revealed the prices
of the goods and delivery costs.

Analysis of the graphs has shown periodical deficit of
goods for more than 4 days. Those days are highlighted
on the graphs and such situation for the firm engaged in
import/export trade is unacceptable. Calculation results
of the average period of delivery and the number of days
of stock downtime are shown in Table 1. One practical

solution to this problem is to place order at the moment
when the firm runs out of stock. But there are certain
restrictions, as the product is specific and the speed of
delivery period in no less than a week. Therefore, it was
considered more preferable to calculate the optimal de-
livery plan by combining statistical methods with Wilson
method.

Analysis of data from Table 2 shows that the price of all
commodities increases every year. This can be explained
by internal economic situation of Ukraine, particularly,
by rising prices of fuel and spare parts that are not the pur-
pose of the study. The third product is supplied from
neighboring countries, so it has the highest price.

To determine holding costs and ordering costs per
kilo, a yearly averaged value of goods was estimated for
2013—2015. All data related are presented in Table 3.
The table demonstrates that in the first year holding
costs were higher than in the next. The decrease in the
costs corresponds to a change in storage room that used
to be smaller and equipped in a different way. Ordering
cost is proportional to the change of prices of fuel and
energy resources. Unit values in Table 3 are taken based
on the fact that one bag weights 20 kg.
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Fig. 1. Dynamics of stockholdings for 3 years
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Table 1
Stock management indicators
Product | Product | Product
No. 1 No. 2 No. 3
Total amount of deliveries 37 40 30
Average delivery time, days 24.1 24 30
The total number of days of 22 26 17
downtime
The average number of days 5.8 8.6 13.6
of downtime
Table 2
Product price, UAH/kilo
Year Product type
No. 1 No. 2 No. 3
2013 260.0 286.0 300.0
2014 270.0 304.0 340.0
2015 300.0 310.0 360.0
2016 300.0 310.0 360.0
Table 3
Holding and ordering costs, UAH
Year Holding costs' per Ordering f:osts
year (for 20 kilos) (for 20 kilos)
2013 1.00 14.00
2014 1.50 17.00
2015 2.00 31.00
2016 2.00 40.00

Demand for goods was calculated as the sum of all
deliveries to the warehouse for the year, excluding peri-
ods of downtime in demand during the first two years.
Demand for the 2016 was not taken into account.

One bag contains 20 kilos of substance. In the ware-
house bags are stored by 2 in several layers on a pallet. The
capacity of warehouse is up to 18,000 kilos or 900 bags
with the opportunity to freely move between rows.

Table 4 shows the annual growth of products de-
mand that is linked to the ascend in warehouse capacity
and the emergence of new customers.

Wilson EOQ Model. The classical Wilson EOQ Model
determines order quantity that minimizes the total holding
costs and ordering costs. The framework is limited when it

Table 4
Annual demand, kilo
Product type

Year

No. 1 No. 2 No. 3
2013 37 800 39 300 25980
2014 49900 38900 23 800
2015 50 100 65 400 36 800
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comes to quantity discounts and storage deficit. Assump-
tions of the model: demand quantity for the period is
known, order period is constant, unit shipment is instant.
Optimal order quantity is estimated by the formula

0- [2cR _ [2cR
PF \'H’

where Q is optimal order quantity; C is fixed cost per
order; R is demand quantity; P is purchase unit price; F
is interest rate; H is annual holding cost per unit.

Statistical approach. Cumulative was build in order
to distribute a whole range of possible values of random
variable observations on the d intervals. Interval’s upper
limit of a random variable is estimated as

dmax(i) =Xmin t (xmax - xmin)i/da

where i is the number of interval [1, d]; xmax, xmin are
the largest and the smallest values of a random variable
in the sample, respectively. The upper limit of interval i
is also the lower limit (i 0 1) interval. The lower limit for
the 1% area is equal to x,,;,, while the upper limit of the
last interval is equal to —x,,,,.

Tentatively, the number of intervals or bins can be
defined as

_ Xmax ~Xmin

d =-—ma —on_
? 1+3.332InN

Grouped frequency distributions is given in Table 5,
where k; is relative frequency; C;is cumulative frequency
where K; is the number of hits in the interval; N, is the
total number of deliveries to the warehouse of i-product
(for N, =34, N, =36, N;=30). The number of intervals
or bins d,, = 5. Interval width is equal to 2000 kilos.

As shown in Table 5 the largest number of orders falls
on the third interval (2001—4000). The cumulative fre-
quency curves (Figs. 2, 3 and 4) were built based on the
data from Table 5. The graphs also contain logarithmic
trend equation; its coefficients are shown in Table 6.

According to the statistical approach, optimal order
quantity can be determined with the formula

B _H,
q:R~e[Z H1+C]

>

where ¢ is optimal order quantity; R is demand; 4, B are
coefficients of the equation; H, is storage cost per kilo of
product; C is the cost of order, delivery and placement
of goods in stock.

The calculation results for each product according to
statistical approach and to Wilson model are listed in
Table 7.

The optimal amount of supply according to Wilson
EOQ model is 316 bags of the first, 361 bags of the sec-
ond and 271 bags for the third type of goods. According
to the statistical approach, optimal order quantity should
be increased by 196 % for the first, 254 % for the second
and 43 % for the third type of goods. Calculations were
made providing 275 working days in a year.

Statistical and Wilson EOQ Models Integration. The
optimal order quantity can be estimated using the meth-
ods of economic-mathematical modeling. Software
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Grouped frequency of goods quantity order

Table 5

Interval limits Frequency (X)) Relative frequency (k;= K;/N,) Cumulative frequency (C;=k;_+ k;)
Lower | Upper Product | Product | Product | Product | Product | Product Product Product Product
PPEl No.1 | No.2 | No.3 | No.l No. 2 No. 3 No. 1 No. 2 No. 3
0 1000 1 1 5 0.029 0.028 0.167 1 1 5
1001 | 2000 3 5 5 0.088 0.139 0.167 4 6 10
2001 | 4000 19 19 16 0.559 0.528 0.533 23 25 26
4001 | 6000 12 0.206 0.333 0.133 30 37 30
6001 | 8000 4 1 0.118 0.028 0.000 34 38 30
40 Table 6
g y = 22.446In(x) - 3.0916 Equation logarithmic function coefficients
5 30 R?=0.8952
2 Type of goods
@ 20 Coefficient peole
2 No. 1 No.2 No. 3
=
g 10 A 22.4 25.8 17.7
S,/ m B 3.1 33 32
1000 2000 4000 6000 8000
Upper interval limit Table 7
The optimal order quantity estimation results
Fig. 2. Cumulative curve for product No. 1
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Fig. 4. Cumulative curve for product No. 3

package MS Office Excel and its Solver add-on were used

Upper interval limit

to implement set task for “UPK Invest Dnipro”.
Optimization problem will be set as follows
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the statistical method; g,,, W 'is the optimal order quan-
tity according to Wilson EOQ model; X; is the deficit
matrix of product i (1 — yes, 0 — no) (matrix size 1 x 3);
P; is profit on product i sales; ¢; is the optimal order

quantity for product i.

To estimate the elements of the deficit matrix condi-
tion “if” was used to determine the need automatically.
For example, if the remains of the composition are less
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than 1500 kilos or 25 bags, the order is obligatory (X;=1).
If remains exceed 1500 kilos, the order is not required
(X; = 0). Provided that the calculation of order require-
ment will be driven automatically, by means of MS Ex-
cel order requirement is calculated as follows: = IF(X; <
< 150; 1; 0). To implement this optimization model, it
was decided to use the formula “if” because of certain
difficulties in MS Excel usage in practice, so the model
for further calculations will be as follows

F :g — min;
1

G_ 3 |qoptCi _qoptmlg lelzl.
>0 X0

i=l

& (Pxg), if X =1
! _,Zl:{o, if X, =0

In the process of model modernization correct opti-
mal order quantity was received (the results are listed in
Table 7). The calculations were made under the condi-
tion that the remaining goods in stock are equal to 31, 24
and 41 sacks for product type 1—3 relatively.

The cost of order, delivery and placement of goods in
stock for products No. 1—3 are 634, 945 and 542 UAH.
respectively; potential profit is 94330, 145426 and
97122 UAH. Obtained results fully meet the require-
ments of the enterprise, and therefore the usage of the
integrated model is effective.

Conclusion. The aim of the development was to cre-
ate economic and mathematical model to calculate the
optimum order volume for the company “UPK Invest
Dnipro”.

Optimal order quantity was estimated for “Invest
Yupk Dnepr” using two approaches: the model of Wil-
son and statistical method. However, neither of these
methods is suitable as the primary model for calculating
the optimal level of order through certain specifics of the
company. Thus, it was proposed to combine those two
models.

To calculate the lower limit of the optimum order
volume Wilson’s model was used and the statistical
method was applied to determine the upper limit. The
main advantage of the proposed model is the possibility
to choose product to order (matrix needed) and compo-
sition taking into account.
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O0’caHaHHyg CTATUCTHYHOI MOIeJIi
ONTHUMAJILHUX 3amaciB i Mmoaesi YijicoHa
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Meta. Po3poOka METOOUKM BU3HAYEHHS OINTHU-
MaJIbHOTO 3aIlacy TOBapiB Ha CKJIadi, sika O J03BOJISI-
Jla 00’emHATH NIEeKiTbKa MOMIEICH pO3paxyHKY OITH-
MaJILHOTO 3aItacy TOBapiB Ha CKJIaaax, 3 YHEMOXJINB-
JICHHSIM TTOXMOOK, 1110 BHOCSATD Pi3Hi MOJEJi ONTUMI-
3alii

Mertomuka. Po3po0OjieHa aHaliTUYHA MOJAEb, IO
TIO3BOJISIE YCEPENHUTU Pe3yJIbTaTU BU3ZHAYEHHST ONTH-
MaJIbHOTO 3allacy TOBapiB Ha CKJajax 3a CTaTUCTUY-
HOI0O Monesulto i Moaewno BinbcoHa. Ontumisaniii-
HUI MiOXia 10 BUPillIeHHS MpodieMu 3a0e3MeunB YHi-
KaJbHICTh OTPUMAHUX Pe3yJIbTAaTiB i JaB rapaHTOBAHO
BipHE Ta €AUHE PillIcHHSI.

Pe3ymbrat. CTaTUCTUYHO OOTPYHTOBAHO Ta €KC-
TIepUMEHTAJIBHO TATBEPIKEHO, 110 CTATUCTUIHA MO-
nenb i Mmoaesb BinbcoHa, po3po0iieHi 11s BUSHAUEHHSI
OINTUMAJILHOTO 3aIlacy TOBapiB Ha CKJIamax, 1alTh pe-
3yJIbTaTH, 1110 BiApi3HSIEThCS B AeKinbKa pa3iB. [Tokasa-
Ha MOXJIMBICTb O00’€MHAHHSI Pe3yJbTaTiB LIMX po3pa-
XYHKIB Yy EAMHUI KOMILIEKC.

HaykoBa HoBU3HA. YTIeplle BU3HAYEHAa Pi3HULIS MO-
MiX pe3yJbTaTaM1 PO3paxyHKiB ONTUMAaIbHOTIO 3amacy
TOBapiB Ha CKJIaax 3a MoJeasiMu BinbcoHa Ta cTatuc-
TUYHOIO MojesuTio. Po3pobiieHa hopmyna 00’eqHaHHS
LINX PEe3YNbTATIB Y EIMHUIN KOMITIEKC, 110 3a0e3Ieuye
yHi(ika1iro 000X ITiaxomiB.

IIpakTyna 3HaYMMicTb. SKIIIO MaTU Taki rmapame-
TPpU CIOXUBAHHS TIPOAYKIIil 31 CKIady, sIK: CTaTUCTHUKA
3arajJibHOTrO TOTUTY, CO0IBapTiCTh, JOJATKOBI BUTPATU
Ha 30epiraHHs OAMHUIII TPOAYKTY, BUTPATH Ha 1OCTaB-
Ky i po3MillleHHSsI TOBapy Ha CKjai, 00’eM cKJiaay, 3a-
JIMIIKW Ha CKJIadi, MaTpuls HEoOXiTHOCTI KOXXHOTO
TOBapy, MPUOYTOK Bill peajtizallii, TOIi MOXIHUBO TOYHO
BU3HAUYUTH OINTUMAJIbHUI OOCIT 3aItacy TOBapiB Ha
CKJIai 1151 KOXKHOI 3 MO3ULLi 32 KPUTEPISIMU MiHIMyMY
BTpaT Bill 30epiraHHs HeNMpUAOAHUX TOBApiB, MAaKCH-
MyMy NpUOYTKY Bil peaii3allil ToBapiB, a TAKOX MiHi-
MyMy 0OcCsTy 3aracy B oqMHULSX 30epiraHHs. [Tpuyo-
My, ypaxyBaHHSI MaKCHMMAaJIbHOTO OOCATY CKJIamy HO0-
3BOJISIE BU3HAYMUTU TaKUIi 0OCIT TOBapiB, 1100 Mpuody-
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TOK BifI iX peaizallii 0yB MakcuMaabHUM. Po3pobieHa
MeTonuKka OyJjla mepeBipeHa Ha peaJibHUX JaHUX KO-
MepLiiHOTO MiANpPUEMCTBA.

KmowoBi caoBa: ynpaeainua 3anacamu, onmumans-
HULl pO3MIp 3AMOBAEHHS, eKOHOMIKO-MAmeMamu4na mMo-
deab, empauenuli npudymoK, YNpaeaiHHs nOCMAaeKamu,
onepauyiiini sumpamu

Oﬁ'bezmﬂe}me CTATUCTUYECKOI MOAeH
ONTHUMAJILHBIX 3aMAaCOB ¥ MOJeIH YHICOHA

U. H. [Tucmynos, U. A. beakuna, E. FO. Yypukanosa
T'ocynapcTBeHHOE BbIcliee ydyeOHOe 3aBeneHue , Harmo-
HaJIbHBIM TOpHBINA yHuUBepcuter, r. JHemnp, VYkpauHa,
e-mail: pistunovi@gmail.com; irinabelkina88@gmail.com;
elenachurikanova@gmail.com

Ieas. PazpaboTka METOOMKU OMpeneJeHUsT ONTH-
MaJIbHOTO 3altaca TOBAapOB Ha CKJaze, MO3BOJISIONIAsT
00BEIMHUTH HECKOJIBLKO MOJEJel pacuyera OnTUMaTb-
HOTO 3aItaca TOBapoOB Ha CKJIafaX, ¢ HUBEJIMPOBAHUEM
OIITMOOK, KOTOPBIC BHOCIT Pa3JIMIHBIC MOIEITN OITH-
MU3aLUU

Metonuka. Pa3zpaboTaHa aHaauTUyecKasi MOAEIb,
KOTOpas TO3BOJISIET YCPEIHUTh Pe3yJIbTaThl OIpeielie-
HUS ONTUMAJILHOTO 3aTiaca TOBapOB Ha CKJIaJax 1o CTa-
TUCTUYECKON Moneau U Moneau BuibcoHna. OntuMu-
3aLIMOHHBIN TTOAXO/ K PEIISHUIO MPOo0IeMbl 00eCIeYnT
VHUKATbHOCTh TOTYYEHHBIX PE3YIbTaTOB U JIaJl rapaH-
TUPOBAHHO BEPHOE U €AMHCTBEHHOE pelleHUeE.

Pe3yabTatpl. CTaTUCTHUYECKH OOOCHOBAHO U 9KCITe-
PUMEHTAJILHO TIOATBEPXKICHO, YTO CTaTHCTUYECKast
MOIeb W MOIeNb BuibcoHa, pa3paboTaHHBIC IS
oITpe/ieJIeHUs ONITUMAaJIbHOTO 3araca TOBapoOB Ha CKJIa-
JIaxX, JalOT Pe3yJIbTaThl, OTIWYAIOIINECS B HECKOJIbKO

168

pa3. [Toka3aHa BO3MOXHOCTh OOBCIMHECHUS Pe3yIbTa-
TOB 3THUX PaCYCTOB B €MHBIN KOMILICKC.

Hayuynas HoBu3Ha. BriepBble omnpenejieHa pazHulla
MEXIY JTaHHBIMU, TIOJIyYeHHBIMU B pe3yIbTaTe pacuera
OINTUMAaJILHOIO 3allaca TOBApOB Ha CKJIaaax 1o MOIE/
YusncoHa u cTaTucTUYecKoil Mopenblo. PaspaboraHa
dbopmyna oObeIUHEHUST 3TUX PE3YJbTATOB B €IMHBIN
KOMIIJIEKC, OOecrnevyuBalommii yHU(UKaLmo 000uX
MOJXOMIOB.

IIpakTHYecKasd 3HAYMMOCTb. EclT MMeTh Takwme T1a-
paMeTpbl MOTpeOIeHUs TIPOAYKIIMUA CO CKJIana, Kak:
CTaTHUCTHKA OOIIEro CIIpoca, ce0eCTOMMOCTD, MOITON-
HUTEIbHBIC PACXOIbl HA XpaHCHNE CIUMHUIIBI TTPOIYK-
Ta, pacxXoIbl Ha JOCTAaBKYy M pa3MeIleHWEe ToBapa Ha
cKiame, o0beM CKJIaja, OCTaTKM Ha CKJIaje, MaTpulla
MOTPeOHOCTEM KaXKI0ro ToBapa, MpUObLUIL OT peaan3a-
1IMY KaXIOr0 TOBapa, TOraa BO3MOXXHO TOUHO OIpee-
JINTh ONTUMAJIbHBIN 00BEM 3araca TOBapoOB Ha cKJane
IJIST KaXIOW M3 MO3ULMI MO KPUTEPUSIM MUHMMYyMa
IMOTEPh OT XpaHEHUS HepeaIM30BaHHBIX TOBAPOB, MaK-
cUMyMa NMpUOBUIM OT peai3allii TOBapoOB, a TaKXkKe
MHHHMyMa OOBbEeMa 3alraca B CAWHUIIAX XPaHCHMUS.
[Mpuuem, yueT MaKCUMaJIbHOTO 00beMa CKJIaa Mo3BO-
JISICT OTIPENeIUTh TaKOil 00BEM TOBAPOB, YTOOHI TIPH-
OBLIIb OT UX peajn3aluy Oblla MaKCUMaJbHO. Pa3pa-
OoTaHHasT MeTOmMKa ObLIa IPOBEpeHa Ha pPeabHBIX
JMAHHBIX KOMMEPYECKOTO IIPEITIPUSITHUS.

KioueBble ciioBa: ynpasnrenue 3anacamu, onmu-
MAAbHLLI pasmep 3aKasa, IKOHOMUKO-MAmemMamu4ecKas
MoOenb, ympaueHHas npuodbviib, YnpasieHue nocmaska-
MU, OnepayuoHHble pacxoobl

Pexomendosano 0o nybaixauyii doxm. eKoH. Hayk

I M. lTuaunenxom. Hama Ha0xo0xceHHs — PYKORUCY
18.01.17.
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