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Abstract: The aim of this article is to find the most apprafe inventory storage strategies in a new warshagcording
to the Covid period. Based on the company's arsdysi preferences, we have concluded that thesuidable inventory
storage strategy will be ABC, XYZ and penetratiorlgsis according to which the inventory will beoguced to the
company's warehouse. The result of the papeeigtarsection of these analyses. Based on therpéoa analysis, we
found that AAXX group has 27% of the product iteffise CXX group of manufactured items has a highdver, but
accounts for only 1% of the total items. The AAegairy has a low turnover but accounts for only %68 the product
items. As a result of the penetration analysiscamcluded that the categories AAXX, AAX, AXX, AX drBXX are

suitable to be produced in large quantity in stoEkr categories AAY, AY, BX and BY, it is recomnudsd to plan the
production of items for stock with caution and t@produce them in such large quantities. The ergulof the analysis
of these methods is very important. The intersaaiABC and XYZ analyses indicates the regulasitapplying these
methods due to the existence of excess or nonnighkble stocks.

1 Introduction increased operating and warehousing costs or atiedu

The Group's systems within the company are the sarfethe efficiency of the circulation of goods. Iddition,
worldwide, but each subsidiary can set them upraiiug ~Many studies in recent years have focused on spMC
to its own requirements, as the systems offer séveglassification problems using a multi-criteria cept
possible strategies. Each process can be carriednou method, or model; however, limitations can be foimd
several ways, so it is up to each branch to decie it  these studies.
achieves the result, which is always the samdisrthesis, In the article [1], the authors found that with tredp of
the commonly used ABC and XYZ analysis methods arf#€ tool of dynamic systems it is possible to eatdithe
their interpenetrations have been used. These nieth@ffect generated by the project implementation vetard
were implemented on the stock data with some variat 0 the variables that directly and indirectly afféwe cash
as several categories were used due to the latgmeaf flow of the examined company. Through the performed
material in large volumes. Based on the methodd irse Simulation, it can be stated that the warehouseagement
this way, it will be possible to categorize thefetiént items ~Project increased the company's cash flow overiagef
in the company's warehouse differently. Howeves,uke five years. However, the results are only validtdp
of these methods must be repeated in view of thagihg Management agrees to strengthen employee training
product range in the company in terms of custonterést. Processes and greater investment in technologias th
In order not to create 'dead stock' in the waretdys €nable faster and more efficient logistics processe
meaningless ordering for production, which would be Safety is one of the key aspects of the successful
easily available to the warehousemen and wouldeatf transport of cargo. In the case of road transpibe,
interest to the customer. The work also resultdess dynamics of a vehicle during normal events such as
frequent application of ABC and XYZ intersectionbraking, steering, and evasive manoeuvre [2]. atet
analysis, which results in better use of handligpgigment directly linked to the state of the mfrastructdrkﬂvv_ mfrz_a—
and there will be fewer empty paths for items tag Structure affects transport performance can be isetiis
stored in inappropriate locations. It all dependsahich ~ case study [3].

practices are more acceptable for a given country. _The authors found that the ABC / XYZ analysis helps
to improve the inventory management system intipply
2 Literaturereview chain, where proper inventory management is lacking

Most distribution centres use simple activity-base
classification (ABC) as a method of managing th
classification of warehouse work, which can lead t

onthly data for one year are collected and suppfesd
y primary data obtained through direct observatiod
giscussion with the company’s management. ABC, XYZ
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and ABC / XYZ matrix analyses were performed tariteria cannot be compensated by its high perfagaan
determine the items to consider when implementingther criteria. A comparative study carried out tero
Kanban. The analysis shows that the Kanban syséem @ctual data sets shows that the classificatiomefitems
improve inventory costs by about 75% [4-7]. produced by their proposed approach produced thesio
Proposes an analysis of the ABC-XYZ type modifiedialue of inventory costs among the items produgedlb
with the observed deficit of goods. An illustratieeample the classification models tested [14,15].
shows that the classical ABC-XYZ algorithm To bridge the gap that arises in the effective why
underestimates the value of goods when a deficé walassifying inventory items into ABC analysis cless
observed; the magnitude of the coefficient of \aitais articles has been created that proposes a modehbfat to
also underestimated. The new method correctsitésind the possibility of incorrect classification in timformation.
recalculates the total gain and the coefficienvarfation The maximum probability method is used to estinthge
[8,9]. parameters in the model. The proposed method ifseeer
Inventory classification requires the use of severdy simulated and real data sets. The results shatite
criteria to manage different inventory managemergroposed method performs better in terms of classién
functions. In this study [10], a new classificatagorithm accuracy and can learn the classification ruleexplerts
called the FNS (functional, normal and small) alfpon is  from the training set and use them to classify iitews
developed, which combines the classic ABC clasdifin  [16,17].
with a new grouping strategy. In their study, thBQA These papers present a new approach to solving the
classification method is enriched and combined lign problem of multicriteria classification of ABC sk&using
proposed FNS algorithm to create nine differenemery stochastic multicriteria acceptability analysisl pdssible
classes. To achieve this goal, the classic ABGifleation preferences between the evaluation criteria were
method is integrated with expert systems, clusieramd considered. Due to the fact that even with a certai
fuzzy logic methods [11]. preference, it is difficult to reach a group cormesnon the
This article [12] demonstrates how to classify megy exact values of the weights together with eactecoin,
items using the TOPSIS model ("Order Preferendbey calculated the preference-specific intervalsefach
Technique by Similarity to Ideal Solution"). Thesesstudy preference and then formulated a stochastic decisio
considered parameters such as unit costs, deltireg; problem [18-20].
consumption rate, etc. Using TOPSIS, the items are Authors in these papers describes a differentiated
classified into categories A, B and C. The suitghil inventory management model of the ABC-XYZ
practicality, and effectiveness of the TOPSIS meétheed classification matrix in relation to the inventonf a
in the ABC classification were assessed using tiladyais commercial enterprise. Inventory management isrg ve
of variance (ANOVA) technique. A simulation modehsv current topic, as the company has several brandoes,
used to compare the proposed model with the mddbeo operates with many suppliers and the range of effic
traditional ABC classification technique. supplies includes more than 30,000 items. The AB&ZX
The goal of inventory management is to decide en ttstock analysis of this business allowed them tantitle
appropriate level of inventory. In practice, itist possible inventory optimization strategies and identify grsuhat
to check all stocks with equal attention. The musiely  should be removed from the product range and, asalye
used inventory system is the ABC classificationtesys should be available in stock due to constant demand
The ABC-FC authors' approach in Article [13] is[21,22].
implemented based on the required data. The resfilts The issue of assortment optimization, whether in
their study show that 59 items are identified agesy commercial companies or warehouses, is relatioglical.
important group, 69 items as an important groupthed These papers show the analysis performed usingBia:
remaining 64 items as an unimportant group. Compari- XYZ matrix of a specific product group and sugges
the ABC-FC results with the original data, theyrfdihat possible optimization pathways [23,24].
their ABC-FC analysis showed high classification A lot of authors discuss the multi-criteria ABC
accuracy. inventory classification and the methodology for
The aim of this paper [14] is to propose a regassi standardizing each criterion and its weight in the
approach to obtain a set of weights for ABC muliieia  classification. The weight for each criterion isséd on a
inventory analysis that differ according to classifion simple exponential assignment of smoothing weights.
criteria but are common to all inventory items éoitbw a  Including the weight for each criterion and normiaig the
predetermined descending ordering scheme given thata, a score is obtained for each item and cieasdn is
relative importance of classification criteria. performed based on the normalized score. This psook
These documents propose a new approach to the ABtandardizing criteria and weights is easy for mogy
classification, which includes a non-compensatorgnanagers to under-stand in practice [25-29].
aggregation procedure based on the ELECTRE IIl Inventory management (IMP) procedures predominate
simplified method for calculating the score of eacln the organization and control of inventory inanpany.
inventory item. The non-compensatory aggregatiofhe aim of these studies is to measure the perfarenaf
scheme means that an item's poor score in someatmmpo companies by determining the impact of distribution
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turnover and inventory automation on competitiverggth Method ABC analysisusingto productsa storage area
and operational efficiency. The study concludes th®  of company
has a significant impact on the company's perfooaamd This analysis categorizes individual products stock

also contributes to the existing body of knowledge according to the article number parameter. Thiampater
helping inventory management professionals in th&as chosen because it best describes the natuttee of

manufacturing industry [30-32]. problem. All tires for trucks and cars acceptea itite
warehouse in Povazska Bystrica in the monitoreibger
3 Material and methods were included in the analysis. In this analysise th

Some countries have old WMS, e.g., Romania does riBglividual items were classified into four categsii
yet have a radio frequency system in place, so tiey namely: AA, A, B, C. These categories were chosen
working in an off-line version. This means thatdrefthe because they correspond best to the productiomenlu
start of the change, the warehouse handler receives In order to compile this analysis, it was first essary
printed paper from the team leader, on which helisesi {0 modify the data so that it was possible to warth
the codes of the products and the racking or mg]tions them. We worked with the file, which contained data
that need to be handled. The warehouse manipulathe number of the article, the number of articled the
gradually marks the work performed and then haws o humber of products received for storage in a giventh,
this paper to the team |eader' who records thesements their size, brand and other information. For th&)pSeS of
into the system. This way of working is much slowen this analysis, data on the article number and tieber of
the online system, where each warehouse handldnisaspProducts received were sufficient.
own reader, with which he scans barcodes and tegets Initially, it was necessary to recalculate eacimifeom
made are immediately visible in the system. Alshep €ach piece to the number of pallets by month fén bgpes
small regional warehouses e.g., in Portugal, Smain Of pallets. This is necessary because when degighi
southern Italy may have the old system. Currerftyy warehouse, we are not interested in the numbetocgds
versions of this System are possib|e: old papd’rmio prOdUCtS, but the number of stored pallets. In $kistion,
frequency, new paper and new radio frequency versiove worked with the "stock” and "number of produpes
The analysed warehouse in Povazska Bystrica uses Bgllet” files. Here it was necessary to combines¢hivo
h|ghest version of the System’ i_e_’ a new racﬁqdency files and, USing the VLOOKUP function in Excel,amign
version. The new system will be gradually introdtlizeall ~ to each article the number of products on one palle
branches, but it is proceeding from the largesttpla After knowing how many tires of a given article wer

Thus, the system provides some variability, buyaml On one pallet and how many of these tires weréocksit
some things. As for customer requirements, they aY¢as easy to calculate how many pallets of eactiexiere
centralized and cannot be changed, we can onlysiadjin stock for a given period.
individual processes. And therefore (1):

Another difference may be the different age .
requirements of the products. While in some coestrior number of pallets = number of stocks/number of tires
example to Saudi Arabia, it is possible to shipydhlbse per pallet (1)
products that are not older than half a year, withirope
there is a common requirement for products to loeywars
old [33,34]. As for specific customers this limi set at
nine months. If the products exceed the maximu
permissible age for the customer, even by onlydage it fractional pallets.

is not possible to ship them, no exception _is atidwaere. In the calculations, it was necessary to distirtgte
Subsequently, these products are blocked in thersyand types of pallets: OP1 and KSP. These pallets diffy in

can p_e.solfd, fﬁr examﬁc)li, to a(rjlother cour!try,hwhbee internal dimensions. While KSP pallets are CMR eiall
sensitivity for the age of the products is not igh they have a less robust construction than OP1 tpalle

We can also. compare prices for r_enting wa_rehou%ich are pallets still used by Matador. When deisig a
space in Slovakia and abroad. For this comparis@n, warehouse, it will not be a problem that there &ve

chose Germany because the company's headquartbr S @fterent types of pallets, because the extermakdisions

central warehouse are located here. The compa®/toi | ...« poth types the same and will therefore be table

hlave wareh%tljse spﬁce under ri]ts dirgc’iioon, P;i OIS g4acked on top of each other. The only disadvaritatat
_?_r\]/vays posst| ?’ suctzfastﬁ.ware Oﬁse nt O\éaé/ a(&y/ the OP1 pallets have slightly smaller internal disiens
e amount of rent for this warehouse is 3 €/month/ o 1, their more robust construction and are e

The amount of rent for warehouse space in Germany g ainy used for storing car products. However, thigot
well asn Slovakia depef.‘ds on several faqtors,feom the rule, we will also find several types of tratks stored
location, warehouse equipment, _rental pgnod, €€ i them. On the contrary, truck products are masatdyed
take, for example, the city of Munich, we find waoeses i, y5p pallets. CMR therefore had to create its oame

whose rental amount ranges from 3 €/monthtm 8 f : :
or the pallets used in one company in order taltie to
€/month /nd [35]. P used! pany afe

We have rounded the result down to the whole number
because the number of stored pallets is alwaysitager
and the rest of the tires, with which it is no lengossible
"™ fill the entire pallet, should be stored on shsl as
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distinguish them in the system from the KSP paligisn The following table (Table 1) shows, by way of
by the headquarters, as a different number of mtsdu example, the conversion of several items from @éo¢he
would fit in each. We worked with a total of 1 53iticles number of pallets.

to compile the analysis, with the total number afducts

to be included being 9 906 460.

Table 1 Conversion of articles to the number ofgtalfauthors]

Number of
Article Pallet Numberof s per  NUmber of Rounded
tires pallet pallets
341027000 oP1 328 5C 6.5 6.0C
341056000 oP1 372 32 11.6¢ 11.00
3410890000 oP1 268 32 8.38 8.00
341099000 oP1 21¢ 32 6.5¢ 6.0
341111000 oP1 577 6C 9.5¢ 9.0(
412064000 KSF 26¢ 1€ 14.7¢ 14.00
412069000 KSF 887 22 40.3; 40.0(
422049000 KSF 147 1€ 7.9/ 7.0
422058000 KSF 128 22 58.21 58.0(
422076000 KSF 7€ 1€ 4.3 4.0
3413060000 oP1 432 36 12.00 12.00
342022000 oP1 5 5C 0.1 0.0
342065000 oP1 24¢ 6C 4.0¢ 4.0
342094000 oP1 167 5C 3.0¢ 3.0(
343488000 oP1 5¢ 6C 0.9¢ 0.0
343513000 oP1 16¢ 32 5.0( 5.0(
343514000 oP1 291 6C 4.8t 4.0
343520000 oP1 69C 3¢ 19.17 19.00
3435330000 oP1 486 32 15.19 15.00
525138000 KSF 201 8 25.1 25.0(
525167000 KSF 267 8 33.3¢ 33.0(
525168000 KSF 371 8 46.3¢ 46.0(
530420000 KSF 227 1 22.7( 22.0(
530421000 KSF 16/ 1C 16.4( 16.0(

Subsequently, the number of pallets received wasdividual categories to the items (Table 2). Thecpntage
sorted in descending order from the largest tsthallest, limits set for each category were set by the copgaased
and the cumulative percentages were calculatecedBas on their experience in planning and organizing
the accumulated percentages, we gradually assignedrehouses.

Table 2 Categorization of articles [authors]
Number of  Palletsreceived in

Article pallets % Cumulated pcs Cumulated % Category

532082000 19 50: 5.389( 19 50: 5.389(
3561010000 1537 04257 70 596 19.5077 AA
1581037000 80z 0.221¢ 121 58t 33.598:!
362983000 50¢ 0.140¢ 179 64 49.642!
470313000 50€ 0.139¢ 180 15: 49.781!
345002000 367 0.101¢ 222 66! 61.529° A
1554565000 324 0.089: 235 33! 65.030(
451224000 29¢ 0.082¢ 242 49 67.009(
3585310000 299 0.0826 242 796 67.0917
1550644000 24( 0.066: 266 78! 73.719:
451560000 22( 0.060¢ 274 53! 75.862: B
355334000 16¢ 0.046¢ 296 87: 82.034:
532086000 142 0.039¢ 308 91 85.362!
451680000 14¢ 0.039¢ 309 05! 85.402:
1581071000 124 0.034: 318 36! 87.972:
3451320000 106 0.0293 327 139 90.3981 C
452057000 44 0.012: 354 10: 97.849:
344625000 1 0.000: 361 88 100.0001

Total sum 361 887 100.00
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In Table 3, the resulting ABC analysis is performedarticles, but after conversion to pallets we segttiere are

where the percentage of articles, the number mlest the
number of pallets received and the percentagecefwed
pal-lets are given separately for each category.

It is clear from the table that there are a smathber
of articles in groups AA and A, but if we look Betnumber
of pallets received, only group AA alone includémast

only 52 971 (Figure 1). When designing a warehoiise,
will be necessary to take this into account andeplhis
group furthest from the picking zone. This will albe
taken into account when creating pallet blockg¢etms of
per-centage revenue, it can be seen that aimdspfhall
pallets received per year are in the AA categoryiciv

the same number of pallets as the other three groughould be the most important and most beneficiatHe

combined. The largest representation of articlas ithe
last group and therefore in group C. There areou@37

company.

Table 3 ABC analysis [authors]

% of
Category % of articles N:;T:ﬁ:?reSOf Numt)gap\je%allets received
pallets

AA 10.1 16( 179 64t 49.¢

A 10.1 16( 62 84¢ 17.¢

B 20.: 32C 66 41¢ 18.¢

C 59.¢ 937 52 97: 14.¢

SUM 100.( 157 361 88 100.(

Number of pallets in individual groups

m AA
Figure 1 Frequency in individual groups [authors]

nA =B nC

It may seem that in group A there is a small nunaber
received pallets compared to group B, but therdalfeas
many items in it and thus a larger storage blockimacre-
ated without the problem of handling a pallet wih
particular item. So it does not hap-pen that thedte will
have to disassemble entire stacks of pallets iardaget
to one particular pallet. Another advantage istthiatsaves

space, as it will not be necessary to create sq meamdling
aisles.

For the analysis to remain effective, it must be
evaluated regularly, as the level of stocks is tzoily
changing, and therefore the placement of itemsimvith
categories will also change.

Warehouse layout

When we had recalculated all the items for the rermb
of pallets, we made a clear table where we arratiged
categories, months and number of pallets receiVais
sorting was necessary to see how many pallets tom
particular category are accepted into the wareheasé
month and to be able to further adjust the layduthe
entire warehouse accordingly (Table 4). Anotherdrgmt
step was to determine the average, minimum and
maximum stock values for each category.

Table 4 Overview of categories by months[authors]

Category—

Month AA A B C Sum Average
01.10.201 10 01" 3 79¢ 4 667 7 23i 25 71¢ 6 43(
01.11.2018 10 502 4108 4 357 5940 24 907 6 227
01.12.201 9 71¢ 367 4057 593t 23 38! 5 84¢
01.01.201 8 93: 397t 4 67: 6 421 24 00: 6 00(
01.02.201 7 961 351 418t 6 40z 22 06: 551t
01.03.201 7 39¢ 348( 3 84¢ 543] 20 20: 54(C
01.04.201 7 29( 384 4 46¢ 5 85] 21 45; 5 36:
01.05.201 8 33¢ 399 4 40( 5 86¢ 22 20¢ 5 65]
01.06.201 9 501 4 17¢ 494 6 51¢ 25 14¢ 6 28
01.07.2019 11 248 4541 5 660 7673 29 122 7281
01.08.201 12 38¢ 5 37¢ 6 06¢ 7 88¢ 3172. 7 93]
01.09.201 8 40¢ 3941 5 04¢ 6 87: 24 27( 6 06¢
01.10.201 9 391 389 4 86( 6 42; 24 57. 6 143

Surr 121 09¢ 52 33. 61 28( 84 46! 319 16:

Average 9 31t 4 02t 4 71( 6 49

MIN 7 29( 348( 3 84¢ 543]
MAX 12 38¢ 5 37¢ 6 06¢ 7 88¢
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Based on the previous table, the sizes of paltetkis| number of blocks = number of stacks/ number of
for individual zones were determined. The averageber rows of palletsin a block 3)
of pallets in the warehouse in individual categorand
how many items are in the given category were itambr Table 6 Calculation of the number of blocks andlssa
for us. The size of the zone is just in other wdrd& many [authors]
stacks of pallets will be in the zone. The numbém 81 Category Calculation “UMPE  cajeulation  Number
calculation will mean the maximum possible numbgr o A SFET] oflstsasc’ks TESAT of 2'1(’JCKS
pallets in the stack. We calculate it as follows (2 A 2025/ 671 67114 168

. B 4710/¢ 78¢€ 786/ : 39¢
number of stacks = number of palletsinagroup/ 6 (2) C 6497 / { 1 08 1083/ " 1 08:
, _ SUM 4 09¢ 1 95¢

Before we start calculating the number of stadksili
be necessary to determine how many rows of palféis Table 6 shows that we will need 1 553 stacks teesto
be in the block (Table 5). average monthly AA stocks, which will be in 311lpgl

blocks. It is necessary to store an average ofsédks of
pallets in group A, which will be arranged in 168dks.
There will be 786 stacks of pallets in group B 4n@i83
5 4 2 1 stacks in group C.

Further calculation will be necessary to find ooth

. . much space we will need to store average stocksidh
Once we know how many rows of pallets will be in

each block, we can proceed to the calculationshef tcategory (Table 7). As we know that the pallet disiens

number of stacks and then calculate how many blaiks 2450 x120x150 cm, 1.e., one pa_llet occupies en af 2.88
m?, we can calculate what minimum area needs to be se
be needed to be able to store all these palletshdn

: . . : aside for each category. The calculation will béodews:
calculations, we will again consider the averagetinly
number of pallets in each category.

Table 5Number of rows of pallets in a block [authors]
Category AA A B C

Number of rows of
pallets in a bloc

area size = number of stacksin the category * 2.88 m?

Table 7 Required area for each category [authors]
Category AA A B C Sum
Area needed to store average stock?) 4 472.6 1932.4 2 263.6! 3 119.0 11787.8¢
Area needed to store maximum stock?) 5 947.2 2 581.9. 2 912.6 3 785.2 15 227.0.

Handling alleys » AA: coefficient 0.9,
In general, the width of the aisle must be at ld@stm » A: coefficient 0.75,
wider than the widest dimension of the forklift¢ks used + B: coefficient 0.60,
in the warehouse or the largest width of the lcaatied in » C: coefficient 0.55.
the warehouse. In the conditions of this warehotlss,
would mean that the largest dimension of the féirtdick This means that if we have a storage area of 341839

is 3.886 mm, in which case the width of the aisteuld we will calculate as follows:
have to be at least 4.286 mm.

For our design, we will recalculate the ratio beswéhe 34539 m?* 0.7=24 177 m?
storage place and the aisles using a coefficien®.af
which means that there will be 0.7 pallets per 1 Tt From the calculation, we found that the area orctwhi

coefficient was obtained by calculating the averafgthe the pallets can be stored has a size of 24 177smghe
ratios between storage places and aisles in eaebarg. handling aisles will occupy an area of 10.362 nfi2ve
These ratios are different because there is areliffe wanted to find out how many pallets can be storethé
number of stacks in a row in each category. Whited are warehouse at one time, we would divide the area
up to 5 rows of pallets in category AA, there idyoone designated for storage by the area occupied bypalhet,

row in category C. When we imagine in this categbat and thus:

we start to stack stacks of pallets from the wall,

immediately after the first stack, an aisle mudibfe and 24177 m?/ 2.88 m? = 8 394.79 pallets
again a stack of pallets. which, however, is alyead
touching the back of another stack. In category Ag\fo It is clear from the calculation that it is possilbb store

five stacks of pallets are stored in a row in case; and 8 394 pallets in one layer in this warehouse aitree.t
only after these five stacks is an alley. So, tliwenwows However, if we made stacks out of all the paltetswould

of pallets we have behind us, the better the ustoodge multiply this number by six (maximum possible stack
space. The coefficients for each category arellasvi®(3):  height) and we would get a result of 50.364 pallets
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Racks

In addition to the zoning of the warehouse accartin
categories AA, A, B and C, it will also be necegsar
design a rack that is designed for partial palketd is
located at the picking zone. This rack is usualfy tines
the number of articles. As there are 1 577 itemstack,
the procedure will be as follows:

1577* 1.5=2365.50 pallets.
For these racks, the maximum permitted heightves fi

pallets on the rack. It will be necessary to sfBo8é6 pallets
at the picking zone, when we divide it by the nuntbave

dozen items that are characterized by the fact titeat
company ordered a new dimension of items, but vhepn
were made, they found that there was not much defiean
them and thus remained in stock.

If we know how many days the average turnover time
of individual items lasted, we can continue by difging
the turnover, which means how many times a year the
company's stocks turn. We will use the formulatffis (5):

()

Turnover in our calculations ranges between 0 & 5
times a year. Again, there are extremes createalibeche

turnover = export / average stock

get: 2 366 / 5 = 474 stacks. It will therefore leeessary to items were stored before the period under reviberetis
prepare 474 racks with 2 366 pallet places. Thel soea a minimum of stocks, but many of them have beerassd
required for one rack position is 3.12.1ffhe area (Table from the warehouse. The following table (Table 9)

8) required for the rack is:

474 stack * 3.12m?=1478.88 m?

exemplifies a few items recalculated according to
turnaround time and turnover.

Table 9 Turnaround time and turnaround [authors]

Table 8 Total warehouse area [authors] Average Export Turnover
Name Area (m?) Article stock in in?)cs timein  Turnover
Total storage ar 3453¢ 15496930000 lg C8546 0039 575 SS)C;SOS 3.65
Net pallet storage areiz?,agi ;’g . 122718752 1585268000 738L9. 111000 24.2; 150
. - 473357000 6478.6. 7245 32.6¢ 11.1¢
_Handling alley 1036z 451177000 6334.20 1064 217.2¢  1.6¢
Administrative and technical 1243 353929000 5292.0 10365 18.6¢  19.5¢
premise 451557000 5055.2¢ 503¢ 366.4( 1.0C
1581049000 4 869.0( 46 00: 38.6: 9.4t
Method XYZ analysis using to products a storage area 1580896000 4 721.0i 46347  37.1¢ 9.8%
of the company 4280470000 4 705.77 40725 42.18 8.65
For a more comprehensive inventory classification, iggggggg jjgfls'if ig jgé 16023;0;, g§§
XYZ analysis was also added as another method for 1585341000 43343 43 78( 36.1 10.1¢
processing t_he warehouse design. This analysieuttle 373207000 4 31400 63 14! 24 9z 14.6¢
ABC analysis, does not look at the number of stoblss 1585283000 4312.8: 6854t  22.9¢ 15.8¢
at their turnover. As with the ABC analysis, we siolered 451198000 4 297.00 1334¢ 117.5( 3.11
all items. In this case, we worked with the sanveiory. 373235000 3534.7. 24 38¢ 52.9( 6.9(
In this case, the classical XYZ analysis was extenib 3575980000 3499.08 13735 92.99 3.93
four categories, namely XX, X, Y and Z. 356101000 3406.6! 65 31: 19.0¢ 19.17
The first step was to determine the average annual>81022000 3 387.8' 2542:  48.6 7.5C
stock of each item. This stock ranged from 1 t84®item 1455815429623?(9(?0 g 2%'3 7160%2 1%%(9‘ 202'3&
per year. Subsequently, we assigned exports to itsaoh 1581012000 33053 33 16¢ 36 3¢ 10.0-
in addition to inventory. Once the average stocks wa ‘359, 48000

quantified and matched with exports, the turnowee tand
turnover of the articles could be calculated.

3216.5- 265« 442.3¢ 0.8

Turnover time was calculated first. Turnover time

means the average number of days during which starek
tied up in the company until they are used up mur

After consultation with the company, the boundaoks
the individual categories were set as follows:

case, sold. In general, the best possible turndrtome for §X1 515%

a company is the lowest time. It is calculated atiog to : by

the formula (4): Y: 30%,
. Z: 40%.

turnover time = (aver age stock * 365) / export

(4)

In this case, we got values from 0.62 to 160.19&da

At these extreme values, we find items that weoelyiced,
stored, and not removed at all or only a small pas
removed during the period under review. These desva

These limits were determined in the same way #ein
ABC analysis according to the number of articlesug;
for category XX, 15% was multiplied by the totalnmoer
of articles.
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To be able to assign a category to each articleas
necessary to rank the turnover from the largesth&o
smallest and then categories could be assignet, tit
first 15% of articles falling into category XX, aher 15%
into category X, the following 30% into categoryaid the
remaining 40% to category Z. Turnover values aredig-
gory in the following ranges:

XX - from 17.03 to 592 times a year,
X - from 11.36 to 17.02 times a year,
Y - from 5.35 to 11.28 times a year,
Z - from 0 to 5.34 times a year.

In the end, we made a clear table (Table 10), wihere
individual groups are converted to the number ttlas,
the number of items and the percentage expressite o
category on the total number of tires.

Table 10 Clear table of articles

Category % of articles N::Tt]i?:leresm Numeggrorotfegems % of export
XX 15 25¢€ 392852 40
X 15 25€ 2545 93 26
Y 30 51( 2580 73 26
z 40 682 851 54. 8
100.0( 1,70¢ 9906 74 100.0(

It can be seen from the resulting table that utOih of
all exported items belong to the category with hiighest
turnover, i.e., to category XX. Items that fall dnthis
category need to be placed near the picking zopara®f
the stock distribution, as they will be picked munbre
often than items in groups X, Y or Z. This steplhagain
increase the productivity of order picking. There a
approximately the same number of exported items
categories X and Y, which are around 26%, butrimgeof
the number of articles, there are half as manglestiin

category X as in category Y. These articles can be
described as medium speed. Within the warehouss, it

appropriate to place them outside the categoryTHé. last
category Z is characterized by low turnover andsisia of
only 8% of all items that left the warehouse durthg
period under review (Figure 2). Items from thisecgry
are recommended to be placed deeper in the warehasis
they will not be picked up as often as items frotheo
categories.

XYZ analysis

\
@

XX mX nY nZ
Figure 2 XYZ analysis [authors]

The purpose of this analysis was to point out th

regularity of demand for specific articles. Like threvious
analysis, this one should be re-evaluated on daebasis
in or-der to maintain storage efficiency.

4 Resultsand discussion
Application of ABC/XYZ analysis

ABC and XYZ analyzes are often used together in
practice. These analyzes comple-ment each othethasd
disseminate information on solved stocks. By corinigin
them, we get more accurate information about how
individual stocks behave and how they need to be
approached. At the same time, we will find out vileet
items that are produced in large quantities rezlpng to
mgh-turnover and, conversely, those that are medun
smaller quantities are low-turnover. We get a tofal6
categories that stocks can fall into, they are:

o AAXX, AAX, AAY, AAZ,
o AXX, AX, AY, AZ,
* BXX, BX, BY, BZ,
» CXX, CX, CY, CZ.

Using Excel, we combined the two analyzes and
created two 4 x 4 matrices with the number of Esiand
the number of items in each group.

Table 11 ABC/XYZ number of articles [authors]

AA A B C Sum
XX 81 61 6C 48 25C
X 3€ 52 93 7€ 257
Y 33 29 121 306 489
z 1C 18 4€ 507 581
Surr 16C 16C 32C 937 157

Table 11 and Table 12 show the number of articles i
each category. This table confirms the theory @ntitles
that are produced in large quantities also haveh hig

onsumption. Of course, there are also articlasfatianto
the AA category, i.e., they are produced in bulk, their
turnover is low, but it is only 0.63% of articldsigure 3).
It is recommended to produce as few pieces aslpessi
stock for these items, so that there is no demanthém.
Most articles are in the CZ group, but if we lodkyure 3
below, we find that after calculating the numbeitems,
it is only 5% that fall into this group.
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ABC/XYZ number of articles (%)

35 32.15
30
25
19.4
20
15
10 50767
5.14 . L8
5 228209 3 OO 331849 14 38 . 292 3.04
: B Em=_. = m mB
AA A B C
XX mX Y mz

Figure 3 ABC/XYZ number of articles [authors]

Table 12ABC/XYZ number of articles [authors]

AA A B C Sum
XX 2,625,90 727,18 382,60 138,57- 3,874,27
X 1,013,508 629,458 616,942 260,054 2,519,962
Y 751,84 371,12. 680,06: 681,22 2,484,25
Z 163,44: 153,17! 185,65 525,69: 1,027,971
Sun 4,554,69 1,880,94. 1,865,26 1,605,54 9,906,46!

Also, in the case of conversion of articles to il items have also the biggest turnover (Figure 4@ [algest
number of items, it was con-firmed that the mosdpced numbers of items are thus arranged around the wihgo

ABC/XYZ number of tires (%)

30 27
10 5 6 4 , 4 67, L35
AA A B C

m XX mX Y nZzZ

Figure 4 ABC/XYZ number of items [author]

The AAXX category represents up to 27% of the totdience the change in demand and the portfolio opeom
number of items produced, which is the most of allhat is why the regularity of analysing these mdthis
categories. It is immediately followed by the AAXd very important. Otherwise, items that are no loniger
AAY categories. In the case of category AAZdemand could still be in stock and placed as chse
consideration should be given to the need to pmitems possible to the picking zone. As a result, theyl wil
for stock. However, in this category, as mentioabdve, unnecessarily take up space in the warehouse it o
there are items that have been ordered in largetitiea items that are in high demand. If the company aethey
by car companies and subsequently there has beenthe distribution of stocks according to these mesha will
demand for them. The lowest percentage of iteritstise  be guaranteed an efficient method of storage.

CXX category, i.e. in the category where few iteans
produced but have a high turnover, butitis offydfthe 5 Conclusion
total number of items. The conclusion will be presented outputs of artiaiel
An article is currently in a certain category does formulate the benefits of the proposal and any

mean that it will be in the same category, e.gwimyears. recommendations for companies.
This is due to the constant development of the etark
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This article was aimed at finding the most suitableecause there are higher fluctuations in demandiHeo
strategies for storing stocks in new warehouses $barch remaining categories, it is rec-ommended to prochge
was preceded by various analyzes of the warehatey few items as possible in stock, as they are thet lgable
is currently used in the company, but will soorrégglaced in terms of demand. This analysis confirmed thatitéms
by our proposed warehouse. produced in the largest numbers are also the mmst i

Based on these analyzes and the companylemand. This is illustrated in particular by the XA
preferences, we have come to the conclu-sionlieanbst category, which includes up to 27% of all itemsdueed
appropriate strategy for storing stocks will be ABCper year. The opposite was also confirmed, and ttats
analysis. The dis-tribution of stocks accordingthis the items with the least turnover are also the jgasluced.
analysis will ensure that the items that are aeckjpito the This analysis can be helpful in production plannargl
warehouse in the largest numbers will be storeddas® as demand forecasting.
possible to the picking zone and, conversely, thes
produced in lower numbers will be placed deepethin
warehouse. Furthermore, this division will makadssible
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